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Abstract: A rapid phytosynthesis of silver nanoparticles (AgNPs) using an extract from the 

aerial parts of Artemisia marschalliana Sprengel was investigated in this study. The synthe-

sized AgNPs using A. marschalliana extract was analyzed by UV–visible spectroscopy, X-ray 

diffraction, and Fourier transform infrared spectroscopy and further characterized by transmis-

sion electron microscopy, scanning electron microscopy, zeta potential, and energy-dispersive 

spectroscopy. Characteristic absorption bands of AgNPs were found near 430 nm in the UV–vis 

spectrum. Energy-dispersive spectroscopy analysis of AgNPs in the energy range 2–4 keV con-

firmed the silver signal due to surface plasmon resonance. Scanning electron microscopy and 

transmission electron microscopy results revealed that the AgNPs were mostly spherical with 

an average size ranging from 5 nm to 50 nm. The zeta potential value of -31 mV confirmed 

the stability of the AgNPs. AgNPs produced using the aqueous A. marschalliana extract might 

serve as a potent in vitro antioxidant, as revealed by 2,2-diphenyl-1-picryl hydrazyl assay. 

The present study demonstrates the anticancer properties of phytosynthesized AgNPs against 

human gastric carcinoma AGS cells. AgNPs exerted a dose-dependent inhibitory effect on the 

viability of cells. Real-time polymerase chain reaction was used for the investigation of Bax 

and Bcl-2 gene expression in cancer and normal cell lines. Our findings show that the mRNA 

levels of pro-apoptotic Bax gene expression were significantly upregulated, while the expression 

of anti-apoptotic Bcl-2 was declined in cells treated with AgNPs compared to normal cells. In 

addition, flow cytometric analysis showed that the number of early and late apoptotic AGS cells 

was significantly enhanced following treatment with AgNPs as compared to untreated cells. In 

addition, the AgNPs showed strong antibacterial properties against tested pathogenic bacteria 

such as Staphylococcus aureus, Bacillus cereus, Acinetobacter baumannii, and Pseudomonas 

aeruginosa. Based on the obtained data, we suggest that phytosynthesized AgNPs are good 

alternatives in the treatment of diseases because of the presence of bioactive agents.
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Introduction
In recent years, the development of a novel protocol for the synthesis of metallic nano-

particles (NPs) with appropriate morphologies and sizes has been attracting the atten-

tion of researchers in the field of nanotechnology and biotechnology.1,2 Nanomaterials 

research is an emerging field in the area of medicine, and the biosynthesis of NPs for 

many applications is an area of current interest.3 Among these, silver nanoparticles 

(AgNPs) are attractive due to their potential applications in different fields, especially 
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in biosensors, pharmaceuticals, photonics, catalysis, and 

biomedicine, with potential for utilization as anti-angiogenic,4 

antimicrobial,5 and anticancer6 agents. AgNPs show strong 

toxicity to a wide range of microorganisms via oxidative 

stress, destructive effect on DNA, mitochondrial damage, and 

induction of apoptosis.7,8 Generally, different physical and 

chemical methods are employed for the synthesis of AgNPs,9 

such as chemical reduction,10 photochemical reduction,11 

electro-irradiation,12 ultraviolet (UV) irradiation,13 micro-

ware irradiation,14 and laser-mediated synthesis.15 Due to the 

presence of some toxic chemicals adsorbed on the surface 

of NPs, chemical strategies of their synthesis may have 

adverse impacts in their applications. In comparison with 

other methods, an eco-friendly, biological-mediated synthesis 

is the most preferred way for the synthesis of AgNPs, as it 

offers a one-step, solvent-free method that does not require 

reducing and stabilizing agents and provides a safe alterna-

tive to chemical methods and physical procedures.16 Green 

synthesis of AgNPs using extracts of plants as capping and 

reducing agents has been beneficial to microorganisms due 

to their less biohazard.17 Thus, considerable attention is being 

given to investigate the in vitro cytotoxicity of NPs using 

plant-based products. In addition, the rate of reduction of 

metal ions using plant extracts has been found to be much 

faster compared to microorganisms, and the stable forma-

tion of metallic NPs has been studied.18 Several reports are 

available in the literature on the green synthesis of AgNPs 

using various plant extracts, including those from Plumbago 

zeylanica,19 Albizia adianthifolia,20 Pulicaria glutinosa,21 

Eucalyptus leucoxylon,22 Acacia leucophloea,23 Chrysan-

themum indicum L.,24 Achillea biebersteinii,25 and Lantana 

camara.26 Therefore, many plant-based products have been 

used in the synthesis of AgNPs. A few studies have been 

reported on Artemisia species extract as bioreductants for the 

preparation of AgNPs. Vijayakumar et al27 have described a 

green synthesis of AgNPs using an aqueous leaf extract of 

Artemisia nilagirica as a stabilizing and reducing agent and 

investigated their antibacterial properties. Basavegowda et al28 

have reported the antibacterial and tyrosinase-inhibitory 

activities of Ag and Au NPs prepared from Artemisia annua 

leaf extract. In the present study, we devised a rapid and 

simple phytosynthesis of AgNPs using the aqueous extract 

from the aerial parts of Artemisia marschalliana Sprengel, 

which has not been reported so far. The protocol developed 

is simple, cost-effective, and viable. In addition, the reaction 

rate was extremely high and the reaction was completed 

in only 5 minutes. The genus Artemisia, belonging to the 

Asteraceae family, has long been used in folk medicine for 

the treatment of various ailments and diseases.29 There are 

~1,000 genera and .20,000 Artemisia species in the world. 

Many species of Artemisia have been used for some treatment 

purposes, including invigorating blood, relieving cough, and 

stopping pain, and as diuretic, anthelminthic, antiallergent, 

and antitoxic agents.29 Artemisia is commonly found abun-

dantly in Europe, Asia, and North America. Among the 

Asian Artemisia flora, 150 species were reported from the 

People’s Republic of China, 50 species were recorded in 

Japan, and 34 species were found in Iran. A. marschalliana is 

a traditional Iranian medicinal plant and grows in Northwest 

Iran.30 Further, the different organic compounds present in 

A. marschalliana plant extract (which were recognized via 

chromatography-mass-spectroscopy analysis of extract; 

data to be published elsewhere) include a large number of 

essential oils, hydroxycinnamic acids, and flavonoids, which 

are known for bioreduction of Ag+ ions. However, to our 

knowledge, this is the first study to investigate a rapid and 

simple approach for the synthesis of AgNPs using the extract 

of the aerial parts of A. marschalliana Sprengel as a reduc-

ing and stabilizing agent and to evaluate their biomedical 

properties. The prepared AgNPs were characterized by 

different physical techniques and evaluated for antiradical 

scavenging activity. The anti-proliferative properties of 

AgNPs were evaluated in human gastric carcinoma (AGS) 

and normal HEK293 cell lines. Moreover, the ability of 

the phytosynthesized AgNPs to induce apoptotic cell death 

was analyzed by quantitative real-time PCR and annexin V/ 

propidium iodide (PI) staining. Further, its efficacy in inhibit-

ing various pathogenic bacteria is also reported.

Materials and methods
Plant material and preparation of the 
extract
A. marschalliana Sprengel is cultivated in Tabriz, East 

Azarbaijan province, Iran. The plant was identified by Y. Ajani 

at the Herbarium of Iranian Biological Resources Center, 

Tehran, Iran (Voucher specimens No IBRCP1000141). Fresh 

aerial parts of A. marschalliana were washed thoroughly sev-

eral times with distilled water and air-dried in the shade for 

1–2 weeks. A total of 10 g of dried leaf powder was stirred 

in 1:1 ratio of 50 mL deionized water and 50 mL ethanol and 

then boiled for 20 minutes. The crude extract was filtered 

using Whatman No 1 filter paper (Whatman plc, Kent, UK). 

The remaining extract was kept in a refrigerator at 4°C until 

further use.

Synthesis of AgNPs
For the synthesis of AgNPs, 100 mL of 0.01 mM aqueous 

solution of silver nitrate (EMD Millipore, Billerica, MA, 
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USA) was mixed with 4 mL of the aqueous plant extract, 

and the mixture was continuously stirred for 5 minutes at 

room temperature. The mixture was kept undisturbed until 

the colorless solution turned dark brown, revealing the 

reduction process of Ag+ to Ag0 NPs. The particles were then 

separated out by centrifugation at 12,000 rpm for 20 minutes. 

Then, the AgNPs were dried at 40°C for 2 hours prior to 

characterization.

Characterization of AgNPs
UV–visible spectroscopic characterization of AgNPs
The formation of AgNPs was monitored by a UV–visible 

spectrophotometer (UV 1601, Shimadzu), in the wavelength 

range of 250–850 nm.

X-Ray diffraction analysis
Crystallographic structures of the bio-reduced AgNPs were 

examined by X-ray diffraction (XRD). The spectra were 

recorded in the scanning mode on a Burker AXS D8 X-ray 

diffractometer employing Cu Kα radiation, in range of 

2θ =10°–80°.

Fourier transform infrared spectroscopic studies
Fourier transform infrared (FT-IR) spectroscopy studies 

were performed using a spectrum RX 1 instrument. The 

obtained samples were mixed with KBr, made into pellets, 

and analyzed to check the presence of functional groups in 

the phytoconstituents on the extract of A. marschalliana 

and the synthesized AgNPs. FT-IR spectra were scanned 

between 4,000 cm-1 and 400 cm-1 at a resolution of 4 cm-1 

in the transmittance mode.

Field-emission scanning electron microscopy and 
energy-dispersive X-ray spectroscopy
Morphological studies of the prepared AgNPs were carried 

out by a field-emission scanning electron microscope (FE-

SEM) (SIGMA; Carl Zeiss Meditec AG, Jena, Germany) 

using a gold film for loading the dried NPs in the instrument. 

Furthermore, the elemental composition of AgNPs was exam-

ined by an energy-dispersive spectroscopy analysis (EDS) 

analysis system.

Transmission electron microscopy and zeta 
potentiometry
Examination of nanoparticle size and surface morphologies 

was performed by using a transmission electron microscope 

(TEM; JEOL model 1200EX) operating at 120 kV. Samples 

were prepared by placing a drop of AgNP–water dispersion on 

a carbon-coated copper grid and drying at room temperature. 

A Malvern Zetasizer (Nano ZS90, UK) instrument was used 

to analyze the net surface charge of the NPs.

2,2-Diphenyl-1-picryl hydrazyl radical 
scavenging assay
The free-radical scavenging activity of AgNPs was quantita-

tively studied using 2,2-diphenyl-1-picryl hydrazyl (DPPH) 

assay. Briefly, different concentrations (50–450  µg/mL) 

of AgNPs and ascorbic acid (positive control) were taken 

separately and mixed with 3 mL of a methanolic solution of 

DPPH (final concentration 0.1 mM). The reaction mixture 

was shaken and kept for ~30 minutes at room temperature 

in the dark. Thereafter, the reduction of the DPPH radical 

was calculated by using a UV–visible spectrophotometer 

(UV 1601; Shimadzu Corporation, Kyoto, Japan) at 517 nm. 

The methanolic solution of DPPH without the sample 

served as a control. The percentage inhibition was measured 

according to the following equation:

	
Percentage

inhibition (%)
 

Absorbance of control

Absorbance
=

−
  of test 

Absorbance of control
×100 � (1)

In vitro anticancer activity
Cell lines and culture medium
The human gastric carcinoma (AGS) and human embryonic 

kidney (HEK293) cell lines were purchased from the Pas-

teur Institute cell bank, Tehran, Iran. The cells were grown 

adherently and maintained in Dulbecco’s Modified Eagle’s 

Medium supplemented with 10% fetal bovine serum, 2 mM 

glutamine, 1% antibiotic solution (100 U/mL of penicillin, 

100 μg/mL of streptomycin), and 1 mM sodium pyruvate (all 

from Thermo Fisher Scientific, Waltham, MA, USA) in a 5% 

carbon dioxide (CO
2
) cell incubator at 37°C. This study was 

approved by ethical committee of Islamic Azad University 

research council and was carried out based on the principles 

outlined in the Declaration of Helsinki.

Cell viability assay
Cell viability was assessed by the 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay. In brief, 

the cells were counted and then distributed into 96-well 

plates at a density of 10,000 cells per well and incubated 

in a CO
2
 incubator at 37°C for 24 hours. The AGS cancer 

cells were treated with a series of 3.125–100  μg/mL of 

phytosynthesized AgNPs in the 96-well plate. The stock 

concentration (5 mg/mL in phosphate buffered saline) of 

MTT was prepared, and 20 µL of MTT solution was added 

to each AgNP-treated well, followed by incubation at 37°C 
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and 5% CO
2
 for 4 hours. Subsequently, the resulting purple 

formazan crystals were dissolved in dimethyl sulfoxide and 

then the optical density (OD) of each well was measured.31 

The absorbance at 570 nm was evaluated using a microplate 

reader (Bio-Rad 680; Microplate Master, Hercules, CA, 

USA). The effect of NPs on the cells was expressed as the 

percentage of cell viability compared to control, which was 

calculated according to the following formula: percentage 

of cell viability (%) = mean OD/control OD ×100.

Analysis of apoptosis-related gene expression
A SYBR Green real-time quantitative PCR was carried out 

to quantify the expression levels of Bax and Bcl-2 mRNAs in 

AGS and HEK293 cells. The cell lines were seeded into six-

well plates (5×104 cells/well) and incubated for 24 hours, and 

then the cells were treated with AgNPs for another 24 hours. 

Total cellular RNA was extracted from cells using the RNA-

isolation kit (Qiagen, RNeasy Plus Mini Kit 50) according 

to the manufacturer’s instructions. High-quality RNA was 

isolated for cDNA synthesis by using the PrimeScript 

first-strand cDNA synthesis kit (Takara, Japan) according to 

the manufacturer’s protocol. The primers used for real-time 

PCR were as follows:

Forward 5′-TTGCTTCAGGGTTTCATCCAG-3′ and 

reverse 5′-AGCTTCTTGGTGGACGCATC-3′ for Bax, 

and forward 5′-TGTGGATGACTGAGTACCTGAACC-3′ 
and reverse 5′-CAGCCAGGAGAAATCAAACAGAG-3′ for 

Bcl-2. Also, the sequence of the forward primer for the house-

keeping gene glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) was 5′-CGTCTGCCCTATCAACTTTCG-3′ and 

that of reverse primer was 5′-CGTTTCTCAGGCTCCCTCT-3′. 
The expression of the target gene was studied by using an 

ABI 7300 real-time PCR system (Thermo Fisher Scientific). 

Each PCR amplification reaction was performed in 20 μL 

reaction mixture containing 10 μL Power SYBR Green PCR 

Master Mix (2×), 1 μL of each primer (0.4 μM), 2 μL cDNA 

(100 ng), and 6 μL double-distilled water. After denaturation 

at 95°C for 10 minutes, 40 cycles were followed by 95°C 

for 15 seconds and 60°C for 1 minute in PCR cycling condi-

tion. Amplification stage was followed by a melting stage: 

at 95°C for 20 seconds, 60°C for 60 seconds, and 95°C for 

20 seconds. The gene expression was determined using com-

parative threshold cycle (Ct). Afterward, the mean threshold 

cycle value of GAPDH as a reference gene was subtracted 

from the mean threshold cycle value of the target genes (Bax, 

Bcl-2) to obtain ΔCt, and ΔΔCt values of each sample were 

calculated from the corresponding Ct values. Finally, target/

internal control gene expression ratio was calculated using 

the formula (ratio =2-ΔΔCt).32

In vitro apoptosis/necrosis assay
To determine apoptosis, a fluorescein isothiocyanate-annexin V 

and PI apoptosis detection kit (Hoffman-La Roche Ltd., 

Basel, Switzerland) was used according to the manufacturer’s 

instruction. The AGS cell line (1×105 cells/well) was incu-

bated with AgNPs in a 24-well microplate for 24 hours, with 

untreated AGS cells as a positive control. Each experiment 

was carried out in duplicate.

Determination of antibacterial property
Bacterial strains
Four bacterial strains, namely Staphylococcus aureus (ATCC 

6538), Bacillus cereus (ATCC 14579), Acinetobacter 

baumannii (ATCC 19606), and Pseudomonas aeruginosa 

(ATCC 15442), were obtained from the Iranian Research 

Organization for Science and Technology, Persian type 

culture collection, and were used for the determination of 

antibacterial effect of the synthesized AgNPs.

Assessment of antibacterial activity of synthesized 
AgNPs
The disk diffusion method was used for the determination 

of antibacterial activity of the synthesized AgNPs. Briefly, 

the Muller Hinton agar (EMD Millipore) plates were inocu-

lated with 1 mL (1.0×107 colony-forming units) of bacterial 

cultures using spread-plating. After drying the plates, filter 

paper disks were put on the surface of plates and 50 µL of 

the synthesized AgNPs (0 ppm, 25 ppm, 50 ppm, 75 ppm, 

and 100  ppm) was introduced on all disks. Finally, the 

disks were placed on the plates and incubated for 24 hours 

at 37°C. The zone of inhibition was calculated by using a 

vernier caliper in triplicate. In all tests, standard ampicillin 

antibiotic disks and deionized water were used as positive 

and negative control, respectively.

Statistical analysis
The values were expressed as the mean ± standard error of 

the mean, and all measurements were made in triplicate. The 

collected data were statistically analyzed using one-way anal-

ysis of variance with the SPSS/18 software. A P-value ,0.05 

was considered statistically significant.

Results and discussion
Phytosynthesis of AgNPs and UV–visible 
spectroscopic
This investigation focused on the preparation of AgNPs 

using an environmentally friendly, plant-mediated synthetic 

method. Several studies have demonstrated the green synthe-

sis of metal NPs using aqueous extracts of plants for different 
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applications.15,16 We successfully synthesized AgNPs using 

the aqueous extract of A. marschalliana Sprengel, which 

acted as a reducing agent. A. marschalliana is cheap and 

easily available, and there is no need to buy capping and 

reducing agents. Extracts from the aerial parts of A. marschal-

liana have not been used for the phytosynthesis of AgNPs so 

far. The reduction of silver ions into AgNPs was confirmed 

by the change in color of the silver nitrate solution to dark 

brown. This indicates that silver ions in the reaction medium 

have been converted to elemental silver. In most previous 

research investigations on the green synthesis of AgNPs, 

the rate of reaction was low, and it took several hours to 

complete. Basavegowda et al28 showed the synthesis of Ag 

and Au NPs using the extracts from the leaves of A. annua 

within 10 minutes at room temperature. In our study, the 

rate of synthesis was very high, and it was completed in 

only 5 minutes. In this reaction, we can assume that the high 

amount of phenolic acids and flavonoids present in the extract 

of A. marschalliana might be playing a role of capping and 

reducing agents.30 A majority of different compounds are 

known to play the role of capping and stabilizing agents in 

the bioreduction of silver salts. The absorption of the NPs 

is observed near 430 nm in the UV–vis spectrum, which is 

due to surface plasmon resonance of AgNPs (Figure 1). No 

additional peaks were seen in the spectrum, showing that the 

biosynthesized products are silver only.

XRD analysis
The crystalline nature of the AgNPs produced by the plant 

extract was further confirmed by XRD analysis. Figure 2 

shows a representative XRD pattern of the synthesized 

AgNPs using A. marschalliana extract. The four main charac-

teristic peaks at 2θ values 38°, 46°, 64°, and 77° correspond 

to (111), (200), (220), and (311) planes of face-centered 

cubic (fcc) silver crystal, respectively. The XRD results are 

in agreement with various reported values, confirming the 

cubic structure of phytosynthesized AgNPs.24–27

FT-IR analysis of AgNPs
FT-IR measurements were carried out to identify the potential 

biomolecules in A. marschalliana extract responsible for the 

reduction of the synthesized NPs. Figure 3A and B shows 

the FT-IR spectra of the extract prepared from powdered 

aerial parts of A. marschalliana and AgNPs, respectively. 

The strong band at 3,463 cm−1 in A. marschalliana powder 

was attributed to the O–H stretching band of alcohols and 

phenols,33 which shifted to 3,510 cm−1 in AgNPs apparently 

because of protein binding. Absorption peaks located at 

2,962 and 2,823 cm−1 corresponded to alkane C–H stretch-

ing vibrational modes.34 A more intense peak was observed 

at 1,624 cm−1, signifying the presence of carbonyl (C–O) 

stretching vibrations.35 The medium-intensity peak at 

1,398 cm−1, which is absent from the AgNPs FT-IR spectrum, 

was assigned to the C–N stretching vibrations of aromatic 

Figure 1 UV–vis absorption spectrum of the phytosynthesized AgNPs.
Abbreviations: UV–vis, ultraviolet–visible; AgNPs, silver nanoparticles.

Figure 2 XRD patterns of the synthesized AgNPs from Artemisia marschalliana aerial 
part extract.
Abbreviations: XRD, X-ray diffraction; AgNPs, silver nanoparticles; cps, counts 
per second.

Figure 3 FT-IR spectra of (a) Artemisia marschalliana Sprengel aerial part extract 
and (b) AgNPs.
Abbreviations: FT-IR, Fourier transform infrared; AgNPs, silver nanoparticles.
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amines, and the band at 1,049 cm−1, which is characteristic 

of glycoside or ether (C–O–C) groups, shifted to 1,038 cm−1 

in AgNPs.

Based on the earlier observations, we may conclude that 

functional groups such as hydroxyl, amide, and carbonyl 

present in the A. marschalliana extract might be responsible 

for the bioreduction of Ag+ to AgNPs.

FE-SEM and EDS
The FE-SEM images of the synthesized AgNPs showed the 

particles to be spherical in shape. The average size of particles 

was 5–50 nm (Figure 4A). The elemental composition of the 

silver particles was studied by EDS analysis (Figure 4B), 

which revealed strong signals in silver region. Usually, metal-

lic AgNPs show a typical absorption peak at ~3 keV due to 

surface plasmon resonance.14,21 EDS analysis revealed the 

presence of silver (94.7%) without any contamination. The 

appearance of other signals in the image, such as chlorine, 

confirmed the presence of organic moieties (from the plant 

extract), which correspond to the biomolecules capping over 

the phytosynthesized AgNPs.

TEM and zeta potentiometry
A typical TEM micrograph of AgNPs is shown in Figure 5A. 

It is apparent from the figure that the obtained Ag particles 

are in the nanometer range with spherical shapes and the size 

of the particle varied from 5 nm to 20 nm. The particle size 

histogram of the synthesized AgNPs (Figure 5B) shows that 

the particles have an average size of 7.94 nm. The surface 

charges of the NPs were determined by the zeta potential 

value. A negative zeta potential of approximately −31 mV 

was recorded in the current study, suggesting higher stability 

of the synthesized AgNPs (Figure 6). The greater negative 

surface charge potential value may be attributed to the effec-

tive functional constituents as capping agents present in the 

ethanol extract of A. marschalliana Sprengel.

σ

Figure 4 Morphological study and elemental composition of prepared AgNPs.
Notes: (A) FE-SEM images of synthesized AgNPs using aerial part extract of Artemisia marschalliana Sprengel. (B) EDS spectrum of the prepared AgNPs. A strong peak at 
3 keV confirms the existence of Ag.
Abbreviations: FE-SEM, field-emission scanning electron microscopy; AgNPs, silver nanoparticles; EDS, energy-dispersive spectroscopy analysis; cps, counts per second; 
EHT, extra high tension; WD, working distance; Mag, magnification.

Figure 5 Transmission electron microscopy image and corresponding histogram showing particle size distribution of prepared AgNPs.
Notes: (A) TEM image and (B) particles size distribution of AgNPs synthesized by A. marschalliana extract.
Abbreviations: TEM, transmission electron microscopy; AgNPs, silver nanoparticles; A. marschalliana, Artemisia marschalliana.
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DPPH free-radical scavenging assay
The effect of various concentrations of AgNPs on DPPH 

radical scavenging activity is shown in Figure 7. DPPH is 

a stable free radical compound and receives electrons or 

hydrogen from the AgNPs. The free-radical scavenging 

results show that the percentage of inhibition increases 

with increasing concentration of AgNPs. The results of 

our study thus confirmed the radical scavenging activity 

of AgNPs. The potential reason for the antioxidant activ-

ity of AgNPs may be correlated to the existence of bioac-

tive compounds present in them. The highest percentage 

of inhibition monitored in AgNPs was 61%, which was 

lower than that of ascorbic acid at 450  µg/mL (92%). 

Similar studies with enhanced DPPH scavenging activity 

by AgNPs from leaf extracts35 have been investigated, 

and enhanced DPPH scavenging properties by selenium-, 

platinum-, torolex-, and chitosan-coated gold NPs36–39 have 

also been reported.

Cytotoxicity studies
The cell viability of AgNPs was analyzed by using MTT 

assay (Figure 8). Incubation of the AGS cells at different 

concentrations (3.125  μg/mL, 6.25  μg/mL, 12.5  μg/mL, 

25  μg/mL, 50  μg/mL, and 100  μg/mL) of AgNPs after 

24 hours showed a dose-dependent decrease in cell viabil-

ity compared to control. Our results showed that the AGS 

cancer cell viability was clearly proportional to the concen-

tration of the phytosynthesized AgNPs. The corresponding 

IC
50

 value of AgNPs on gastric cancer AGS cell line was 

calculated to be 21.05 µg/mL. The cell viability decreased 

to 3.125 µg/mL and progressively declined according to the 

concentration. When the concentration of AgNPs reached 

Figure 6 Zeta potential measurement of the phytosynthesized AgNPs.
Abbreviations: AgNPs, silver nanoparticles; cps, counts per second.

Figure 7 DPPH radical scavenging activity of AgNPs synthesized by Artemisia marschalliana Sprengel extract.
Abbreviations: DPPH, 2,2-diphenyl-1-picryl hydrazyl; AgNPs, silver nanoparticles; Vit, vitamin.
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100  μg/mL,  ~6.51% viable cells existed. This is the first 

work to report the cytotoxicity of AgNPs synthesized using 

aerial part extract of A. marschalliana Sprengel against 

human gastric carcinoma AGS cell line. Hackenberg et al40 

have observed that 10 µg/mL of AgNPs decreased human 

mesenchymal stem cell survival during 24 hours of exposure. 

Also, Vivek et al41 demonstrated that the dose-dependent 

cytotoxicity effect of green synthesized AgNPs significantly 

increased with the concentration of NPs. Further investiga-

tions have been performed, which showed that AgNPs were 

taken up by mammalian cells through different mechanisms 

such as phagocytosis, pinocytosis, and endocytosis and inter-

act with the cellular material.41–44 From our results, it can be 

concluded that AgNPs could have induced the generation 

of reactive oxygen species, which damage DNA and/or the 

mitochondria-dependent (intrinsic) apoptosis pathway, lead-

ing to cell death.

Analysis of apoptosis-related gene 
expression
The expression of pro-apoptotic and anti-apoptotic genes 

at the mRNA level in AgNP-exposed AGS and HEK293 

cell lines was studied using quantitative real-time PCR 

(Figure 9). Our findings show that the mRNA level of 

Bax was significantly upregulated, while the expression 

of the anti-apoptotic Bcl-2 was significantly diminished 

in cells treated with AgNPs compared to normal cells. 

Therefore, the Bax/Bcl-2 ratio increased. GAPDH was 

used as an internal standard control gene for real-time 

PCR. These effects could be attributed to the increased 

sensitivity of AGS cell line to induce apoptosis when 

exposed to AgNPs. Previous studies have shown that 

AgNPs have cytotoxic effects in different cell types and 

apoptosis-inducing properties.20,25,41

In vitro apoptosis/necrosis assay
Further experiments were conducted with fluorescein 

isothiocyanate-annexin V and PI staining and flow cytometric 

analysis. During early apoptosis, phosphatidyl serins (PS) 

in the membrane translocate to the outer leaflet of the cell 

membrane. Annexin–V/PI detection assay can be used for 

detecting the exposed PS by flow cytometry. Annexin V 

stains PS of the early and late apoptotic cells, while PI detects 

the nucleus of the cells, which have a disrupted integrity due 

to necrosis.45 Hence, the annexin V+/PI− cells detect early 

stage of apoptosis, and annexin V+/PI+ cells exhibit late 

stage of apoptosis or necrosis.46 Based on the annexin V/PI 

staining results, many annexin V+/PI+ cells were detected in 

the AGS cells treated with 21.05 µM of AgNPs, showing 

the early and late stages of apoptosis. Figure 10 shows that 

Figure 8 MTT assay results confirming the in vitro cytotoxicity effect of the synthesized AgNPs against AGS cells after 24 hours.
Notes: Data are expressed as mean ± SD of three experiments. Percentage of viability is expressed relative to untreated controls (**P,0.01; ***P,0.001).
Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide; AgNPs, silver nanoparticles; SD, standard deviation.

Figure 9 Effect of AgNPs on Bax and Bcl-2 expression in AGS and HEK293 cell lines.
Abbreviations: AgNPs, silver nanoparticles; RQ, relative quantitative.
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there is ~7% and 30% increase in early and late apoptotic 

population in the treated AGS cells, respectively, compared 

to control AGS cells. These results show that the cytotoxicity 

of AgNPs toward AGS cells was chiefly due to their ability 

to induce apoptosis rather than necrosis.

Antibacterial activity
Several recent studies have demonstrated that biosynthe-

sized AgNPs have strong antimicrobial effects in different 

microorganisms.47 The antibacterial activities of various 

concentrations of AgNPs were studied on S. aureus, 

B. cereus, A. baumannii, and P. aeruginosa. It is evident 

from our study that the phytosynthesized AgNPs showed 

inhibitory activity against pathogenic bacteria at different 

concentrations (Figure 11); the data are presented in Table 1. 

Among the different tested bacterial strains, S. aureus and 

P. aeruginosa were the most susceptible toward the AgNPs. 

The largest inhibition zone (15.5±1.32  mm) at 100  ppm 

concentration of AgNPs was measured with S. aureus and 

the least (3.11±1.58 mm) was at 25 ppm concentration with 

B. cereus. From our study, it is clear that phytosynthesized 

AgNPs can compete with antibiotics used for bacterial 

treatment. To date, no mechanism has been suggested to 

explain the inhibitory effect of nanosilver on microorgan-

isms. However, several methodologies have been suggested 

to describe the inhibitory action of silver ions on bacteria. 

Sondi and Salopek-Sondi48 reported that interruption 

of bacterial membrane morphology shows a significant 

increase in AgNP permeability, resulting in uncontrolled 

transport through the cell membrane and eventually causing 

cell death. It is assumed that silver ions released from AgNPs 

can bind to oxygen, sulfur, and nitrogen of fundamental 

biomolecules, thereby inhibiting respiration and bacterial 

growth. Another hypothesized mechanism involves the 

effects of Ag+ on the inactivation of DNA replication ability 

and cellular proteins necessary for adenosine triphosphate 

(ATP) synthesis in bacteria.49

Conclusion
This is the first study to report a plant-mediated approach 

for the synthesis of AgNPs using the extract from the aerial 

parts of A. marschalliana as a reducing and capping agent 

without any toxic or harmful reducing agents or chemicals, 

such as sodium borohydrate, or any dispersing or capping 

agents. This method is simple, rapid, and eco-friendly for 

the synthesis of AgNPs. Due to the capping and reducing 

nature of the phytoconstituents in the A. marschalliana 

Sprengel extract, a cap was formed around the Ag ions of 

the AgNPs, making them stable. The structural and com-

positional characterization of the synthesized AgNPs were 

done by using UV–vis spectroscopy, TEM, FE-SEM, FT-IR, 

EDS, zeta potential, and XRD analysis, which proved the 

presence of AgNPs with an average size of 5–50 nm. From 

the results of DPPH radical scavenging assay, the AgNPs 

Figure 10 Flow cytometric analyses by annexin V-FLUOS (FL1) (x-axis) and PI (FL3) (y-axis) double staining of AGS cells treated with the phytosynthesized AgNPs at 
24 hours.
Notes: The apoptotic cells stained by annexin V and unstained by propidium iodide in the lower right quadrant (LR), late apoptotic (annexin V+/PI+) populations were 
presented in the upper right quadrant (UR), and necrotic cell (annexin V−/PI+) populations were located in the upper left quadrant (UL). Dot plots of annexin V/PI staining are 
shown in (A) untreated AGS cells. (B) AGS cells treated with 21.05 µg/mL AgNPs exhibited 11.79% early-stage apoptosis and 32.70% late-stage apoptosis.
Abbreviations: PI, propidium iodide; AgNPs, silver nanoparticles; FLUOS, fluorescein.
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were shown to possess antioxidant property at different con-

centrations. Our study showed that the synthesized AgNPs 

exhibit anticancer effect on human gastric cancer AGS cell 

line. In addition, mRNA levels of the pro-apoptotic Bax 

gene expression were significantly upregulated, while the 

expression of the anti-apoptotic Bcl-2 gene was significantly 

reduced in cells treated with AgNPs compared to normal 

cells. Annexin V/PI staining results showed that the cyto-

toxicity of AgNPs toward AGS cells was chiefly due to their 

ability to induce apoptosis rather than necrosis. In addition, 

the phytosynthesized AgNPs demonstrated promising anti-

bacterial activity against both Gram-negative (A. baumannii 

and P. aeruginosa) and Gram-positive (S. aureus, B. cereus) 

bacteria. However, a stronger inhibition was seen in S. 

aureus, a Gram-negative bacterium, compared to Gram-

positive bacteria. Based on the obtained data, we suggest 

that the phytosynthesized AgNPs are good alternatives in 

medicinal and therapeutic applications.

Table 1 Antibacterial activity of the synthesized AgNPs on pathogenic bacteria and ampicillin as a positive control

AgNPs conc (ppm) Zone of inhibition against human pathogenic bacteria

S. aureus P. aeruginosa A. baumannii B. cereus

0 0 0 0 0
25 3.51±1.33 3.46±0.75 3.35±0.89 3.11±1.58
50 9.62±1.21 7.11±0.55 6.76±0.44 4.11±1.72
75 13.8±1.55 10.36±0.66 8.22±0.77 6.12±1.42
100 15.50±1.32 13.38±0.78 11.45±0.9 8.66±1.20
Ampicillin 18.77±1.23 17.22±0.98 15.0±0.60 12.3±1.15

Note: Each value represents the mean ± SE of three replicates.
Abbreviations: AgNPs, silver nanoparticles; conc, concentration; SE, standard error; S. aureus, Staphylococcus aureus; P. aeruginosa, Pseudomonas aeruginosa; A. baumannii, 
Acinetobacter baumannii; B. cereus, Bacillus cereus.

Figure 11 Antibacterial activity of AgNPs against bacteria versus ampicillin.
Notes: (A) S. aureus. (B) P. aeroginosa. (C) A. bumanii. (D) B. cereus. The numbers on plates indicate the silver nanoparticle concentrations. 1, ampicillin; 2, 25 ppm; 3, 50 ppm; 
4, 75 ppm; 5, 100 ppm; 6, 0 ppm (negative control).
Abbreviations: AgNPs, silver nanoparticles; S. aureus, Staphylococcus aureus; P. aeruginosa, Pseudomonas aeruginosa; A. baumannii, Acinetobacter baumannii; B. cereus, Bacillus 
cereus.
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