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Background: Biogenic silver nanoparticles (AgNPs) have wider range of biomedical
applications. The present work synthesized Tp-AgNPs using mycelial extract of endophytic
fungus Talaromyces purpureogenus (MEEF), characterized, and analyzed for antibacterial,
anti-proliferation and cell wounding healing activities.

Methods: The synthesized Tp-AgNPs were characterized by UV-visible spectrophotometer
(UV-Vis), field emission transmission electron microscopy (FETEM) with energy-dispersive
X-ray spectroscopy (EDS), Fourier transform infrared spectroscopy (FTIR), particle size
analysis (PSA) and X-ray diffraction (XRD). Further, antibacterial activity was determined
by Kirby—Bauer test and anti-proliferation activity was tested in human lung carcinoma A549
by water-soluble tetrazolium and flow cytometer assay. In addition, cell wounding healing
activity was determined by scratch assay.

Results: UV-Vis results displayed a strong absorption peak from 390 nm to 420 nm, which
indicated the successful synthesis of Tp-AgNPs. FETEM-EDS results indicated the round
and triangle shaped Tp-AgNPs with the average size of 25 nm in accordance with PSA. FTIR
analysis indicated the involvement of various functional molecules from MEEF in the
synthesis of Tp-AgNPs. XRD result proved nature of Tp-AgNPs as a high-quality crystal.
The Tp-AgNPs significantly inhibited the growth of bacterial pathogens at the minimal
inhibitory concentration of 16.12 pg.mL™' for Gram®, and 13.98 pgmL™' for Gram™
bacteria. Further, Tp-AgNPs (2 pg.mL ") showed a strong anti-proliferation effect in
AS549. Interestingly, Tp-AgNPs was not cytotoxic to normal NIH3T3 cells. In addition, the
NPs exhibited a strong cell wounding healing activity.

Conclusion: This work biosynthesized AgNPs with strong antibacterial, anticancer and cell
wound healing properties using endophytic fungus 7. purpureogenus.

Keywords: mycosynthesis, silver nanoparticles, Talaromyces purpureogenus, antibacterial,
anticancer, cell wound healing

Introduction

Nanotechnology provides a tool for synthesis of nanoparticles (NPs), which has an
important role of applications in the field of biology, chemistry, physics, and
medicine.! In biology, NPs are mainly used as carriers to form green nanoparticles
with various organisms, such as the use of silver nanoparticles (AgNP) conjugated
with ceftriaxone to enhance the antibacterial properties of ceftriaxone.” The green
synthesis of AgNPs marine alga Gelidium amansii and bacterium Bacillus brevis
has been reported to effectively fight against pathogens.>* In physics, many
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researchers use metal NPs as a special material to make
nanoparticle sensors and nanoparticle switches.>® The
United States, the European Union, and Japan accord
great importance to the research on nanomedicine.'® The
most important factor is a selection of metals for synthe-
sizing of NPs. After more than two decades of research,
the scientists have reported that the metals such as gold,
silver, zinc, iron, copper, and platinum could be a potential
source for the synthesis of nanomaterials.'' Among them,
the silver has been used as a traditional disinfectant and
antibacterial agent since ancient times, which has attracted
the interest of more workers.'> AgNPs are also stable in
physicochemical properties, including catalytic, antibacter-
ial activity, and cytotoxicity to cancer cells."?

The “battle” between humans and pathogens has been
going on for centuries, and a large number of human
deaths
Although after the discovery of the first antibiotic “peni-

have occurred due to pathogenic bacteria.

cillin”, a phased victory has been achieved to combat
diseases. However, with the massive abuse of antibiotics,
the pathogens have evolved and developed resistance
genes thereby resulting in resistance toward available anti-
biotics. Therefore, research is imminent to search for alter-
natives antibiotics.'*'> To achieve this goal, researchers
are in focus of Ag' that has a strong antibacterial ability
through increased contact with pathogenic bacteria.'®

Cancer has become the second leading cause of death
in the world, and about 9.55 million people died of cancer
so far in 2018. Among 7.6 billion people in the world,
about 18 million people have cancer incidence, of which,
lung cancer patients account for 11.6% as ranking first.'”
The human lung cancer cells A459 belong to human lung
alveolar basal epithelial cells are currently used as a model
for lung cancer and anti-lung cancer drug research.'® The
treatment of cancer cells through surgery, radiotherapy,
and traditional chemotherapy are cytotoxic to normal
cells and these methods are expensive, and
ineffective.'” ' In order to reduce the cytotoxicity and
improve the efficiency of the chemotherapy, the synthesis
of unique nanocomposites combined with anti-cancer
drugs is attempted.> The anticancer activity of AgNPs is
proved in many experiments.>*2® However, chemically
synthesized AgNPs are cytotoxic to normal human cells.
Therefore, in recent years, biosynthesized AgNPs is in
much focus of the researchers.

Endophytic fungi are beneficial endosymbiont not
causing any disease in plants. The endophytic fungi
are a good source of antibacterial and anti-cancer

first
“Pseudomycin”.?’ In recent years, the endophytic fungi

drugs, as evident by the discovery of
based biosynthesis NPs are favored due to their eco-
nomical, environmental friendly and stable characteris-
tics. Compared with plants and other microorganisms,
endophytic fungi are good machines for the synthesis of
any type of metallic NPs because of amenability to
culture conditions, extracellular enzyme secretion,
rapid growth, easy production of biomass and simple
operation of the endophytic fungi.?® In the present study,
we used an endophytic fungus 7. purpureogenus isolated
from leaves of Pinus densiflora for the synthesis of
AgNPs, which were further characterized and evaluated
for cell viability, antibacterial, and wound healing

activities.

Materials and methods

Microorganisms and chemicals

The endophytic fungal strain 7. purpureogenus (GenBank
accession number: MK108915) was used for the synthesis
of NPs. This fungal strain was previously isolated from the
leaves of Pinus densiflora S. et Z. collected from the
mountain of Kangwon National University, Chuncheon.
Bacterial pathogens such as Staphylococcus aureus
(ATCC13150), Bacillus cereus (KNIH28), Salmonella
enterica  (ATCC14028), Pseudomonas  aeruginosa
(ATCC27853), and Escherichia coli (ATCC27853) were
used for the antibacterial assay. The chemicals including
tartaric acid, silver nitrate (AgNO;, 99.8%, Sigma, St
Louis, MO, USA), water-soluble tetrazolium (WST)-1
assay kit (EZ-Cytox; Daeil Lab Service, Republic of
Korea), the PBS, Roswell Park Memorial Institute medium
(RPMI-1640), DMEM, FBS and Penicillin-Streptomycin
(P/S) from Gibco (Waltham, MA, USA), and all chemicals
were obtained from local chemical vendor, Seoul,
Republic of Korea.

The human lung carcinoma, A549 cell line (KCLB-
10,185) and the Swiss albino mouse embryo tissue,
NIH3T3 cell line was obtained from the Korean Cell
Line Bank (KCLB, Seoul, Republic of Korea). The
A549 cell line cultured in RPMI-1640 and the NIH3T3
cell line cultured in DMEM, both kinds of medium con-
taining 10% FBS and 1% PS at 37°C in a 5% CO,
humidified incubator for 24 hrs to achieve 80-90% con-
fluent followed by preservation in Cell Freezing Media
(DMSO, BCS) in liquid nitrogen in a cryogenic vial for
the experimental use.
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Preparation of endophytic fungal extracts
The MEEF (mycelial extract of endophytic fungi) was
prepared following standard methods.?* " In brief, 2 mL
of fungal spore suspension (8 x 10°spores/mL) was inocu-
lated in 200 mL PDB in 500 mL Erlenmeyer flasks incu-
bated at 274+2°C for 72 hrs with continuous shaking at
180 rpm. After incubation periods, the residual compo-
nents of the medium in the mycelia were separated by
filtration followed by washing with distilled water three
times. Finally, the harvested wet fungal biomass (20-30 g)
was transferred into 100 mL distilled water in 250 mL
Erlenmeyer flasks and incubated at 27+2°C for 24 hrs with
180 rpm shaking for the extraction. At the end shaking
process, cell-free filtrate (MEEF) was filtered using
Whatman No.l filter paper in further
experiments.

and wused

Biosynthesis of Tp-AgNPs

The AgNPs were synthesized according to the method*?
with modifications. In brief, the synthesis of the Tp-
AgNPs was initiated by adding 30 mM AgNO; in
100 mL of MEEF and the reaction mixture was incubated
in shaking incubator at 27°C for 96 hrs with 180 rpm in
dark. The aliquots of samples were withdrawn at different
time intervals and observed for color change from white to
dark brown.

Characterization of biosynthesized silver

nanoparticles

The successful synthesis of Tp-AgNPs was determined by
measuring the absorbance of the solution at different time
intervals (1, 4, 12, 24, 48, and 96 hrs) at 300-700 nm (1
nm interval) using UV—Vis spectrophotometer (Libra S80;
Biochrom Ltd, UK). After the 96 hrs reaction, the mixture
was centrifuged at 12,000 rpm at room temperature for 15
mins, the supernatant was discarded, and washed by dis-
tilled water. Then, Tp-AgNPs were lyophilized and this
lyophilized powder was used for further characterization
using Fourier transform infrared spectroscopy (FTIR)
(Frontier; PerkinElmer, Waltham, MA, USA) to detect
the molecular structure and chemical bonds. The Tp-
AgNPs powder was suspended in ethanol to determine
the size and shape using field emission transmission elec-
tron microscopy (FETEM)—energy-dispersive X-ray spec-
troscopy (EDS) (JEM-2100F; Jeol, Tokyo, Japan). The
size of Tp-AgNPs was determined by particle size analy-
zer (PSA) (model Mastersizer 3000; Malvern Instruments,

Malvern, UK). Finally, X-ray diffraction (XRD) (X’Pert
PRO MPD; PANalytical, Almelo, the Netherlands) was
used to analyze the morphology and crystalline nature of
Tp-AgNPs in a wide range of Bragg angles 29 at scanning
rate 30°-80° at 0.041°/mins with a time constant of 2 s.
The dielectric contents were calculated and used to study

the optical properties of Tp-AgNPs as described

elsewhere34

Cell viability

The cell viability was determined by WST kit assay.>> The
A459 cells were cultured in RPMI medium incorporated with
1% P/S antibiotics, 10% FBS in 5% CO, incubator at 37°C.
After reaching the 80-90% confluence, the healthy cells were
washed with PBS and then collected using Trypsin-EDTA.
The 100 pL of healthy A549 cells (1 x 10* cells.mL ") were
seeded in 96-well plate and incubated in a CO, incubator for 24
hrs at 37°C in 5% CO, incubator. After incubation, the cells
were checked under the microscope to confirm the prolifera-
tion of the cells at the level of 80-90% confluence, then 10 pL
different concentrations of Tp-AgNPs (0-1000 pg.mL ") were
added to wells at triplicate and the cells were allowed to react
with Tp-AgNPs in CO, incubator for 24 hrs. Then, the cyto-
toxicity of the Tp-AgNPs was measured by adding the 10 puL of
EZ-Cytox to each well and incubated in a CO, incubator for 1
hrs. Finally, the samples were gently shaken for 1 min and
measured the absorbance at 450 nm using a plate reader (Libra
S80; Biochrom Ltd.) for calculating cell viability (%).

For the flow cytometer analysis, the ICs, concentration of
the Tp-AgNPs was treated to A549 cells in 5% CO, incubator
at 37°C for 48 hrs. Then, using Trypsin-EDTA the treated and
untreated cells were harvested and washed by PBS to remove
the Trypsin-EDTA by centrifugation. The washed cells were
collected by centrifuge and dissolved in 100 pL of 1X annexin-
binding buffer. For the flow cytometer reading, 5 uL. of FITC
annexin Vand 1 pL of PI (100 uL./mL) were added to 100 pL of
A549 cell suspension. This mixture was incubated at room
temperature for 15 mins. Finally, 400 pL of 1X annexin-
binding buffer was added and gently mixed. The stained cells
were analyzed by flow cytometry, measuring the fluorescence
emission at 530 nm (eg, FL1) and >575 nm (eg, FL3).

Antibacterial

The disc diffusion method was used to determine the
antibacterial activity of Tp-AgNPs according to the
method described elsewhere.*® In brief, all the bacterial
strains (S. aureus, B.cereus, S.enterica, Paeruginosa, and
E.coli) were cultured in 10 mL of MHB in 50 mL
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Erlenmeyer flask for overnight at 37°C. Then, 50 pL of
grown bacterial cell suspensions was spreading on MHA
plates. Further, the 5 mm of sterile discs saturated with
either antibiotics (positive control group) and/or different
concentrations of Tp-AgNPs were placed on each plate
and incubated at 37°C for 24 hrs. The antibacterial activity
of Tp-AgNPs was measured as clear zone inhibition (mm)
using a vernier caliper.

Cell wound healing

The NIH3T3 cells (1 x 10> mL™") were cultured in 2 mL/well
of DMEM supplement with 10% FBS and 1% P/S in 6-well
plate, incubated in 5% CO, incubator at 37°C for 24 hrs.
Meanwhile, different concentrations of Tp-AgNPs solution
was prepared using DMEM. After incubation, the cell

confluence was checked under microscope and the cells
were scratched using the pipette tips, then washed with
PBS. The control was replaced with normal DMEM for
control, while the test group was replaced with different
concentrations of Tp-AgNPs incorporated DMEM. The
wound healing area was calculated at different time intervals
(048 hrs) using a microscope and ImageJ software.

Result and discussion
Characterization of biosynthesized silver

nanoparticles

In the process of biosynthesis of Tp-AgNPs, the original
white reaction mixture (MEEF and AgNO;) was gradu-
ally turned into brown, and the color became deeper
(Figure 1A). The Tp-AgNPs was irradiated with light,
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Figure | . Synthesis of the Tp-AgNPs using the endophytic fungi extracts and their characterization by UV-visible spectrophotometer (A), FTIR analysis (B), Particle size

analysis (C), XRD pattern analysis (D).
Abbreviations: FTIR, Fourier transform infrared spectroscopy; XRD, X-ray diffracti

on; Tp-AgNPs, Talaromyces purpureogenus silver nanoparticles.
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Figure 2 FETEM image of Tp-AgNPs at <100 nm (A) and 20 nm (B). EDS-based mapping of the Ag (C) and carbon in Tp-AgNPs (D). EDS chromatograph of Tp-AgNPs (E).
Abbreviations: FETEM, field emission transmission electron microscopy; Tp-AgNPs, Talaromyces purpureogenus silver nanoparticles; EDS, energy-dispersive X-ray spectroscopy; Ag,

silver.

for an electronic dipole oscillation phenomenon to
occur.’’? The strong absorption peak in the wavelength
range from 390 to 420 nm with a distinct peak at around
418 nm (Figure 1A) from UV-Vis analysis indicated the
successful synthesis of Tp-AgNPs in accordance with

. 4
previous reports.*’

FTIR analysis provides information about the func-
tional groups, involved in the synthesis and/or stabilizing
of Tp-AgNPs. FTIR spectrum of Tp-AgNPs (Figure 1B)
showed the peak at 3260 cm ™' (O—H and N-H), 2923 cm ™'
(C in C-H), 1628 cm ' and 1554 cm™ ' corresponding to

the stretching vibration of the C=C, 1371 cm'
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Figure 3 Cytotoxicity of Tp-AgNPs and AgNOj3 in A549 cells (A). Flow cytometry-based analysis of cell death in A549 cells untreated (B) and treated with Tp-AgNPs (C)
and analysis of the ROS generation in A549 cells untreated (E) and treated with Tp-AgNPs (D).
Abbreviations: CK, control group; Tp-AgNPs, Talaromyces purpureogenus silver nanoparticles; AgNO3, silver nitrate; ROS, reactive oxygen species.

Tp-AgNPs

25 50 75 100

Figure 4 Antibactrial activity of Tp-AgNPs: Staphylococcus aureus (A), Bcillus cereus (B), Salmonella entrica (C), Pseudomonas aeruginosa (D), and Escherichia coli (E). Ab —
vancomycin; different concentrations of Tp-AgNPs solution: 25—100 ug mL™".
Abbreviations: Tp-AgNPs, Talaromyces purpureogenus silver nanoparticles; Ab, vancomycin.
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Table | Antibacterial activity of silver nanoparticles (AgNPs) synthesized by endophytic fungi
No. [ Name of host plant | Name of endophytic AgNPs size Application Reference
fungi (nm)
| Solanum nigrum Setosphaeria sp. 20-50 Antibacterial 49
2 Solanum lycopersicum L. Aspergillus terreus 45.2 Antifungal 50
Salacia chinensis Phomopsis liquidambaris 18.7 Antimicrobial and larvicidal 51
activity
Taxus baccata L. Nemania sp. 33.52 Antibacterial 52
5 Chetomorpha antennina Penicillium 10-15 Antibacterial 53
polonicum ARA 10
6 Withania Somnifera Fusarium semitectum - Antibacterial 54
Simarouba glauca Aspergillus niger 41.9 Antibacterial 55
Antioxidant
Antimitotic
Calotropis procera Aspergillus terreus 16.45 Antibacterial 56
9 Chetomorpha antennina Penicillium polonicum 10-15 Antibacterial 57
10 Arctostaphylos uva-ursi, Alternaria arborescens 5-20 Antimicrobial 58
Anabasis articulate, Alternaria alternata
Mentha Alternaria brassicae
Cornulaca Nigrospora oryzae
Penicillium crustosum
I Tectona grandis Chaetomium globosum 16 Antibacterial 59
12 orchids, KDH5 15-25 Antibacterial 60
Dendrobium nobile, VDN3B
Dendrobium hibiki,
Oncidium altissimum
13 Raphanus sativus Alternaria sp 10-30 Antibacterial 6l
14 Glycosmis mauritiana Penicillium 65 Antioxidant 62
Antibacterial
15 Psidium guajava Linn. Pestaloptiopsis pauciseta 123195 Unknown 63
16 Catharanthusroeus Curvularia lunata 26 Antimicrobial 64
17 Centella asiatica Aspergillus niger 10-50 Antimicrobial 65
18 Potentilla fulgens L. Aspergillus tamari PFL2, 35 Unknown 66
Aspergillus niger PFR6 8.7
Penicllium ochrochloron PFR8. 77
19 Curcuma longa Penicillium sp. 25-30 Antibacterial 67
20 Rhizophora mangle MGE-201 35 Antifungal 68
Laguncularia racemosa L-2-2 Antibacterial
21 Pinus densiflora S. et Z. Talaromyces purpureogenus <50 Antibacterial Present
study

corresponding to the expansion and contraction of C—
O and C-X, 1024 cm ™' corresponding to the stretching
vibration of C—O in the alcohol. Overall, the FTIR analysis
indicated the presence of functional groups such as ben-
zene rings, amines, and alcohols in Tp-AgNPs. The com-
parison of FTIR spectrum of Tp-AgNP with MEEF
indicated that many of the peaks in the range of 900—
500 cm ' were corresponding to C-substitution stretching
vibration at different positions on the benzene ring. So,
biosynthesis of the NPs retained only the main functional
groups of the fungus, similar to the earlier reports.*!

The average size of the Tp-AgNPs was about 25 nm,
as evident by PSA (Figure 1C). In addition, the XRD
analysis indicated the 26 values of 46° which is corre-
sponding to Braggs’s refraction value (220), and it is
similar to earlier XRD report of the biosynthesized
AgNPs.**** Also, the present results compared with the
general AgNPs, the 26 value obtained in this experiment
was similar at the peak of 46° belonging to the character-
istic peak of AgNPs (Figure 1D). Most of the Tp-AgNPs
were dispersed, round, triangles shaped and sized <50 nm
(Figure 2A,B), as revealed by TEM-EDS. The EDS
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Table 2 Zone of inhibition of produced by Tp-AgNPs synthe-
sized from endophytic fungi Talaromyces purpureogenus against
bacterial pathogens

Pathogenic Zone of inhibition (mm)
bacterial K K R
. Vancomycin | Silver nanoparticles
strains
(5 pg/mlL) (Tp-AgNPs)
25 50 75 100
ngl | ngl | ng/ | ngl
mL [ mL [ mL | mL
S. aureus 9 7 8 9
B.cereus 22 9 10 Il
S. enterica 20 9 9.5 I
P. aeruginosa 15 7.5 8 10.5 | I3
E. coli 8 8 8.5 9.5 I

Abbreviations: Tp-AgNPs, Talaromyces purpureogenus silver nanoparticles; S.
aureus, Staphylococcus aureus; B.cereus, Bcillus cereus; S.enterica, Salmonella entrica; P.
aeruginosa, Pseudomonas aeruginosa;E.coli, Escherichia coli.

analysis confirmed the presence of 38.15% of Ag atoms
(Figure 2C-E).

Cell viability

The Tp-AgNPs showed cytotoxicity in A549 cells even at
the lowest concentration of 2 ug/mL, and the cytotoxicity
was also increased with the increase of NPs concentration
(Figure 3A). Moreover, AgNO; showed higher cytotoxi-
city than the Tp-AgNPs. Further, the calculated 1Cs, for
AgNPs and AgNO; was 376.24 and 250.31 pg/mL,
respectively. According to the results of cell flow cyt-
ometer, 5.92% of cell apoptosis was induced by Tp-
AgNPs (Figure 3B,C). Similarly, AgNPs are known to

Tp-AgNPs

Oh 12h

induce cytotoxicity on various cancer cells rat alveolar
macrophages,45 HepG2,46 A549, SGC-7901, MCF7,*
HeLa, U937, RAW 264.7, 1929, A431, HIV virus.*®
Moreover, the cytotoxicity of the AgNPs depends on
size, surface area, internalization and attachment effi-
ciency. Smaller size of the AgNPs with smaller size can
be able to internalize in the mammalian cells and cause the
cytotoxicity through ROS generation, nucleus damage,
activation of the apoptosis or mitochondrial pathways.*’
The potential cytotoxicity of Tp-AgNPs is attributed to
smaller size of <50 nm in Tp-AgNPS, which not only
reflected the cytotoxicity but also reflected in excellent
anti-cancer activity.

Antibacterial

The Tp-AgNPs showed different degrees of antibacter-
ial activity with increase in concentration (Figure 4).
Our results on potent antibacterial activity of AgNPs
are in accordance with earlier reports, as shown in
Table 1. Tp-AgNPs significantly inhibited the growth
of Gram-positive or Gram-negative pathogens at the
minimal inhibitory concentration of 16.12 pg.mL™’,
and 13.98 pg.mL™', respectively. Moreover, Tp-
AgNPs showed higher zone of inhibition against
S. aureus (9 mm), P. aeruginosa (13 mm) and E. coli
(11 mm) and it is similar to positive antibiotic control
vancomycin (Table 2). TP-AgNPs did not show such
a strong antibacterial effect on B. cereus (11 mm) and
S. enterica (11 mm), which is similar to an antibiotic
(Table 2).

Figure 5 Wound healing effect of the Tp-AgNPs in NIH3T3 cells at different time intervals.
Abbreviations: CK, control group; Tp-AgNPs, Talaromyces purpureogenus silver nanoparticles; NIH3T3, Swiss albino mouse embryo tissue.
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Table 3 Cell wound healing efficiency of Tp-AgNPs
Concentration of Tp-AgNPs (ng/mL) Wound healing area (cm?)
0 hrs 12 hrs 24 hrs 48 hrs
Untreated 5.244 38 3.79 2.356
| 5.434 3.487 2.888 1.976
5 5.776 4.18 342 1.824
10 6.156 3.42 2.546 1.436
Abbreviation: Tp-AgNPs, Talaromyces purpureogenus silver nanoparticles.
200 -
180 -
160 -
140 -
= m48 h
>
~ 120 -
2 m24h
2 100
< m12h
B
O 80 -
—
O]
60 -
40 -
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0 -

Untreated 1

5
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Figure 6 The growth rate of wound healing effort of the Tp-AgNPs in NIH3T3 cells at different time intervals.
Abbreviations: Tp-AgNPs, Talaromyces purpureogenus silver nanoparticles; NIH3T3, Swiss albino mouse embryo tissue.

Cell wound healing

Microscopic analysis revealed that the wound area
decreased with the treatment of Tp-AgNPs as compared
to the untreated control group after 48 hrs. The wound
scratch distance of treated group was relatively small
(Figure 5). The wound area decreased with the dose-
dependent manner. For example, the wound area was
1.976, 1.824, and 1.4364 cm?, respectively, at different
concentrations (1, 5 and 10 pg/mL) of the experimental
group. In addition, the wound area of treated group was
smaller than the untreated control area (2.356 cm?) (Table
3). By comparing the cell growth rate for each time
period, the growth rate of each treated group was

significantly higher than that of the untreated control
(Figure 6). Tp-AgNPs were not toxic to NIH3T3 normal
cells.

Conclusion

In this study, we synthesized Tp-AgNPs using MEEF and they
were characterized for is high-quality crystal particles with
a size <50 nm. The NPs showed the concentration-dependent
cytotoxicity against A549 and have a good inhibitory effect on
various pathogenic bacteria. In addition, the NPs also showed
the cell wound healing efficiency. Further focus will be on the

molecular mechanism of anti-cancer and antibacterial proper-
ties of Tp-AgNPs.
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