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Abstract: Selenium nanoparticles (SeNPs) have advantages over other nanomaterials 
because of the promising role of selenium in the stabilization of the immune system and 
activation of the defense response. The use of SeNPs and their supplements not only have 
pharmacological significance but also boost and prepare the body’s immune system to fight 
the pathogens. This review summarizes the recent progress in the biogenesis of plant-based 
SeNPs by using various plant species and the role of secondary metabolites on their 
biocompatible functioning. Phyto-synthesis of SeNPs results in the synthesis of nanomater-
ials of various, size, shape and biochemical nature and has advantages over other routine 
physical and chemical methods because of their biocompatibility, eco-friendly nature and 
in vivo actions. Unfortunately, the plant-based SeNPs failed to attain considerable attention 
in the pharmaceutical industry. However, a few studies were performed to explore the 
therapeutic potential of the SeNPs against various cancer cells, microbial pathogens, viral 
infections, hepatoprotective actions, diabetic management, and antioxidant approaches. 
Further, some of the selenium-based drug delivery systems are developed by engineering 
the SeNPs with the functional ligands to deliver drugs to the targeted sites. This review also 
provides up-to-date information on the mechanistic actions that the SeNPs adopt to achieve 
their designated tasks as it may help to develop precision medicine with customized treat-
ment and healthcare for the ailing population.
Keywords: green synthesis, SeNPs, drug delivery, diabetes, cancer, reactive oxygen species

Introduction
Selenium is an essential trace element required for the normal functioning of the 
humans’ and animals’ immune systems and prevents various lethal or degenerative 
diseases.1,2 Selenium is reported as an important element and acts as the cofactor and 
coenzyme of catalytic-active sites’ of various selenoproteins and enzymes in the 
human body and provides protection to cells and tissues from oxidative injuries and 
stress.3,4 Selenium also plays a significant role in the iodine and peroxides metabolism 
in the body, regulates the level of iodine and free radicals, and can enhance disease 
resistance.5,6 The deficiency of selenium disturbs the cellular equilibrium between 
oxidants and antioxidants, which can exacerbate the oxidation-associated risks, espe-
cially when the body is challenged by severe oxidative stresses.3,4 Many hepatic 
degenerative diseases caused by the deposition of toxic elements, heavy metals, 
alcohol consumption, and administration of chemotherapeutic drugs can be attenuated 
by the consumption of selenium supplements.3,7,8 Selenium is gaining the attention of 
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researchers and clinicians because of its excellent antioxida-
tive properties. Furthermore, the deficiency of selenium may 
cause cardiac, osseous, muscular and immune-related dis-
turbances in the human body.9 However, it is very important 
to meet the daily requirement of this valuable nutrient by 
selenium supplementation, especially for those individuals 
which are subjected to selenium deficiencies.10 The tradi-
tional Se material in food supplements or additives were 
having a major problem of adsorption and bioavailability. 
The use of SeNPs containing food supplements has advan-
tages to increase the bioavailability and the controlled 
release of the selenium in organisms body which increase 
the efficacy and the effectiveness of supplements. SeNPs- 
based food supplements have attracted great interest as 
a food additive especially in individuals with selenium defi-
ciency, but also as a therapeutic agent without any signifi-
cant side effects in medicine.3

Unfortunately, a high selenium supplementation can also 
cause various devastating diseases. The toxicity and the 
activity of selenium are usually impacted by the high-dose, 
so it is very important to control the therapeutic dose.11,12 

Additionally, the high dose of sodium selenite, selenocys-
teine, and methyl selenium exhibit excellent therapeutic 
potential but on the other hand has serious toxicity 
problems.2,13,14 Keeping in view, the above-mentioned 
high doses of selenium problems, nanotechnology has 

emerged as an ebullient sphere of science that evinces 
potential therapeutic applications in medical and non- 
medical sectors.3 The nano-sized selenium has attracted 
a great deal of interest worldwide as food additives espe-
cially, in those individuals suffering from selenium deficien-
cies but also as an important therapeutic agent without 
significant side effects in medicine.13,15,16 Additionally, the 
plant-based SeNPs have excellent potential in sensory 
probe,17 targeted delivery of therapeutic drugs,18 anticancer 
agents,19 detection of heavy metals,20 and have significant 
antimicrobial properties12 (Figure 1). Several physical and 
chemical techniques have been employed, that requires the 
utilization of various chemical compounds and physical 
approaches to synthesize SeNPs. Unfortunately, these tech-
nologies are costly and result in the association of hazardous 
chemical residues with nanoparticles which limit the thera-
peutic application potential of SeNPs in pharmaceutical and 
medical industries. Therefore, the emerging efforts and stu-
dies have been interested in the biological synthesis of 
SeNPs; resulting in an eco-friendly and non-toxic synthesis 
approach. The use of the different plant extracts in the 
biological synthesis of SeNPs is a less toxic, easier and 
more cost-effective approach as compared to other biologi-
cal synthesis methods by utilizing microorganism’s enzymes 
especially fungi and bacteria.2,12,21–24 Various plant species 
have been explored successfully for the synthesis of SeNPs. 

Figure 1 Diverse application potential of plant-based SeNPs in the medical and pharmaceutical industry.
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The plant extracts contain phenolic acid, sesquiterpenes, 
cinnamic acid, coumarin, monoterpenes, flavonoids, tannin, 
alkaloids, and other secondary metabolites which can act as 
both reducing and potential stabilizing agents in the synth-
esis of biocompatible SeNPs.25–30

This review article focuses on the fabrication meth-
odologies with a focus on plant-based synthetic 
approaches, morphological significance and diverse appli-
cation potential of the plant-based SeNPs. Furthermore, 
this manuscript also provides detail on various mechanistic 
approaches that the plant-based SeNPs adopt to ameliorate 
human medical conditions. A detailed overview of the 
study is given in Scheme 1.

Synthesis of Plant-Based SeNPs and 
Other Alternative Approaches
SeNPs can be prepared by using physical, chemical and 
biological synthesis methods. The chemical synthesis of 

nanomaterials involves the use of various hazardous chemi-
cal substances for the reduction of sodium selenite salt (Na2 

SeO3) into Se°.23,31,32 The reference33 reported the use of the 
ascorbic acid solution in the presence of polysaccharides to 
reduce the selenious acid (H2SeO3) into SeNPs of different 
sizes and unique morphologies. Ascorbic acid was used as 
a reducing agent while the polysaccharides were utilized to 
stabilize the nano-selenium core. Similarly, many other stu-
dies reported the use of Quercetin, Gallic acid and extra-
cellular polymeric substances to synthesize SeNPs.1,32 

Additionally, the reference34 reported the synthesis of 
SeNPs by reacting the ionic liquid with the sodium seleno-
sulfate salt (Na2O3SSe) in the presence of polyvinyl alcohol 
as a stabilizing agent. The other physical and chemical 
methods of the synthesis of SeNPs also include the pH, 
light, sound assisted, and the temperature stimulated reduc-
tion of sodium selenite salts into SeNPs. Various studies 
revealed the physical methods to synthesize SeNPs by 

Scheme 1 Pictorial overview of the study. The inner circle explains the biomedical potential of plant-based SeNPs while the outer circle explains the mechanistic 
approaches of SeNPs.
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using pulsed laser ablation strategy and ultrasound-assisted 
synthesis35 (Figure 2). Unfortunately, the physical and che-
mical methods of nanoparticle synthesis have been increas-
ingly disfavored due to the cost-ineffectiveness and various 
other important environmental biosafety and toxicity con-
cerns. To cope with these issues, the biosynthesis of SeNPs 
has been recommended as a viable conventional alternative 
strategy.23

The biosynthesis of SeNPs includes the use of living 
materials such as plants, algae, fungi and bacteria for the 
reduction of Na2SeO3 to SeNPs. The reference36 used the 
fungus Mariannaea species for the synthesis of SeNPs. 
Similarly, various bacterial species, such as Pseudomonas 
aeruginosa32 and Klebsiella pneumoniae37 have been 
explored for the synthesis of SeNPs.

Among other biosynthesis methods, the plants-based 
synthesis of SeNPs has advantages over routine or conven-
tional synthesis approaches due to their sound biomedical 
nature. The plant-based synthesis of SeNPs is an eco-friendly 
and economic strategy that involves the natural stabilizing 
and reducing agents (Figure 2). The plant extract mediated 
synthesis of nanomaterials started at the beginning of the 
20th century and several plant species have been explored 
for their potential to reduce and stabilize SeNPs. The 
reference38 demonstrated the use of Aloe vera leaf extract 

for the biosynthesis of SeNPs. It was demonstrated that the 
Aloe vera leaf extract possesses numerous natural reductants 
and stabilizers like sterols, polysaccharides, vitamins, phe-
nolic compounds, organic acids, enzymes, lignin, flavonoids 
and proteins that belong to the plant secondary metabolites 
and function in the reduction of Se salt. These compounds 
play a significant role in the green synthesis and stabilization 
of SeNPs.39,40 However, keeping in view the importance of 
eco-friendly extracellular green synthesis of stable SeNPs 
various experiments were performed by using plant extracts 
from various plant parts like root, shoot, bark, stem, and 
flower. Moreover, the reference41 also reported the green 
synthesis of SeNPs by using Vitis vinifera (raisin) extract as 
a reducing and stabilizing agent. For instance, the reference17 

reported the green synthesis of SeNPs of various sizes and 
shapes in the presence of garlic cloves extract (Allium sati-
vum). Similarly, many other studies have been described to 
explore the biosynthesis of SeNPs by using the leaf extracts 
of Dillenia indica,42 Spermacoce hispida aqueous leaf 
extract,19 Zingiber officinale fruit extract,43 Carica papaya 
latex,44 Citrus lemon fresh fruit extract,45 Roselle plant 
extract,46 Cinnamomum zeylanicum bark extract and 
Prunus amygdalus leaves extract.47 Furthermore, the 
reference48 reported spherical shaped SeNPs with a 15–20 
nm size range by using Ocimum tenuiflorum leaf extract 

Figure 2 Different routes for the synthesis of SeNPs.
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(Figure 3). The versatility, stability and biocompatibility of 
SeNPs also depend on the type of plant extract used, its 
optimized concentration, and physicochemical reaction para-
meters representing different surface Plasmon resonance 
bands (SPR).12 However, the production of plant-based 
SeNPs at the industrial scale requires the optimization of 
the protocol to synthesize nanoparticles of similar size and 
shape. It also requires the control of physicochemical para-
meters of the reaction conditions to optimize synthesis. The 
size, shape and biochemical corona of SeNPs determine their 
potential biomedical applications which depend on the reac-
tion conditions. However, the production of plant-based 
nanomaterials at the industrial stage is still in the process of 
development as it requires an extensive understanding of the 
mechanism of reduction of selenium salt by using plant 

secondary metabolites and the synergistic response of reac-
tion physicochemical parameters.

Biomedical Application Potential of 
Plant-Based SeNPs
Biomedical Potential of Plant-Based 
SeNPs to Treat Cancer
Cancer is reported as the second most leading cause of 
death worldwide, accounting for 9.6 million deaths in 
2018. Cancer is usually caused by mutations in proto- 
oncogenes and key tumor suppressor genes.30 Lung, sto-
mach, liver, prostate, colorectal, cervical, thyroid and 
breast cancer are common in humans. Among these, breast 
cancer is the most prevalent among women and prostate 

Figure 3 Photographic images of plant materials used previously for the biogenesis of plant-based SeNPs.
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cancer among men globally.49,50 The conventional cancer 
treatment involves the surgical removal of the cancerous 
parts, the chemotherapeutic killing of the cancer cells, 
endocrine therapy and the radioactive elimination of the 
deadliest cancer cells. There are some other less significant 
additional approaches to treat cancer or tumor cells that 
involves hormone therapy and immunotherapy but these 
treatments often lead to cause abnormalities in the 
patient’s body resulting in the damage of many normal 
cells and important organs of the patients owing to 
a decrease in the quality of life.49,51,52

The cancer cells differ biologically as compared to 
normal living cells, in their behavior such as proliferating 
blood vessels which is called angiogenesis and less perme-
ability of capillaries and lymph drainage system. 
Nanotechnologists use this diverse microenvironment of 
the cancer cells as an opportunity to engineer effective 
nanodrugs to treat cancer cells selectively and 
precisely.53,54 Cancer nanobiotechnology has the potential 
to alter the approaches of cancer detection, diagnosis and 
treatment. Plant-based SeNPs have been routinely tested 
against various cancer cells including human breast cancer 
cells, human colon adenocarcinoma, Ehrlich Ascites 
Carcinoma and liver cancer cells.55

The plant-based SeNPs have shown promising antic-
ancer properties when their different concentrations were 
applied to other human cancer cell lines like liver cancer, 
human cervical carcinoma cells and lung cancers. The 
efficacy of the plant-based SeNPs is still needed to be 
explored against ovarian cancer, leukemia cancer, colon 
cancer, skin cancer, prostate cancer (one of the most 
destructive common cancer in elderly men globally) and 
the most significant brain gliomas that starts in glial cells 
of the brain.56 The plant-based SeNPs can be explored in 
the future to treat these gliomas especially in cases where 
it is impossible to make excisions (brain stem glioma). The 
plant-based SeNPs can also be explored for the targeted 
drug delivery applications to treat these devastating glio-
mas. The plant-based SeNPs synthesized at neutral pH, 
having a small size and spherical shape are effective anti- 
cancerous agents (Figure 4).22 A study revealed that the 
stability of the plant-based SeNPs is due to the presence of 
alkaloids, amino acids, cardiac glycosides, saponins, fla-
vonoids, phenols, flavanols, polysaccharides and galacto-
mannan in the plant extract that function to stabilize the 
biochemical corona of nanomaterial. These chemical com-
pounds further increase the applicability and the potential 

of the plant-based SeNPs as a possible future solution to 
combat the devastating effects of different cancer cells.55

In another study, it was demonstrated that the SeNPs 
prepared by using laminarin polysaccharides (LP-SeNPs) 
exhibited a spherical structure with an average diameter of 
60 nm and have the potential to induce toxicity in human 
liver carcinoma (HepG2) cells. It was later explained that 
the LP-SeNPs activate different mitochondrial pathways to 
induce apoptosis and inhibiting the late phase of autophagy. 
The plant-based SeNPs was also reported to decrease the 
expression of anti-apoptotic factor Bcl-2 and alleviate the 
inhibitory effects of Bcl-2 (B-cell lymphoma 2) on Beclin-1 
in human liver carcinoma cells.57 The SeNPs have the 
potential to increase oxidative stress and inflammation by 
producing reactive oxygen species, thereby decrease 
the percent cell viability.1 Plant-based SeNPs significantly 
increase the level of ROS and decrease the mitochondrial 
potential and glutathione level, thus regulating the fate of 
HepG2 cells. It was manifested that the inhibition of HepG2 
cell proliferation is due to the DNA damage in HepG2 cells 
which was caused by the SeNPs and ultimately results in the 
cell cycle arrest (Figure 5).58

Phyto-fabrication of SeNPs by using the leaf extract of 
Withania somnifera is known to reduce the viability of 
adeno-carcinomic human alveolar basal epithelial cancer 
cells (AJ 549). It was explained that the SeNPs induce 
chromosomal instability and mitotic arrest in the human 
alveolar basal cancer cells.23 Another study showed that the 
breast cancer cells were severely impacted by Carica papaya 
latex mediated SeNPs due to apoptotic changes such as the 
formation of the apoptotic body in the breast cancer cells, 
chromatic condensation and fragmentation. Notable altera-
tions in nuclear morphology and significant events like 
nuclear condensation happen by the plants-based SeNPs 
which causes cytotoxicity in the cancer cells.44

The biosynthesized SeNPs have excellent anti- 
leukemia potential. It was demonstrated that the biosynthe-
sized SeNPs significantly inhibit the proliferation of the 
acute myeloid leukemia cells (AML) by increasing the 
antioxidant potential of AML cells and delimit the expres-
sion of c-Jun activation domain-binding protein 1 and 
thioredoxin 1.5 Another mechanism responsible for the 
anti-leukemia potential of SeNPs involves the effective 
removal of the free radicals by selenium nanoparticles, 
thus inhibit the lipid peroxidation induced by free radicals 
(Figure 5).15 Unfortunately, only a few studies have 
reported the anticancer potential of the plant-based 
SeNPs on human AML cells. By keeping in view the 
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antioxidant potential and cytotoxic effects of the plant- 
based SeNPs on cancer cells, these can be explored for 
the development of effective chemotherapeutic drugs.

Plant-based SeNPs enters the cells by receptors mediated 
endocytosis. The malignant cells have a specific acidic pH 
state with redox imbalance. SeNPs trigger the further forma-
tion of free radicals which on one hand disrupts the mito-
chondrial membrane that results in leakage of mitochondrial 
proteins and on the other side causes endoplasmic reticulum 
stress. The mitochondrial membrane disruption leads to the 
leakage of various proteins and triggers apoptosis through the 
activation of caspases. This cellular stress state manages the 
activation process of various molecular pathways including 
the NF-κB, Wnt/β-catenin, MAPK/Erk, PI3K/Akt/mTOR 
and apoptotic pathways. The NF-κB disrupts cellular home-
ostasis via oxidative and inflammatory stress signaling sys-
tem. On the other hand, the MAPK/Erk, VEGF, PI3K/Akt/ 
mTOR, and Wnt/β-catenin pathways are essential in onco-
genic signaling (Figure 5). The modulation of these pathways 
by plant-based SeNPs causes impaired cellular proliferation 
and obstructs the growth-promoting signaling in the vicinity 
of the tumor microenvironment. Additionally, the biosynthe-
sized SeNPs cause a decline in signaling pathways of cancer 
cells and eventually reduce their proliferation. In the end, the 

disruptive cellular events initiate DNA fragmentation caus-
ing cell cycle arrest which leads to cell death.1

Biomedical Potential of Plant-Based 
SeNPs in Drug Delivery
Drug delivery involves the administration of pharmaceu-
tical material to the targeted site to achieve therapeutic 
effects in living organisms.59 Some of the most common 
routes of drug administration include the parenteral (via 
injections), enteral (gastrointestinal tract) but these admin-
istration routes have the problems of drug distribution to 
both the healthy and abnormal cells. Multidrug resistance 
and the therapeutic efficiency of current methods of treat-
ment remain the biggest challenge in fighting carcinogen-
esis. Toxicities associated with the non-specificity of the 
drug remain a major challenge in the treatment outcomes 
and overall success rate.60 The nanoparticles have gained 
considerable attention in the field of nanomedicine due to 
their targeted delivery to the specific sites and cells, bio-
logical activity, excellent bioavailability, low toxicity and 
dual functionality of therapy and diagnosis.61 The nano-
particles can be engineered concerning the desired size, 
gene and drug loading capacity and controlled release.60

Figure 4 Different micrographic images of the plant-based SeNPs representing nanoparticles of various shapes and sizes. The images are adapted from the 
references.14,23,46,48,76 (A) SeNPs synthesized from Cassia auriculata (B) SeNPs synthesized from Hibiscus sabdariffa (C) SeNPs synthesized from Emblica officinalis (D) 
SeNPs synthesized from Catathelasma ventricosum (E) SeNPs synthesized from Withania somnifera (F) SeNPs synthesized from Ocimum tenuiflorum.
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Phyto-fabricated SeNPs are considered superior to 
other metal nanoparticles, such as platinum, silver, and 
gold nanoparticles due to their excellent biocompatibility 
and degradability potential in vivo. Furthermore, the 
plant-based SeNPs emerged as a novel therapeutic form 
of selenium finding a niche in the nano-medicine as the 
delivery vehicles, by the virtue of their unique optical 
and photoelectric properties.24 The plants based SeNPs 
worked as a good mediator for drug delivery such as bio- 
ligands, proteins, genetic material and some biomacro-
molecules. However, the agglomeration of SeNPs affects 
biocompatibility, bioavailability, and bioactivity. The 
surface functionalization of the plant-mediated SeNPs 
with biologically active ligands not only increase the 
bioavailability but also synergistically enhance its ther-
apeutic potential.1

In recent studies, the plant-based SeNPs have shown 
remarkable potential as a drug carrier and potent 

delivering agent of S-allyl-glutathione (SAG). S-allyl- 
glutathione (SAG) is an analog of glutathione synthe-
sized by alkylating the thiol group of the glutathione 
with the allyl group. In past, SAG has shown potent 
topoisomerase inhibition in vitro as a target protein of 
the cancer treatment. The SeNPs were synthesized by 
using the Spermacoce hispida aqueous leaf extract and 
surface functionalized with SAG to form SAG-Sh- 
SeNPs.62 Additionally, it was demonstrated that the 
SAG-Sh-SeNPs stimulate the ROS generation in the 
cancer cells. After internalization, the SAG-Sh-SeNPs 
might have separated into SAG and Sh-SeNPs. Both 
SAG and Sh-SeNPs have the potential to synergistically 
affect the viability of the cancer cells.19

Furthermore, polyamidoamine (PAMAM) modified 
SeNPs can simultaneously deliver cisplatin and siRNA to 
the tumor cells without any systemic toxicity.63 The bio-
synthesized SeNPs are also reported as a carrier for the 

Figure 5 Possible anticancer mechanism of the plant-based SeNPs and different pathways that involve in the cytotoxic potential of SeNPs.
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delivery of FDA approved anticancer drug doxorubicin. 
They have been successfully designed to target breast 
cancer cells with less toxicity and excellent anticancer 
efficacy as compared to drugs alone.44,50

In another study, curcumin loaded SeNPs were 
explored with promising anticancer potential and were 
found very efficacious against deadliest Ehrlich’s ascites 
carcinoma by induction of the apoptosis and reduction of 
NF-κB signaling and EMT.64,65 The anticancer potential of 
biosynthesized SeNPs increased when they were used in 
combination with the irinotecan drug which disrupts the 
mitochondrial membrane and causes DNA damage and 
nuclear condensation in the cancer cells.8

However, the efficacy of the plant-based SeNPs in drug 
delivery and gene delivery still needs to be checked. 
Keeping in view, the biocompatibility of biogenic SeNPs 
it is not too hard to assume that the plant-based SeNPs can 
be a promising and systematic vehicle in the future for the 
targeted drug and gene delivery in cancer therapy, cancer 
imaging and other devastating afflictions.

Antidiabetic Application Potential 
of Plant-Based SeNPs
Diabetes is an epidemic metabolic disease that decreases the 
quality of life of the patients. The World Health Organization 
reported 1.5 million deaths every year worldwide and the 
incidence of diabetes disease are expected to be about 
366 million by 2030.66 Diabetes is dependent on several 
factors such as unhealthy food habits, stress, low physical 
activity, obesity, inflammation, genetics, and age. However, 
there are some measures (e.g. diet intervention, exercise, 
proper monitoring of blood cholesterol and glucose level 
and blood pressure) that can be taken to control diabetes 
and its associated serious complications.46,67,68 Insulin is 
a protein hormone and its subcutaneous injections are used 
as a first-line treatment to control diabetes.69,70 However, the 
multiple daily insulin injections are associated with pain, 
discomfort, local infection, and the deposition of the fat at 
the injection site, hypertrophy and trypanophobia.67

Selenium is essential among other trace elements neces-
sary for humans and animals. In the human body, selenium is 
involved in various processes with immune functions and 
antioxidant defense systems.9 According to the United 
States National Academy of Sciences, the recommended 
daily intake of Selenium is 55 µg for adults but it should not 
exceed the threshold limit of 400 µg.71 On the other hand, 
a selenium dose greater than 700 µg/day is considered to be 

toxic for adults.46 The attention of nanotechnologists in sele-
nium and its beneficial effects on humans and animals is 
increasing day by day. Plant-based synthesis provides an 
advantage to prepare nanoparticles of excellent biocompati-
ble nature without adding additional stabilizing and capping 
agents.17,72 Because of its non-toxic nature, it is well agreed 
that plant-based SeNPs can be one of the alternative strategies 
to control the deadliest diabetes. Hibiscus sabdariffa (roselle 
plant) leaf extract mediated SeNPs were synthesized to study 
the antioxidative effects in streptozotocin (STZ) induced 
diabetic rats.46 Streptozotocin is a broad-spectrum antibiotic 
drug derived from Streptomyces achromogenes bacterium.65 

Streptozotocin is also known to be a pancreatic beta-cell 
specific cytotoxin so that’s why it is used to induce diabetes 
in the rodent models during the experiments.46,65 STZ causes 
an increase in malondialdehyde (MDA) and nitric oxide (NO) 
levels but it also decreases the antioxidant potential of CAT, 
SOD, GR, and GPx in rats. Streptozotocin uses specialized 
receptors GLUT 2 (Glucose transporter 2) receptors, and 
competes with glucose molecules and causes Akt phosphor-
ylation. Furthermore, STZ induces apoptosis and cytotoxicity 
by increasing the level of ROS and NOS production. STZ 
induces oxidative stress that leads to a reduction in testoster-
one level, mitochondrial cleavage and DNA fragmentation by 
decreasing the antioxidant potential of CAT, SOD, etc. ulti-
mately leading to cell death. Phyto-fabricated SeNPs used 
receptors mediated endocytosis for internalization, and it 
inhibits the production of ROS, NOS, by increasing the anti-
oxidant potential of CAT, POD, and serum testosterone and 
lipids level in STZ induced rats (Figure 6).14,46,65

On the other hand, it was reported that plant-based 
SeNPs enhance serum testosterone reduction which is 
caused by STZ induced diabetes. Additionally, the treat-
ment of plant-based SeNPs on STZ induced diabetic rats 
significantly reduces oxidative stress such as lipid perox-
idation. The plant-mediated SeNPs increased the potential 
of antioxidant enzymes as well as the glutathione content 
in the testicular tissues. It was also reported that SeNPs 
have the capability to prevent histological damage in the 
testes of STZ induced diabetic rats.9,64,73

Unfortunately, very few reports are available regarding 
the anti-diabetic effects of the plant-based SeNPs. In 
another study, it was reported that the SeNPs prepared by 
using polysaccharides from the Catathelasma ventricosum 
could significantly ameliorate the body weight, the blood 
sugar level, the antioxidant enzyme potential, and lipid 
level in streptozotocin-induced mice.14 It was also mani-
fested that the green synthesized SeNPs improve the insulin 
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release and β-cells proliferation. The proposed mechanism 
of the SeNPs to fight against diabetes includes the ROS 
scavenging potential and modulations of HSP70 and 
SIRT1.1 The exact antidiabetic mechanism of the plant- 
mediated selenium nanoparticle is not clearly understood 
which requires extensive pharmacological and chemical 
investigation. By keeping in view the excellent antidiabetic 
potential of the plant-mediated SeNPs in rats and mice, it is 
not very hard to believe that the plant-based SeNPs may be 
a useful and efficient tool to develop nanomedicines for the 
treatment of human diabetes in the future.1,42

Antioxidant Application Potential of 
Plant-Based SeNPs
The antioxidants play an important role to interact with the 
free radicals to stabilize them, terminating the adverse 
chain reactions and convert free radicals into harmless 

products. Antioxidants significantly balance oxidative 
stress and play a crucial role in the treatment of free 
radicals-induced degenerative diseases. However, the nat-
ural and synthetic antioxidants have limited effectiveness 
due to their poor absorption, difficulties to cross the 
plasma cell membranes, and degradation during delivery, 
which contributes to their limited bioavailability. 
However, the plant-based nanoparticles have potential 
antioxidant functional groups that have better stability, 
controlled release and biocompatibility with superior anti-
oxidant profiles.74 The plant-based SeNPs are well known 
due to their excellent antioxidant potential as evidenced in 
previous studies,43,61,75,76 where plants-based SeNPs were 
explored to effectively scavenge the DPPH and ABTS free 
radicals in lesser time. The excellent antioxidant potential 
of the plant-based SeNPs is due to a higher level of nano- 
selenium that plays a significant role in an upturn of 
selenoenzymes like glutathione peroxidase that helps in 

Figure 6 Anti-diabetic mechanism of the plant-based SeNPs against Streptozotocin-induced cytotoxicity and apoptosis in Rin- 5F pancreatic β-Cells. 
Note: (Streptozotocin-induced): Upward arrow: Increase, Downward arrow: Decrease. Characters are the opposite in the case of SeNPs.
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the protection of cells and tissues in vivo from free 
radicals.10,15,77,78 Additionally, in another study, it was 
reported that the Mucuna pruriens and Aloe vera based 
SeNPs show excellent antioxidant potential to protect the 
cell from the deadliest effects of ROS.38,43 The regulatory 
antioxidant potential of plant-based SeNPs is might be due 
to the selenium that is a very important constituent of 
selenoproteins like thioredoxin reductases and glutathione 
peroxidases that protect cells from oxidative damage.79

It was reported that the antioxidant potential of the 
plants-based SeNPs is may be due to the potential surface 
functional groups that cap and stabilize the nanoparticles 
and originate from the plant secondary metabolites.32,62 

The nutritionists and physicians routinely suggest using 
selenium supplemented food sources (nuts, mushrooms 
and cereals) to stay healthy.13,71 The plants-based SeNPs 
are considered highly biocompatible in substituting the 
synthetic antioxidants as natural antioxidant embedding 
agents in food packaging material.15,72 By keeping in 
view, the significance of phyto-fabricated SeNPs, it is not 
very difficult to believe that these NPs can be promising 
futuristic candidates for the cosmetic industries where they 
can be used in anti-aging creams and sunscreen agents. 
The plant-based SeNPs have their potential applications in 
most coronary heart disease, cancer and osteoporosis 
results due to oxidative stress caused by the ROS.44

Antimicrobial Application Potential 
of Plant-Based SeNPs
The use of medicinal plants and their products as a source of 
biomedicine has been a conventional approach to treat 
microbial diseases.80 Since the development of various 
antibiotics in the early 20th century, it had been the frontline 
therapy against various Gram-negative and Gram-positive 
bacterial infections.81 The majority of the antibiotics target 
bacterial ribosomes and stop their growth or disassemble 
ribosomal units by altering the translation process.82 Many 
antibiotics are known to cause several side effects in 
humans and animals. According to the endosymbiotic the-
ory, the mitochondrion is of bacterial origin and their struc-
tural and molecular components of the protein expression 
system are nearly similar. Due to similarities between mito-
chondrial and bacterial ribosomes, varieties of antibiotics 
show side effects similar to mitochondrial myopathies.81,83 

It is reported that the lethal doses of bactericidal antibiotics 
may lead to mutations and biochemical changes in the host 

cell and induce the formation of highly harmful oxidative 
radical species.84

The emergence of antibiotics resistance in the majority 
of pathogenic bacterial strains is a cause of utmost concern 
in infectious bacterial diseases. Therefore, there is an inevi-
table need to identify the effective antimicrobial agents 
which are more effective against microbial ailments with 
minimal side effects on host cells. Selenium (Se) is consid-
ered a potent antimicrobial agent, and its derivative sub-
stance like selenium sulfide is extensively used in medicine 
to treat infections of microorganisms.47,85 However, over-
use of Se causes toxic effects and leads to selenosis, which 
limits the use of elemental Se for therapeutic purposes.71,76 

Consequently, contemporary research has focused on 
diminishing the toxicity and improving the bio-functional 
aspects of selenium.86 In this scenario, nanotechnology has 
provided the best safety strategy to reduce the toxicity and 
improve the bio-functionality of selenium through green 
synthesis. Besides, plant-based SeNPs are considered better 
than elemental selenium because of their excellent antimi-
crobial potential and biocompatibility.21,38,76

However, further research is required to develop plant- 
based SeNPs having non-toxic nature, excellent antimicro-
bial activity at a low dose and bioactivity. The plant-based 
SeNPs have been well explored as antimicrobial potential 
agents. The specific antimicrobial property of the plant- 
mediated SeNPs might be due to their smaller size as the 
compared size of microorganisms which helps them to 
enter the cell membrane of microorganisms and causes 
cell death.43,75

Another study reported that the plant-mediated SeNPs 
with smaller size and spherical shape had easy access into 
the bacterial cell, that’s why it is well agreed upon that 
antimicrobial potential of the plant-based SeNPs is inver-
sely proportional to its size which increases with decreases 
in the size of plant-mediated SeNPs.87 Plant-based SeNPs 
are well known to be active against both Gram-positive 
(Staphylococcus aureus) and Gram-negative (Proteus sp, 
Escherichia coli and Klebsiella pneumonia) bacterial 
strains but it seems that SeNPs are more effective against 
Gram-negative bacteria because of their thin peptidogly-
can cell wall. Furthermore, it was also demonstrated that 
the SeNPs synthesized by using Psidium guajava leaf 
extract are well reported for their antibacterial potential 
which showed excellent antibacterial activity against 
Staphylococcus aureus and Escherichia coli.12

The plant-based SeNPs are also found active against dif-
ferent human pathogenic fungi. It was reported that the SeNPs 
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synthesized by using fruit extract of Phyllanthus emblica 
having antimicrobial potential against foodborne pathogens 
including, Listeria monocytogenes, Aspergillus brasiliensis, 
Aspergillus flavus, Aspergillus oryzae, Fusarium anthophi-
lum, Aspergillus niger and Rhizopus stolonifer.21,38,76

The antimicrobial potential of plant-based SeNPs is may 
be due to two reasons such as the production of the reactive 
oxygen species or through disruption of the cell membrane 
integrity. Another mechanism of the plant-mediated SeNPs 
is to inhibit the growth of microorganisms by breaking cell 
wall then binds to the cell membrane and altering DNA 
replication, food metabolism cycle, protein synthesis cycle 
ultimately binds with thiol or sulfhydryl groups present in 
the membrane proteins and thus causes denaturation in 
them leading to cell death (Figure 7). However, the exact 
antimicrobial mechanism of plant-based SeNPs still needs 
to be explored.9,87,88

The small size and the biochemical attributes of the nano-
particles provide them advantages to be toxic against patho-
gens. The potential functional groups of nanoparticles also 
help them to cross the plasma cell membrane of the bacterial 
cell. The overall charge on nanoparticles and the electrostatic 
interactions between the nanoparticles and the cells determine 
their toxic effects and biocompatibility. Previous studies 
showed that the nanomaterials at a small dose show 

biocompatibility. However, the higher dose of nanomaterials 
poses serious threats to normal or healthy cells.89,90

It is a matter of fact that plant-based SeNPs’ potential 
against plant pathogens and foodborne pathogens has not 
been given proper consideration. However, by keeping in 
mind the considerable antimicrobial potential of the plant- 
mediated SeNPs it is not very hard to believe that the 
SeNPs could be employed in the agriculture sector against 
various microbes to overcome food shortage and malnutri-
tion. This will not only enhance the importance of SeNPs 
but also vast the area of applicability of SeNPs.

Anti-Leishmanial, Anti-Malarial and 
Anti-Dengue Application Potential 
of SeNPs
Leishmaniasis are the group of diseases caused by various 
protozoan parasites from more than twenty leishmania spe-
cies which are transmitted to humans through the bites of 
infected female Phlebotomine sandflies and are associated 
with large scale morbidity and mortality.91 According to the 
world health organization, leishmaniasis affects more than 
12 million people globally.25,27 Similarly, malaria is 
a dangerous disease caused by the genus Plasmodium 
a protozoan parasite and it is transmitted to humans through 

Figure 7 Possible antimicrobial mechanism of the plant-based SeNPs.
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the infected female mosquito.92 The World health organiza-
tion reported 216 million cases of malaria with 445,000 
deaths worldwide.93

Dengue is a viral infection caused by the bite of 
a mosquito with varied manifestations and progression. It 
is caused by the dengue virus and Aedes aegypti is a primary 
vector.94 However, recent reports indicate 390 million peo-
ple are infected globally per year and only 96 million people 
show severe symptoms and nearly 20,000 infected indivi-
duals die.93,95 Various kinds of drugs have been used to treat 
such devastating diseases but these having the problems of 
being costly and toxic. To overcome the serious side effects 
of drugs, nanobiotechnology can be a possible and effective 
solution to treat these deadliest diseases.62 The plant-based 
SeNPs because of their non-toxic nature, excellent biocom-
patibility and unique bioactive properties can be one of the 
alternative strategies to control these devastating 
diseases.5,17,41,72

In recent literature, the plant-based SeNPs have been 
explored to control the larva of mosquitoes. In another 
study, it was revealed that Dillenia indica leaf extract 
mediated SeNPs are effective against mosquito vectors 
such as Aedes aegypti and Culex quinquefasciatus.31,42,96 

The toxicity of the plant-based SeNPs on larva and pupa of 
mosquito species are may be due to their toxic effects on 
cellular pathways and on other peripheral or neighboring 
cells.42 It was also revealed that the toxicity of the plant- 
based SeNPs is may be due to the denaturation of vital 
components and essential enzymes which ultimately 
reduces the membrane permeability and block the ATP 
synthesis and eventually leads to cell death.97 In another 
study, it was manifested that the SeNPs were prepared by 
using Clausena dentata plant extract and their different 
concentrations were applied to check their efficacy against 
different larvae like Culex quinquefasciatus, Aedes Aegypti 
and Anopheles stephensi.31 Interestingly, the plants-based 
SeNPs were found very effective with strong mosquito 
repellent and larvicidal potential in a dose-dependent 
manner.96 Another mechanism for which the plant-based 
SeNPs are known for the larvicidal potential is that the 
SeNPs causes denaturation of special sulfur-containing 
proteins and phosphorus-containing compounds like 
DNA and causes denaturation of organelles ultimately 
reduces membrane permeability, reduces or disrupt ATP 
synthesis which eventually leads to cell death.31,42

Unfortunately, the plant-based SeNPs are not much 
explored for their commercialization purposes. In some 
studies, it was reported that the several phytochemical 

groups like, steroids, terpenoids, essential oils, phenolics 
and alkaloids from different plant extracts have been 
explored for their insecticidal activities.98 This concept 
provides us a very clear future direction that the efficacies 
of plant-based SeNPs can be enhanced by conjugating them 
with the plant secondary metabolite that requires extensive 
in vivo studies for commercialization purposes.31 The bio-
synthesized SeNPs can also be used as an advanced ther-
apeutic agent to treat cutaneous leishmaniasis. SeNPs 
successfully inhibit the proliferation of amastigote and pro-
mastigote which are the forms of Leishmania major in the 
animal models.99 Furthermore, the biocidal mechanism of 
the biogenic SeNPs involves inhibition of essential but 
unique enzymes like, cysteine protease enzymes, trypa-
nothione reductases and trypanothione synthetase which 
are responsible for the leishmanial survival.11 Keeping in 
view, the excellent biocompatible nature of biogenic SeNPs 
it is not very hard to believe that plant-based SeNPs can be 
used as a novel therapeutic agent to control leishmania, 
dengue and malaria.

Antiviral Application Potential of 
Plant-Based SeNPs
Viral infectious diseases have posed serious threats to 
human health. For example, Enterovirus-71 (EV71) causes 
hand- foot- and mouth diseases and has become a serious 
public health challenge worldwide.100 Similarly, the influ-
enza virus is still a highly contagious pathogen that affects 
thousands of people in various seasonal epidemics.101

Various kinds of antiviral drugs have been developed 
as a primary source to block the emergence of new virions 
from the cell membranes. However, the use of synthetic 
drugs has resulted in the development of drug-resistant 
viral strains which cause severe problems to the humans’ 
health.102 Additionally, drug tolerance weakens the anti-
viral potential of synthetic antiviral drugs.103 However, 
this situation requires the rapid development of innovative 
technologies to tackle this alarming situation. Recently the 
synthesis of diverse nanomaterials has prompted them to 
be a supreme choice for the treatment of viral infectious 
diseases. The biosynthesized SeNPs have been proven to 
exhibit excellent antiviral properties. Selenium is an 
important trace element that controls some vital biological 
processes, specific enzyme modulations and has the poten-
tial to eliminate the reactive oxygen species (Figure 8).104

The selenium deficiency could cause severe susceptibil-
ity to viral infections due to the significant role of selenium 
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in the immune system and defense mechanisms. The SeNPs 
also have the potential to inhibit the replication of DNA and 
transcription of the hepatitis B virus. Unfortunately, very 
few research studies have reported the antiviral potential of 
the plant-based SeNPs. However, the biogenic SeNPs have 
attracted considerable attention with their specific antimicro-
bial potential as an integral part of selenoproteins.1,6 A study 
has reported the antiviral potential of SeNPs against the 
influenza virus. It was confirmed experimentally that the 
oseltamivir decorated SeNPs have the potential to trigger 
the generation of ROS that mediated the caspase-3 apopto-
sis. The ROS also regulated their level to activate Akt and 
P53 signaling pathways to prevent the further proliferation 
of cancerous cells.105

Hepatoprotective Application 
Potential of Plant-Based SeNPs
The liver is the most important organ of the animal body 
that performs various metabolic activities and is prone to 
severe injuries.10 The hepatocyte injuries are not only the 
main problem of humans but it is also a very important 
infirmity of the aquaculture species like fishes which suffer 
from liver color changes and liver enlargements.73 Different 
analgesic and pyretic drugs such as acetaminophen (APAP) 
have been successfully used against hepatic injuries in 
humans. APAP drug is very safe and effective. However, 
the overdose of the APAP induces acute nephrotoxicity and 
hepatotoxicity.7,88,106,107

Two molecular mechanisms are postulated for the induc-
tion of severe toxicity of kidney and liver by APAP. The first 

molecular mechanism involves the increased accumulation of 
N-acetyl-p-benzoquinone imine (NAPQI) which is a highly 
reactive intermediate produced through the oxidation of 
APAP by cytochrome 2E1 (CYP3A4 and CYP2E1) and 
P450 3A4 which in turns interact with the important cellular 
proteins and initiates toxicity in liver and kidney.107,108 

Another molecular mechanism of APAP toxicity is considered 
independent of NAPQI formation which involves an increase 
in the reactive nitrogen species (RNS) such as peroxynitrites 
and nitric oxide (NO).65 An increased level of RNS, in turn, 
results in the nitration of proteins and ultimately causes pro-
tein degradation.64,109 These stresses cause mitochondrial 
dysfunctionality that includes the loss of mitochondrial mem-
brane potential, inhibition of respiration and increased mito-
chondrial oxidative stress.65,78,106,107,109 The endpoint of such 
mitochondrial dysfunction ultimately starts the initiation of 
necrosis and apoptosis in the kidney and liver due to APAP 
overdose.7,78,88

Recent nanotechnological interventions in nanomedi-
cine brought the attention of scientific researchers and 
clinicians to develop a possible efficacious solution of 
devastating liver diseases through the plant-based SeNPs. 
In this scenario, Spermacoce hispida aqueous extract 
mediated SeNPs (Sh-SeNPs) were studied for their hepa-
toprotective effects against APAP toxicity because of their 
antioxidant potential in particularly induction of glu-
tathione peroxidase (GPx) and glutathione (GSH) 
content.7,18,19,62,110 The plant-based SeNPs were conju-
gated with a biologically active ligand called S-allyl-glu-
tathione (SAG) to produce (SAG-Sh-SeNPs) to increase 
its biological activity. It was demonstrated that the SAG- 
Sh-SeNPs protected the mitochondrial function which 
resulted in the protection of the kidney and liver against 
APAP toxicity.19

Additionally, the chitosan–stabilized (CS) SeNPs also 
have been explored for their hepatoprotective potential. 
The CS-SeNPs alleviated the hepatocyte necrosis in the 
mice and decreased the serum alanine transaminase, lactic 
dehydrogenase and aspartate transaminase in diseased 
mice. It was confirmed that the SeNPs protect hepatocyte 
necrosis by retarding lipid oxidation and boosting the 
activities of glutathione peroxidase, catalase and super-
oxide dismutase.10 Keeping in mind the importance of CS- 
SeNPs to control the hepatoprotective damage in mice, it 
is well agreed upon that the plant-based SeNPs can be 
a useful and efficient hepatoprotective potential tool in the 
future to treat human hepatocyte injuries.

Figure 8 Possible antiviral mechanism of the plant-based SeNPs.
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A very few research studies have been performed to 
report the effects of the plant-based SeNPs on human 
hepatocyte injuries and other liver disorders so it is the 
need of the hour to explore these plants-based SeNPs to 
protect the liver from different hepatic injuries.

Application Potential of SeNPs in 
Detection of Heavy Metals to 
Bioremediate the Ecosystem
In recent decades, due to the rapid industrial development, 
more and more life-threatening heavy metals have been 
emitted into the environment.111 These heavy metals are 
mostly non-biodegradable, carcinogenic, highly toxic and 
even at a very low concentration, can enter the food 
chain.112,113 Therefore it is an emergency and inevitable 
need to remove highly toxic heavy metals from the soil 
groundwater reservoirs. For example, Cadmium is one of 
the toxic heavy metals that is released into the environment 
through electroplating, photography, metals production and 
manufacturing of batteries.113,114 In previous studies, it has 
been revealed that cadmium exposure can lead to skeletal 
deformity, muscular cramps, renal degradation and death in 
humans and mammals.1,115 The United Kingdom’s 
Department for Environment, Food and Rural Affairs has 
listed cadmium in the red list of priority pollutants and the 
Dangerous Substances Directive in the European Economic 
Community has been included cadmium in the blacklist.113

Similarly, the exposure to the nickel (Ni) compounds 
causes a variety of detrimental side effects on human health 
such as cardiovascular and kidney diseases, allergy, lung 
fibrosis, nasal cancer, and dermatitis. Therefore, there are 
various methods for heavy metals removal from wastewater 
including coagulation-flocculation, membrane filtration, 
electrolysis, chemical precipitation, and adsorption.116 

Among all these methods, adsorption is more flexible and 
easy with low operational cost and significant efficiency in 
the heavy metals ions removal from solution.111 There are 
various kinds of adsorbents such as bamboo charcoal,113 root 
cell wall115 and activated carbon,20 which have been studied 
in recent decades. However, those adsorbents are usually less 
efficient and less effective. There is still a need for extensive 
research to explore the adsorbents with lower cost, faster 
kinetics, and higher adsorption capacity. In recent decades 
SeNPs have attracted a great deal of attention of researchers. 
Recently some studies reported the use of SeNPs as an 
antimicrobial agent, fertilizer, semiconductor, and sensor.117 

It was reported that SeNPs can be used as an effective 

adsorbent for the removal of heavy metals from the contami-
nated solution due to their small size, negative surface 
charge, and large specific surface area. Furthermore, it was 
reported that the biosynthesized SeNPs have been used suc-
cessfully to remediate zinc, copper and nickel from the con-
taminated soil. Unfortunately, no scientific research has been 
explored reporting the effects of plants-based SeNPs for the 
bioremediation of heavy metals. However, in other studies 
biosynthesized SeNPs have been applied for the removal of 
elemental mercury from the air and soil.118–120

Additionally, in another study, it was reported that the 
biogenic SeNPs have been used to bioremediate elemental 
mercury from the groundwater.118 Keeping in view the 
biocompatibility and less toxic nature of biosynthesized 
SeNPs, it is not very hard to believe that plant-based 
SeNPs can be an alternative strategy to biologically 
remove the harmful heavy metals from the contaminated 
groundwater, soil and air.

Other Applications of Plant-Based 
SeNPs
The plants-based SeNPs were also reported to have various 
other biomedical application potentials such as photo- 
catalytic activities,23 biofortification of crops,121 nano- 
fertilizers,122 and anti-inflammatory effects.1 A recent study 
has reported the potential use of SeNPs as a neuroprotective 
agent by modulating the inflammatory and metabolic signal-
ing to treat ischemic cerebral stroke.123 It was also reported 
that the SeNPs have the potential to treat ischemia- 
reperfusion injuries.124 In another study, it was also reported 
that the green synthesized SeNPs play a significant role to 
treat neurodegenerative disorders such as Alzheimer’s 
disease.82 Not only this, but the plant-based rod-shaped 
SeNPs were synthesized using lemon fruit extract as 
a reducing and capping agent for the development of an 
H2O2 sensor. Hydrogen peroxide sensing is a very important 
aspect because it plays important role in triggering various 
cellar functions.45

Conclusion and Future Perspectives
The biogenesis of nanomaterials to develop formulations 
hold considerable potential in the 21st century to control 
ailments by designing smart drug delivery platforms to deli-
ver drugs to the targeted sites. It was reported that 
a significant number of nanobiotechnology based products 
are available in the markets. Looking at the significance of 
plant-based SeNPs and the green synthesis routes for 
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biocompatibility and safety, it is anticipated that plants based 
SeNPs has emerged as a major therapeutic tool that has the 
potential to treat deadly cancers and many other devastating 
disorders ranging from, neurodegenerative diseases, dia-
betes, viral infections, antimicrobial drugs resistance, anti-
fungal drugs and environmental applications. Keeping in 
view the excellent potency and biocompatibility and at the 
same time antimicrobial potential, it is not very hard to 
believe that the plant-based SeNPs may appear effective to 
develop commercialized antimicrobial drugs. Plant-based 
SeNPs act as a cofactor for various antioxidant enzymes, it 
is also expected that these nanoparticles may revolutionize 
the cosmetics industries by developing antiaging and skin 
clearing products. Keeping in view, the immense importance 
of selenium to boost the immune system, it is expected that 
plant-based SeNPs can be used for the development of anti-
viral vaccines. Indeed, the plants-based SeNPs hold 
a prominent rationale behind many reported studies. 
However, detailed clinical investigations are required to 
understand the bridge between nano-selenium and selenium 
and molecular changes that are responsible for therapeutic 
differences. Besides, it is very important to understand the 
kinetics or diversity of selenoproteins in presence of plant- 
based SeNPs to enhance our understanding of the pharma-
cological effects of the plant-based SeNPs. Collaborative 
efforts are required from biologists, chemists, pharmacists, 
physicians and physicists to understand the in vivo mechan-
ism of action of selenium nanoparticles. Such efforts will 
likely enhance the consumption of selenium nanoparticles in 
the pharmaceutical industry to design customized therapeutic 
medicines.
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