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Abstract

Introduction: In the present study, gold nanoparticles were prepared and
synthesized in aqueous medium-using Verbascum thapsus leaf extract.
We assessed the anti-human lung cancer potential of these nanoparticles
against well-differentiated bronchogenic.adenocarcinoma, moderately dif-
ferentiated adenocarcinoma of the lung, and poorly differentiated adenocar-
cinoma of the lung cell lines.

Material and methods: AuNPs were characterized and analyzed by com-
mon nanotechnology techniques including Fourier transform infrared (FT-IR)
and ultraviolet-visible (UV-Vis) spectroscopy, field emission-scanning elec-
tron microscopy, and transmission electron microscopy. In the FT-IR test,
the presence of many antioxidant compounds with related bonds caused
excellent conditions for reduction of gold in the gold nanoparticles. In UV-
Vis, the clear peak at the wavelength of 548 nm indicated the formation of
gold nanoparticles. For determining anti-human lung cancer properties of
HAUCL,, V- thapsus, and AuNPs, MTT assay was used on normal (HUVECs),
well-differentiated bronchogenic adenocarcinoma (HLC-1), moderately dif-
ferentiated adenocarcinoma of the lung (LC-2/ad), and poorly differentiated
adenocarcinoma of the lung (PC-14) cell lines.

Results: AuNPs had excellent anti-human lung cancer effects dose-de-
pendently against HLC-1, LC-2/ad, and PC-14 cell lines. The best result of
anti-human lung cancer activities of AuNPs against the above cell lines was
observed in the case of the PC-14 cell line.

Conclusions: The synthesized AuNPs showed significant anti-human lung
cancer properties against well-differentiated bronchogenic adenocarcinoma,
moderately differentiated adenocarcinoma of the lung, and poorly differen-
tiated adenocarcinoma of the lung cell lines in a dose-dependent manner.

Key words: gold nanoparticles, Verbascum thapsus L., lung well-
differentiated bronchogenic adenocarcinoma, lung moderately
differentiated adenocarcinoma, lung poorly differentiated adenocarcinoma.
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Introduction

Cancer is a genetic disease that includes 277
types of diseases. There are also more than
100,000 types of chemicals in our environment, of
which only 35,000 have been analyzed and about
300 of them cause cancer. The remaining 65,000
chemicals in nature have not yet been tested.
Cancer occurs due to uncontrolled cell division,
which is the result of environmental factors and
genetic disorders [1-3]. The four key genes in-
volved in cancer cell conduction are DNA repair
genes, tumor suppressor genes, oncogenes, and
programmed death genes [2, 3].If a genetic mu-
tation is produced in a cell, normal cells go out
of their way and are affected by new commands
that progress to cancer cells. In addition to chem-
icals, sunlight, shortwave radiation, viruses and
bacteria also have a special role in causing cancer
[4, 5]. Cancers have existed since the beginning of
mankind. In recent decades, advances in comput-
er molecular medicine have been able to not only
study the causes and mechanisms of this dead-
ly disease but also to perform better in its early
diagnosis and treatment [5-7]. More than 50% of
cancers are currently being treated, especially if
diagnosed early. Cancer can be treated in several
ways: surgery, chemotherapy, radiation therapy,
immunotherapy, gene therapy, or a combination
of these. Due to the relative inefficiency and very
severe side effects of chemotherapeutic drugs, re-
searchers and scientists have sought a new for-
mulation of various compounds, especially metal-
lic nanoparticles [2-5].

In recent decades, the application of nanotech-
nology has played an important role.in the devel-
opment of science. Nanoscience has shown that
if we reduce the size to nanometers; unique prop-
erties such as optical-properties, electrical con-
ductivity, hardness, and chemical reaction will be
obtained. Nanoparticles are widely used because
of their high surface-to-volume ratio, small size,
and excellent reactivity.One of the most important
advances in-nanotechnology is the production and
application-of nanoparticles in the biological sci-
ences [5=7]. Nanoparticles are generally effective
in a wide variety of sectors; if their production is
based on green chemistry, they have great appli-
cations in the fields of food, medicine, cosmetics
and health. Nanoparticles centered on inorganic
materials such as magnetic metals, their oxides
and alloys, and semiconductors have the most
studies and potential in biomedicine from diagno-
sis to treatment of diseases [7-9]. The effects of
nanoparticles should be predictable, controllable
and get the desired results with minimal toxicity.
Metallic nanoparticles used in treatment and di-
agnosis, in addition to being non-toxic, must be
biocompatible and stable in vivo. Also, by mak-

ing appropriate changes in the surface of metallic
nanoparticles, they will have a wide range of ap-
plications by binding to biomolecules and various
carriers to cross the cell membrane and target the
desired part of the body. One of the important
points in the production of nanoparticles is the use
of cost-effective and efficient precursors [10-12].
There are three methods to synthesize nanoparti-
cles: biological, chemical, and physical. Chemical
and physical methods are time-consuming and
costly. In addition, these methods use some toxic
additive chemicals that cause adverse effects ‘on
medical applications by adsorption on the surface.
Applying the principles of green chemistry has de-
creased the use of toxic compounds or hazardous
solvents, provided optimal regeneration conditions
and ameliorated materials for the chemical pro-
cesses, and raised new sources. for green synthe-
sis [13-16]. Therefore, one’of the primary goals of
green nanotechnology._is. to produce nanomateri-
als without harm toshuman health or the environ-
ment, and to develop and design nanomaterials
and products that are suitable solutions to envi-
ronmental problems. The synthesis of nanoparti-
cles by similar biological methods results in great-
er catalytic activity and limits the use of toxic and
expensive chemicals. In biological methods, plant
extracts, enzymes or proteins carrying natural re-
sources are used to produce or stabilize nanopar-
ticles. The nature of the materials used to make
nanoparticles influences the shape, structure and
morphology of these nanoparticles [16—-18]. Biolog-
ical systems are involved in the green synthesis of
nanoparticles, plants and their derivatives, as well
as microorganisms such as algae, fungi, and bacte-
ria. Plant parts such as roots, leaves, stems, fruits,
and tiny parts such as the kernel and skin of the
fruit are suitable to synthesize the nanoparticles
because their extracts are rich in phytochemicals
that act as stabilizing and reducing substances
[6, 8]. The use of natural plant extracts is a cheap
and environmentally friendly process and does not
require intermediate groups. Short time, no need
for expensive equipment, precursors, high purity
product and excellent quality without impurities
are the features of this method. This is possible
very quickly, at room temperature and pressure as
well as easily on a large scale. Bio-reduction in the
conversion of base metal ions is carried out by var-
ious plant metabolites such as alkaloids, phenolic
compounds, terpenoids and coenzymes [15-19].
Recently, scientists have used the anticancer
effects of medicinal plants in several traditional
medicines for synthesizing gold nanoparticles con-
taining natural compounds. So far, the anticancer
effects of Tinospora cordifolia, Sophora subpros-
trata, Euphoria hirta, Barleria prionitis, Lupinus
perennis, Maytenus boaria, Cephaelis acuminate,
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Phyllanthus niruri, Solanum seaforthianum, Bo-
swellia serrate, Lavandula officinalis, and Cepha-
lotaxus harringtonia drupacea have been proved
[19]. One of these plants is Verbascum thapsus L.
In traditional medicine, V. thapsus is used for the
treatment of tuberculosis, skin diseases, bruises,
piles, frosthites, wounds, cuts, edema, swelling,
inflammatory ailments in the respiratory tract, uri-
nary disease, fever, bleeding of lungs and bowel|,
rectal prolapse, gastrointestinal system ailments,
diabetes, diarrhea, dysentery, infectious diseases,
and especially lung diseases [20]. It has chemical
antioxidant components including pB-carotene, lu-
tein, zeaxanthin, cryptoxanthin, triterpene A, trit-
erpene B, saikogenin A, veratric acid, B-spinasterol,
6-0-B-D-xylopyranosyl aucubin, thapsuine B, hy-
droxythapsuine thapsuine A, 3-O-fucopyranosyl-
saikogenin F, a-tocopherol, y-tocopherol, and 3-to-
copherol [20]. Probably, the remedial properties of
this species are related to the above compounds.

In the present research, we decided to investi-
gate the anti-human lung cancer effects of gold
nanoparticles formulated by V. thapsus against
well-differentiated bronchogenic adenocarcino-
ma, moderately differentiated adenocarcinoma of
the lung, and poorly differentiated adenocarcino-
ma of the lung cell lines.

Material and methods
Material

All materials used in the present study were ob+
tained from Sigma-Aldrich (USA).

Synthesis of AuNPs

First, the leaves of the V. thapsus plant, after
drying in the air, are pulverized.using an electric
grinder (model, Moulinex AR1066Q). 25 g of the
leaves were soaked by maceration with distilled
water and kept for at least 3 days with repeated
stimulation to dissolve the solvent at room tem-
perature. After 3 days, the mixture of extract and
water was filtered using filter paper to separate
the solids from the liquid. Finally, the excess sol-
vent'was evaporated and concentrated using a ro-
tary. evaporator. With the help of a freezer dryer
(Scientific LTE UK, Ltd), it was completely dried
and turned into a powder. Finally, the dry powder
was stored in a sealed glass container and refrig-
erated and used to prepare different concentra-
tions [6, 7].

The green synthesis of the AuNPs was initiat-
ed with a reaction mixture of 100 ml of HAuCI,
x H,0 in the concentration of 1 x 10 M and 200
ml of aqueous extract solution of V. thapsus leaf
(20 pg/ml) in the proportion 1 : 10 in a conical
flask (Figure 1). The reaction mixture was kept
under magnetic stirring for 12 h at room tempera-

leaf aqueous extract
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Figure 1. UV-Vis spectrum of biosynthesized gold
nanoparticles

ture. At the end of the reaction time, the dark red
colored colloidal solution.of Au was formed. The
mixture was centrifuged at 10 000 rpm for 15 min.
The precipitate was washed three times with wa-
ter and subsequently centrifuged [6, 7]. For ana-
lyzing AuNPs, the common techniques of organic
chemistry, i.e. FT-IR"and UV-Vis spectroscopy, FE-
SEM, and TEM. were used. AuNPs were primarily
confirmed using UV-Vis spectroscopy at a scan
range of 450750 nm wavelength (Jasco V670
Spectrophotometer). The biomolecules involved
in the reduction of AuNPs were detected by the
FT-IR spectrophotometer (Shimadzu IR affinity.1).
The morphological features in terms of shape and
sizes were analyzed by FE-SEM (Fe-SEM ZEISS
EVO18) and TEM (TEM FEI-TECNAI G2-20 TWIN)
microscopic techniques.

Assessment of antioxidant potential
of AuNPs by DPPH

Free radicals are unstable atoms that have one
or more unpaired electrons. These active species
are very harmful due to their high reactivity. They
are most often formed when oxygen molecules in
the body split into separate unstable atoms. This
process can turn into a chain reaction. Excessive
production of free radicals in the body causes
cell damage and oxidative stress. Genetics and
the environment affect the extent of free radical
damage in individuals. These active molecules are
produced as part of the body’s natural biological
processes. One of the most important free rad-
icals is DPPH. DPPH is widely used to study the
antioxidant activities of natural compounds and
nanoparticles [21, 22].

In this method, the antioxidant activity of
nanoparticles is measured for DPPH radical scav-
enging. The basis of the action is the reduction of
the alcoholic solution of DPPH in the presence of
hydrogen-giving antioxidants, especially phenolic
compounds. To achieve the IC,, of the samples,
11 different concentrations of nanoparticles were
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prepared and the percentage inhibition versus
concentration was plotted. In practice, 300 pl of
1 M DPPH was combined with 100 pl of diluted
sample to a final volume of 2 ml using methanol.
After 0.5 h in the dark, the absorbance was read
at 517 nm and the inhibitory percentage was ob-
tained using the following formula:
G Sample A
Inhibition (%) = Control A
In this formula, “Control A” shows the negative
control of light absorption that lacks nanopar-
ticles, and “Sample A” expresses the amount of
light absorption of different concentrations of
nanoparticles [21, 22].

100

Measurement of cell toxicity of AuNPs

Investigation of cell proliferation and survival is
one of the most important and basic techniques
in cell laboratories. This study requires accurate
quantification of the number of living cells in the
cell culture medium. Therefore, cell survival cal-
culation methods are necessary to optimize cell
culture conditions, evaluate cell growth factors,
detect antibiotics and anticancer drugs, evalu-
ate the toxic effects of environmental pollutants,
and study apoptosis. Many methods can be used
for such purposes, but indirect methods using
fluorescent or dye (chromogenic) markers pro-
vide very fast large-scale methods. Among these
methods, measurement of cell survival by the
MTT method (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide) is the most wide-
ly used method. This method is a colorimetric
method to study cell proliferation and survival,
introduced in 1983 by Mossman. The.method ba-
sis is based on mitochondrial activity. Mitochon-
drial activity in living cells is stablerand therefore
a rise or reduction in-the.number of living cells
is linearly related to mitochondrial activity [23].
MTT tetrazolium-dyeis revived in active cells. Mi-
tochondrial dehydrogenases in living cells break
the tetrazolium ring and yield NADPH and NADH,
leading to formation of a purple insoluble deposit
called‘formazan: This precipitate can be dissolved
bydimethyl sulfoxide or isopropanol. On the oth-
er hand, dead cells do not have this ability and
therefore do not reveal a signal. Dye formation is
usedas a marker of living cells. The color intensity
produced is measured at a 540 to 630 nm wave-
length and is directly proportional to the number
of living cells. High safety and providing a colori-
metric and non-radioactive system are important
advantages of this method. This kit is very easy to
use, has high sensitivity and accuracy and can de-
tect less than 950 cells. On the other hand, it has
high efficiency for measuring cell proliferation,
survival and mortality, and its implementation
method does not require time-consuming wash-

ing steps and transfer from one plate to another.
Examples studied in this method are adhesive or
suspended cells and proliferating or non-prolifer-
ating cells [23].

In this experiment, the following cell lines have
been used for investing the cytotoxicity and an-
ti-human lung cancer effects of the HAuCl,, V. tha-
psus, and AuNPs using an MTT assay:

1) Normal cell line: HUVEC.

2) Well-differentiated bronchogenic adenocarci-
noma cell line: HLC-1.

3) Moderately differentiated adenocarcinoma “of
the lung cell line: LC-2/ad.

4) Poorly differentiated adenocarcinoma of the
lung cell line: PC-14.

Because nanoparticles are not soluble directly
in 1640-RPMI medium and also the solvent of di-
methyl sulfoxide nanoparticles. (DMSO) itself has
cytotoxic effects, to eliminate the effect of this
substance on treated cells, its amount in the fi-
nal solution is considered less than 1%. Dimethyl
sulfoxide is not toxic to<concentrations less than
1% and the concentration of this solvent is im-
portant in this regard. For this purpose, 1000 pg of
nanoparticles were dissolved in 100 pl of dimethyl
sulfoxide solvent after weighing. Then 1 ml of cul-
ture medium was added for better dissolution and
finally the volume of solution was increased to
24 ml using culture medium. Then, successive di-
lutions of this stock were used in the proportions
of 1-1000 pg/ml. Eleven concentrations were
used for the cell lines [23].

In this study, 100 pl of culture medium contain-
ing 10* cells per plate 96 were placed. After 24 h,
concentrations of 1-1000 pg/ml of nanoparticles
were added to the cells, and incubated for 24, 48,
and 72 h, respectively. After these times, 20 ul of
MTT plate with a concentration of 5 mg/ml was
added to each cell and incubated in the dark for
another 4 h. After some time, the MTT medium
was carefully removed, and 200 pl of acidified
isopropanol was added to each plate to remove
the purple formanes. After 15 min of incubation
at room temperature, the light absorption of each
well was read using an ELISA at 570 nm against
a reference wavelength of 690 nm. The findings
were reported as cell survival and IC_, (concentra-
tion that inhibits cell growth up to 50%) based on
the concentration curve (ug/ml) [23].

It should be noted that the effect of each con-
centration of the nanoparticles on cell lines was
investigated in five independent experiments. Ac-
cording to the values of light absorption obtained
by the ELISA reader, the percentage of growth in-
hibition related to each concentration was calcu-
lated using the following formula:

_Sample A.

Cell viability (%) = Control A x100
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Finally, linear regression was done to deter-
mine IC,, which indicates the nanoparticle con-
centration which causes 50% cancer cell growth
inhibition. Using the curve, the linear equation for
cancer cells was obtained, then by replacing 50%
inhibition in the equation, the IC, value for cancer
cells was obtained [23].

Statistical analysis

SPSS statistical software version 22 was used
for data analysis and the findings were deter-
mined as the mean standard deviation of 5 repli-
cations. Data were analyzed using one-way analy-
sis of variance and the Duncan post hoc test and
the significance level in the test was considered
to be 0.05.

Results and discussion

Recently, the anti-angiogenic and anti-cancer
properties of gold nanoparticles have been deter-
mined and the findings have revealed that gold
nanoparticles can be used as a unique anti-cancer
supplement. But the organic solvents used to pro-
duce these nanoparticles are toxic and can have
devastating environmental effects. Hence there
is a great tendency to use healthy methods for
synthesizing gold nanoparticles. Recently, stud-
ies have begun under the title Green Chemistry,
which seeks an environmentally friendly way for
nanoparticle synthesis [24-26]. In recent years,
gold nanoparticles have been synthesized extra<
cellularly using various plant and microbial ex-
tracts. In addition, many studies'are underway to
investigate the antibacteriali antioxidant and an-
ti-tumor properties of these.natural products [25,
26]. In this regard, a study assessed the antibac-
terial activities of gold nanoparticles synthesized
biologically [26, 27]. Another study evaluated the
anticancer, antibacterial, and antioxidant proper-
ties of gold nanoparticles yielded by a plant ex-
tract [27, 28]. The anti-inflammatory, antioxidant
and antimicrobialeffects of metallic nanoparticles
green-synthesized by medicinal plants are well
known [28=30]. It also affects a range of molecu-
lar targets and signaling pathways, such as NF-JB,
AKT/mTOR, and HIF-1A, and as a result, it plays
a role in inhibiting cancer cell proliferation, metas-
tasis, angiogenesis and also inducing apoptosis
[30]. Previous studies have also shown that me-
tallic nanoparticles containing medicinal plants
cause deformity and perforation of cancer cells,
resulting in their death [29, 30].

UV-visible spectroscopy of gold
nanoparticles synthesized using V. thapsus

UV-Vis is based on the irradiation of ultravio-
let and visible photons on the sample and mea-

leaf aqueous extract

sures the rate of passage or absorption of mat-
ter at different wavelengths in the range of 200
to 1100 nm. It is possible to measure the spec-
trum for samples in solution, solid as well as thin
layers. The size of solid samples should be larger
than 20 mm. This test is not possible for powder
samples. One of the important applications of the
UV device is to determine the concentration of an
unknown solution. By having the original sample
and its solvent and making several solutions with
different percentages and drawing a calibration
diagram based on the calculation of the maximum
land, the concentration of the unknown solutions
can be calculated [14, 15].

UV-Vis spectroscopic analysis showed the pres-
ence of an absorption peak at’548 nm which con-
firmed the formation of the gold nanoparticles
(Figure 2). In agreementawith our study, Shahri-
ari et al. reported Allium noeanum Reut. ex Regel
aqueous extract synthesized gold nanoparticles
with a peak at 542 nm in the UV-visible spectrum
[15]. Zhaleh et al- reported the absorbance at 528
nm for gold-nanoparticles synthesized by Gundelia
tournefortii L. [14]. Zangneh et al. studied Falcaria
vulgaris aqueous extracts mediated synthesis of
gold nanoparticles. Absorption in the spectrum
was noted at the wavelength of 535 nm [6]. Hem-
matietal. reported Thymus vulgaris leaf aqueous
extract mediated gold nanoparticles and an ab-
sorption peak was observed at 532 nm [7]. These
reports support the results of the current work.

Transmission electron microscopy analysis
of gold nanoparticles synthesized using
V. thapsus

Transmission electron microscopy (TEM) is used
for determining the structure and morphology of

Figure 2. TEM image of gold nanoparticles
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materials. TEM enables microstructural studies
with high resolution and high magnification such
as studies of crystal structures, symmetry, orien-
tation and crystal defects. TEM and SEM micro-
scopes differ in how the beam passes and the in-
formation is obtained from the sample. Scanning
microscopes take pictures of the sample surface,
while passing microscopes take pictures of the
inside of the sample. The resolution and magni-
fication of electron microscopes are higher than
those of scanning electron microscopes. The elec-
tron beams in the scanning electron microscope
scan the surface of the sample point-by-point, but
the TEM microscope beams hit and pass through
the entire sample. In addition, sample preparation
for the SEM microscope is easier than for the TEM
microscope [14, 15].

TEM is the other test for determining the mor-
phology and size of metallic nanoparticles. In our
study,therangesizeofthe nanoparticles (19-24nm)
was calculated through TEM images (Figure 3).
Furthermore, the histogram plot from the TEM im-
age showed the particle size distribution of biosyn-
thesized gold nanoparticles in the range of 16 to
22 nm. In previous studies, the size of gold nanopar-
ticles formulated by aqueous extract of medicinal
plants had been calculated in the range of 10—
45 nm with a spherical shape [6, 7, 14, 15]. These
reports support the results of the current work.

FT-IR analysis of gold nanoparticles
synthesized using V. thapsus

Fourier transform infrared (FT-IR) has been
a suitable technique for analyzing materials<in
the laboratory. An infrared spectrum: represents
the fingerprint of the sample‘under test with ab-
sorption peaks, which depends.on.our vibration-
al frequencies between-the atomic bonds of that
material. Since each substance has its own atomic
bonds, no two compounds with the same infrared
spectrum are alike. Hence; infrared spectroscopy
can be effective in better identification (qualita-
tive analysis).of different types of materials. Also,

T(%)

400 800
Wavelength [cm™]

Figure 3. FT-IR spectra of biosynthesized gold
nanoparticles

1200 1600 2000 2400 2800 3200 3600 4000

the peak sizes are in the range indicating the
amount of material present. Advanced software
algorithms make this spectroscopy a great tool for
quantitative analysis [14, 15].

In the FT-IR test, the antioxidant and second-
ary compounds are determined based on several
peaks in special wavelengths. The IR spectra inves-
tigated for the gold nanoparticles revealed absorp-
tion peaks at (1) 3287 cm™ (OH group of alcohols
and phenols); (1) 1623 cm™ (C-O group of carbox-
ylic acid group); (Ill) 1383 cm™ (C=0 stretching of
carboxylic acid group); (IV) 1038 cm™ (C-OH vibra-
tions of the protein/polysaccharide) [6, 7, 14,.15].
In the present study, the analysis of the IR spectra
of the gold nanoparticles revealed peaks at 3473,
1640, 1337, 1086, and 541 cm™ related to-OH,
C-O, C=0, C-OH, and Au-O respectively (Figure 4).

FE-SEM analysis of gold nanoparticles
synthesized using V. thapsus

The SEM device‘is one of the most powerful
tools used in various fields, including nanotechnol-
ogy, which useselectron bombardment to produce
images of objects as small as 10 nm. The bombard-
ment of the sample causes positively charged elec-
trons‘to be released from the sample to the plate,
where these electrons become signals [14, 15].

FE-SEM analysis is one of the common chem-
istry tests for determining the morphology and
size of several materials such as metallic nanopar-
ticles. In the present study, the FE-SEM image of
gold nanoparticles synthesized using V. thapsus
leaf aqueous extract is shown in Figure 5. The gold
nanoparticles appeared as an agglomerated struc-
ture. The hydroxyl groups present in V. thapsus
could be responsible for agglomeration [31]. Also,
FE-SEM images indicated the range size of 16-22
nm and the spherical shape for gold nanoparti-
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Figure 5. Antioxidant properties of HAuCl,, V. thap-
sus, AuNPs, and BHT against DPPH

O BHT

cles. Many similar observations have been noted
by Zhaleh et al. [14], Zangneh et al. [6], Hemmati
et al. [7],and Shahriari et al. [15].

Antioxidant properties of gold
nanoparticles synthesized using V. thapsus

Oxidation is the transfer of electrons from an
atom and is the aerobic life and metabolism part
of living organisms. Oxygen is the receptor for
electrons in the electron transport system, which
yields energy from adenosine triphosphate (ATP)
in the body. Under certain conditions, oxygen may
become a single electron and release free rad-
icals. When oxygen becomes a singletelectron, it
is called a reactive oxygen species'(ROS). Oxida-
tive loss to proteins, DNA, and other macromole-
cules is one of the internal causes of degenerative
diseases such as aging, cardiovascular disease,
cancer, immune system‘deficiency, cataracts, and
abnormal brain function. Single oxygen, high-en-
ergy, mutagenic oxygen, can be produced by lipid
peroxidation by the transmission of energy from
light or the réspiratory tract of neutrophils [14, 15].
Some free radicals have positive roles such as
regulating cell growth, phagocytosis, energy pro-
duction, intracellular signals, or the synthesis of
important biological compounds. Antioxidants
produced in the body fight free radicals with two
systems: enzymatic defense and non-enzymat-
ic defense. Superoxide dismutase, catalase, and
glutathione peroxidase metabolize lipid peroxide,
hydrogen peroxide, and superoxide and prevent
the production of toxic hydroxyl radicals [32, 33].
In non-enzymatic defense, there are two classes of
antioxidants, fat-soluble (such as carotenoids and
vitamin E) and water-soluble (glutathione and vita-

leaf aqueous extract

110
100 -

Cell viability (%)
=N WD U1 OO
oo o 5 o & o o o

L
0 1 2 3 7 15 31 62 125 250 500 1000

Concentration [ug/ml]
B HAuCl, BV thapsus O AuNPs
Figure 6. Cytotoxic properties of HAuCl,, V.thapsus,
and AuNPs against HUVEC cell line

o
4

min C), that trap free radicals. These/'two systems
help neutralize oxidants. However, oxidants can
escape from antioxidants‘and damage tissues. In
this case, the activated antioxidant repair system
(which comprises the enzymes lipase, protease,
transferase and DNA repair enzymes) counteracts
the oxidant effects. However, due to deficiencies in
the production of antioxidants in the body or due
to'physiopathological factors and situations (such
as'smoking, air pollution, UV radiation, diets con-
taining high unsaturated fatty acids, inflammation,
ischemia, bleeding, etc.) in which ROS are yielded
in-large quantities at the wrong place and time,
oral antioxidants are needed to counteract the cu-
mulative effects of oxidative damage [33-36].

In the present experiment, the antioxidant ef-
fects of the gold nanoparticles synthesized using
V. thapsus leaf aqueous extract were evaluated by
DPPH assay, revealing concentration-dependent
effects, i.e., an increase in the concentration of
the gold nanoparticles leads to an increase in an-
tioxidant activities. In the concentrations studied,
the best result was seen in the high concentration
or 1000 pg/ml (Figure 6). Comparative analysis of
the individual antioxidant assays showed signifi-
cant variations in the exertion of radical scaveng-
ing effects. Among all materials tested (HAuCl,,
V. thapsus, and AuNPs), the gold nanoparticles in-
dicated superior inhibitory effects against DPPH.
In contrast, standard (butylated hydroxytoluene)
demonstrated lower antioxidant effects compared
to the gold nanoparticles.

The IC,, values of V. thapsus, butylated hy-
droxytoluene, and AuNPs were 407, 256, and 209
ug/ml, respectively (Table I).

The reason behind the antioxidant activity of
green or biosynthesized nanoparticles could be

Table I. IC, of HAuCl,, V. thapsus, AuNPs, and BHT in the antioxidant test

HAuCl, [ug/ml]

V. thapsus [pg/ml]

AuNPs [ug/ml] BHT [pg/ml]

IC,, against DPPH -

407

209 256
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due to the presence of metabolite compounds
such as phenolic compounds, flavonoids, carbohy-
drates, and other sugar substances [31-36]. Also,
many researchers have reported that phenolic and
flavonoids attached to the nanoparticles exhibited
antioxidant activity. Previously it has been indicat-
ed that V. thapsus is rich in antioxidant compounds
such as B-carotene, lutein, zeaxanthin, cryptoxan-
thin, triterpene A, triterpene B, saikogenin A, ve-
ratric acid, B-spinasterol, 6-O-B-D-xylopyranosyl
aucubin, thapsuine B, hydroxythapsuine thapsuine
A, 3-O-fucopyranosylsaikogenin F a-tocopherol,
y-tocopherol, and &-tocopherol [20]. Several stud-
ies have been carried out in the nanotechnology
field using various medicinal plants, but still no re-
port is available on gold nanoparticles synthesized
using V. thapsus leaf aqueous extract.

Cytotoxicity and anti-human lung cancer
potential of gold nanoparticles synthesized
using V. thapsus

Nanotechnology is a new branch of science with
a wide range of applications and nanoparticles with
different compositions and sizes, shapes and surface
chemical properties can have different biological and
biomedical applications. Reducing the size of materi-
als at the nanoscale can often cause electrical, mag-
netic, structural, morphological, and chemical chang-
es. Nanoparticles typically have a higher percentage
of atoms on their surface, which increases surface
reactions [18]. Proper design of nanomaterials can
be used to target specific cancer cells. Nanoparti-
cles have antibacterial and magnetic_properties by
penetrating microorganisms due to their high sur-
face-to-volume ratio and small size. Also; due to their
photocatalytic, catalytic and<ionic properties, they
are widely used in the fight against human patho-
genic microbes, bacteria, fungi and viruses [37-39].
Researchers have shown that gold nanoparticles kill
Schwann cells by releasing Au*. A study has shown
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Figure 7. Anti-human lung cancer potential of HAuCl,,
V. thapsus, and AuNPs against well-differentiated
bronchogenic adenocarcinoma (HLC-1) cell line

that concomitant use of gold and doxorubicin reduc-
es the reproductive toxicity of doxorubicin [14, 15].
By producing active bases such as oxygen ions and
hydroxides, gold nanoparticles disrupt the metabo-
lism, proliferation and respiration of microorganisms
by destroying organic structures and strongly inter-
acting with enzymes and proteins in the electron
transfer system, and they can kill more than 650
types of Gram-negative and Gram-positive bacteria
resistant to common antibiotics in vitro up to 99.9%
[37-39]. Metallic nanoparticles in cell cultures and
human tissues yield toxins that raise levels of ‘in-
flammatory products such as cytokines and-oxida-
tive stress, ultimately leading to cell death. Larger
nanoparticles are seen by the nuclei and mitochon-
dria, causing mutations in DNA, destruction of the
mitochondrial structure, and even cell death [40-42].
Solubility and density, surface baroelectricity, surface
structure, shape, chemical composition, and size and
dimensions are the key-factors in determining the
toxicity of nanoparticles. The exacteffect of gold and
gold nanoparticles on cancer cells is not fully under-
stood, but increasing ROS production is one of the
possible mechanisms [41, 42]. When nanoparticles
are in contact with cancer cells, the cellular defense
mechanism is activated to minimize damage. But,
if the ROS production stimulation inside the cell by
nanoparticles exceeds the cell antioxidant defense
capacity, the cells are destroyed during the process of
apoptotic cell death [37, 42]. The electrostatic inter-
action of nanoparticles causes them to be absorbed
into target cells. Positively charged nanoparticles are
attracted to cancer cells with a high percentage of
anionic phospholipids and certain groups of charged
proteins and carbohydrates on their outer surface
[40-42].

In the present experiment, the treated cells
with several concentrations of the present HAuCl,,
V. thapsus, and AuNPs were examined by MTT test
for 48 h regarding the cytotoxic properties on nor-
mal (HUVEC) and human lung cancer cell lines, i.e.,
well-differentiated bronchogenic adenocarcinoma
(HLC-1), moderately differentiated adenocarcino-
ma of the lung (LC-2/ad), and poorly differentiated
adenocarcinoma of the lung (PC-14) (Figures 7-9;
Table I1).

The absorbance rate was determined at 570 nm,
which indicated extraordinary viability on a nor-
mal cell line (HUVEC) even up to 1000 pg/ml for
HAuCl,, V. thapsus, and AuNPs.

In the case of human lung cancer cell lines,
their viability decreased dose-dependently in the
presence of HAuCl,, V. thapsus, and AuNPs. The
IC,, values of V. thapsus and AuNPs against the
HLC-1 cell line were 500 and 308 pg/ml, respec-
tively; against the LC-2/ad cell line were 462 and
287 ug/ml, respectively; and against the PC-14
cell line were 396 and 209 pg/ml, respectively.
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Figure 8. Anti-human lung cancer potential of
HAuCl,, V. thapsus, and AuNPs against moderately
differentiated adenocarcinoma of the lung (LC-2/
ad) cell line
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Figure 9. Anti-human lung cancer potential of HAuCI,,
V. thapsus, and AuNPs against poorly differentiated
adenocarcinoma of the lung (PC-14) cell line

Table Il. IC,; of HAUCL,, V. thapsus, and AuNPs in the cytotoxicity test

Variable HAuCl, [pug/ml]

V. thapsus [pg/ml] AuNPs [pg/ml]

IC,, against ‘HUVEC’ -

IC,, against ‘HLC-1 - 500 308
IC,, against ‘LC-2/ad’ - 462 287
IC,, against ‘PC-14’ - 396 209

The best result of the anti-human lung cancer
property of gold nanoparticles against theabove
cell lines was seen in the case of the poorly dif-
ferentiated adenocarcinoma of the lung (PC-14)
cell line.

Likely the significant anti-human lung cancer
potential of gold nanoparticles synthesized by
V. thapsus leaf aqueous extract’ against human
lung cancer cell lines isdinked to their antioxidant
activities. Similar studies have revealed that anti-
oxidant materials'such.as metallic nanoparticles,
especially gold nanoparticles and ethno-medicinal
plants, reduce the volume of tumors by removing
free radicals [39]. In"detail, the high presence of
free radicals.in the'normal cells causes many mu-
tation in their DNA and RNA, destroys their gene
expression and then accelerates the proliferation
and growth of abnormal cells or cancerous cells
[40;,41]. The high presence of free radicals in all
cancers such as breast, gallbladder, stomach, rec-
tal, liver, gastrointestinal stromal, esophageal, bile
duct, small intestine, pancreatic, colon, parathy-
roid, thyroid, bladder, prostate, testicular, fallopi-
an tube, vaginal, ovarian, hypopharyngeal, throat,
lung, and skin cancers indicates the significant
role of these molecules in causing angiogenesis
and tumorigenesis [41, 42]. Many researchers
have reported that gold nanoparticles synthesized
by ethno-medicinal plants have a remarkable role
in the removing free radicals and growth inhibi-
tion of all cancerous cells [38—42].

In conclusion, in the present study, Verbascum
thapsus L. leaf collected was applied for biosyn-
thesizing gold nanoparticles as a safe and suit-
able material. After synthesizing gold nanoparti-
cles, they were characterized by TEM, FE-SEM, UV
Vis., and FT-IR. The above analyses revealed that
gold nanoparticles were synthesized as the best
possible form. In the FT-IR test, the presence of
many antioxidant compounds with related bonds
caused excellent conditions for reduction of gold
in the gold nanoparticles, so that the antioxidant
properties of gold nanoparticles were better than
those of BHT as a positive control. Gold nanopar-
ticles showed significant anti-human lung activi-
ties against well-differentiated bronchogenic ad-
enocarcinoma (HLC-1), moderately differentiated
adenocarcinoma of the lung (LC-2/ad), and poorly
differentiated adenocarcinoma of the lung (PC-
14) cell lines. It appears that these nanoparticles
may be administered as a chemotherapeutic drug
for the treatment of several types of lung cancer,
especially well-differentiated bronchogenic ade-
nocarcinoma, moderately differentiated adeno-
carcinoma of the lung, and poorly differentiated
adenocarcinoma of the lung.
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