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Abstract Green synthesized silver nanoparticles have signif-
icant potential in the pharmaceutical field because of their
biological functions such as antioxidant and anticancer
activities. Novel silver nanoparticles synthesized from
Dendropanax morbifera Léveille leaves (D-AgNPs) exhibit
antimicrobial activity and reduce the viability of cancer cells
without affecting the viability of RAW264.7 macrophage-like
cells. In this study, we evaluated the anticancer effect of D-
AgNPs by measuring the levels of reactive oxygen species
(ROS) production and toxicity against A549 and HepG2 cell
lines. The effect of D-AgNPs on cell migration, induction of
apoptosis, and modification of gene and/or protein expression
of cancer-related markers was determined using A549 cells.
D-AgNPs exhibited cytotoxicity in A549 and HepG2 cell at
different concentrations and enhanced the production of ROS
in both cell lines. An increase in cell apoptosis and a reduction
in cell migration in A549 cells were also observed after D-
AgNP treatment. Furthermore, the effect of D-AgNPs in A549
cells was shown to be related to modification of the
EGFR/p38 MAPK pathway. Our data provide the first evi-
dence supporting the potential of D-AgNPs as a possible an-
ticancer agent, particularly for the treatment of non-small cell
lung carcinoma.
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Introduction

Cancer is one of the leading causes of mortality worldwide.
Among all types of cancer, lung cancer is the major cause of
cancer-related mortality (Siegel et al. 2014). Despite the vari-
ety of treatment options, the prognosis for lung cancer is dis-
mal, with only approximately 40% of patients surviving 1 yr
after diagnosis. Thus, new therapies that overcome the current
obstacles to therapy such as drug resistance, side effects, and
poor specificity are needed.

Nanotechnology-based therapies for cancer treatment with
minimal side effects and high specificity are attracting in-
creased interest. In particular, the application of novel metal
nanoparticles synthesized from medicinal plants has gained
attention because of their antimicrobial, antioxidant, and anti-
cancer activity (Conde et al. 2012; Sur et al. 2012; Singh et al.
2015a, b). Previously, the ability of Bgreen^ silver nanoparti-
cles to decrease cell viability and increase cell apoptosis in
different cancer cells has been reported (Sankar et al. 2013;
Kathiravan et al. 2014; Vasanth et al. 2014). Thus, research
has focused on the selection of a natural compound with an-
ticancer effects for the synthesis of novel silver nanoparticles
to obtain a drug with high activity against cancer cells but low
toxicity to normal cells.

Dendropanax morbifera Léveille, a medicinal plant used
for the treatment of several diseases, including cancer, was
used to synthesize a silver nanoparticle. This nanoparticle de-
creased the viability of A549 lung cancer cells and induced
morphological changes in the nucleus but did not affect the
viability of the murine macrophage cell line RAW 264.7 (pa-
per accepted for publication), suggesting a possible anticancer
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effect. In this study, to further investigate the anticancer
effect of silver nanoparticles from D. morbifera Léveille
(D-AgNPs), we evaluated their cytotoxicity and reactive oxy-
gen species (ROS) generation in A549 and HepG2 cell lines.
We also evaluated the ability of D-AgNPs to induce apoptosis,
reduce cell migration, and modify the expression of different
cancer-related markers in A549 lung cancer cells.

Materials and Methods

Nanoparticle synthesis The preparation of silver nanoparti-
cles from D. morbifera Léveille was performed as described
previously (paper accepted). In brief, healthy leaves of
D. morbifera were washed with deionized water, cut into
small pieces, and dried. Five grams of the dried leaves was
transferred into 1 L of distilled water and boiled for 30 min.
The extract was allowed to cool at room temperature, centri-
fuged at 5000 rpm for 10 min, and filtered through Whatman
filter paper (No. 2) to give a clear filtrate. The total volume of
filtrate was brought up to 100 mL, and the extract was stored
at 4°C for further experiments. For preparation of silver nano-
particles, 5 mL of leaf extract was mixed with 45 mL of de-
ionized water, and AgNO3 solution was added to a final con-
centration of 1 mM. The mixture was incubated at 80°C for
1 h, and the color change of the reaction mixture was observed
continuously and compared with that of the control after
10 min, 20 min, 30 min, 45 min, and 1 h. D-AgNPs were
collected in the form of pellets by centrifugation at 16,
000 rpm for 20 min and washed several times with deionized
water to remove any unwanted substances. The final product
was dried and dissolved in 1× PBS.

Cytotoxicity studies Evaluation of cell toxicity was
performed by 3, 4 , 5-dimethyl thiazol-2-yl)-2-5-
diphenyletrazolium bromide (MTT) assay. A549 and HepG2
cells were exposed to silver nanoparticles from D. morbifera
Léveille leaves for 48 h. After treatment, 20 μL of MTTassay
solution (5 mg/mL) was added to each well and incubated for
3 h. The medium was replaced by 100 μL of DMSO, and the
amount of formazan formed by viable cells after incubation
for 30 min was measured using a multi-mode plate reader
(BioTek Instrument, Winooski, VT) at a test wavelength
of 570 nm with a reference wavelength of 630 nm (Ahn
et al. 2015a, b).

Cell lines and cell culture The human lung cancer cell line
A549 and hepatocellular carcinoma cell line HepG2 were pur-
chased from the Korean Cell Line Bank (Seoul, South Korea).
A549 cells were grown in RPMI 1640 culture medium
(GenDEPOT Inc., Barker, TX), and HepG2 cells were
growth in DMEM media (Welgene, Gyeongsangbuk-do,
South Korea), both of which were supplemented with 10%

fetal bovine serum (FBS) and 1% penicillin G and streptomy-
cin (Gibco-BRL, Gaithersburg, MD), at a temperature
of 37°C in a humidified incubator with a 5%CO2 atmosphere.

Measurement of intracellular ROS The DCF-DA method
was used to detect the levels of intracellular ROS. A549 and
HepG2 cells were seeded in 96-well plates at 1.0–1.2×104

cells per well. The day after plating, the cells were treated with
different concentrations of silver nanoparticles from
D. morbifera Léveille leaves for 48 h. After addition of
25 mM DCF-DA solution and incubation for 30 min, the
fluorescence of 2′,7′-dichlorofluorescein was measured using
a microplate reader (BioTek Instrument, Winooski, VT)
with an excitation wavelength of 485 nm and emission wave-
length of 535 nm (Ahn et al. 2015a, b).

Wound healing assay A549 cells were seeded in a 12-well
plate (2.5×105 cells/well) and incubated in a humidified at-
mosphere at 5% CO2 and 37°C. After the cells reached com-
plete confluence, the medium was replaced with serum-free
growth medium for 24 h. The cell monolayers were scratched
using a 10-μL plastic pipette tip, and each well was washed
twice with 1× PBS to remove dead or floating cells. The cells
were stimulated with epidermal growth factor (EGF) at 20 ng/
mL, followed by treatment with silver nanoparticles from
D. morbifera Léveille leaves (D-AgNPs) at 10 μg/mL accord-
ing to the following treatment schedule: 2% FBS, 2% FBS+
EGF, 2% FBS+EGF+D-AgNPs. To quantify the wound
healing, two randomly selected areas were photographed un-
der an optical microscope (Eclipse ME600L; Nikon
Instruments, Melville, NJ), and the images were analyzed
by the T-scratch program (Gebaeck 2009). The motility
of the treated cells was determined relative to that of the EGF
vehicle control.

Hoechst nuclear staining A549 cells were exposed to silver
nanoparticles from D. morbifera Léveille leaves (D-AgNPs)
for 48 h. Cells were washed twice with 1× PBS, fixed with
3.7% (v/v) formaldehyde for 5 min at room temperature, and
washed twice with PBS. To dye the nucleus, the cells were
stained with Hoechst 33258 solution (2 μg/mL) for 30 min in
dark conditions at room temperature. Nuclear morphologies
of the Hoechst-positive cells were observed and photographed
under a fluorescence microscope (×400, Optinity, Korean
Labtech, South Korea) for further analysis.

Quantitation of apoptosis by HT TiterTACS™ A549 cells
were plated in 96-well plates and incubated for 24 h before
exposure to silver nanoparticles from D. morbifera Léveille
for 48 h. DNA damage was evaluated and quantified with a
colorimetric apoptosis detection kit (Tirer TACS, R&D
Systems, Minneapolis, MN) following the manufacturer’s
instructions. Briefly, the cells were fixed and labeled
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according to the protocol prior to colorimetric analysis. Cells
were incubated with TACS-Sapphire™ substrate, and the col-
orimetric reaction was stopped with 5% phosphoric acid after

1 h. Absorbance was measured at 450 nm using a microplate
reader (BioTek Instrument, Winooski, VT).

Gene expression studies A549 cells were seeded at a density
of 1×106 cells/well in a six-well plate. After incubation for
24 h, the cells were subjected to serum starvation for 8 h
followed by 48-h treatment with or without silver nanoparti-
cles fromDendropanax morbifera Léveille at 25μg/mL in the
presence or absence of EGF stimulation. RNA was isolated
using TRIzol reagent (Sigma, St. Louis, MO) as de-
scribed previously (Ahn et al. 2015a, b). First-strand comple-
mentary DNA (cDNA) was synthesized using a cDNA syn-
thesis kit (Thermo Scientific, EU, Lithuania) according to the
manufacturer’s instructions. One microliter of the cDNA
product was used as the template for quantitative real-time
polymerase chain reaction (RT-PCR) amplification using a
R-Corbett Rotor-Gene Model 6000 (Corbett Research,
Sidney, Australia) with a SYBR Green qPCR Super Mix
UDG kit (Invitrogen, Carlsbad, CA). RT-PCR was car-
ried out using the following primers: BcL-2, 5′-AAT GGG
CAG CCG TTA GGA AA-3′ (forward) and 5′-GCG CCC
AAT ACG ACC AAA TC-3′ (reverse); Bax, 5′-GGC CCT
TTT GCT TCA GGG TT-3′ (forward) and 5′-GGA AAA
AGA CCT CTC GGG GG-3′ (reverse); EGFR 5′-CCA
ACC AAG CTC TCT TGA GG-3′ (forward) and 5′-
GCTTTCGGAGATGTTGCTTC-3′ (reverse); ELK1 5′-TGA
GCT GTA GGG AAA CGC AG-3′ (forward) and 5′-CAG
GGG TAC CTG TGT GTA GC-3′ (reverse); JNK, 5′-CGG
TGA GGA ACT ACG TGG AG-3′ (forward) and 5′-ACC

Figure 2 Effect of D-AgNPs on the p38 MAPK pathway in A549 lung
cancer cells. Cells were starved for 20 h before treatment and EGF
external stimulation. After 48 h of treatment, RNA and protein were
isolated from whole cells. (a) mRNA expression levels were evaluated
by RT-PCR and visualized by gel electrophoresis. (b) mRNA expression
levels were quantified using qRT-PCR and normalized to GAPDH

expression. (c) Protein expression levels of phospho-p38 and p38 by
western blot were analyzed by ImageJ software. Data are representative
of three independent experiments. #p< 0.05 and ##p< 0.01 vs. control.
*p< 0.05 and **p< 0.01 vs. EGF-control. D-AgNPs silver nanoparticles
from Dendropanax morbifera Léveille, GAPDH glyceraldehyde
3-phosphate dehydrogenase.

Figure 1 Effect of D-AgNPs on cell viability and ROS generation in
A549 and HepG2 cell lines. (a) Cell viability was measured after 48 h of
D-AgNP treatment byMTTassay. (b) ROS generation was determined by
DCFH-DA fluorescence assay. Data are representative of three
independent experiments. *p < 0.05 and ***p < 0.001 vs. control.
D-AgNPs silver nanoparticles from Dendropanax morbifera Léveille, ROS
reactive oxygen species.
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ATC GCT CTC AAC CCT TG-3′ (reverse); p38 MAPK, 5′-
CGA CTT GCT GGA GAA GAT GC-3′ (forward) and 5′-
TCC ATC TCT TCT TGG TCA AGG-3 ′ (reverse);
GAPDH, 5′-AAT GGG CAG CCG TTA GGA AA-3′
(forward) and 5′-GCG CCC AAT ACG ACC AAA TC-3′
(reverse). Amplifications were performed at an initial temper-
ature of 95°C for 10 min, followed for 40 cycles of 95°C for
10 s, 60°C for 15 s, and 72°C for 20 s. The relative gene
expression levels were normalized to the amount of GADPH
mRNA using the delta cycle threshold (Ct) method (Livak and
Schmittgen 2001).

Western blot studiesA549 cells were seeded in 100-mm dish
culture plates at 5×106 cells/dish. After 24-h incubation, the
cells were subjected to serum starvation for 20 h followed by
48-h treatment in the presence or absence of silver

nanoparticles from D. morbifera Léveille at different concen-
trations. Cells were stimulated with EGF (20 ng/mL) for
30 min prior to protein isolation. After stimulation, the cells
were rinsed twice with ice-cold PBS and total proteins were
solubilized with 2× sodium dodecyl sulfate (SDS) loading
buffer (100 mM Tris-Cl (pH 6.8), 4% (w/v) SDS, 0.2%
(w/v) bromophenol blue, 20% glycerol and 200 mM
β-mercaptoethanol) for 5 min at room temperature (RT).
The protein was denatured at 95°C for 10 min and stored at
−20°C (Dubon and Park 2015). For immunoblotting, proteins
of total cell lysates were resolved in 10% SDS-polyacrylamide
gel electrophoresis at 120 V and transferred to PVDF mem-
brane (ATTO Corporation, Tokyo, Japan) at 100 V for 2 h.
The membranes were blocked at RT for 1 h in 5% skim milk
and then incubated with specific antibodies against phospho-
p38, p38, phospho-EGF Receptor (Tyr1068), EGF receptor,

Figure 3 D-AgNPs induce
apoptosis in A549 lung cancer
cells. (a) Western blot assay for
p53 and NF-κB proteins. Density
analysis was performed by
ImageJ software. (b) Gene
expression levels were evaluated
by RT-PCR and visualized by gel
electrophoresis. (c) mRNA
expression levels were quantified
using qRT-PCR and normalized
to GAPDH expression. (d)
Hoechst 33258 staining in A549
cells. Apoptotic cells are indicated
with arrows. Scale bar, 10 μm.
(e) The percentage of apoptotic
cells was determined by HT
TiterTACS™ assay. Data are
representative of three
independent experiments.
#p< 0.05 and ##p < 0.01 vs.
control. *p < 0.05 and **p< 0.01
vs. EGF-control. D-AgNPs silver
nanoparticles from Dendropanax
morbifera Léveille, GAPDH
glyceraldehyde 3-phosphate
dehydrogenase.
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NF-κB, p53, and GAPDH overnight at 4°C. The blots were
then washed five times with TBS-T, followed by incubation
with goat anti-mouse or anti-rabbit IgG secondary antibody
for 2 h at RT. Immunolabeling was visualized by enhanced
chemiluminescence detection (Millipore Corporation,
Billerica, MA). Band densities were measured using ImageJ
software (Collins 2007).

Statistical analysis Statistical analysis was performed using
GraphPad 6.04 software (La Jolla, CA). Results are
expressed as mean±SEM. The statistical significance of dif-
ferences between values was evaluated by one-way ANOVA.
Differences were considered significant at p≤0.05.

Results

D-AgNPs induce cell toxicity and ROS generation by p38
phosphorylation We examined the ability of silver nanopar-
ticles from D. morbifera Léveille (D-AgNPs) to reduce cell
viability and trigger ROS generation in A549 and Hepg2 cell
lines. A549 cells treated with D-AgNPs showed decreased cell
viability at 5 μg/mL. For the HepG2 cell line, the D-AgNPs
reduced cell viability up to 50 μg/mL (Fig. 1a). Furthermore,
the generation of ROS was increased in A549 and HepG2 cell
lines from 5 μg/mL but was significant at 50 μg/mL. A lower
concentration of D-AgNPs (1 μg/mL) did not generate an

increase in ROS levels in the cells (Fig. 1b). Next, the activa-
tion of p38 MAPK by D-AgNPs and the relationship between
this activation and the generation of intracellular ROS in A549
lung cancer cells was evaluated.We found that mRNA expres-
sion of p38 MAPK and JNK was enhanced at 25 μg/mL
D-AgNPs (Fig. 2a, b). Also, our results showed that D-AgNPs
at 25 μg/mL increased the phosphorylation of p38 MAPK but
did not significantly affect the expression of p38 (Fig. 2c).

D-AgNPs induce apoptosis We determined the effect of sil-
ver nanoparticles from D. morbifera Léveille (D-AgNPs) on
apoptosis in the A549 cell line. First, we evaluated the expres-
sion of p53 and NF-κB proteins by western blot analysis. We
found that expression levels of p53 were enhanced by
D-AgNPs at 25 μg/mL whereas the expression of NF-κB was
not affected (Fig. 3a). Next, we determined the mRNA ex-
pression levels of Bcl-2 and Bax, well-known apoptotic
markers. Our results showed a decrease in the expression of
Bcl-2 and Bax genes after treatment with 25 μg/mLD-AgNPs
(Fig. 3b, c). Additionally, the nuclei of A549 cells were
stained by Hoechst 33258 dye and quantification of the apo-
ptotic effect of D-AgNPs was performed byHT TiterTACS™.
Our data showed an induction of apoptosis through changes in
the nucleus and also through the percentage of apoptotic cells
induced by D-AgNPs, which was higher at 25 μg/mL than at
10 μg/mL (Fig. 3d, e).

Figure 4 Inhibition of EGFR-induced phosphorylation by D-AgNPs.
A549 cells were starved for 20 h and then treated with D-AgNPs at
25 mg/mL for 48 h. (a) Expression levels were evaluated by RT-PCR
and visualized by gel electrophoresis. (b) mRNA expression levels were
quantified using qRT-PCR and normalized to GAPDH expression. (c)
Protein expression levels of phospho-EGFR and EGFR were measured

by western blotting and analyzed by ImageJ software. The figure shows a
representative result of three experiments. ##p < 0.01 vs. control.
**p < 0.01 vs. EGF-control. EGF epithelial growth factor, EGFR
epithelial growth factor receptor, D-AgNPs silver nanoparticles from
Dendropanax morbifera Léveille, GAPDH glyceraldehyde 3-phosphate
dehydrogenase.
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D-AgNPs downregulate expression of EGF receptor To
elucidate the possible anticancer mechanism of silver nano-
particles fromD. morbifera Léveille (D-AgNPs) in A549 lung
cancer cells, we analyzed EGFR expression after overstimu-
lation with external EGF (20 ng/mL). First, we confirmed
whether mRNA expression levels of EGFR were affected by
the presence of D-AgNPs. Compared with the EGF-control
group, cells treated with D-AgNPs (25 μg/mL) for 48 h
showed significantly decreased mRNA expression of EGFR
and ELK1 (Fig. 4a, b). We also determined the protein expres-
sion of phospho-EGF receptors and EGF receptors by western
blotting and found that 48-h treatment of D-AgNPs (25 μg/
mL) reduced the amount of phospho-EGF receptor, but did
not affect the expression of EGF receptor (Fig. 4c).

D-AgNPs decrease cell migration Since EGFR overexpres-
sion is related to cell migration, a wound healing assay was
performed to observe the effect of silver nanoparticles from
D. morbifera Léveille on cell migration. The level of wound
healing was measured by the average decrease in distance
between the edges of the wounds at different time points in
the presence or absence of EGF (20 ng/mL) stimulation. The
wound healing assay revealed that A549 cells that were not
treated with D-AgNPs effectively healed the wounds, with a
decrease to ∼90% of the original distance after 24 h. However,
treatment with 25 μg/mL D-AgNPs significantly repressed
wound healing in A549 cells (Fig. 5).

Discussion

In the present study, we found that silver nanoparticles from
D. morbifera Léveille (D-AgNPs) were more toxic toward
A549 cells than HepG2 cells (Fig. 1a). Therefore, subsequent
studies on the effect of D-AgNPs in cancer cells were per-
formed in the A549 cell line. We found that the anticancer
effect might be linked to the production of ROS, modification
in the expression of apoptosis-related proteins, and reduction
of cell migration.

Intracellular ROS production is involved in the apoptosis
signal transduction pathway (Green and Reed 1998). Also,
previous studies suggested that increased oxidative stress is
related to the apoptotic response induced by several anticancer
agents (Luo et al. 2010). In our study, we found that the levels
of ROS production were significantly enhanced by D-AgNPs
at 50 μg/mL compared to controls over a period of 48 h
(Fig. 1b). We also observed that D-AgNPs at 25 μg/mL in-
duced activation of the phospho-38 MAPK pathway (Fig. 2).
It was previously suggested that ROS acted as upstream reg-
ulators, resulting in the activation of p38 MAPK (Peverelli
et al. 2010). Besides, many lines of evidence suggest that
members of the MAPK family, including p38 MAPK, play
crucial roles in cell growth, survival, and death (Peverelli et al.

2010). Our data indicate that p38 MAPK might play an im-
portant role in D-AgNP-induced cytotoxicity in A549 cells.

Apoptosis is an ordered cellular suicidal mechanism that
regulates normal physiological processes and plays a crucial
role in maintaining normal homeostasis (Hail et al. 2006). We
previously showed that D-AgNPs induced morphological
changes in A549 lung cancer cells (paper accepted for publi-
cation). In view of the fact that cell apoptosis lead to modifi-
cations in cell morphology (Fig. 3d), we evaluated the expres-
sion of p53 and NF-κB at protein levels, as well as the mRNA
expression of Bcl-2 and Bax, to determine the possible mech-
anisms involved in the induction of apoptosis by D-AgNPs in
A549 cells. D-AgNPs enhanced the expression of p53 but did
not affect the expression of NF-κB in the presence of external
EGF stimulation (Fig. 3a). Previous studies found that basal
levels of p53 present in the control cells sufficed to inhibit
EGF-stimulated proliferation. Also, there were no significant
differences in the expression levels of p53 between non-
stimulated and EGF-stimulated cells (Godar et al. 2008).
Since inhibition of cell proliferation, induction of apoptosis,
and senescence are thought to be the major biological output
of the p53 pathway in response to various types of cell

Figure 5 D-AgNPs reduces EGF-enhanced migration of A549 lung
cancer cells. (a) Effect of D-AgNPs on wound healing assay. (b)
Analysis of migration ratio (%) within 24 h in wound healing assay.
Data are shown as mean ± SEM (n = 3). ##p < 0.01 vs. control;
**p < 0.01 vs. EGF-control. EGF epidermal growth factor, D-AgNPs
silver nanoparticles from Dendropanax morbifera Léveille.
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physiologic stresses (Levine et al. 2006), activation of p53 in
A549 cells might be the mechanism involved in the induction
of cell apoptosis by D-AgNP treatment. Also, the mRNA
levels of Bcl-2 and Bax were decreased in A549 cells after
treatment with D-AgNPs at 25 μg/mL (Fig. 3b, c). Previous
studies reported that the Bcl-2 and Bax genes can indepen-
dently regulate a common apoptotic pathway (Chao and
Korsmeyer 1998). Also, some studies indicated that the de-
creased expression levels of Bax in the presence of anticancer
drugs are associated with mutation of the TP53 encoding p53
(Perego et al. 1996). Mutation of the TP53 gene was previ-
ously reported in A549 cells (Supino et al. 2001). Thus, we
suggest that the independent regulation of Bax and Bcl-2
might be also involved in the induction of morphological
changes of the nucleus and the induction of apoptosis by D-
AgNPs (Fig. 3d, e). Taken together, our data suggest that
activation of p53 and inactivation of Bax and Bcl-2 mediate
the induction of apoptosis by D-AgNPs through multiple
pathways in A549 lung cancer cells. In vivo experiments are
required to fully elucidate the mechanism by which D-AgNPs
induce apoptosis in A549 cells.

Mutation and overexpression of epithelial growth factor
receptors (EGFRs) has been linked with drug resistance, cell
survival, and migration of various cancer cells (Lurje and
Lenz 2009). Thus, we investigated whether D-AgNPs modi-
fied the phosphorylation of EGFR as well as cell migration.
Since overexpression of EGFR was previously detected after
external stimulation with EGF in A549 cells (Lauand et al.
2013), we used EGF stimulation at 20 ng/mL in this study. D-
AgNPs at 25 μg/mL reduced the mRNA levels of EGFR and
ELK1 genes (Fig. 4a). Also, phosphorylation of EGFR protein
was reduced by D-AgNPs after 48 h of treatment (Fig. 4b).
Next, to determine the effect of D-AgNPs on cell migration
after EGFR overexpression, A549 cells were treated with D-
AgNPs in the presence of external EGF stimulation. The re-
sults of the wound healing assay demonstrated that D-AgNPs
at 10 μg/mL significantly decreased the migration of A549
cells compared with EGF-control cells (Fig. 4). Taken
together, these results indicate that D-AgNPs reduced cell
migration and also suggested that this effect might be linked
to a reduction in EGFR expression in A549 lung cancer cells.

Conclusion

In this study, we showed that silver nanoparticles from
D. morbifera Léveille (D-AgNPs) reduced cell viability and
induced ROS generation in two different cancer cell lines.
Furthermore, we found that ROS generation induced by D-
AgNPs might be related to modification of the p38 MAPK
pathway. D-AgNPs at a concentration of 25 μg/mL also re-
duced expression of phospho-EGFR and decreased mRNA
expression of EGFR and ELK1. Additionally, D-AgNPs

reduced cell migration at a concentration of 10 μg/mL after
enhancement of the basal migration of A549 cells using ex-
ternal EGF. Finally, D-AgNPs at 25 μg/mL increased the ex-
pression of p53 protein and decreased the mRNA levels of
Bcl-2 and Bax, molecules related to apoptosis induction, and
increased the percentage of apoptotic A549 cells. These re-
sults indicate that D-AgNPs exhibit anticancer effects in A549
lung cancer cells in vitro.
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