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Abstract: In this study, Origanum onites was used to
synthesize the silver nanoparticles (AgNPs@Org). The
structure of nanoparticles was identified by spectroscopic
techniques. The maximum absorption was determined as
433nm by UV-Vis spectroscopy. In Fourier-transform
infrared spectroscopy spectrum, the characteristic signal
was observed at 3,262 cm ™ belonging to the OH group.
The crystal structure of nanoparticles was revealed by
X-ray diffraction analysis. The diffraction peaks (20) can
be indexed to 111, 200, 220, 311, and 222 components
representing the face-centered cubic unit structure. The
spherical particle size was calculated as 18.1 nm by trans-
mission electron microscopy. Cytotoxic effects of extract
and AgNPs@Org were executed by MTT assay using
Capan-1, L929, and Caco-2 cell lines. AgNPs@0Org exhib-
ited the excellent cytotoxic effect on Capan-1 cell lines
with the viability of 37.6% (0.5 pg-mL™"). However, the
effect of O. onites extract on the viability of Capan-1 cell
lines was found to be 24.6% and 55.4% at 1.0 and
0.5pg-mL™", respectively. AgNPs@Org effect on Caco-2
cell lines was found as 31.7% (1.0 pg'mL’l). In the 1929
cell lines, the noticeable lethal influence was not detected
for extract and nanoparticles. In other words, the extract
and AgNPs@Org did not act a cytotoxic effect on 1929
cell lines.
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1 Introduction

Nanotechnology is a speedily emerging division of
science to produce valuable materials at the nanoscale,
which is an effective area of use in science and tech-
nology [1]. Nanomaterials have been used effectively in
mechanics, optics, pharmaceuticals, chemistry, and med-
icine in recent years. Natural products have attracted great
interest in drugs’ development because they do not have
significant side effects [2-6].

Natural product-mediated nanoparticle synthesis has
made an important contribution to the discovery and
development of cancer drugs in recent years. Cancer is
a deadly disease, and it is a significant public health
problem worldwide [7]. In accordance with the World
Health Organization (WHO), cancer is one of the chief
reasons of death, reported for 7.6 million deaths (13%)
of the world population annually. WHO estimates that
the amount of cancer patients will rise to 24 million by
2032. Taking into account the increasing incidence of
cancer, it is urgent to control tumor cell growth. Chemo-
therapy drugs are used effectively in cancer treatment.
However, these drugs have high toxicity and side effects
[8,9]. Natural products appeared as a robust alternative
to synthetic drugs. Moreover, these natural molecules
have also been a source of inspiration for the synthesis
of many synthetic molecules for cancer treatment [10-12].

Nanoparticles synthesized using natural products
will make an important contribution to the development
of cancer drugs [13]. The silver nanoparticles synthesized
using Salacia chinensis displayed significant activity against
various cancerous cell lines such as cervical, prostate,
lungs, and pancreas [14].

In addition, Melia dubia leaf extract was used for silver
nanoparticle synthesis, and it showed high cytotoxicity
against human breast cancer (KB) cell lines [13]. In addi-
tion, Ag-Pt nanoparticles revealed the dose-dependent
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anticancer activity against glioblastoma and melanoma
cell lines [15]. When AgNPs enter the cancer cell, the redox
state is destabilized, and internal homeostasis is lost.
Free radicals damage the nuclear membrane and mito-
chondria. In the DNA replication of the cell cycle, damaged
DNA cannot be effectively fixed. Silver ions can block the
enzymes to stop the replication [16]. Moreover, silver nano-
particles were reported to reveal considerable antioxidant
activity [17-22].

Origanum genus, which belongs to the Lamiaceae
family, includes aromatic and medicinal plants widely
used in the food and pharmaceutical industry [23]. Ori-
ganum species have been employed commonly in folk med-
icine to treat various illnesses. Phytochemical studies on
Origanum species revealed the isolation of bioactive com-
pounds such as terpenoids, flavonoids, and steroids [24—26].

Due to the bioactive compound content of Origanum
onites [26], it is hypothesized that silver nanoparticles
capped and stabilized by related compounds may exhibit
biological activities, especially anticancer activity. In this
scope, cytotoxic effect of silver nanoparticles was pre-
sented using human pancreatic adenocarcinoma cell
lines (Capan-1), human colon adenocarcinoma cell line
(Caco-2), and mouse normal fibroblast cell lines (1.929).
This is the first report to present the anticancer activity
against corresponding cancerous cell lines of AgNPs@Org
synthesized using O. onites.

2 Materials and methods

2.1 Silver nanoparticles synthesis

Silver nanoparticles were synthesized using O. onites
leaves which was cultivated in Aromatic and Medicinal
Plant Field of Tokat Gaziosmanpasa University. The taxo-
nomic identification was executed by Dr. O. Eminagaoglu,
Artvin Coruh University, where a voucher specimen was
deposited (ARTH 5255). The collection of plant was
approved by the Biodiversity Authorization and Infor-
mation System and the study complies with local and
national guidelines [27].

2.2 Characterization of silver nanoparticles

The spectroscopic study was employed to identify the
silver nanoparticles. The maximum absorption at 433 nm
was observed by UV-Vis spectroscopy (UV-2600 Shimadzu
spectrophotometer). Fourier-transform infrared (FT/IR-4700
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Jasco) spectrometer was utilized to present the functional
groups of bioactive compounds responsible for reducing
agents. The morphology, size, and shape of the nanostruc-
ture were determined by transmission electron microscopy
(TEM) analysis (Hitachi HighTech HT7700). X-ray diffrac-
tion (XRD) (Empyrean, Malvern Panalytical diffractometer)
was used to reveal the crystalline structure.

2.3 Cell culture

This research was carried out according to the principles
of the Declaration of Helsinki at Hitit University, Scientific
Research Center, with the permission of University
Council. Human colon adenocarcinoma cell line (Caco-2),
human pancreatic adenocarcinoma cell lines (Capan-1),
and mouse normal fibroblast cell lines (L929) were sup-
plied from Kirikkale University, Turkiye. Five microliters
was taken from the cells in 1.0mL solution and they
were mixed with the trypan blue then and were added to
Thoma lam. There were 25 squares in Thoma lam. Five
squares were counted randomly. Totally, 25 squares were
counted, and then, average values were calculated.
Afterward, cell numbers were calculated in 1.0 mL to
determine the concentration.

Viable cell count
Number live cells counted

~ Number of large corner squares counted
x Dilution factor x 10,000

ey

Anticancer activity of extract and nanoparticles were
investigated on these cell lines. The cells were taken
from a deep freezer and dissolved (37°C) and moved to
tubes (15mL) in a Laminar cabinet and centrifuged for
5min. DMEM was added to the cells that were transferred
to flasks. The solution was incubated at 37°C for 48 h in
a CO, atmosphere (5%). Afterward, media was thrown,
and cells were treated with trypsin-EDTA and centrifu-
gated at 10,000 rpm for 7 min [28].

2.4 MTT assay

The cytotoxic effect of extract and AgNPs@Org were car-
ried out using a 96-well plate. Initially, the cells (100 pL,
10 x 10 per well) were located in a media and incubated
for 24 h. After removal of the media, AgNPs@Org and
extract with several concentrations (1.0-0.125 pg-mL™")
were added to the well and then incubated for 24 h.
MTT solution (1.0 pg-mL™", 50 uL) was added after the
removal of media and the solution was incubated for
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3h at 37°C. Subsequently, MTT solution was changed to
the new one. Isopropyl alcohol was used to dissolve the
formazan crystals. ELISA was used for the viability of
cells at 570 nm. The cell viability of each group was cal-
culated as given in the following equation. The control
cell viability was assumed as 100% [29]:

Cell viability % = [Ac/A,] x 100 2

where A, is the sample and 4, is the control.

2.5 Apoptotic and necrotic analysis

Hoechst dye and propidium iodide (PI) were employed for
the measurement of apoptotic and necrotic cells. Cells were
cultivated in a 48-well plate with penicillin-streptomycin
(1%), and fetal bovine serum (10%) for 24 h at 37°C, with
5% CO, atmosphere in DMEM. Different concentrations
of (1.0-0.125pug-mL™") extract and nanoparticles were
treated with the cells for 24 h, for 20 min at room tem-
perature. Hoechst dye with blue fluorescence was used
to stain the normal cell nuclei. Yet, apoptotic cells are
stained with stronger fluorescence. Since necrotic cells
do not have plasma membrane integrity, PI dye can
penetrate their cell membrane. Therefore, the necrotic
cell nuclei were stained red by PI. Fluorescence inverted
microscopy with DAPI and FITC filters was employed for
the assignment of apoptotic and necrotic cells, respec-
tively. One hundred cells are counted from three dif-
ferent area and apoptosis, necrosis, and viable cells
are counted and calculated as %. Viable cells are not
stained but determine as shade and morphology of
viable cells become smooth [30].

2.6 Statistical analysis

GraphPad Prism (8.0.1) with one-way analysis of variance
was used for statistical analysis. Tukey’s multiple com-
parison test was used to compare each column with the
others. The results were stated as mean values + standard
deviations (P < 0.05).

3 Results and discussion

3.1 Synthesis and UV-Vis spectral analysis
of silver nanoparticles

Silver nanoparticles were synthesized using O. onites leaf
extract. Nanoparticle synthesis was proven by the color
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change from yellow to dark brown. The absorption in
the range of 350-550 nm in UV-Vis spectroscopy is an
important indicator of nanoparticle synthesis [31]. So,
maximum absorption in UV-Vis spectrum was observed
at 433nm that proved the formation of nanoparticles
(Figure 1). After three stages including reduction, clus-
tering, and growth, nanoparticles formed.

3.2 Fourier-transform infrared
spectroscopy (FTIR)

FTIR spectroscopic study showed the bioactive com-
pounds responsible for the reduction of Ag'* ions and
stabilization of nanoparticles. The peak at 3,261cm ™’
belongs to the OH group and 2,931cm™ may be due
to the CH stretching. The signal at 1,594 cm™ can be
designated to the NH bending. The peak at 1,521 cm™
can belong to NO stretching. The signal observed at
1,259 cm™ can be assigned to CO stretching. The signals
at 1,017 and 813 cm ! arise from alkene bending and the
signal at 521cm™! may be due to the halo compound
(Figure 2).
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Figure 1: UV-Vis spectrum of extract (1) and AgNPs@Org (2). (Inset)
The solution of extract (1) and AgNPs (2).
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Figure 2: FTIR spectrum of extract.
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3.3 XRD

XRD measurement revealed the crystal structure of green-
synthesized nanoparticles (Figure 3). Diffraction peaks
at the angel of 38.2, 44.4, 64.7, 77.5, and 81.6° can be
indexed to 111, 200, 220, 311, and 222 components repre-
senting the face-centered cubic unit structure that agreed
with the standard silver card value (JCPDS no. 87-0720)
(32].

3.4 TEM

The size of nanoparticles is a significant issue since nano-
particles reveal different chemical and physical proper-
ties depending on their size and shape. Transmission
electron microscopy is one of the best techniques for dis-
playing the size and shape of nanoparticles as well as
their distribution. The most TEM studies were executed
on green synthesis of silver nanoparticles using plant
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Figure 3: XRD pattern of AgNPs@Org.

DE GRUYTER

extracts [33]. In this study, TEM analysis presented the
nanoparticles to be spherical shape. The average particle
size of AgNPs@Org was calculated as 18.1 nm (Figure 4).

3.5 Cytotoxic activity

Cancer is a deadly disease and extensive scientific studies
have been carried out in the discovery and development
of anticancer drugs. In this study, the cytotoxic effect of
extract and silver nanoparticles were investigated using
human pancreatic adenocarcinoma cell lines (Capan-1),
mouse normal fibroblast cell lines (L929), and human
colon adenocarcinoma cell line (Caco-2) by MTT assay.
The first column and second column represent the extract
and silver nanoparticles in the figures, respectively. The
effect of extract and AgNPs@Org on cell viability in
Capan-1 cell lines was determined as 24.6% and 45.4%,
respectively (1.0 pg-mL‘l) (Figure 5).

This result indicates that the extract is more effective
than that of the nanoparticles at a given concentration.
However, at 0.5 pg~mL‘1, the effectiveness of nanoparti-
cles is higher than that of the extract. The viability
of cells for extract and nanoparticles was detected as
55.4% and 37.6%, respectively, at 0.5 ug-mL™". The effi-
ciency of extract and nanoparticles in these cell lines
increases due to the increase in concentration. Regarding
Caco-2 cell lines (Figure 6), the viability effect of extract
and nanoparticles on cell lines was determined as 31.2%
and 34.4% at 0.5pg-mL~", respectively. The viability of
extract and nanoparticles at 0.250 pg-mL™" on Caco-2 cells
was found as 41.6% and 35.4%, respectively. So, nanopar-
ticles were more effective than that of the extract.
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Figure 4: TEM image of AgNPs@Org and particle size distribution.
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Figure 5: Cytotoxic effect of extract and AgNPs@Org on Capan-1 cell
lines. The first and second columns indicate the extract and nano-
particles, respectively. Different letters indicated significantly dif-

ferent (p < 0.05) compared in each assay.
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Figure 6: Cytotoxic effect of extract and AgNPs@Org on Caco-2 cell
lines. The first and second columns indicate the extract and nano-
particles, respectively. Different letters indicated significantly dif-

ferent (p < 0.05) compared in each assay.

In 1929 cell lines (Figure 7), extract and nanoparti-
cles have no lethal effect on L929 cell lines, which are the
mouse normal fibroblast cell lines. That means nanopar-
ticles have no harmful effect on normal cells.

Cell death is required for many biological processes
such as development. Furthermore, it contributes to
diseases such as cancer. Cell death can be classified
into two types: apoptosis and necrosis. Apoptosis is
thought to be a physiological form of cell death in
which a cell provokes its own death in response to a
stimulus. However, necrosis occurs when cells are irre-
versibly damaged by an external trauma.
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Figure 7: Cytotoxic effect of extract and AgNPs@Org on L929 cell
lines. The first and second columns indicate the extract and nano-
particles, respectively. Different letters indicated significantly dif-
ferent (p < 0.05) compared in each assay.

The double staining technique was employed to
determine the pathway of cell death. Apoptotic index
was found higher than that of the necrotic index in
Capan-1, Caco-2, and L929 cell lines indicating the cell
death in apoptotic pathway (Table 1).

In double staining solution, the Hoechst fluorescent
dye bound to DNA and cell nuclei became blue color.
Apoptotic cell nuclei were distorted. The necrotic cell
nuclei were dyed with PI observed as a red under the
fluorescent light. In the control group, any morphological
changes were not observed in the cell nuclei (Figure 8).
However, apoptotic cells were stained with a strong blue
fluorescence. AgNPs had an apoptotic effect in a concen-
tration-dependent manner. This result indicates that the
nanoparticles are more effective than the extract at this
concentration.

The extract and nanoparticles do not have a consider-
able cytotoxic effect on mouse fibroblast cell lines (1.929),
which is desirable. The drugs developed for cancer should
be effective against cancer cells and should not harm
normal cells. So, nanoparticles synthesized from O. onites
had a considerable effect against cancer cells and not

Table 1: Apoptotic index (A) and necrotic index (N) of AgNPs and
extract on cell lines at 1.0 pg-mL™?

Sample Index Capan-1 Caco-2 L929
AgNPs A 405+ 2.1 253+ 2.4 -
N 8.9 +1.4 7.4 +1.2 —
Extract A 32.4+1.9 28.6 +1.8 5.4 +1.2
N 9.1+21 12.3+2.3 0.7 +0.1
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Figure 8: Fluorescence inverted microscopy image of Caco-2, extract, and DAPI (a), Caco-2, AgNPs@Org, and DAPI (b), Caco-2 and control
(c), L929, extract, and FITC (d), L929, AgNPs@0Org, and FITC (e), L929 and control (f), Capan-1, extract, and DAPI (g), Capan-1, AgNPs@Org,
and DAPI (h), and Capan-1 and control (i). DAPI images and FITC images showed apoptotic cells and the necrotic cells, respectively.

normal cells. Therefore, AgNPs@Org have the potential to
be an anticancer agent. The anticancer activity of nano-
particles was investigated in various studies. Silver nano-
particles were synthesized using Rheum rhabarbarum that
exhibited anticancer activity against the HeLa cell line
[34]. Silver nanoparticles encapsulated by Taxus bac-
cata extracts revealed the anticancer effect against human
ovarian cancer (Caov-4) and human cervical cancer (HeLa)
[35]. Silver and gold nanoparticles were synthesized from
Tussilago farfara flower and silver nanoparticles revealed
the better antibacterial activity than the extract on both
Gram-positive and Gram-negative bacteria. Moreover,
gold nanoparticles have more cytotoxicity than that of
the silver nanoparticles on human pancreas ductal ade-
nocarcinoma cells [36]. The aqueous extract of S. chinensis
was used to synthesize silver nanoparticles that are non-
toxic to normal human fibroblasts and blood erythrocytes,
confirming the biocompatibility of green-synthesized
silver nanoparticles. Moreover, these nanoparticles demon-
strated activity against liver, lungs, pancreas, breast, oral,
prostate, and cervical cancer cell lines [14]. In a research,
silver nanoparticles were synthesized using aqueous extract
of Origanum vulgare and these nanoparticles revealed antic-
ancer activity against human lung cancer A549 [37].

4 Conclusions

Eco-friendly, low-cost, scalable silver nanoparticles
were synthesized using O. onites. The characterization
of green-synthesized nanoparticles was established
extensive spectroscopic study. The spherical shape with
the average size of 18.1nm nanoparticles was obtained.
This material revealed the cytotoxic effects against various
cancer cell lines. Hence, these nanoparticles could be an
effective agent for drug development process. Moreover,
nanoparticles could be a promising anticancer agent to
overcome insufficient available cancer chemotherapeutics.
In this context, the effective and specific activity of the
therapeutic agent on cancer cells is very important to
reduce the side effects of cancer treatment. The usage of
environmentally friendly and natural product methods
instead of chemical approaches in the progress of thera-
peutic agents may also help achievement to this goal. In
this study, AgNPs@Org revealed the significant cytotoxic
effect on Capan-1 and Caco-2 cell cancerous cell lines, but
nanoparticles did not damage to the normal cells and
mouse normal fibroblast cell lines, L929. Further in vivo
study should be carried out to present the potent for antic-
ancer agents.
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