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Abstract
Nowadays, nanoparticles such as gold nanoparticles (Au NPs) with specific biophysical characteristics have attracted remark-
able attention as innovative options for the diagnosis and treatment of different diseases. In the present research, Au NPs 
were green synthesized using the Glaucium flavum leaf extract as an inexpensive and eco-friendly synthesis method. Then, 
the physicochemical properties were characterized by transmission electron microscopy (TEM), dynamic light scattering 
method (DLS), scanning electron microscopy (SEM), X-ray diffraction (XRD), Ultraviolet–visible absorption spectroscopy 
(UV–Vis), Zeta potential, and Fourier transform infrared (FTIR) spectroscopy. Afterwards, the antioxidant capacity was 
tested and antiviral activity against influenza virus was evaluated by applying TCID50 and PCR assays. The nanoparticles 
cytotoxicity was tested using the MTT method. The shape and size of Au nanoparticles were modulated by varying leaf 
concentrations with face-centered cubic (FCC) structure. At higher concentrations, long-time stable spherical nanoparticles 
were obtained with a mean particle size of 32 nm and low aggregation degree that could simply combine with various bioac-
tive compounds. The outcomes exhibited effective antiviral and antioxidant activities with low cytotoxicity and acceptable 
biocompatibility of green synthesized Au NPs. The aim of the present study was to develop a potentially environmentally 
friendly nanoplatform with excellent antiviral and antioxidant functions and acceptable biocompatibility for promising 
biomedical applications in the future.
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Introduction

Nowadays, nanotechnology has offered innovative options 
for the treatment of different diseases. The anticancer, anti-
oxidant, and antibacterial potentiality of nanoparticles has 
been widely explored (Chavan et al. 2021; Mosleh-Shirazi 

et al. 2021a, b). Among nanomaterials, gold nanoparticles 
(Au NPs) have attracted remarkable attention as a result of 
their potential biomedical applications, such as imaging and 
treatment of diseases (Mosleh-Shirazi et al. 2022). Au NPs 
are characteristically considered as bio-safe materials to 
apply as drug transport and antimicrobial materials (Selva-
raj et al. 2010; Mosleh-Shirazi et al. 2021a, b; Atapour et al. 
2022; Meisami et al. 2022).

Epidemic viral diseases, such as influenza and coronavi-
rus, usually impose significant burden on the public health 
care system that necessitates novel antiviral therapeutics. 
Current antiviral drugs are only effective against some defi-
nite types of viruses; for example, there are limited antiviral 
drugs approved to treat the influenza virus (De Clercq and Li 
2016). Recently, many investigations have focused on apply-
ing metal nanoparticles, especially gold and silver NPs, in 
combination with other natural bioactive agents for antiviral 
treatments (Galdiero et al. 2011; Meléndez-Villanueva et al. 
2019).
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However, the possible toxicity of Au NPs through oxida-
tive stress or other mechanisms must be carefully evaluated 
before the clinical application (Tao 2018; Chen et al. 2020). 
Oxidative stress is considered as excessive free radical pro-
duction, such as reactive oxygen species (ROS), over the 
antioxidant defense system. ROS not only can induce cyto-
toxicity for normal cells but also can interfere with the anti-
viral function of gold nanoparticles and could trigger many 
critical diseases such as Alzheimer’s, myocardial infarction, 
and cancers (Li et al. 2016; Lin et al. 2018).

In recent years, antioxidant properties of metal nanopar-
ticles and their oxide derivatives have been studied in many 
researches (Liu et al. 2017; Desai et al. 2018; Jadhav et al. 
2018; Lopez-Chaves et al. 2018). Moreover, green synthe-
sized metal nanoparticles by applying various plant based 
phytochemicals such as terpenoids, flavonoids, and phenolic 
compounds, were also investigated to increase the antioxi-
dant properties of these nanoparticles (Kajita et al. 2007; 
Vilas et al. 2016).

Furthermore, considering the biosensors and nanomedi-
cine applications of Au NPs, it is necessary to produce 
nanoparticles with high stability in different environmental 
conditions such as high concentration ions and various tem-
perature or pH conditions. For this purpose, many natural 
extracts or substances has applied for the biosynthesis of 
stable Au NPs (Zhang et al. 2021).

The green synthesis approach has gained much atten-
tion as an economical and environment-friendly technique 
that enables the synthesis of various shapes and size of 
nanoparticles with excellent stability and biocompatibility 
(Dehghani et al. 2022). Lee et al. performed some active 
ingredients extracted from plants, containing isoflavones 
(IF), protocatechuic acid (PCA), and Gallic acid (GA), play 
role as reducing agents to green synthesize functionalized 
Au NPs with excellent stability and biocompatibility that 
could be stable for three months. Since the high surface 
charge of the hydroxyl groups in the phytochemical compo-
sition, the strong repulsion between them could inhibit the 
agglomeration of Au NPs (Lee et al. 2011). Furthermore, 
the hydroxyl groups of compounds ( as phenols, alkaloids, 
tannins, reducing sugars, flavonoids, and saponins) could 
reduce  Au3+ to Au, and the plant extract’s carbohydrates 
could stabilize Au NPs (Singh et al. 2016; Ankamwar et al. 
2017). Overall,  HAuCl4 binds to plant extracts through chlo-
rine–carbon bonds (Ghosh et al. 2011). In addition, starch 
and glucose components of the plant extracts could play role 
as stabilizers and reduce agents for synthesis of Au NPs with 
long-term storage and stability of 17 months (Engelbrekt 
et al. 2009).

One of the plants have been applied for green synthesis 
of metal nanoparticles is Glaucium flavum (GF), an annual 
plant native to Northern Africa, Europe, and Western Asia 
(Bercu et al. 2006). This plant is rich in alkaloid compounds 

such as aporphine, protoberberine, and protopine, among 
which (Glaucine) is the most important alkaloid. Research 
has shown the antimicrobial function of this plant that some 
medications derived from this plant extract applied as adju-
vant treatment in respiratory disorders or antibiotic (Zhang 
et al. 2008). The present study describes a simple method to 
synthesize Au NPs by applying Glaucium flavum extracted 
as the eco-friendly and low-cost stabilizing and reducing. In 
addition, the physical characteristics, antioxidant properties, 
and antiviral activity against the H1N1 virus were investi-
gated in order to ameliorate gold nanoparticles in biomedical 
applications as antioxidant delivery vehicles with antiviral 
properties.

Materials and methods

The Glaucium flavum (yellow horned poppy plant from 
the subfamily of Papaveraceae) has gathered from Kam-
firuz city in Fars province. Initially, the plant was washed 
with distilled water to eliminate the pollution, parched, and 
powdered at ambient temperature. The combination of 5 g 
powder and 100 ml distilled water was heated for 15 min. 
Subsequently, cooling down the solution for 24 h, filtered 
through Whatman filter paper, and centrifuged three times to 
obtain a uniform solution. This fresh extract was preferably 
refrigerated. 1 ml of this product and 1 ml of 10 mM  HAuCl4 
(99.0%, Merck Company) were stirred for 1 h to obtain col-
loid g1. The addition of the extract was varied to 3, 5, 7, and 
9 ml to obtain colloid g2 to g5, respectively.

The morphology and size of the green synthesized GF-Au 
NPs were evaluated by a Philips CM 10 TEM microscope. 
TEM sample was also prepared with a few drops of well-
scattered NPs on a 300-mesh grid of C-coated copper, then 
dried at ambient temperature. Dynamic light scattering 
method (DLS) was applied by a MALVERN Zen3600 to 
investigate the size distribution of NPs. X-ray diffraction 
(XRD) was performed to evaluate the crystallinity and com-
position of the NPs by a Siemens D5000 X-ray diffractom-
eter with Cu Kα radiation. Ultraviolet–visible absorption 
(UV–vis) was applied by a Varian Cary 50 UV vis-spec-
trophotometer between 400 and 800 nm. Fourier transform 
infrared (FTIR) was applied to investigate the functional 
groups of GF-Au NPs by a Bruker VERTEX 80 v and the 
KBr disk method.

Antioxidant activity protocol

Methanol solution of DPPH discoloration test was per-
formed to evaluate the radical scavenging capability of (GF-
Au NPs) and particularly, this discoloration technique was 
operated by DPPH reduction. The DPPH solution interacts 
with the different concentrations of GF-Au NPs (from 125 
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to 1000 µg/ml) as a reductant agent that the DPPH color 
changed from violet to yellow. After vigorous stirring for 
30 min of the solution, the microplate reader at 517 nm 
was applied to determine the exact color change. Butylated 
hydroxytoluene (BHT) was considered as the positive con-
trol agent and DPPH radical scavenging activity, was consid-
ered as the inhibition percentage (Rabiee et al. 2020). This 
analysis was completed within three times, and according 
to the concentration of the sample that needed to scavenge 
half of the DPPH free radical (IC50), the inhibition curves 
were drawn.

Antiviral protocol

The Madin–Darby canine kidney (MDCK)-SIAT1 cells 
(obtained from the Razi Vaccine and Serum Research Insti-
tute, Karaj, Iran) were grown in 5%  CO2 in Dulbecco’s Mod-
ified Eagle Medium (DMEM) at the temperature of 37 °C, 
supplemented with heat-inactivated fetal bovine serum 10% 
(FBS), 100 μg/ml streptomycin sulfate, 100 U/ml penicillin, 
1 mM sodium pyruvate (Merck Germany), 100 μg/ml strep-
tomycin sulfate (Sigma-Aldrich, USA), and 2 mM L-glu-
tamine. For the preparation of virus-stock, the monolayer of 
MDCK-SIAT1 cell in the 25-cm2 flask (SPL Life Science) 
was deterged with phosphate-buffered saline three times, 
and the obtained cells were infected with the Influenza A/
Puerto Rico/8/34 (H1N1; PR8) virus obtained from the Razi 
Vaccine and Serum Research Institute at a multiplicity of 
infection (MOI) for 1 h at 35 °C. After removal of the virus 
inoculum, covered cells with the infection medium with 
serum-free DMEM, 25 mM HEPES (4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid) (Sigma-Aldrich, USA) 
buffer, 0.14% of bovine serum albumin (Sigma-Aldrich, 
USA), and 2 μg/ml trypsin-TPCK (Merck, Germany). Then, 
the flask was incubated for 48 h at 35 °C. At 48 h post-
infection, the virus-containing supernatants were harvested 
and centrifuged at 3000 rpm for 10 min, eventually filtered 
through a sterile syringe filter 0.22 μm. Then, the virus was 
frozen at − 80 °C prior to use. The virus was titrated through 
the 50% tissue culture infectious dose (TCID50) according 
to Reed and Muench formula method (LaBarre and Lowy 
2001) and was used for the next in vitro experiments at the 
titer of 100 TCID50/ml.

To assess the effects of GF-Au NPs nanoparticles on the 
H1N1 influenza virus, equal volumes of the viral suspen-
sions (100 TCID50/ml) were mixed with different con-
centrations of nanoparticles (from 10 to 250 µg/ml) and 
incubated at 37 °C for 4 h. The mixture (100 μl) was then 
added in triplicated wells of the confluent monolayer of 
MDCK-SIAT1 cells (2 ×  104 cells/well) in 96-well micro-
plate and further incubated for 1 h at 35 °C. The untreated 
infected tubes were considered as negative control group. 

After 1 h incubation, the mixture was removed and the 
cells were washed three times with PBS to remove non-
absorbed viruses and overlaid with infection medium. The 
plate was then incubated for 48 h at 35 °C and 5%  CO2 
condition. This assay protocol was also performed for 
oseltamivir. After 48 h, the supernatant of each well was 
collected and subjected to TCID50 and quantitative real-
time PCR assays to determine the amount of viral load.

MTT assay protocol

Cytotoxicity research was operated using a dermal 
Fibroblast cell line obtained from the Pasteur Institute’s 
National Cell Bank of Iran. The tissue fibroblast cells were 
cultured in the 96-well plate with the  105 cells per well 
standard density for 24 h at standard conditions (37 ◦C , 
5%  CO2 in incubator). Subsequently, the culture media of 
10% fetal bovine serum (FBS) were removed, and the cells 
were washed two times with phosphate-buffered saline 
(PBS). New maintenance Roswell Park Memorial Insti-
tute (RPMI) medium (10% FBS) was replaced with vari-
ous concentrations of GF-Au NPs (50, 100, 150, 200, and 
300 μg/ml) and incubated for a further 72 h. Tube cultured 
cells that did not treat with GF-Au NPs were mentioned 
as negative controls. A 10 μl solution of freshly prepared 
5 mg/ml MTT in PBS was well added to each and incu-
bated for an additional 4 h. The media was removed, and 
100 µl of Dimethyl sulfoxide (DMSO) was used to dissolve 
the generated 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT) formazan. Each well’s 
absorbance was evaluated using the microplate reader at 
570 nm. Cell toxicity and viability percentages were cal-
culated by subsequent formula:

The IC50 (50% inhibition of cell growth) values of 
GF-Au NPs were calculated following 24, 48, and 72 h of 
exposure times. The experiment was repeated three times 
and applied for the measurements.

Statistical Package for Social Sciences (SPSS) software 
(version 20.0) was performed to statistically analyze data. 
Data were determined as mean ± standard deviation (SD). 
Statistical significance was determined as a P value less 
than 0.05. To compare MTT data between two groups and 
different groups, the Student’s t test and Analysis of Vari-
ance (ANOVA) followed by the Tukey post hoc test were 
applied, respectively.

(1)Toxicity% =

(

1 −
MeanODofsample

MeanODofcontrol

)

× 100

(2)Viability% = 100 − Toxicity%
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Results and Discussion

UV–Vis analysis

The UV–Vis absorption spectra of processing Au NPs with 
different leaf concentrations (g1–g5) are shown in Fig. 1. 
The SPR absorbance is greatly sensitive to the shape, size, 
and nature of the particles and the surrounding medium 
(Mosleh-Shirazi et al. 2021a, b). At lower leaf concentration 
(g1), the Surface plasmon resonance (SPR) peak is broad 
with long wavelength absorption that indicates considerable 
anisotropy in the shape of Au NPs. As the leaf concentration 
increases, the band becomes a blue shift towards a lower 
wavelength from g1 to g4 (Fig. 1). Eventually, in colloid 
(g5), a sharper absorption peak at 541 nm is detected as a 
characteristic of spherical particles (Kasthuri et al. 2009; 
Philip 2009).

Morphology analysis

TEM images of Au NPs are displayed in Fig. 2 and indicate 
that the shape and size of the NPs are sensitive to leaf con-
centration. The morphology of Au NPs consists of a mixture 
of hexagonal, spherical, and triangular like particles with 
a decline in aptitude and size of triangular particles with 
increment in leaf concentration (Figure S1 and Figure S2). 
The morphology of colloid g5 (Fig. 2e) revealed that most 
spherical shape NPs had a low aggregation degree with a 
mean particle size of 32 nm. As the amount of biomolecules 
that act as coupling agents increases, the formation of spher-
ical particles increases relative to the triangle. The rest of the 
analyses were performed on colloid g5.

Figure 3 represents the particle size distribution dia-
gram for Au NPs gained from the DLS technique, indicat-
ing that Au NPs had the average size of 51.4 nm (Fig. 3a). 
These results are not consistent with the results of the TEM. 

Nevertheless, the differences in nanoparticles’ average size 
between DLS and TEM techniques have been determined 
in previous research (Singhal et al. 2011; Kouhbanani et al. 
2019; Lohrasbi et al. 2019). The stability of the size distribu-
tion of Au NPs was evaluated after 2 years (Fig. 3b), indi-
cating that the size of gold nanoparticles reached 112.8 nm. 
Recently, excluding demanding the significant stability of 
Au NPs during synthesis, the final stability of nanoparti-
cles should be considered that is very essential for the stor-
age and application of Au NPs, such as cancer therapy and 
bioimaging (Zhang et al. 2021; Sangwan and Seth 2022). 
Hence, variations in the size and structure of Au NPs could 
affect the related properties and applications. After 2 years 
of synthesis, the variations in size of Au NPs due to the 
presence of functional groups on the GF-Au NPs have not 
been significant, which confirms the stability of the green 
synthesized GF-Au NPs. The existence of polyphenols in 
the plant that acts as a covering agent prevents the aggrega-
tion of particles, which is a great advantage of the green 
synthesis method compared to the chemical synthesized way 
(Kanawaria et al. 2018; Dehghani et al. 2022).

The zeta potential is the surface charge potential index as 
well as an important parameter to determine the stability of 
nanoparticles in the suspension (Erdogan et al. 2019). The 
zeta potential value of immediately and 2 years after syn-
thesis of Au NPs were − 83.3 and −82.0 mV, respectively. 
Research studies have revealed that the zeta potential for 
gold nanoparticles is −42 and −62 mV, respectively (Majzik 
et al. 2009; Raj et al. 2011), which indicates green synthe-
sized GF-Au NPs are more stable. The negative value of 
the zeta potential of the Au NPs indicates their long-term 
and significant stability in the suspension. Furthermore, the 
GF-Au NPs had warped with anionic compounds, and thus 
interparticle electrostatic repulsive force lead to preclude 
aggregation of the nanoparticles. Higher the negative value 
of Zeta potential reveals more interparticle repulsion and 
stability.

SEM results in Fig. 4 showed that Au NPs were separated 
and did not agglomerate due to the presence of Glaucium 
flavum, which acts as a covering agent, which confirms the 
TEM results.

XRD pattern

X-ray diffraction patterns (XRD) of the Au NPs indicates in 
Fig. 5. The diffraction peaks at 2 theta = 38.2°, 44.5°, 64.7°, 
and 77.6° were indexed as the (111), (200), (220), and (311) 
planes of FCC structured of Au NPs, respectively. Further-
more, no significant peak was observed in the sample that 
had been synthesized for 2 years, indicating that the struc-
ture was amorphous (Fig. 5b). No contamination or impuri-
ties were detected. Furthermore, the broad peak of about 10° 
indicates the nanoparticle’s surface is covered with organic 
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Fig. 1  UV–Vis spectroscopy of Au colloids at different Glaucium fla-
vum concentrations: (g1) 1 ml, (g2) 3 ml, (g3) 5 ml, (g4) 7 ml, and 
(g5) 9 ml
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biomolecules (Beheshtkhoo et al. 2018). Amorphous and 
crystalline materials composed of the same atoms reveal 
significant different properties. Furthermore, the behavior 
of materials’ composed of mesoscale particles is strongly 
related to their component particles’ arrangement. Many par-
ticle simulations indicate that the contact mechanics of the 
ligand shells overcome the disorder-order transition. Hence, 
the interactions of purely spherical particle–particle lead to 
order and crystalline structure; in contrast localized stiction 
between the ligand shells of Au NPs leads to amorphous and 
disorder conversions (Geyer et al. 2012). This reveals that 
the packing of the agglomerates and the stickiness could be 
changed by the ligand shells’ state. These switching between 
crystallization and amorphous agglomeration of functional-
ized Au NPs were previously reported by other researchers 
(Compton and Osterloh 2007; Geyer et al. 2012).

FTIR analysis

Figure 6 shows the FTIR analysis performed to evaluate the 
substantial biomolecules that play a role in capping and sta-
bilizing green synthesized GF-Au NPs. Intense absorptions 
are detected at 3439, 2076, 1637, and 634  cm−1. The IR 
band at 3439  cm−1 refers to the OH stretching mode of the 
carbohydrates proteins and polyphenols. The band detected 
at 2076 and 634  cm−1 was associated with the C ≡ C stretch-
ing of the alkynes group and C–N/C–Cl in plane bending, 
respectively. Furthermore, the IR band at 1637  cm−1 is char-
acteristic of the C=O stretching of the carboxylic group. 
Therefore, it is probable that enzymes/proteins play a role in 
the reduction of metal ions by the oxidation of aldehydes to 
carboxylic acid. Proteins can attach to Au NPs through car-
boxylate ions of amino acid residue or free amine groups in 

Fig. 2  TEM micrographs of Au 
colloids at different Glaucium 
flavum concentrations: a 1 ml 
(g1), b 3 ml (g2), c 5 ml (g3), d 
7 ml (g4), and e 9 ml (g5)
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it (Smitha et al. 2009; Philip 2010). Furthermore, the exist-
ence of the C=O stretching mode reveals the existence of the 
–COOH group in the material bound to Au NPs. Therefore, 
the band at 1637  cm−1 represented the probability of proteins 
binding on Au NPs through free amine groups.

Antioxidant analysis

Oxidative stress can release free radicals, such as ROS, inter-
acting with cytoplasmic enzymes or DNA that aggravate or 

Fig. 3  DLS results taken a 
immediately and b 2 years after 
synthesis of Au NPs

Fig. 4  SEM micrograph of Au NPs synthesis using Glaucium flavum 
plant

Fig. 5  XRD pattern taken a immediately and b 2 years after synthesis 
of Au NPs

Fig. 6  FTIR spectroscopy of Au NPs Glaucium flavum extract
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propagate complications of some critical diseases such as 
metastatic cancer, diabetes retinopathy, or neuropathy. In 
addition, during biological functions of nanoparticles, ROS 
products may release that can interfere with TNF recep-
tors or pro-inflammatory cytokines (IL-6 and TNF-α) and 
decrease the immune function or induce cytotoxicity. Pre-
vious studies also revealed that preventing ROS accumula-
tion is an important factor affecting the antiviral function 
of metal NPs against the different types of viruses (Li et al. 
2016; Lin et al. 2018). Therefore, it is necessary to evaluate 
the free radical production or transporting capacity of Au 
NPs while evaluating the antiviral functions (Elsabahy and 
Wooley 2013).

Hence, the concomitant antioxidant and antiviral proper-
ties of green synthesized NPs will be potentially valuable 
issues. In the present research, the ability of Au NPs to scav-
enge free radicals was investigated by the NPs’ capacity to 
trap the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals. 
The GF-Au NPs revealed a good potency in a dose-depend-
ent pattern to trap DPPH free radicals. The 23% DPPH 
reducing ability was achieved at the concentration of 125 μg/
ml and then reached 37% and 44% at 500 and 1000 μg/ml of 
GF-Au NPs, respectively (Fig. 7).

The probable mechanism for the antioxidant properties 
of the GF-Au NPs could be related to some Glaucium fla-
vum phytochemical components such as phenolic, alkaloids, 
and flavonoid compounds, which was confirmed by phy-
tochemical analysis and FTIR results. Through the green 
synthesis of the Au NPs, these bio-compounds could attach 
to the Au NPs surface to increase the antioxidant function 

and different concentrations of antioxidant extracts could 
produce concomitantly.

Previous studies have confirmed that Au NPs composed 
or stabilized with natural antioxidants reveal better antioxi-
dant activities due to the free radicals scavenging capacity of 
these biometabolites (Singh et al. 2013; Shabestarian et al. 
2016).

In consistent with other researches, the results of FTIR 
analysis detected the better surface area of the green syn-
thesized GF-Au NPs in comparison with traditional Au 
NPs (Jayaseelan et al. 2013; Begum et al. 2022). It could 
be explained that through the green synthesis of the Au 
NPs, the bioactive components attached on Au NPs surface 
increasing surface area to volume ratio, with high propensity 
to interact with free radicals and reduce DPPH involve in 
the antioxidant properties. Thus, the bioactive-derived com-
ponents of Glaucium flavum plant contributed in the green 
synthesis of Au NPs had led to the improvement free radical 
scavenging activity of Au NPs (Veeramani et al. 2022).

In addition, the synthetic method, the type of spin–spin 
metal relationships, or morphology, which depend on several 
factors, could influence the antioxidant properties. For exam-
ple, if the synthetic method uses more aldehyde or phenolic 
compounds, the antioxidant property could be increased 
substantially.

Antiviral analysis

In the present study, we investigate the ability of GF-Au 
NPs as an antiviral alternative for therapeutic procedures 
against H1N1 by TCID50 and PCR assays, and the results 
were compared with oseltamivir, one of the most effective 
antiviral drugs against H1N1 (Table 1).

The outcomes revealed that 50% inhibition of viral rep-
lication was achieved at the concentration of 210 μg/ml Au 
NPs, and antiviral activity of 60% was gained with the con-
centration of 250 μg/ml.

Green synthesized Au NPs are significantly stable (Fig. 3) 
and could facile interact with various bioactive components 
of the Glaucium flavum extract, such as alkynes, protein-
based compounds, and phenolic compounds (Fig. 6).

Some previous research has revealed that bioactive 
metabolites contributed to the green synthesis of nanopar-
ticles, such as alkaloids and phenols, not only increase the 
stability of nanoparticles but also can improve the antiviral 
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Table 1  In vitro antiviral 
activity of oseltamivir and Au 
NPs against influenza virus 
(H1N1) using the tissue culture 
infectious technique

Inhibition rate (%) Concentration (µg/ml)

10 20 50 80 100 150 200 250

Oseltamivir 12 58 93 95 97 97 98 98
Au NPs 3 18 28 54 38 39 46 60
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characteristics of gold or silver nanoparticles (Haggag et al. 
2019; Meléndez-Villanueva et al. 2019).

The antiviral function of metal NPs can occur either 
through intracellular or extracellular mechanisms. For exam-
ple, by blocking the binding site of gp120 protein on the 
cell membrane, Au NPs can interrupt viral attachment or 
penetration before invading host cells. Au NPs also can bind 
to the viral genome and disable the virus particles before cel-
lular entry. Furthermore, the inhibition of intracellular viral 
replication enzymes is another antiviral capacity of Au NPs 
that inhibit viral duplication (Galdiero et al. 2011; Rai et al. 
2016; Aderibigbe 2017; Maduray and Parboosing 2021).

Nanoparticle size, shape, and surface charge are impor-
tant factors that play a role in cellular uptake and antivi-
ral function (Foroozandeh and Aziz 2018; San and Shon 
2018). Positive charged NPs such as gold nanoparticles 
efficiently endocytosis and accumulate in the cytoplasm 
through negative charge cell membrane receptors (Jiang 
et al. 2008; Foroozandeh and Aziz 2018). The results of the 
present study revealed that polyphenols of plant extract act 
as a covering agent to inhibit particle aggregation and induce 
better NPs distribution. It is suggested that the biometabo-
lites of Glaucium flavum plant (flavonoids and phenols) can 
increase the gold nanoparticles’ antiviral function against 
the H1N1 virus by enhancing its ability to interact with the 
viral genome or bounding site at the host cell membrane. In 
addition, modulating the surface charge can enhance cell 
entry and inhibit the specific viral replicative enzymes in 
the cytoplasm.

The results of the study revealed the effective antiviral 
function of Au NPs Glaucium flavum extracted against the 
H1N1 virus obtained from the antiviral characteristics of 
both Glaucium flavum biometabolites and Au NPs.

Previous researches have detected that some plant base 
biocomponents have essential antiviral properties, which in 
combination with gold nanoparticles, can increase the anti-
viral properties of metal nanoparticles (Fatima et al. 2016).

In addition, gold nanoparticles can interact with immuno-
cytes (macrophages, or lymphocytes) and potentially stimu-
late host immune responses against viral infection (Engin 
and Hayes 2018).

Related to the immunomodulatory or antiviral properties 
of Au NPs, it could be designed as the vaccine or adjuvants 
antiviral agent in the future.

However, cytotoxicity and biocompatibility of nanomate-
rial should be considered before any biomedical application 
(Dobrovolskaia and McNeil 2007; Look et al. 2010; Pandey 
and Prajapati 2018).

MTT assay

To assess the cytotoxicity of the green synthesized GF-Au 
NPs, cells were treated with varying concentrations from 24 

to 72 h (Fig. 8). The results indicated that after 24 h, there is 
the minimal decrease in cell viability in contact with Au NPs 
of 50 to 200 μg/ml with no significant difference between 
these concentrations at the first 24 h (P value > 0.05); how-
ever, by increasing the concentration to 200 μg/ml the cyto-
toxicity and cell death significantly increases after 48 h. 
Indeed, the prominent cytotoxicity became apparent after 
72 h that the MTT assays revealed significant cytotoxicity 
for Au NPs of concentration ≥ 150 μg/ml. The biosynthe-
sized Au NPs have no biological cytotoxicity at concentra-
tions of 50 and 100 μg/ml, even after 72 h. According to 
advanced biomedical applications of gold nanoparticles, the 
cytotoxicity of Au NPs is an important point in biotechnol-
ogy research. There are still contrary outcomes from differ-
ent studies evaluating the cytotoxicity of gold nanoparticles. 
A great number of in vitro and in vivo experiments have 
confirmed the nontoxicity and biosafety of Au NPs, while 
some evidence indicates the toxicity of Au NPs for vital cells 
(Singh et al. 2013).This could be due to different standard 
bases of the toxicity studies that explain the contrary results 
(Minetto et al. 2017). Indeed several aspects, such as shape, 
size, surface charge, NPs concentration, and exposure time, 
could affect gold nanoparticles’ cytotoxicity (Sani et al. 
2021; Mosleh-Shirazi et al. 2021a, b). However, the type of 
cells selected for the cytotoxicity test is a conflicting issue in 
biosafety research because some cells, such as macrophages, 
fibroblasts, or epithelial cells, have revealed more sensitivity 
to gold particles (Pan et al. 2007).

It has been shown that Au NPs less than 30 nm efficiently 
endocytosis through the cell membrane and induce cell 
apoptosis by different mechanisms, such as DNA damage or 
interaction with cytoplasm enzymes (Haggag et al. 2019). In 
contrast, greater sized nanoparticles cannot easily enter cells 
and show low toxicity or adverse effects for normal cells.

Fig. 8  Comparison of the cytotoxicity effect of different concentra-
tions of Au NPs through the exposure time on fibroblast cells. Data 
are represented as means ± SD. Black star (*) = p-value of significant 
versus concentration ≥ 200μg∕ml, black square () = p-value of signifi-
cant versus concentration ≥ 150μg∕ml
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The MTT assay analysis confirmed the low toxicity 
of green synthesized GF-Au NPs for fibroblast cells. The 
results of TEM images revealed the spherical shape and 
average size of 32 nm for GF-Au NPs that could interrupt 
with endocytosis of these NPs by normal cells and signifi-
cantly decrease the related cytotoxicity. In addition, the low 
cytotoxicity results of the biosynthesized Au NPs may be 
attributed to their functionalization with organic moieties 
derived from the Glaucium flavum extract.

Some other studies have also detected that gold NPs func-
tionalized and stabilized, with different bioactive compo-
nents exhibit better biodistribution and less cytotoxicity due 
to the enhanced bioactivity of these molecules (Tiwari et al. 
2011; Al Saqr et al. 2021).

In addition, further studies should be conducted through 
the cytotoxicity of GF-Au NPs on laboratory animals and 
in vivo conditions to support the nanoparticles’ biocompat-
ibility. In addition, it is critical to consider the ecotoxicity 
of Au NPs to develop novel insights into ecotoxicological 
conflicts (Libralato et al. 2017).

Conclusions

There is substantial interest in the investigation of biomedi-
cal applications of Au NPs. In the present study, Glaucium 
flavum extracts were used to synthesize various shapes and 
sizes of Au NPs. Various characterization methods such as 
UV–Vis, Zeta potential, SEM, XRD, DLS, TEM, and FTIR 
have supported the successful synthesis of highly stable Au 
NPs. The shape and size of Au nanoparticles are modulated 
by varying leaf concentrations with FCC structure. At higher 
concentrations, long-time stable spherical nanoparticles 
were obtained with a mean particle size of 32 nm and a low 
aggregation degree that could simply combine with various 
bioactive compounds. The zeta potential value of immedi-
ately and 2 years after the synthesis of Au NPs were −83.3 
and −82.0 mV, respectively. The negative value of the zeta 
potential of the Au NPs indicates their long term and signifi-
cant stability in the suspension. Furthermore, Au NPs could 
simply combine with various bioactive compounds conform-
ing to the Glaucium flavum extract (alkynes, protein-based, 
and phenolic compounds), which would confer Au NPs char-
acteristics to improve their biological activity. Green synthe-
sized GF-Au NPs exhibit efficient antioxidant and antiviral 
functions with acceptable safety that could be mentioned 
as an antioxidant agent with related applications to treat or 
prevent cancers or adjuvant treatment against the influenza 
H1N1 virus in combination with other proven treatments. 
However, there are still conflicting subjects concerning 
the biomedical applications of Au NPs that further studies 
should be established to evaluate the Au NPs’ properties to 
determine these challenges.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13204- 022- 02705-1.

Declarations 

Conflict of interest The authors declare that there is no conflict of in-
terest regarding the publication of this article.

References

Aderibigbe BA (2017) Metal-based nanoparticles for the treatment of 
infectious diseases. Molecules 22(8):1370

Al Saqr A, Khafagy ES, Alalaiwe A, Aldawsari MF, Alshahrani SM, 
Anwer MK, Khan S, Lila ASA, Arab HH, Hegazy WA (2021) 
Synthesis of gold nanoparticles by using green machinery: Char-
acterization and in vitro toxicity. Nanomater 11(3):808

Ankamwar B, Pansare S, Sur UK (2017) Centrifuge controlled 
shape tuning of biosynthesized gold nanoparticles obtained 
from Plumbago zeylanica leaf extract. J Nanosci Nanotechnol 
17(2):1041–1045

Atapour A, Khajehzadeh H, Shafie M, Abbasi M, Mosleh-Shirazi S, 
Kasaee SR, Amani AM (2022) Gold nanoparticle-based aptasen-
sors: a promising perspective for early-stage detection of cancer 
biomarkers. Mater Today Commun 30:103181

Begum SJ, Pratibha S, Rawat JM, Venugopal D, Sahu P, Gowda A, 
Qureshi KA, Jaremko M (2022) Recent Advances in Green Syn-
thesis, Characterization, and Applications of Bioactive Metallic 
Nanoparticles. Pharm 15(4):455

Beheshtkhoo N, Kouhbanani MAJ, Savardashtaki A, Amani AM, 
Taghizadeh S (2018) Green synthesis of iron oxide nanoparti-
cles by aqueous leaf extract of Daphne mezereum as a novel dye 
removing material. Appl Phys A 124(5):1–7

Bercu R, Fãgãraş M, Jianu LD (2006) Anatomy of the endangered 
plant Glaucium flavum Cr occurring on the Romanian Black Sea 
littoral. Nature Conservation. Springer, Berlin, pp 273–280

Chavan C, Prabhune S, Shedge S, Patwardhan R, Kamble S, Murthy 
A, Kale S (2021) Studies on drug-assisted silver nanoparticles to 
reduce granulocytopenia and improve drug delivery for cancer 
therapy. Appl Phys A 127(5):1–12

Chen L, Huo Y, Han YX, Li JF, Ali H, Batjikh I, Hurh J, Pu JY, Yang 
DC (2020) Biosynthesis of gold and silver nanoparticles from 
Scutellaria baicalensis roots and in vitro applications. Appl Phys 
A 126(6):1–12

Compton OC, Osterloh FE (2007) Evolution of size and shape in the 
colloidal crystallization of gold nanoparticles. J Am Chem Soc 
129(25):7793–7798

De Clercq E, Li G (2016) Approved antiviral drugs over the past 50 
years. Clin Microbiol Rev 29(3):695–747

Dehghani F, Shahmoradi S, Naghizadeh M, Firuzyar T, Vaez A, Kasaee 
SR, Amani AM, Mosleh-Shirazi S (2022) Magnetic graphite-
ODA@ CoFe2O4: attempting to produce and characterize the 
development of an innovative nanocomposite to investigate its 
antimicrobial properties. Appl Phys A 128(3):1–13

Desai MP, Sangaokar GM, Pawar KD (2018) Kokum fruit mediated 
biogenic gold nanoparticles with photoluminescent, photocatalytic 
and antioxidant activities. Process Biochem 70:188–197

Dobrovolskaia MA, McNeil SE (2007) Immunological properties of 
engineered nanomaterials. Nat Nanotechnol 2(8):469–478

Elsabahy M, Wooley KL (2013) Cytokines as biomarkers of nanopar-
ticle immunotoxicity. Chem Soc Rev 42(12):5552–5576

Engelbrekt C, SØrensen KH, Zhang J, Welinder AC, Jensen PS, 
Ulstrup J, (2009) Green synthesis of gold nanoparticles with 

https://doi.org/10.1007/s13204-022-02705-1


4404 Applied Nanoscience (2023) 13:4395–4405

1 3

starch–glucose and application in bioelectrochemistry. J Mater 
Chem 19(42):7839–7847

Engin AB, Hayes AW (2018) The impact of immunotoxicity in 
evaluation of the nanomaterials safety. Toxicol Res Appl 
2:2397847318755579

Erdogan O, Abbak M, Demirbolat GM, Birtekocak F, Aksel M, Pasa 
S, Cevik O (2019) Green synthesis of silver nanoparticles via 
Cynara scolymus leaf extracts: The characterization, anticancer 
potential with photodynamic therapy in MCF7 cells. PLoS ONE 
14(6):e0216496

Fatima M, Sadaf Zaidi NUS, Amraiz D, Afzal F (2016) In vitro antivi-
ral activity of Cinnamomum cassia and its nanoparticles against 
H7N3 influenza a virus. J Microbiol Biotechnol 26(1):151–159

Foroozandeh P, Aziz AA (2018) Insight into cellular uptake and 
intracellular trafficking of nanoparticles. Nanoscale Res Lett 
13(1):1–12

Galdiero S, Falanga A, Vitiello M, Cantisani M, Marra V, Galdiero 
M (2011) Silver nanoparticles as potential antiviral agents. Mol-
ecules 16(10):8894–8918

Geyer T, Born P, Kraus T (2012) Switching between crystallization 
and amorphous agglomeration of alkyl thiol-coated gold nano-
particles. Phys Rev Lett 109(12):128302

Ghosh S, Patil S, Ahire M, Kitture R, Jabgunde A, Kale S, Pardesi K, 
Bellare J, Dhavale DD, Chopade BA (2011) Synthesis of gold 
nanoanisotrops using Dioscorea bulbifera tuber extract. J Nano-
mater 45:1–8

Haggag EG, Elshamy AM, Rabeh MA, Gabr NM, Salem M, Yous-
sif KA, Samir A, Muhsinah AB, Alsayari A, Abdelmohsen UR 
(2019) Antiviral potential of green synthesized silver nanopar-
ticles of Lampranthus coccineus and Malephora lutea. Int J 
Nanomed 14:6217

Jadhav MS, Kulkarni S, Raikar P, Barretto DA, Vootla SK, Raikar U 
(2018) Green biosynthesis of CuO & Ag–CuO nanoparticles from 
Malus domestica leaf extract and evaluation of antibacterial, anti-
oxidant and DNA cleavage activities. New J Chem 42(1):204–213

Jayaseelan C, Ramkumar R, Rahuman AA, Perumal P (2013) Green 
synthesis of gold nanoparticles using seed aqueous extract of 
Abelmoschus esculentus and its antifungal activity. Ind Crops 
Prod 45:423–429

Jiang W, Kim B, Rutka JT, Chan WC (2008) Nanoparticle-medi-
ated cellular response is size-dependent. Nat Nanotechnol 
3(3):145–150

Kajita M, Hikosaka K, Iitsuka M, Kanayama A, Toshima N, Miyamoto 
Y (2007) Platinum nanoparticle is a useful scavenger of superox-
ide anion and hydrogen peroxide. Free Radic Res 41(6):615–626

Kanawaria SK, Sankhla A, Jatav PK, Yadav RS, Verma KS, Velraj P, 
Kachhwaha S, Kothari SL (2018) Rapid biosynthesis and charac-
terization of silver nanoparticles: an assessment of antibacterial 
and antimycotic activity. Appl Phys A 124(4):1–10

Kasthuri J, Veerapandian S, Rajendiran N (2009) Biological synthesis 
of silver and gold nanoparticles using apiin as reducing agent. 
Colloids Surf B 68(1):55–60

Kouhbanani MAJ, Beheshtkhoo N, Nasirmoghadas P, Yazdanpanah 
S, Zomorodianc K, Taghizadeh S, Amani AM (2019) Green syn-
thesis of spherical silver nanoparticles using Ducrosia anethifolia 
aqueous extract and its antibacterial activity. J Environ Treat Tech 
7(3):461–466

LaBarre DD, Lowy RJ (2001) Improvements in methods for calculat-
ing virus titer estimates from TCID50 and plaque assays. J Virol 
Methods 96(2):107–126

Lee J, Kim HY, Zhou H, Hwang S, Koh K, Han DW, Lee J (2011) 
Green synthesis of phytochemical-stabilized Au nanoparticles 
under ambient conditions and their biocompatibility and antioxi-
dative activity. J Mater Chem 21(35):13316–13326

Li Y, Lin Z, Zhao M, Xu T, Wang C, Hua L, Wang H, Xia H, Zhu B 
(2016) Silver nanoparticle based codelivery of oseltamivir to 

inhibit the activity of the H1N1 influenza virus through ROS-
mediated signaling pathways. ACS Appl Mater Interfaces 
8(37):24385–24393

Libralato G, Galdiero E, Falanga A, Carotenuto R, De Alteriis E, 
Guida M (2017) Toxicity effects of functionalized quantum 
dots, gold and polystyrene nanoparticles on target aquatic bio-
logical models: a review. Molecules 22(9):1439

Lin Z, Li Y, Gong G, Xia Y, Wang C, Chen Y, Hua L, Zhong J, Tang 
Y, Liu X (2018) Restriction of H1N1 influenza virus infection 
by selenium nanoparticles loaded with ribavirin via resisting 
caspase-3 apoptotic pathway. Int J Nanomed 13:5787

Liu Y, Ai K, Ji X, Askhatova D, Du R, Lu L, Shi J (2017) Com-
prehensive insights into the multi-antioxidative mechanisms 
of melanin nanoparticles and their application to protect brain 
from injury in ischemic stroke. J Am Chem Soc 139(2):856–862

Lohrasbi S, Kouhbanani MAJ, Beheshtkhoo N, Ghasemi Y, Amani 
AM, Taghizadeh S (2019) Green synthesis of iron nanoparti-
cles using Plantago major leaf extract and their application as 
a catalyst for the decolorization of azo dye. BioNanoScience 
9(2):317–322

Look M, Bandyopadhyay A, Blum JS, Fahmy TM (2010) Applica-
tion of nanotechnologies for improved immune response against 
infectious diseases in the developing world. Adv Drug Deliv Rev 
62(4–5):378–393

Lopez-Chaves C, Soto-Alvaredo J, Montes-Bayon M, Bettmer J, Llo-
pis J, Sanchez-Gonzalez C (2018) Gold nanoparticles: distribu-
tion, bioaccumulation and toxicity. In vitro and in vivo studies. 
Nanomed Nanotechnol Biol Med 14(1):1–12

Maduray K, Parboosing R (2021) Metal nanoparticles: a promising 
treatment for viral and arboviral infections. Biol Trace Elem Res 
199(8):3159–3176

Majzik A, Patakfalvi R, Hornok V, Dékány I (2009) Growing and sta-
bility of gold nanoparticles and their functionalization by cysteine. 
Gold Bull 42(2):113–123

Meisami AH, Abbasi M, Mosleh-Shirazi S, Azari A, Amani AM, 
Vaez A, Golchin A (2022) Self-propelled micro/nanobots: A new 
insight into precisely targeting cancerous cells through intelligent 
and deep cancer penetration. Eur J Pharmacol 926:175011

Meléndez-Villanueva MA, Morán-Santibañez K, Martínez-Sanmiguel 
JJ, Rangel-López R, Garza-Navarro MA, Rodríguez-Padilla C, 
Zarate-Triviño DG, Trejo-Ávila LM (2019) Virucidal activity of 
gold nanoparticles synthesized by green chemistry using garlic 
extract. Viruses 11(12):1111

Minetto D, Libralato G, Marcomini A, Ghirardini AV (2017) Potential 
effects of TiO2 nanoparticles and TiCl4 in saltwater to Phaeodac-
tylum tricornutum and Artemia franciscana. Sci Total Environ 
579:1379–1386

Mosleh-Shirazi S, Abbasi M, Shafiee M, Kasaee SR, Amani AM 
(2021a) Renal clearable nanoparticles: an expanding horizon for 
improving biomedical imaging and cancer therapy. Mater Today 
Commun 26:102064

Mosleh-Shirazi S, Kouhbanani MAJ, Beheshtkhoo N, Kasaee SR, 
Jangjou A, Izadpanah P, Amani AM (2021b) Biosynthesis, simu-
lation, and characterization of Ag/AgFeO2 core–shell nanocom-
posites for antimicrobial applications. Appl Phys A 127(11):1–8

Mosleh-Shirazi S, Abbasi M, Vaez A, Shafiee M, Kasaee SR, Amani 
AM, Hatam S (2022) Nanotechnology Advances in the Detec-
tion and Treatment of Cancer: An Overview. Nanotheranostics 
6(4):400–423

Pan Y, Neuss S, Leifert A, Fischler M, Wen F, Simon U, Schmid G, 
Brandau W, Jahnen-Dechent W (2007) Size-dependent cytotoxic-
ity of gold nanoparticles. Small 3(11):1941–1949

Pandey RK, Prajapati VK (2018) Molecular and immunological toxic 
effects of nanoparticles. Int J Biol Macromol 107:1278–1293

Philip D (2009) Honey mediated green synthesis of gold nanoparticles. 
Spectrochim Acta A Mol 73(4):650–653



4405Applied Nanoscience (2023) 13:4395–4405 

1 3

Philip D (2010) Green synthesis of gold and silver nanoparticles using 
Hibiscus rosa sinensis. Physica E Low Dimens Syst Nanostruct 
42(5):1417–1424

Rabiee N, Bagherzadeh M, Kiani M, Ghadiri AM, Zhang K, Jin Z, 
Ramakrishna S, Shokouhimehr M (2020) High gravity-assisted 
green synthesis of ZnO nanoparticles via Allium ursinum: 
Conjoining nanochemistry to neuroscience. Nano Express 
1(2):020025

Rai M, Deshmukh SD, Ingle AP, Gupta IR, Galdiero M, Galdiero S 
(2016) Metal nanoparticles: The protective nanoshield against 
virus infection. Crit Rev Microbiol 42(1):46–56

Raj V, Jaime R, Astruc D, Sreenivasan K (2011) Detection of choles-
terol by digitonin conjugated gold nanoparticles. Biosens Bioel-
ectron 27(1):197–200

San KA, Shon YS (2018) Synthesis of alkanethiolate-capped metal 
nanoparticles using alkyl thiosulfate ligand precursors: A method 
to generate promising reagents for selective catalysis. Nanomater 
8(5):346

Sangwan S, Seth R (2022) Synthesis, characterization and stability of 
gold nanoparticles (AuNPs) in different buffer systems. J Clust 
Sci 33(2):749–764

Sani A, Cao C, Cui D (2021) Toxicity of gold nanoparticles (AuNPs): 
A review. Biochem Biophys Rep 26:100991

Selvaraj V, Grace AN, Alagar M, Hamerton I (2010) Antimicrobial and 
anticancer efficacy of antineoplastic agent capped gold nanopar-
ticles. J Biomed Nanotech 6(2):129–137

Shabestarian H, Homayouni-Tabrizi M, Soltani M, Namvar F, Azizi 
S, Mohamad R, Shabestarian H (2016) Green synthesis of gold 
nanoparticles using sumac aqueous extract and their antioxidant 
activity. Mater Res 20:264–270

Singh DK, Jagannathan R, Khandelwal P, Abraham PM, Poddar P 
(2013) In situ synthesis and surface functionalization of gold 
nanoparticles with curcumin and their antioxidant properties: 
an experimental and density functional theory investigation. 
Nanoscale 5(5):1882–1893

Singh R, Nawale L, Arkile M, Wadhwani S, Shedbalkar U, Chopade S, 
Sarkar D, Chopade BA (2016) Phytogenic silver, gold, and bime-
tallic nanoparticles as novel antitubercular agents. International 
J Nanomed 11:1889

Singhal G, Bhavesh R, Kasariya K, Sharma AR, Singh RP (2011) Bio-
synthesis of silver nanoparticles using Ocimum sanctum (Tulsi) 
leaf extract and screening its antimicrobial activity. J Nanopart 
Res 13(7):2981–2988

Smitha S, Philip D, Gopchandran K (2009) Green synthesis of gold 
nanoparticles using Cinnamomum zeylanicum leaf broth. Spec-
trochim Acta A Mol Biomol Spectrosc 74(3):735–739

Tao C (2018) Antimicrobial activity and toxicity of gold nanoparticles: 
research progress, challenges and prospects. Lett Appl Microbiol 
67(6):537–543

Tiwari PM, Vig K, Dennis VA, Singh SR (2011) Functionalized gold 
nanoparticles and their biomedical applications. Nanomater 
1(1):31–63

Veeramani S, Narayanan AP, Yuvaraj K, Sivaramakrishnan R, Pugaz-
hendhi A, Rishivarathan I, Jose SP, Ilangovan R (2022) Nigella 
sativa flavonoids surface coated gold NPs (Au-NPs) enhanc-
ing antioxidant and anti-diabetic activity. Process Biochem 
114:193–202

Vilas V, Philip D, Mathew J (2016) Biosynthesis of Au and Au/Ag 
alloy nanoparticles using Coleus aromaticus essential oil and 
evaluation of their catalytic, antibacterial and antiradical activi-
ties. J Mol Liq 221:179–189

Zhang Y, Li X, Zou D, Liu W, Yang J, Zhu N, Huo L, Wang M, Hong 
J, Wu P (2008) Treatment of type 2 diabetes and dyslipidemia 
with the natural plant alkaloid berberine. J Clin Endocr Metab 
93(7):2559–2565

Zhang M, Shao S, Yue H, Wang X, Zhang W, Chen F, Zheng L, Xing J, 
Qin Y (2021) High Stability Au NPs: From Design to Application 
in Nanomedicine. Int J Nanomed 16:6067

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Antiviral and antioxidant properties of green synthesized gold nanoparticles using Glaucium flavum leaf extract
	Abstract
	Introduction
	Materials and methods
	Antioxidant activity protocol
	Antiviral protocol
	MTT assay protocol

	Results and Discussion
	UV–Vis analysis
	Morphology analysis
	XRD pattern
	FTIR analysis
	Antioxidant analysis
	Antiviral analysis
	MTT assay

	Conclusions
	Anchor 17
	References




