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Abstract
Over recent years, selenium nanoparticles (Se-NP) have been widely applied in 
nanomedicine science due to their exceptional physicochemical and biological prop-
erties. The available reports regarding the fabrication methods of these nanoparticles 
include several physical and chemical processes that are toxic, costly and non-envi-
ronmentally. In this work, Se-NPs were synthesized through a rapid, biocompatible, 
safe, cost-effective and green chemistry approach that require the usage of bioac-
tive compounds of honey. In addition, the obtained nanoparticles were characterized 
by UV–Vis, XRD, TEM, FESEM, EDX and FTIR analysis. The in vitro anticancer 
efficiency of biosynthesized Se-NPs@Honey was also examined on A2780 ovarian 
cancer cells, which interestingly exhibited a concentration-dependent anti-prolifer-
ative activity toward human ovarian cancer cells with the  IC50 value of 60.95 μg/
mL. Furthermore, their apoptotic effects were confirmed through the means of flow 
cytometry analysis that was performed by an annexin V–FITC kit and the assess-
ment of apoptosis gene expression. According to the gathered data, Se-NPs@Honey 
can promote oxidative damage through the generation of reactive oxygen species in 
A2780 cells as well. Therefore, our findings strongly suggest that green synthesized 
Se-NPs by the usage of honey could stand as an efficient anticancer agent in the 
future.
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Introduction

Nanotechnology concentrates on the design, synthesis, characterization and 
application of nanoscale materials and devices throughout the various medical 
sciences. This branch of knowledge has an enormous potential to advance the 
therapeutic strategies of biomedical and biotechnology researches, as well as 
clinical diagnosis and treatments [1, 2]. There are a variety of nanoscale tools and 
structures in nanomedicine including nanomatching, nanofibers, nanocompos-
ite and quantum dots [3–5]. Inorganic nanoparticles are known as one the most 
significant nanostructures, likely considered as a diagnostic marker, that can dis-
tinguish various diseases especially cancers [6–8]. Nanoparticles contain a large 
number of biological applications due to their unique physicochemical properties 
containing small size, large surface area-to-mass ratio and biocompatibility [9]. 
Selenium is categorized as an essential element in minerals since a small portion 
of it is required to be taken daily as a dietary supplement for health maintenance 
[8]. Additionally, this element is a crucial component of enzymatic proteins in the 
form of selenocysteine that had been reported to contain antioxidant properties 
[10, 11]. Apparently, selenoenzymes are able to protect human tissues and organs 
against oxidative damages [11]. Clinical and preclinical studies have indicated 
that this micronutrient plays a major role in the functionality of immune system, 
as well as in preventing neurodegenerative diseases and cancers [12, 13]. Nowa-
days, researchers have proposed that Se-NPs can stand as a suitable replacement 
for Se in biomedical studies due to their unique physicochemical features and bio-
logical activities. In comparison with the other forms of this element, Se-NPs 
contain certain significant advantages such as low toxicity, biocompatibility and 
surface modification [14, 15]. Numerous in vitro and in vivo studies have indi-
cated that Se-NPs possess multiple beneficial pharmacological effects including 
anti-inflammatory, antioxidant, antimicrobial and anticancer activities [16, 17]. 
In addition, the protective effects of Se-NPs against metal and drug-induced tox-
icity such as cisplatin, chromium, anastrozole and cadmium chloride have been 
well documented [18]. Moreover, Se-NPs have attracted the attention of many, 
especially in the field of cancer, since a notable number of studies have been sug-
gestive of these nanoparticles potential for preventing and treating various tumors 
[14, 19]. The anticancer effects of Se-NPs mainly depend on shape, particle size, 
concentration and coated materials. Meanwhile, several studies have reported the 
remarkable ability of Se-NPs to elicit cytotoxicity against cancer cells through 
the various molecular and cellular mechanisms involving cell cycle arrest, oxida-
tive stress, impairing mitochondria, DNA damage and induction of apoptosis [20, 
21]. For instance, Dongxiao Cui et al. demonstrated that Se-NPs could strongly 
inhibit the in  vitro proliferation of liver cancer cells through an apoptotic cell 
death mechanism [22]. In another study, ferulic acid-coated Se-NPs (FA–Se-NPs) 
are reported to induce apoptosis in HepG-2 cancer cells by increasing intracel-
lular ROS generation and activating caspase-3/9 [23]. Additionally, there are sev-
eral lines of evidences that have exhibited the capability of Se-NPs as a leading 
agent for the development of therapeutic strategies against various tumors [24, 
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25]. On the other hand, the unique surface properties of Se-NPs have given them 
the capability of loading therapeutic molecules, such as DNA, RNA, proteins and 
synthetic drugs, and made them suitable as the genes or drug carriers [18, 26]. 
Despite the fact that nanoparticles could be synthesized through a variety of phys-
ical and chemical techniques, the application of these procedures has decreased 
due to their limitations and disadvantages [27]. Some of the most important fac-
tors among these limitations include the high costs of essential hazardous chemi-
cal, as well as the long time intervals that are required to conduct their procedures 
[28]. Nowadays, these synthesizing techniques have been majorly replaced with 
"green chemistry" methods that involve the utilization of harmless and natural 
compounds instead of raw chemical materials [29–31]. The main sources of nan-
oparticle biological synthesis are biopolymers, certain types of food and plant 
extracts [32, 33]. As it is known, green synthesizing procedures can produce nan-
oparticles in different sizes and shapes, which leads to a variety of physicochemi-
cal and biological properties [34]. Relatively, the green synthesis of Se-NPs has 
particularly attracted a lot of interest since this method can increase the efficiency 
of their qualities. Consistently, several studies have suggested biological synthe-
sizing procedures for Se-NPs that involve the usage of Allium sativum and other 
particular microorganisms [35, 36]. In addition, a recent study had successfully 
synthesized Se-NPs through the usage of gelatin as a reducing agent and there-
fore obtained nanoparticles with remarkable anti-bacterial features [37]. Honey 
stands as a valuable nutrient and suitable candidate among the food sources that 
are exerted for nanoparticle green synthesis since it has exhibited its exceptional 
pharmacological, physical and chemical properties in traditional medicines [38]. 
Next to its significant functionality in preventing and ameliorating the treatment 
of many diseases, this nutrient contains a wide variety of substances including 
different amino acids, proteins, vitamins and sugars. Due to the existence of 
monosaccharides (fructose and glucose) and polyphenolic compounds (hespere-
tin, kaempferol, ellagic acid, etc.) in its chemical composition, honey could be 
applied as a reducer throughout the synthesizing processes and also function as a 
stabilizing agent for controlling the size of nanoparticle [39, 40]. Ovarian cancer 
is one of the most common malignancies in women that lead to the largest num-
ber of deaths in comparison with the other types of female reproductive cancers 
[41]. Similar to other cases of cancers, the efficacy of current treatments has been 
decreased due to the occurrence of drug resistance. Therefore, new therapeutic 
strategies such as nanotechnology and the application of nanoparticles combined 
with chemotherapeutic agents are required to develop a promising therapeutic tar-
get for reducing the rate of tumor growth in many types of cancer [42]. In this 
regard, the aim of this study was set to introduce an easy, low-cost and novel 
biosynthetic method for producing selenium nanoparticles that require the usage 
of natural honey for the first time, which were also characterized in terms of size, 
morphology and spectral properties. Furthermore, the in vitro anticancer poten-
tial of Se-NPs@Honey were investigated against human ovarian cancer (A2780) 
cells based on their ability to induce apoptotic cell death.
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Materials and method

Cell culture

Human epithelial ovarian carcinoma cell line A2780 was purchased from Pasteur 
Institute of Iran (Tehran, Iran). To begin the process, cells were incubated in the con-
ditions of 37 °C, 5%  CO2 and 95% humidity within the culture medium RPMI1640 
that was supplemented with 1% penicillin/streptomycin and 10% FBS. All of the 
involved experiments included the utilization of cells that were in the logarithmic 
phase of growth (0.5–1.0 ×  106 cells/mL).

Preparation of Se‑NPs@Honey

Se-NPs@Honey were synthesized in this work through the chemical reduction of 
sodium selenite salt  (Na2SeO3) that involved the usage of honey as a reducing and 
stabilizing agent. Initially, 50  mL of sodium selenite solution (10  mM) was pre-
pared, and then, 10 mL of high-purity honey was diluted in 15 mL of distilled water. 
Thereafter, the mixture that contained honey was gradually added to sodium selenite 
solution for the purpose of controlling the nanoparticle size and polydispersity. The 
mixture solution was stirred at 60 °C for 24 h to synthesize the colloidal Se-NPs@
Honey [43]. The occurrence of a gradual change in the color of final mixture, which 
was altered from colorless toward red, indicated the successful synthesis of Se-
NPs@Honey. Subsequent to completing the reaction, the synthesized nanoparticles 
were centrifuged to be washed with distilled water and ethanol in a high-speed cen-
trifuge (12,000 rpm) over several times. To conclude the process, Se-NPs@Honey 
were dried overnight at 80  °C to be evaluated for further analysis. The schematic 
green synthesis of Se-NPs@Honey is presented in Fig. 1.

Resazurin assay

The cell metabolic activity of Se-NPs@Honey was evaluated utilizing resazurin-
based cytotoxicity assay. Resazurin assay is based on the capability of living cells 
to reduce Resazurin (non-fluorescent) to resorufin and dihydro-resorufin (highly 
fluorescent). Briefly, 2 ×  104 cells were seeded in triplicates into 96-well plates. 
After administration of cells with various concentration of Se-NPs@Honey (3.9, 

Fig. 1  Schematic plan of the green synthesis of Se-NPs@Honey
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7.81, 15.62, 31.25, 62.5, 125, 250 and 500 µg/mL), the cells were incubated with 
5%  CO2 at 37 °C for 24 and 48 h. The production of fluorescent dye (pink) was 
measured with PerkinElmer atomic absorption spectrophotometer at 600 nm and 
570 nm, respectively. The metabolic activity of Se-NPs@Honey was determined 
through  IC50 values, which was calculated with dose–response curve in GraphPad 
 Prism® 6 software.

Measurement of reactive oxygen species

Effects of Se-NPs@Honey on the intracellular ROS level were tested by 2′, 
7′-dichlorodihydro fluorescein diacetate (DCFDA, Sigma, USA). Briefly, after 
24 h incubation, A2780 cells were incubated for 30  min at 37  °C with 20  μM 
DCFDA. Next, cells were administered via various concentrations of Se-NPs@
Honey (3.9, 7.81, 15.62, 31.25 and 62.5  µg/mL). Additionally, the tert‐butyl 
hydro peroxide (TBHP) was used as a positive control for ROS generation. Ulti-
mately, the relative fluorescence intensity of the 96-well plate was determined at 
490/530 (Excitation/Emission) in PerkinElmer spectrophotometer.

Apoptosis/necrosis detection

Evaluation of apoptosis/necrosis by flow cytometry is performed by means of 
annexin-V and propidium iodide (PI) staining assay. Briefly, next of treatment 
(24 h), A2780 cells were washed with PBS and incubated with 100 µL of staining 
buffer including 2 μL of annexin-V–FITC for 30 min in the dark. Afterward, the 
number of stained cells was assessed through flow cytometer. It should be noted 
that the FITC–annexin V-positive and PI-negative are identified as early apopto-
sis and annexin-V-positive and PI-positive stained cells are representative of late 
apoptosis.

Gene expression assessment by quantitative real‑time PCR (qRT‑PCR)

The RNA extraction done from 60 ×  104 cells after treatment with various concentra-
tions of Se-NPs@Honey utilizing total RNA extraction mini kit (Parstous, Mashhad, 
Iran), according to manufacturer’s guidelines. The total RNA quantity was meas-
ured by NanoDrop spectrophotometer (NanoDrop 1000™, USA). Next, 1500 ngr of 
RNA was used to generate the complementary DNA (cDNA) by cDNA Synthesis 
Kit (Parstous, Mashhad, Iran). Subsequently, for qRT-PCR, the synthesized cDNA 
was mixed with SYBR Green (Ampliqon, Denmark) and specific primers including 
p53, Bax, Bcl-2 and survivin (pishgaman Co, Tehran, Iran). All amplifications were 
accomplished in Roche real-time thermal cycler, and glyceraldehyde‐3‐phosphate 
dehydrogenase (GAPDH) was measured as a housekeeping gene. Finally, the rela-
tive gene expression was calculated with the 2(-Delta Delta C(T)) method  (2−ΔΔCt).
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Statistical analysis

All data are exhibited as the mean values ± standard deviation of three independ-
ent experiments. Statistical analyses were specified with ANOVA followed by 
the Bonferroni’s t-test for multi-group assessments. All analyses were exhibited 
using the GraphPad  Prism® 6.0 software for Windows, and a significance level of 
p < 0.05 was adopted.

Results and discussion

Characterization

The UV–Vis spectrophotometry (CE‐9500, Cecil, UK) technique was selected 
to identify the Se-NPs@Honey, and for this purpose, the relative absorption of 
colloidal solution was read at 200–800  nm. In addition, the shape and size of 
obtained nanoparticles were assessed by means of transmission electron micros-
copy (TEM, Philips Holland Tecnai-20). Accordingly, the colloidal solution 
of Se-NPs@Honey was put under ultrasonic irradiation for 30  min to acquire 
a homogeneous solution. Thereafter, a single drop of the sample was placed 
on copper grids to have the image of nanoparticles observed and evaluated. It 
should be noted that the suitable voltage and resolution of the experiment was 
set at 200 kV and the point of 0.27 nm, respectively. The X-ray diffraction pat-
tern (XRD, Philips Co., Holland) was utilized to determine the phase and crystal 
structure of synthesized Se-NPs@Honey. In addition, we performed field emis-
sion scanning electron microscopy (FESEM, TESCAN BRNO-Mira3 LMU) to 
distinguish the morphology of these nanoparticles. The FESEM micrographs, 
which were obtained by the usage of energy-dispersive X-ray spectroscopy 
(EDX), provided detailed images of the nanopowders that were prepared for per-
forming a further evaluation on the shapes of the sample. Finally, the Fourier 
transform infrared (FTIR, Shimadzu 8400, Japan) spectra of honey and Se-NPs@
Honey were acquired to identify the functional groups that were bound distinc-
tively on the biosynthesized Se-NPs.

Biosynthesis of Se‑NPs@Honey

In order to perform a successful synthesis and obtain stable Se-NPs@Honey in the 
present work, honey was applied to function as a reducing and capping agent under 
facile conditions. According to Fig. 1, the biosynthesis of Se-NPs@Honey was first 
confirmed by observing a gradual change in the color of reaction medium that con-
tained  Na2SeO3 and honey within 24 h. Considering how the presence of red color 
is caused as the surface plasmon resonance of Se-NPs@Honey is excited, it can be 
indicated the selenium ions had successfully converted into selenium nanoparticles 
[44]. It is stated in the report of Hamed A. Ghramh et  al. that fructose, glucose, 
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sucrose and proteins are the main ingredients of honey that can act as reducing 
agents and produce metallic nanoparticles [45].

UV–Vis Spectroscopy

The formation of Se-NPs through the usage of honey was further confirmed by 
recording the absorption spectra of Se-NPs@Honey colloidal solution in the range 
of 200–800 nm. The gathered data on UV–Vis spectra and band gap energy (Eg) 
plot of Se-NPs@Honey are exhibited in Fig. 2a, b. A sharp optical absorbance band 
detected at around 283 nm was indicative of the synthesis of well-dispersed Se-NPs 
(Fig. 2a). Moreover, the observed characteristic peak may be assigned to the surface 
plasmon resonance (SPR) band of Se-NPs@Honey [46], which is in agreement with 
the findings of D, Cui et al.[14]. The band gap energy (Eg) of these nanoparticles 
was obtained by evaluating the UV–Vis spectra data, which were calculated to be 

Fig. 2  UV–Vis spectrum (a) and estimated band gap of synthesized Se-NPs@Honey (b) 
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about 5.25 eV (Fig. 2b). It is interesting that the band gap energy of nanoparticles 
was observed to be higher than that of the bulk Se (1.74 eV).

XRD Pattern

The crystalline structure and phase determination of biosynthesized Se-NPs@Honey 
was assessed through the application of XRD analysis, which is displayed in Fig. 3. 
The results obtained from XRD pattern were confirmed via the Joint Committee 
on Powder Diffraction Standards (JCPDS file no # 06–362) [47]. The XRD pattern 
approved the amorphous nature of Se-NPs@Honey that were synthesized by honey 
due to the appearance of a broader peak while lacking any sharp Bragg reflections. 
Also, there had not been any peaks corresponding to other constituents throughout 
this pattern, which reflects the purity of these nanoparticles. The detection of an 
amorphous structure from the Se-NPs@Honey could be possibly explained by the 
capping of several functional groups of honey that were present on the surface of 
particles [48]. This result was in accordance with earlier studies that had been car-
ried out on the green synthesis of Se-NPs by exerting the fruit extracts of Emblica 
officinalis [49], Withania somnifera leaves extract [50] and Pseudomonas aerugi-
nosa [51]. Moreover, it has been proposed by some previous reports related to phase 
determination that stable amorphous Se-NPs are capable of displaying a better solu-
bility and bioavailability throughout biological applications [52].

FESEM/PSA image

The presented FESEM/PSA images of Se-NPs@Honey in Fig.  4a, b confirm the 
uniform and spherical shape of the obtained nanoparticles (Fig. 4a). Moreover, an 
average diameter of around 57.7 nm was observed throughout the particle size dis-
tribution curve (Fig. 4b).

Fig. 3  XRD pattern of the biosynthesized Se-NPs@Honey
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EDX Analyze

The EDX technique was employed for determining the quantity and quality of Se-
NPs@Honey, along with the elements that were present throughout the reaction 
mixture that were apparently involved throughout the production of nanoparticles. 
The result of this elemental microanalysis is illustrated in the form of a diagram in 
Fig. 5, which exhibits a completely distinct and intense peak that proves the pres-
ence of selenium element in the tested sample. The prominent spectral peak at 
around 1.38 keV supports the formation of Se element with high purity [53]. Also, 

Fig. 4  FESEM image (a) and size distribution (b) of Se-NPs@Honey obtained under optimal conditions

Fig. 5  EDX spectra of the synthesized Se-NPs@Honey
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the performed elemental analysis presented the existence of gold at about 2.3 keV, 
which was applied in grid coating procedure.

TEM/PSA image

The TEM/PSA images of Se-NPs@Honey are displayed in Fig. 6a, b, which were 
employed to investigate their size, morphology and distribution [54]. The spherical 
shape of Se-NPs@Honey could be observed in the provided image, and according to 
PSA analysis, their average size was reported to be about 56 nm, which is very close 
to the results of FESEM image.

FTIR Analysis

The main ingredients in honey are mostly natural sugars (glucose, fructose and 
sucrose), minerals, proteins, polyphenols and vitamins. FTIR measurement was 
used to determine the available functional groups involved in the processes of biore-
duction of sodium selenite and stabilization of the obtained Se-NPs@Honey. The 
FTIR spectra of the honey and the synthesized Se-NPs@Honey are shown in Fig. 7. 
Based on the IR spectra, the strong and elongated absorption band at 3368   cm−1 
might be related to the hydroxyl group (–OH), indicating the presence of phenols 
or flavonoids as the main reducing agents in the chemical composition of honey for 
the synthesis of nanoparticles [55]. Also, the band observed at around 2920   cm−1 
can be associated with the C–H stretching vibrations of aromatic compounds [56]. 
Besides, two peaks have found in the range of 1661 and 1057  cm−1, which may be 
attributed to the C = O stretch of primary amines and C–O bending vibrations of 
protein in honey, respectively [57]. The current results of the FTIR spectroscopy 
study demonstrated that honey has the ability to perform both functions of reduction 

Fig. 6  TEM micrograph (a) and particles size distribution (b) of Se-NPs@Honey
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and stabilization for the biosynthesis of Se-NPs. Likewise, the slight change in the 
intensity and position of the peaks in the spectrum of Se-NPs@Honey indicates the 
involvement of honey biomolecules in the process of formation and stabilization of 
nanoparticles. Previous studies have indicated that the nanoparticles can bind to var-
ious functional groups in the honey (i.e., phenol, alcohol, amides and protein) [58]. 
According to H. Haiza et al. [59], it has been also reported that proteins in honey 
can bind to nanoparticles and make them stable through carboxylate ions as well as 
free amino groups of the amino acid residues.

Se‑NPs@Honey inhibited proliferation of cancer cells

The in vitro anticancer potential of Se-NPs@Honey was evaluated at various con-
centrations (3.9, 7.81, 15.62, 31.25, 62.5, 125, 250 and 500 µg/mL) on human ovar-
ian carcinoma A2780 cells through the employment of resazurin reduction assay. 
According to the exhibited cell viability results in Fig.  8, Se-NPs@Honey have 
clearly displayed anti-proliferative activity against A2780 cells with an  IC50 at 
around 60.95 and 34.85 µg/mL after 24 and 48 h of treatment, respectively, while 
no cytotoxicity was detected from honey alone treatment. It can be indicated from 
obtained outcomes, Se-NPs@Honey dose- and time-dependently decreased the sur-
vival of A2780 cells. Previous research studies have reported that Se-NPs are able 
to penetrate into various types of cells through different endocytosis pathways [60] 
and cause toxic effects. Although the toxicity mechanism of selenium nanoparti-
cles against tumor cells is not fully comprehended yet, some in vitro observations 
suggest that the intracellular accumulation of Se-NPs@Honey can eventually lead 
to cell death through different ways including causing damage to cell components, 
inhibition of angiogenesis, cell cycle arrest and activation of apoptotic pathways 
[61]. It is well known that the cellular uptake of nanoparticles is a crucial factor 
in their cytotoxicity against cells [62]. Relatively in this study, the biomolecules of 
honey that take part in the formation and stability of selenium nanoparticles can 

Fig. 7  FTIR spectra of the honey and the synthesized Se-NPs@Honey
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easily enter cancer cells, which consequently enhances their cell internalization and 
anticancer efficacy of nanoparticles [63]. Due to the significant toxicity of Se-NPs@
Honey against human cancer cells, the following experiments were carried out to 
further evaluate the anticancer effects of these nanoparticles.

Effect of Se‑NPs@Honey on reactive oxygen species in tumor cells

Over-production of ROS under conditions of oxidative stress is considered as a 
major cause of cell components dysfunction, which can eventually lead to induc-
tion of cell death [64]. It has been indicated by numerous studies that the usage of 
many anticancer drugs leads to the activation of apoptosis-related cellular signal-
ing pathways through increased cellular ROS levels [65]. Moreover, various papers 
have reported that certain nanoparticles, including metal and metal oxide nanopar-
ticles, can induce programmed cell death by increasing the production of ROS [66, 
67]. Relatively, in order to investigate the association of induced cell death with 
oxidative stress, we have measured the levels of ROS in the A2780 cells that had 
been treated with Se-NPs@Honey by the application of DCFH-DA assay [68]. As 
depicted in Fig. 9, once the A2780 cells had been treated with various concentration 
(62.5, 31.25, 15.62, 7.81, and 3.9 µg/mL) of Se-NPs@Honey for 24 h, the genera-
tion of ROS in ovarian cancer cells has been considerably increased in a concentra-
tion-dependent manner in comparison with the control group. The ROS elevation 
in cancer cells has been observed to be in 15.6, 31.2, and 62.5 concentrations of 
Se-NPs@Honey, and the maximum of DCF florescence intensity was detected at the 
 IC50 value. It is indicated by these results that the participation of intracellular ROS 
may have the critical role throughout the Se-NPs@Honey-induced cancer cell death, 
which is consistent with the findings of previous studies. According to the observa-
tions of Hengyang Li et al., there has been an elevation in the ROS generation of 
cervical cancer (HeLa) cells that had been exposed to Se-NPs [69]. In addition, they 
have also reported that the synthesized nano-selenium by ferulic acid has provoked 

Fig. 8  Cytotoxicity effect of Se-NPs@Honey on A2780 cell survival using resazurin assay



2551

1 3

Green synthesized selenium nanoparticles for ovarian cancer…

apoptosis in HepG-2 cells through ROS production. Considering observed results, it 
can be suggested that the anticancer activity of selenium NPs may be highly related 
to generation of ROS.

Se‑NPs@Honey induces apoptosis in A2780 cell line

Apoptosis is known as a specific type of cell death and a regulated process that 
occurs under certain conditions [70]. According to the recorded observations of 
numerous reports, many nanoparticles exhibit their anticancer activities through the 
activation of various signaling pathways (mainly including p53 activation, caspase-
dependent and Bcl-2 down-regulation/BAX up-regulation), which can eventually 
lead to cellular apoptosis [71]. To quantitatively detect the apoptosis that had been 
induced by Se-NPs@Honey in ovarian cancer cells, we have applied a flow cytomet-
ric analysis based on annexin V–FITC/PI double staining assay in order to estimate 
the rates of cell apoptosis. Annexin V conjugated with FITC (fluorescent dye) binds 
in a high-specificity manner to the cell membrane of phosphatidylserine, which 
is translocated to the extracellular membrane in the course of early apoptosis. It 
should be considered that propidium iodide (or PI) is a DNA-binding dye and can be 
applied to stain DNA content in late apoptotic/necrotic cells where the plasma mem-
brane has been wholly compromised [72]. Therefore, the combined usage of both 
fluorescent agents can facilitate the required differentiation among early apoptotic 
cells (annexin V-positive/PI-negative), late apoptotic cells (annexin V/PI-double-
positive), necrotic cells (annexin V-negative/PI-positive) and living cells (annexin V/
PI-double-negative) [14]. In this study, we have performed the process of dual stain-
ing after having A2780 cells exposed to different concentrations (3.9, 7.81, 15.6, 
31.2, and 62.5  µg/mL) of Se-NPs@Honey for 24  h. As demonstrated in Fig.  10, 
98.7% of untreated cancer cells have been viable (double-negative cells), whereas 
the rate of total apoptosis (annexin-V and annexin-V/PI-dual-positive) in groups that 
had been treated with Se-NPs@Honey at concentrations of 31.2 and 62.5 µg/mL has 
been significantly increased. Overall, the findings of flow cytometric have revealed 

Fig. 9  Se-NPs@Honey-induced formation of reactive oxygen species in A2780 cells
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that the toxicity effect of biosynthesized Se-NPs@Honey on human ovarian can-
cer cells could be mainly related to the stimulation of apoptotic pathways rather 
than necrotic process. It is notable that similar results to our observations have been 
recently reported, which states that selenium nanoparticles can induce cell apopto-
sis. It has been demonstrated in the work of Y Li et al. that Se-NPs synthesized by 
Galangin have remarkably promoted the apoptosis pathway in HepG2 cells via the 
production of ROS and activation of caspase-3, AKT and p38 signaling pathways 
[73]. Similarly, Xiong Gao et al. have reported that Se-NPs are capable of inducing 
apoptosis in HT29 and Hela cells as well [74].

Effect of Se‑NPs@Honey treatment on gene expression

To further study the pro-apoptotic effects of Se-NPs@Honey on A2780 cells, we 
have performed the quantitative analysis of apoptosis-related genes (p53, Bcl-2, 
Bax and C-myc) through the application of quantitative real-time PCR. As exhibited 
in Fig. 11, the exposure of Se-NPs@Honey to A2780 cancer cells has altered the 
expression of mentioned genes and according to the obtained results, the mRNA 
expression of p53 (tumor suppressor gene) and Bax (pro-apoptotic gene) in ovar-
ian cancer cells has been up-regulated in comparison with the control group. How-
ever, in contrast to this observation, the mRNA expression of Bcl-2 (anti-apoptotic 
gene) and C-myc has displayed a down-regulated behavior in Se-NPs@Honey-
treated cells. The recorded gene expression alterations of our study have once again 

Fig. 10  The rates of annexin-V/PI-double-positive and annexin-V cells were drastically increased as 
compared to untreated control cells
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approved the fact that the cytotoxicity effect of Se-NPs@Honey in ovarian cancer 
cells is processed through the induction of apoptotic pathway. P53 gene is known to 
be the most famous tumor suppressor that contains a crucial functionality through-
out carcinogenesis inhibition via cell cycle arrest, anti-angiogenic effect, senescence 
and chiefly promote apoptosis [75]. Accordingly, it can be contemplated that p53 
pathway is able to stand as a significant target for designing anticancer drugs. It 
has been also suggested in previous studies that the assessment of Bax/BcL-2 gene 
ratio can be employed to determine the susceptibility of cancer cells toward apop-
tosis [76]. In 2016, the work of Maqusood Ahamed et al. has reported that Cobalt 
iron oxide nanoparticles can induce cell death in human liver cancer (HepG2) cells 
causing a considerable enhancement in the gene ratio of Bax/Bcl-2 expression [66]. 
C-myc is known as a regulatory gene factor that can adjust the activity of a large 
number of genes that are involved in cell division, while its over-expression can lead 
to the inducement of uncontrolled cell proliferation [77]. Recently, certain nanopar-
ticles have been modified and synthesized that had become capable of effectively 
preventing the growth of cancer cells by reducing the C-myc expression. A study of 
Abdulwahab Ali Abuderman et al. has reported that silver nanoparticles (Ag-NPs) 
can inhibit the activity of C-myc in human liver carcinoma cells and lead to the 
occurrence of cell cycle arrest [78].

Conclusion

In the current paper, Se-NPs@Honey were successfully synthesized by the usage of 
honey through a facile, cost-effectiveness and eco-friendly manner that lacked the 
involvement of any hazardous chemicals. Honey was selected to function as both 
reducing and capping/stabilizing agents for the formation of nanoparticles. Micro-
scopic analysis of Se-NPs@Honey showed that the average particle size was about 

Fig. 11  Comparison of p53, Bax, Bcl-2 and C-myc mRNA levels in the A2780 cells after 24 h of treat-
ment with Se-NPs@Honey
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57 nm and spherical in shape. In addition, according to the gathered data, Se-NPs@
Honey are capable of exhibiting a significant cytotoxic activity against A2780 ovar-
ian cancer cells in a dose- and time-dependent manner. The treatment with Se-NPs@
Honey also led to an up-regulation in the gene expression of p53, Bax (pro-apoptotic 
factors) and down-regulation in the gene expression of Bcl-2 and C-myc. Further-
more, Se-NPs@Honey markedly increased the production of intracellular ROS. 
Consequently, the anticancer activity of Se-NPs@Honey may be strongly associated 
with the oxidative stress and induction of apoptosis. Taken all together, the current 
findings demonstrate that the use of honey as a good natural source for biosynthesis 
of Se-NPs could be useful for the development of green synthesis routes, and this 
study also suggests that Se-NPs@Honey may be applied as an effective anticancer 
agent without side effects to treat various cancers, especially ovarian cancer in the 
future. However, further preclinical (animal) studies are required to fully elucidate 
the mechanisms of anticancer activity of Se-NPs@Honey on cancer cells.
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