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Carrier system therapies based on combining cancer drugs with nanoparticles have been reported to control tumor growth and
signifcantly reduce the side efects of cancer drugs. We thought that paclitaxel-loaded silver nanoparticles (AgNPs-PTX) were the
right carrier to target cancer cells. We also carried out antimicrobial activity experiments as systems formed with nanoparticles
have been shown to have antimicrobial activity. In our study, we used easy-to-synthesize and low-cost silver nanoparticles
(AgNPs) with biocatalytic and photocatalytic advantages as drug carriers. We investigated the antiproliferative activities of silver
nanoparticles synthesized by adding paclitaxel on MCF-7 (breast adenocarcinoma cell line), A549 (lung carcinoma cell line), C6
(brain glioma cell line) cells, and healthy WI-38 (fbroblast normal cell line) cell lines and their antimicrobial activities on 10
diferent microorganisms. Te synthesized AgNPs and AgNPs-PTX were characterized by dynamic light scattering (DLS),
scanning transmission electron microscopy, UV-visible spectroscopy, Fourier transform infrared spectroscopy, and X-ray
spectroscopy. Te nanoparticles were spherical in shape, with AgNPs ranging in size from 2.32 to 5.6 nm and AgNPs-PTXs
from 24.36 to 58.77 nm. AgNPs demonstrated well stability of −47.3mV, and AgNPs-PTX showed good stability of −25.4mV.Te
antiproliferative efects of the synthesized nanoparticles were determined by XTT (tetrazolium dye; 2,3-bis-(2-methoxy-4-nitro-5-
sulfenyl)-(2H)-tetrazolium-5-carboxanilide), and the proapoptotic efects were determined by annexin V/propidium iodide (PI)
staining. Te efect of AgNPs-PTX was more efective, and anticancer activity was higher than PTX in all cell lines. When
selectivity indices were calculated, AgNPs-PTX was more selective in the A549 cell line (SI value 6.53 μg/mL). AgNPs-PTX was
determined to increase apoptosis cells by inducing DNA fragmentation. To determine the antimicrobial activity, the MIC
(minimum inhibitory concentration) test was performed using 8 diferent bacteria and 2 diferent fungi. Seven of the 10 mi-
croorganisms tested exhibited high antimicrobial activity according to the MIC ≤100 μg/mL standard, reaching MIC values below
100 μg/mL and 100 μg/mL for both AgNPs and AgNPs-PTX compared to reference sources. Compared to standard antibiotics,
AgNPs-PTX was highly efective against 4 microorganisms.

1. Introduction

Nanotechnology has recently advanced quickly and begun to
be applied in a variety of industries, including medicine.
Nanotechnology ofers new technologies for the production
of nanomaterials at the scale of 1–100 nm, which are es-
pecially used in the treatment of infections and cancer cells
caused by drug-resistant bacteria [1]. Silver nanoparticles

(AgNPs) are increasingly being investigated in the medical
feld due to their unique physical, chemical, and optical
properties [2]. Silver has been used for many years as an
important antibacterial agent [3]. Recent studies have
demonstrated that silver nanoparticles have intrinsic anti-
bacterial and anticancer efects via a variety of pathways.Te
possibility of combining the pharmacological action of
anticancer drugs with the anticancer intrinsic properties of
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AgNPs may be useful for the treatment of tumors that have
ceased to respond to chemotherapy or radiotherapy. Te
ability of AgNPs to be used to deliver anticancer drugs to
a tumor microenvironment is a promising treatment ap-
proach for cancer [4].

Cancer is the global cause of death in both high-income
and middle-income countries [5]. According to the Global
Cancer Observatory (GLOBOCAN), the fve cancers with
the highest death rates worldwide are lung cancer (18%),
colorectal cancer (9.4%), liver cancer (8.3%), stomach cancer
(7.7%), and breast cancer (6.9%) [6]. Lung cancer (LC) is the
foremost cause of cancer-related fatalities globally [7].
Treatment of LC and its subtypes, small-cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC), depends
on chemotherapy, radiotherapy, immunotherapy, and tar-
geted treatment mechanisms. On the other hand, despite
their potential efcacy, their application leads to serious side
efects, reduced efcacy, development of drug resistance, and
the potential for relapse. Terefore, new and safe therapeutic
alternatives need to be evaluated [8, 9].

One of the most efective anticancer drugs, paclitaxel
(PTX), is used to treat lung, breast, and ovarian cancers;
however, it has limited therapeutic applicability due to its
poor solubility [10]. Recently, various drug delivery
methods, including polymer nanoparticles, have been in-
vestigated to improve the solubility of PTX and prevent
negative side efects. Polymer nanoparticles have drawn a lot
of attention among these new medication delivery
methods [11].

Chemotherapeutic agents and nanoparticle combina-
tions have shown great interest in cancer therapy. Combined
treatment of anticancer drugs and nanoparticles at low doses
promotes synergy through diferent mechanisms of action
and suppresses drug resistance. Combination therapy me-
diated by nanoparticles improves pharmacokinetics, de-
creases unfavorable side efects, and promotes anticancer
activity [12]. Moreover, combination therapy can prevent
toxic efects on normal cells and combat the expected ac-
quired resistance or minimize the likelihood of developing
drug resistance [13, 14].

AgNPs may make good prospective combination part-
ners, as it has recently been revealed that they alter Pgp
(permeability glycoprotein) activity, improving the efec-
tiveness of chemotherapy against multidrug-resistant cancer
cells. Additionally, the production of double-stranded DNA
breaks with chromosomal instability, which facilitates the
start of the apoptotic process and contributes to AgNPs’
genotoxicity [15, 16].

According to our research, the produced silver nano-
particle with paclitaxel added was the ideal vehicle for con-
centrating on cancer cells. Terefore, we used AgNPs, which
have biocatalytic and photocatalytic advantages, easy to
synthesize, and low cost, as drug carriers in our study. We
aimed to investigate their antiproliferative efects on MCF-7
(breast adenocarcinoma cell line), A-549 (lung carcinoma cell
line), C6 (brain glioma cell line), and noncancerous WI-38
(fbroblast normal cell line) cells. Additionally, another aim of
our study was to determine the antimicrobial activity of
AgNPs and AgNPs-PTX against bacteria and yeasts.

2. Materials and Methods

2.1. Materials. Silver nitrate (Ag(NO3)), sodium boron
hydride (NaBH4), trisodium citrate, dimethylsulfoxide
(DMSO), and XTT cell proliferation assay kit were pur-
chased from Sigma (St. Louis, USA). Dulbecco’s Modifed
Eagle’s Medium (DMEM), penicillin-streptomycin, trypsin,
and fetal bovine serum (FBS) were purchased from Gibco
(USA). 20x phosphate-bufered saline (PBS) was purchased
fromTermo Fisher (USA), cation-adjustedMueller-Hinton
broth (CAMHB) and 2,3,5-triphenyltetrazolium chloride
(TTC) were purchased fromMerck (Germany), and annexin
V/PI assay kit BD (USA) and paclitaxel were purchased from
Sandoz (Germany).

2.2. Synthesis and Characterization of Silver Nanoparticles
and Paclitaxel-Loaded Silver Nanoparticles. Stock solutions
of 2×10–3 M Ag(NO3), 8.6×10–3 M trisodium citrate, and
4×10–3 M sodium boron hydride were prepared. Ten,
12mL trisodium citrate, 12mL sodium boron hydride, and
24mL pure water were mixed at 60°C for 30minutes. At that
time, the temperature was raised to 90°C, and 48mL of silver
nitrate was added to the stock solution. A few minutes after
the yellow color change was seen, the reaction was stopped,
and the AgNPs stock solution was stored in a dark cool
environment. 10mg/10mL PTX stock solution was pre-
pared. Te mixture of 1mL PTX stock solution and 1mL
AgNPs stock solutions was sonicated with an ultrasonication
instrument for 10 seconds. (the solution pH is 7, approxi-
mately.) Ten, the mixing is waited in the dark for at least
30minutes.

Zetasizer measurements were made with dynamic light
scattering (DLS)measurements using the Zetasizer Nano ZS,
which uses a 4mWHe-Ne laser operating at a wavelength of
633 nm and a detection angle of 173° at room temperature.
Distilled water was used as the reference liquid. In the
measurements, both dimensional and surface load analyses
were made.

First of all, the samples were dropped on amorphous
lamella glass substrates.Tese basematerials were previously
washed with detergent and passed through plenty of distilled
water. Te samples were left to dry in a clean room for 1
night at room temperature and under normal atmospheric
conditions. Tese samples were then used for STEM-EDX
analyses. Te surface properties of the powders were ex-
amined using a Gemini 500 computer-controlled digital
transmission electron microscopy (STEM). Quantitative
elemental analysis was performed with an EDX spectrometer
attached to STEM.

Te absorbance measurements of the nanoparticles were
determined by Hach Lange 500 Spectrophotometer at room
temperature by placing an uncoated identical commercial
glass substrate in the reference beam. Te optical spectrum
of thin flms was recorded in the wavelength range of
300–1100 nm.

Fourier transform infrared spectroscopy (FTIR) studies
were taken with the BRUKER ALPHA instrument at a res-
olution of 4 cm× 1 in difuse refection mode. Te
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measurement of each sample was recorded after 10 scans.
Te wavelength range for FTIR is 450–4000 cm−1.

2.3. Cell Culture. MCF-7 (breast adenocarcinoma cell line),
A-549 (lung carcinoma cell line), C6 (brain glioma cell line),
and noncancerous WI-38 (fbroblast normal cell line) cell
lines were supplied by the American Type Culture Collection
(Manassas, VA). All cells were cultured in DMEM sup-
plemented with 2mML-glutamine, 10% heat-inactivated
FBS, 1% penicillin, and streptomycin, with 5% CO2 sup-
ply at 37°C for 48 hours [17]. Te cells were removed by
a solution of 0.05% trypsin-0.02% EDTA when the con-
fuence was 90% reached.

XTT test was used to investigate cell viability. A fat-
bottomed 96-well cell culture plate was used, and cells were
seeded into each well at a density of 104 (200 μL medium per
well). After 24 hours, cells were treated with diferent con-
centrations of AgNPs-PTX and PTX (100-50-25-12.5-6.25-
3.125-1.56 μg/ml) and incubated for 24 hours. DMSO was
used as the negative control. DMSO was added to the
negative control wells at 2%. Next, 10 μl of XTTsolution was
added to each well, and the absorbance was measured at
450 nm using a microplate reader (SPECTROstar Nano
Microplate Reader, BMG LabTech Instruments, Inc.,
Ortenberg, GERMANY) [18]. Cell viability was calculated
according to the following formula:

Cell viability(%) �
As − Ab( 

Ac − Ab( 
  × 100, (1)

where As is absorbance sample, Ab is absorbance blank, and
Ac is absorbance viable cell (control), and IC50 values were
calculated by using XTT analysis [19].

Te calculated cell viability against the concentration
graph (SigmaPlot 12.0 program) was plotted. IC50 value was
found by using the plotted graph.

To examine the cell morphology, 1× 105 cells were in-
oculated into 96 plates. 15 μg/mL AgNPs-PTX and PTXwere
applied to the cells and incubated for 24 hours. After the
mediumwas emptied, cells were fxed using 70% ethanol and
their images were taken with a ZEISS Axio inverted
microscope.

2.4. Apoptosis Analysis (Annexin/PI Flow Cytometry
Analysis). To quantify apoptotic cells, annexin V/propidium
iodide (PI) staining was performed using A549 and healthy
WI-38 cells with the highest cytotoxic activity. Flow cyto-
metric analysis of AgNPs-PTX and paclitaxel at IC50 con-
centrations were analyzed using annexin V/PI commercial
kits. To determine apoptotic cells, A-549 and WI-38 cells
(1× 105) were grown in a 6-well culture plate. IC50 values of
AgNPs-PTX and paclitaxel were processed in A549 andWI-
38 cells for 24 hours. At the end of this period, the contents
of the plate were removed, and the cells were washed with
PBS, treated with trypsin-EDTA, and then centrifuged at
800 rpm for 8minutes. Te collected cells were counted with

trypan blue. Ten, 5 μL annexin V and 5 μL PI were added to
the medium. Cells were stored at room temperature and in
the dark for 15minutes. After the time was over 400 μL, the
binding bufer was added on ice, and fow cytometry
measurements were analyzed (emission: 530 nm and exci-
tation: 488 nm) [19, 20].

2.5. Antimicrobial Assay. Microorganisms to be used in the
MIC test, Escherichia coli (ATCC 25922), Klebsiella pneu-
moniae (ATCC 13883), Acinetobacter baumannii (ATCC
17978), Pseudomonas aeruginosa (ATCC 27853), Staphylo-
coccus aureus (ATCC 29213), Methicillin-resistant Staphy-
lococcus aureus (MRSA) (ATCC 43300), Enterococcus
faecalis (ATCC 29212), Bacillus cereus (ATCC 11778),
Candida albicans (ATCC 10231), and Candida tropicalis
(ATCC 4563) were obtained from the American Type
Culture Collection (Rockville, MD, United States). Bacteria
were passaged in brain heart infusion broth (BHI) (Merck,
Germany), and fungi were passaged in Sabouraud Dextrose
Broth (SDB) (Merck, Germany) media after incubation at
37°C for 24 hours.

Te antimicrobial activity of AgNPs and AgNPs-PTX was
determined using the MIC (minimum inhibition concen-
tration) method. 10 μl of synthesized material (100 μg/ml) was
added to the frst row of U-bottomed 96-well plates. Ten,
two-fold serial dilutions were made for a total of 10 con-
centrations. 50 μl of microorganism culture (5×105CFU/mL
for bacteria and 0.5–2.5×103CFU/mL for yeasts) adjusted to
McFarland turbidity of 0.5 was seeded to the wells. 100 μl
CAMHBwas added to the sterility control section of the plate.
50 μl CAMHB+50 μl microorganism culture was plated to the
last rank of the plate for growth control. Te standard an-
tibiotics to which the microorganisms were susceptible were
added 50 μl to the microorganism cultures in the bottom rank
of the plates [21, 22]. Bacterial plates were incubated at 37°C
for 24 hours and yeast plates for 48 hours. After incubation,
2mg/ml of 2,3,5-triphenyltetrazolium chloride (TTC)
(Merck, Germany) solution was added to each well to detect
microorganism growth on the plates. Te plates were in-
cubated at 37°C for 2 hours. Te frst well with a reduction in
the color of the formazan indicating the viability of the
microorganisms was assessed as the MIC concentration. MIC
results according to reference sources. It was evaluated as
efective (MIC< 100 μg/mL), moderate (100<MIC≤ 625 μg/
mL), and weak (MIC> 625 μg/mL) [23, 24]. Evaluation was
also determined according to the MIC results of standard
antibiotics [25].Te experiment was repeated three times, and
the standard deviation was found to be zero.

2.6. Statistical Analysis. Te results were analyzed using
SPSS software version 20 (IBM Statistics, USA). Diferences
in measured properties of the groups were tested using
a one-way analysis of variance (ANOVA). Te signifcance
level was set as p≤ 0.05.
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3. Results and Discussion

Nanomedicine uses nanomaterials and applies nanotech-
nology to the diagnosis, treatment, and prevention of diseases.
Tese include applications of medical nanosensors, biochips,
needleless injectors, insulin pumps, and nanoparticles as drug
carrier systems [26]. Drug carrier systems and nanostructures
can overcome the stability and solubility problems of anti-
cancer drugs. Te drug is protected from proteases and other
enzymatic degradation, thereby prolonging the drug’s half-life
in the systemic bloodstream; these benefts include improving
drug targeting and delivery, helping to potentially release
drugs at targeted cancer sites, and creating multiple drug
carriers to help reduce drug resistance [27, 28].

3.1. Synthesis and Characterization of AgNPs and
AgNPs-PTX. DLS results are given in Table 1. While the
average size of the synthesized AgNPs was 2.32 nm, the
particle distribution was determined at 5.61 nm in the
nanosizer (Table 1).

When the paclitaxel drug was attached to AgNPs, the
average particle size increased to 34.56 nm, and the largest
particle was detected at 58.77 nm. However, the average
particle size of the AgNPs increased to 2.32 nm, and the
largest particle was detected at 5.61 nm. Tis means that
when the paclitaxel drug was attached to AgNPs, the average
particle size increased to 58.77 nm. While the PDI value of
AgNPs was 0.200, this value increased to 0.535 when the
drug was bound. Tis indicates that even though the drug is
bound to AgNPs, the nanoparticles are still stable according
to the data of the device. Also, this indicates to growth of the
particles with physical or chemical bonding. While the
surface charge of the synthesized AgNPs was −47.3mV, it
increased to −25.4mV when the drug was bound. Te
conductivity of the solution increased from 0.314mS/cm to
3.39mS/cm for AgNPs. Although the pure water environ-
ment does not simulate the human body, the increase in
conductivity suggests that with the increase of the surface
charge, drug-bound nanoparticles will increase the difusion
of cancer cells. Nanodrugs with negative surface charge are
efective in cancer cells [29]. When the paclitaxel drug was
attached to AgNPs, the particle size, PDI, zeta potential, and
conductivity of particles were increased. AgNPs surface area
is negative and reduced when added with regents and sta-
bilisers. When the paclitaxel drug is attached to AgNPs,
drug-AgNPs surface area approaches positive. Paclitaxel
molecules coat and close the surface area of the AgNPs. Tis
is the reason for the increase of the zeta potential and the
growth of the particle size. In this manner, the PDI is in-
creased with the particle size.

STEM images are given in Figure 1.
Considering the 100 nm scale in STEM images, it is seen

that AgNPs are 10 nm and below, while drug-bound AgNPs-
PTX particles have particle sizes around 10–50 nm. STEM
images confrm DLS results.

Te UV-VIS spectrum of paclitaxel (Figure 2(a)), AgNPs
(Figure 2(b)), and AgNPs-PTX (Figure 2(c)) is given in
Figure 2. As expected, PTX dissolved in an aqueous medium

gave a specifc absorption band at 234 nm, in Figure 2(a).
Tis is due to n-σ∗, σ-σ∗, and π-π∗ electronic transitions in
the amine, hydroxyl, and C�C groups in the structure of
paclitaxel. Especially, due to the aromatic ring structures,
π-π∗ electronic transitions are widespread [30, 31].

In the spectrum of AgNPs, a specifc absorption band
specifc to AgNPs is observed at 398 nm, as shown in
Figure 2(b). Tis band, which should be seen at 400 nm, has
shifted to 398 nm [32]. Te reason for this is that the
nanoparticle size shifts to a lower wavelength as the particle
size decreases with the quantum dot efect [33]. When the
drug was bound to AgNPs, the maximum absorption band
was observed at 410 nm, as shown in Figure 2(c). As the
particle size increased, the absorption band shifted to
a higher wavelength. Tis is an indication that the drug also
chemically binds to AgNPs [29].

FTIR spectrum of AgNPs (Figure 3(a)), PTX
(Figure 3(b)), and AgNPs-PTX (Figure 3(c)) is shown in
Figure 3. Vibration peaks of –OH and –NH groups are
observed at 3252 cm−1. While the peaks of –C=O stretching
vibrations are observed at 1631 cm−1, in general, the specifc
characteristic peak of the nanoparticles was observed at
631 cm−1. As expected in the FTIR spectrum of paclitaxel,
bond vibration bands belonging to –OH and –NH func-
tional groups were observed at 3705 cm−1, while symmetric
vibration bands belonging to aliphatic groups were also
detected at 2997-2921-2860 cm−1. At 1757 cm−1, –NH and
-NH2 bending vibration contributions were determined. A
vibration band of –CO ether at 1041 cm−1 and specifc vi-
bration bands of aromatic –C=C group at 882 cm−1 were
detected [34, 35]. However, when the drug is bound to
AgNPs, the vibration band of the –OH functional groups
weakened a little but shifted to 3600 cm−1. Tis is an in-
dication of the chemical interaction between oxygen and Ag
in the –OH groups of paclitaxel. Tis FTIR spectrum also
supports the UV-VIS spectrum results in terms of chemical
bonding. Apart from this, no change was observed in other
vibrational bands of drug-bound AgNPs.

EDX analyses of AgNPs and AgNPs-PTX particles are
given in Figure 4. Of course, the elements that do not afect
the work are neglected here. According to the results of the
analysis, 1.01% Ag was detected in AgNPs, while this rate
decreased to 0.38% with the efect of drug-bound AgNPs in
the drug. In addition, drug-bound AgNPs were found to be
49.4% carbon and 50.22% oxygen, which is one of the
specifc elements of the drug. At the same time, the inability
to detect nitrogen is a surprising result.

3.2. Cytotoxicity Analysis. Tree diferent cancer cell lines
and one healthy cell were used in this study. Te viability
values obtained as a result of the XTTmethod, and the IC50
values were calculated (Table 2).

Table 2 indicated that the AgNPs molecule did not cause
signifcant cytotoxicity in any cell group. Tis result con-
frms that the synthesized nanoparticles are harmless and
can be used in cancer treatment. Furthermore, AgNPs-PTX
was found to be more efective than paclitaxel alone in all
cancer cells. Statistically, AgNPs-PTX showed a signifcant
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diference against healthy cells for all cancer cells (p< 0.05).
Te selectivity index (SI) value was calculated to fnd the cell
line that showed the highest efect among the cells (Table 3).

To evaluate any anticancer activity of a product, its
cytotoxicity against noncancerous cell lines must be estab-
lished to calculate its SI value. Ideally, the drug should be

Table 1: DLS results of the AgNPs and AgNPs-PTX.

Nano Mean particle
size (nm)

Particle size
distribution (nm) PDI Zeta potential

(mV) Conductivity (mS/cm)

AgNPs 3.12 2.32–5.61 0.200 −47.3 0.314
AgNPs-PTX 34.56 24.36-58.77 0.535 −25.4 3.39

(a) (b)

Figure 1: (a) STEM image of AgNPs and (b) STEM image of AgNPs-PTX.
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Figure 2: Te UV-VIS spectrum of (a) paclitaxel, (b) AgNPs, and (c) AgNPs-PTX.
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able to kill cancer cells but should not afect normal cells. A
low SI value (<1) means that the sample may be toxic and
cannot be used as a drug. If the computed SI value is between
1 and 10, it is recommended to supplement with assessment
using other biosystems for validation. Weerapreeyakul et al.
suggested a lower SI value (≥3) for the classifcation of
a prospective anticancer sample [36].

When the SI index was calculated in our study, it was
determined that the AgNPs-PTX compound was more ef-
fective in A549 cell lines than in other cancer cells (Table 3).
Te low toxicity of the compound inWI-38 normal cell lines
is also a great advantage.

In our study, three diferent (MCF-7, breast cancer; C6,
glioma; A549, lung cancer) cell lines were used. AgNPs-PTX
is more efective than PTX in all cell lines (Figure 5). In other
words, its anticancer activity is higher and has low toxicity.
AgNPs alone do not appear to be efective. It was observed
that the entry of AgNPs-PTX into the cell was more efective.
When the selectivity indexes are calculated, AgNPs-PTX
appears to be more selective in the A549 cell line because the
highest SI value was found in the A549 cell line. To obtain
images of the cells used in the experiments, 15 μg/mL

AgNPs-PTX and PTX were applied to the cells, and images
were taken with a ZEISS Axio inverted microscope
(Figure 6).

Lung cancer is defned as a highly prevalent disease with
an estimated 2.1 million cases in 2018. Due to this number of
cases, lung cancer is the leading cause of cancer death in the
world (18.5%). In short, lung cancer is a highly lethal disease
and a serious health problem. Tere are two types of lung
cancer: small-cell lung cancer (SCLC) and non-small-cell
lung cancer (NSCLC) [20]. Among these, non-small-cell
lung cancer accounts for 85% of all lung cancers. Because of
this rate, NSCLC is the main source of tumor-related deaths
globally, emphasizing the need for ever more efective
treatment methods [5]. Tere are many scientifc studies on
nanodrug systems using nanotechnology in lung cancer
treatment methods. In particular, many scientifc studies on
using silver nanoparticles as anticancer agents yield im-
portant and encouraging results [37]. In a study on
A549 cells, the methotrexate drug delivery system (AgNPs-
MTX) loaded on silver nanoparticles showed signifcant
cytotoxic activity, which reduced the percentage of viable
cells from 69% to 36% after 12 and 48 hours of incubation
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Figure 4: (a) EDX analysis of AgNPs and (b) EDX analysis of AgNPs-PTX.

Table 2: IC50 results of the paclitaxel and AgNPs-PTX.

IC50 (μg/mL) MCF-7 A549 C6 WI-38

AgNPs-PTX 13.45± 1.05∗ 8.58± 0.34∗ 11.31± 0.97∗ 56.07± 3.54
Paclitaxel 18.2± 2.09∗∗ 16.49± 0.58∗∗ 20.05± 1.02∗∗ 41.65± 1.61
AgNPs Not efective Not efective Not efective Not efective
Standard deviation values are given as ± Std, and all values are calculated as n� 3. ∗IC50: concentration that inhibited cell growth by 50%. ∗Statistically
signifcant for AgNPs-PTX (p< 0.05). ∗∗Statistically signifcant for paclitaxel (p< 0.05).

Table 3: Index of SI.

IC50 (μg/mL) MCF-7 A549 C6

AgNPs-PTX 4.17 6.53 4.96
Paclitaxel 2.29 2.53 2.08
Standard deviation values are given as± Std, and all values are calculated as n� 3.
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[38]. Akbarian et al. concluded that green synthesized ZnO
nanocarriers loaded with paclitaxel in the MCF-7 cell line
achieved PTX activity by minimizing their cytotoxic efects
on normal cells (fbroblast) [39]. In a study with paclitaxel-

loaded AgNPs, it was shown that the synthesized bio-
molecule has selective toxicity on A549 cells using ROS-
mediated signaling pathways [40]. In another study, it was
reported that green synthesized silver nanoparticles showed

AgNPs-PTx PTx
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C6 
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WI-38 
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Figure 5: Percentage cell viability when AgNPs-PTX and PTX were applied to cells at a concentration of 10 μg/mL (n� 6).
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Figure 6: Te observed cell morphology of A549, C6, MCF-7, and WI-38 cell lines after being treated for 24 h under a 100 Â inverted
microscope.

8 Bioinorganic Chemistry and Applications



strong cytotoxic activity by reaching lower IC50 values on
A549 and PC-3 cell lines [41]. Rudrappa et al. reported that
P-AgNPs from Plumeria alba leaf extract showed a signif-
cant antiproliferative efect against the U118MG (brain
glioblastoma) cancer cell line [42].

3.3. Apoptosis Analysis. Annexin V/PI staining was used to
determine the apoptosis values of A549 cells. Data on
AgNPs-PTX and paclitaxel were evaluated by fow cytom-
etry analysis (Table 4). In apoptotic cells, annexin V can
serve as a probe for apoptotic cells due to its high afnity for

Table 4: Percentage ranges of C6 cells after annexin V/PI.

Cells Nanoparticles Normal Early apoptosis Late apoptosis Dead

A549 AgNPs-PTX 53.09± 0.34 9.32± 0.23 34.45± 1.02 3.14± 0.12
PTX 67.09± 0.34 7.39± 0.66 22.52± 0.81 3.00± 0.04

WI-38 AgNPs-PTX 94.31± 2.02 1.09± 0.01 1.53± 0.02 3.07± 0.12
PTX 91.89± 0.09 1.44± 0.02 2.37± 0.03 4.31± 0.05

Standard deviation values are given as± Std, and all values are calculated as n� 3. AgNPs: silver nanoparticles and AgNPs-PTX: paclıtaxel-loaded silver
nanoparticles.
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Figure 7: (a–d) Analysis of apoptosis of AgNPs, drug, and AgNPs-PTX on A549 and WI-38 cell lines by fow cytometry.
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the phospholipid phosphatidylserine (PS), which is dis-
placed to the outside of the plasma membrane. Additionally,
PI may be inserted between DNA strands in apoptotic cells
and stain them. PI staining cannot spread across the
membrane of living cells [43].

In cancer treatment, it is well known that the number of
necrosis cells is supposed to be as low as possible, but the
number of early and late apoptosis cells should be higher in
proportion to the impact of the drug or applied chemicals on
the cancer cells [37, 44]. Te necrosis rates of PTX and
AgNPs-PTX appear to be approximately close to each other
(Figure 7). Terefore, it can be said that AgNPs-PTX did not
make much change in the toxic efect. It is activated in the
cell by using it only as a carrier mechanism. However,
AgNPs-PTX appears to induce apoptosis. It has been de-
termined that AgNPs-PTX induces DNA fragmentation and
eventually increases apoptosis in cells compared to PTX.
Moreover, the toxicity mechanism of apoptosis induced by
AgNPs is well established in various cell lines such as human
lung, ovarian, and breast cancer. Terefore, AgNPs are the
optimal, suitable, and alternative nanoparticles that work
with any anticancer drug [45]. In their study on green
synthesized silver nanoparticles, Yuan et al. demonstrated
the potential ability of silver nanoparticles to induce apo-
ptosis in colon cancer cells as a result of experiments per-
formed for apoptosis assessment [46]. Similarly, in a study
with green synthesized silver nanoparticles, treatment of
HCT-116 cells with C-AgNPs increased the number of early
and late apoptotic cells compared with control (untreated)
and C-AgNP-treated HCT-116 cells, and necrosis of these
cells was also observed [43]. In studies with green synthe-
sized silver nanoparticles, Liang et al. [47] and Venugopal
et al. [48] observed that nanoparticles induced hyaluronic
acid-induced apoptosis in cells through autophagy, mito-
chondrial dysfunction, cell cycle arrest, and lipid perox-
idation. In their annexin V/PI apoptosis assay with
synthesized polysaccharide silver nanoparticles, Chakra-
borty et al. reported that the change in the population of PC-
3 live cells showed that the cell became apoptotic due to the
cytotoxic activity of the biosynthesized PS-AgNPs [49].

3.4. Antimicrobial Activity. Antimicrobial activities of
AgNPs and AgNPs-PTX on 8 bacteria and 2 yeast fungi were
detected in the concentration range of 100 μg/mL to 0.39 μg/
mL using the microdilution technique (MIC) (Table 5).

Among the 10 microorganisms tested, E. coli, K. pneu-
moniae, A. baumannii, P. aeruginosa, S. aureus, methicillin-
resistant S. aureus (MRSA), and E. faecalis reported high
antimicrobial activity according to the MIC ≤100 μg/mL
criterion, by reaching MIC values of 100 μg/mL and below in
both AgNPs and AgNPs-PTX samples compared to reference
sources. Both samples were found to be moderately efective
against B. cereus bacteria and C. albicans and C. tropicalis
yeasts according to 200 and above μg/mL and 100<MIC≤
625 μg/mL criteria. When AgNPs and AgNPs-PTX were
compared, it was determined that drug-added silver nano-
particles had higher antimicrobial activity than drug-free
nanoparticles in all microorganism groups. When the MIC

results of standard antibiotics were compared with AgNPs-
PTX, it was determined that AgNPs-PTX indicated high
antimicrobial activity against A. baumannii, P. aeruginosa,
S. aureus, and Methicillin-resistant S. aureus (MRSA)
bacteria [25].

AgNPs could be used as carriers or antimicrobial agents,
as indicated by silver nanoparticles incorporated into
membrane systems or microbicidal layers with antibacterial
activity [5]. It has been shown in various studies that drug-
loaded silver nanoparticles have antimicrobial activities. In
the study by Ibraheem et al., AgNPs synthesized by chemical
reduction technique were loaded with the antibiotic
ciprofoxacin (CIP) to increase the antibacterial activity of
CIP towards Gram-negative and Gram-positive bacteria.
According to the results obtained, the synthesized nano-
composite AgNPs-PEG-CIP indicated higher antibacterial,
antibioflm, and antioxidant efects against the bacteria used
in the assay compared to CIP alone [50]. In the study by
Muenraya et al., Col-AgNPs were found to have higher
activity than AgNPs and colistin against Gram-negative
bacteria (Escherichia coli, Klebsiella pneumoniae, and
Pseudomonas aeruginosa). According to their results, Col-
AgNPs can increase antimicrobial activity and cell bio-
compatibility more than colistin and AgNPs [51]. In their
in vitro studies with silver nanoparticles to investigate an-
timicrobial activity, Rafq et al. reported that diferent
concentrations of silver nanoparticles were efective against
diferent microorganisms, such as bacteria (E. coli, S. aureus,
P. aeruginosa, and K. pneumoniae) and fungi (C. albicans)
[52]. AgNPs synthesized from aqueous leaf extracts of
Galphimia glauca were found to have efective antimicrobial
activity against Pseudomonas aeruginosa and Candida
glabrata [53].

4. Conclusions

In our studies, the synthesized and characterized AgNPs-
PTX indicated higher anticancer activity than paclitaxel in
cancer cell lines (MCF-7, C6, and A549). In particular,
a highly efective selective cytotoxic activity was detected in
lung cancer cells (A549). Te low toxicity in WI-38 healthy
cells also demonstrates the success of the synthesized
compound in minimizing side efects. It was also observed
that AgNPs-PTX induced DNA fragmentation and even-
tually increased apoptosis cells compared to PTX. AgNPs-
PTX synthesized in our study was tested in order to in-
crease the antimicrobial activity of metal nanoparticles,
which are preferred in research due to their microbicidal
nature, by combining them with carriers. Antimicrobial
activity was determined to be quite high, especially in
Gram-negative microorganisms. Our results support the
literature, and AgNPs-PTX has the capacity to provide
a strong beneft in the treatment of non-small-cell lung
cancer. It is a potential agent that can be used as a drug
carrier, especially in lung cancer treatments. In further
studies, the in vivo efcacy of this compound should also be
tested. Te detection of antimicrobial activity on certain
microorganisms indicates that it can also be used as an
antibacterial agent.
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