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ABSTRACT

Biosynthesis of nhanoparticles from plant extracts is of great interest because it is inexpensive, environmentally
friendly, and suitable for large-scale production compared to other synthesis methods. In this study, it was
aimed to perform the synthesis and characterization of Ag nanopatrticles (Ag NPs) by using Catharantus
roseus (C. roseus) extract as a reducing and stabilizing agent and to evaluate their toxic effects against a
healthy human cell line. The synthesis of Ag NPs were successfully carried out using the extract of C. roseus.
By using FTIR, XRD, UV-Vis, and TEM analysis, the synthesized Ag NPs were characterized. According to
XRD and TEM analysis results, it was observed that the average diameter of the synthesized Ag NPs was 16
+ 6 nm and its shape was a face-centered cubic (fcc). In addition, the toxic effects of biologically synthesized
Ag NPs against a human healthy cell line (L929) were investigated in the study and the half-maximum
inhibitory concentration (ICsg) was found to be 2.909 pL/mL.
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OZET

Bitki ekstraktlari kullanilarak nanopargaciklarin biosentezi, diger sentez yéntemlerine kiyasla daha uygun
maliyetli, cevre dostu ve buyuk 6lgekli Uretim igin uygun olmasi sebebiyle blylk ilgi gérmektedir. Bu
calismada indirgeyici ve stabilize edici ajan olarak Catharantus roseus (C. roseus) ekstrakti kullanilarak
Ag nanopartikiillerin (Ag NPs) sentezinin ve karakterizasyonunun gergeklestiriimesi ve saglikli insan
hiicresine karsl toksik etkilerinin incelenmesi hedeflenmistir. Ag NPs sentezi C. roseus ekstrakt
kullanilarak basgarili bir sekilde gerceklestiriimigtir. Sentezlenen Ag NPs FTIR, XRD, UV-Vis ve TEM
analizleri ile karakterize edilmistir. XRD ve TEM analiz sonuglarina goére, sentezlenen Ag NPs ortalama
partikil boyutunun 16 £ 6 nm ve seklinin ylizey merkezli kiibik oldugu gézlenmistir. Ayrica ¢alismada
biyolojik olarak sentezlenmis olan Ag NPs sadlikh insan hicre hattina (L929) karsi toksik etkileri
arastiriimis ve yari maksimum inhibitér konsantrasyonu (ICsp) 2.909 pyL/mL olarak bulunmustur.

Anahtar Kelimeler: Yesil kimya, Catharanthus roseus, Ag nanopartikili, Toksisite
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1. Introduction

In recent years, Ag NPs have been the focus of attention of researchers due to their superior and
unique properties compared to bulk counterparts. Ag NPs synthesis methods can be divided into three
groups physical, chemical, and biological methods [1]. Chemical and physical methods have
disadvantages such as the use of toxic substances, expensive synthesis, and harmful to the
environment [2]. There has been an increased interest in biological methods recently to overcome
these disadvantages. In biological methods, species such as plants, fungi, enzymes, and bacteria are
used to synthesize nanoparticles [3,4].

Thanks to the superior properties of Ag NPs such as antibacterial [5], antifungal [6], and antimicrobial
[7], it has many applications such as bioengineering, medicine, textile, and electronics. However, as
the use of Ag NP-containing products increases, it causes various problems in human and
environmental health. Some studies are showing that Ag nanoparticles reduce viability in cells such as
rat liver cells and human fibroblasts [8,9]. In addition, it has been proven in some studies to be toxic to
mouse germ cells as it inhibits mitochondrial function and increases lactate dehydrogenase leakage
[10]. Due to its antibacterial properties, nanosilver can prevent the growth of various "friendly" bacteria
in the soil. Silver can stop the denitrification process, which entails turning nitrates into nitrogen gas
that is necessary for the plants, by having harmful effects on the denitrifying bacteria. Eutrophication of
rivers, lakes, and marine ecosystems can result from the loss of environmental denitrification due to
decreased plant productivity, which will ultimately lead to ecosystem collapse [11]. To further
understand Ag NP toxicity, more research is required.

C. roseus L. is a summer seasonal herbaceous plant used in landscaping areas. Since its flowers
resemble a propeller shape, its most commonly used name among the public is propeller flower. It is
also known by different names such as rosette flower or vinca. It is used as an outdoor ornamental
plant in many countries, including our country. Additionally, this plant is a source of pharmaceutical
compounds such as terpenoid indole alkaloids, including vincristine and vinblastine, which have
valuable antitumor properties [12].

In this study, the biosynthesis of Ag NPs was carried out using C. roseus extract. In addition, the
effects of synthesized Ag NPS against a human healthy cell line (L929) were investigated. This is the
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first study to examine the toxic effect of Ag nanoparticles synthesized using C. roseus extract. There
are some studies in the literature about the synthesis of Ag nanoparticles using C. roseus extract [13—
16], but no study has been found on its cytotoxic activity. This is the first study on the cytotoxic activity
of synthesized Ag nanoparticles using C. roseus extract.

2. Material and Method

Preparation of C. roseus extract

C. roseus was collected from Antalya and its species were identified. C. roseus, was thoroughly
washed with deionized water and removed from foreign wastes. The cleaned plant was dried in the
shade under room conditions. The dried plant was ground and sieved with a particle size of less than
1.00 mm. 5 g of powdered C. roseus and 200 ml of deionized water were taken into a 500 mL flask
and boiled under reflux for 10 minutes. Then, the extract was filtered after being cooled to room
temperature. It was centrifuged at 9500 rpm for 5 minutes to remove the small residues remaining in
the extract. The extract was stored at +4 °C to be used in further studies.

Biosynthesis of Ag NPs

AgNOs was used for the synthesis of Ag NPs. 90 mL of 1mM AgNOs solution was added to 10 mL of
C. roseus extract and the mixture was stirred at 80 °C for 30 minutes in the dark.

Characterization of synthesized Ag NPs

By using FTIR, UV-Vis, TEM, and XRD analysis, the synthesized Ag NPs were characterized. The
FTIR spectra of the synthesized Ag NPs and the plant extract were recorded using the JASCO FT/IR
4700 spectrometer at 4 cm™ resolution at room temperature. UV-Vis spectra of Ag NPs were recorded
in the wavelength range of 200 to 700 nm using a JASCO V-770 UV/Vis spectrometer operating at 1
nm resolution. The size and morphology of the synthesized Ag NPs were determined using a
transmission electron microscope (JEOL JEM-1020). XRD analysis of Ag NPs was investigated using
monochromatic Cu-Ka beams with a wavelength of 0.154056 nm at an angle of 26 between 10°-80°.

Determination of toxic effects of synthesized AgNPs

The human healthy fibroblast cell line (L929) was kindly donated by Associate Professor Cigdem
Yucel from Erciyes University. L929 cells were grown in DMEM high-glucose, fetal bovine serum
(10%), and glutamax (1%). Seeding of these normal human cells was done to a 96-well plate at a 4.5
x 10° cells/well density. L929 cells were exposed to AgNPs at concentrations of 5, 2.5, 1.25, 0.625,
and 0.3125 pL/mL for 48 h. The 50 pL of the prepared MTT solution was added to the wells of a sterile
plate and incubated for 2 h. Absorbance values were taken at 590 nm on the Epoch 2 Elisa plate
reader. The ICso values were calculated with GraphPad Prism Software 5.

3. Results

Characterization of synthesized Ag NPs

The most important and simplest way to confirm the formation of nanoparticles is the UV-Vis
spectroscopy technique. The nanoparticles form a characteristic plasmon band at a certain
wavelength in the UV-Vis spectrum. The UV-Vis spectrum of the synthesized AgNPs is given in Fig. 1.
The absorption peak at 438 nm belongs to the characteristic SPR absorption band of synthesized Ag
NPs. In the literature, it has been reported that the SPR band of Ag NPs can be obtained between
400-500 nm in UV-Vis analysis because of the excitation of surface plasmon vibrations.
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Figure 1: UV-Vis spectrum of synthesized Ag NPs

The crystal structure of Ag NPs synthesized by using C. roseus extract was identified using XRD
analysis. Ag NPs showed four different diffraction regions of 38.1, 46.13, 67.4, and 77.3, representing
(111), (200), (220), and (311) crystal surfaces, respectively. It was agreed that the XRD analysis data
of Ag NPs were compatible with the data of the Joint Committee on Powder Diffraction Standards (04-
0783). In addition, it was determined that it has a face-centered cubic crystal structure according to

these standards.
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Figure 2: XRD spectrum of synthesized Ag NPs

TEM analysis helps us determine the sizes and morphologies of nanoparticles. The shape of the
synthesized Ag NPs was determined to be roughly spherical as seen in Figure 3a. In addition, the
average particle size was calculated by measuring the size of 100 nanoparticles from the TEM images
using the image proplus 6 program. The results showed that the size of the synthesized Ag NPs
ranged from 7 nm to 34 nm, with an average particle size of 16 + 6 nm.
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Figure 3: a) TEM images and b) TEM size distribution of synthesized Ag NPs

To find the water-soluble chemical components from the C. roseus plant extract that may be effective
in the synthesis and stabilization of Ag NPs, the FTIR spectrum from the plant extract containing Ag
NPs and the pure plant extract was investigated. In the FT-IR results of pure and nanoparticle-
containing powder samples of the plant extract, significant peaks were found at 3250, 2923, 1580,
1400, 1026, and 594 cm™ as seen in Fig. 4. The broad peak resulting from O-H stretching and N-H
stretching, characterized by the presence of phenolic compounds and proteins, is seen at 3250 cm™.
The peak resulting from C-H stretching is seen at 2923 cm™. The peak at 1580 cm™ corresponds to
the C=0 stretch, indicating the presence of major components of flavonoids and terpenoids. The peak
at 1400 cm™ corresponds to the C=C stretch, indicating the presence of alkenes and aromatic
compounds. The peak at 1026 cm™ corresponds to the C-N stretch indicating the presence of
polyphenols, aliphatic amines, alcohol, or phenols. The peak at 594 cm™ corresponds to the C-Br
stretch indicating the presence of alkyl halides. As can be observed from the FITR result, the extract
contains a variety of functional groups that are responsible for the reduction and stabilization of
nanoparticles.
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Figure 4: a) FTIR spectrum of C. roseus extract and b) Ag NPs in the C. roseus extract

Determination of toxic effects of synthesized AgNPs

The toxic effect of synthesized Ag NPs was tested in vitro in a healthy human cell line (L929). The
obtained results are given in Table 1.
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Table 1: Half-maximum inhibitory concentration of Ag NPs in L929 cell lines

Sample ICs0 (ML/mL)

AgNP 2.909

In the toxicity study, it was found that the synthesized nanoparticles had a toxic effect against L929
cells and the ICsp value was found to be 2.909 uL/mL as can be seen in Table 1.

4. Discussion and Conclusion

In this study, the green chemistry method, which is cheap, eco-friendly, and suitable for large-scale
production, was used for the synthesis of Ag NPs. Ag NPs were successfully synthesized using C.
roseus extract. No reducing or stabilizing chemicals were used, except plant extract, during the
synthesis phase. Moreover, high temperature, pressure, and additional ambient conditions were not
required during the synthesis.

The synthesized Ag NPs were characterized by UV-Vis, TEM, XRD, and FT-IR analysis. According to
the TEM and XRD analysis results, it was observed that nanoparticles in a fcc structure with a size of
16+6 nm were successfully synthesized.

Ag NPs are widely used due to their unique anti-inflammatory and antimicrobial properties compared
to their bulk structures. However, in addition to these superior properties, it has been reported in some
studies that it has negative effects on humans and the environment. For this reason, researchers are
working on the toxicity of Ag NPs. The toxicity of Ag NPs depends on their shape, size, and surface
modifications [17,18]. For example, Carlson et al. reported that exposure to 15 nm or 30 nm Ag
nanoparticles significantly reduced cell viability, whereas 55 nm Ag nanoparticles had little effect [19].
In another study, Liu et all examined the cytotoxicity of Ag NPs of different sizes (5nm, 20nm, and 50
nm) against four cell lines: A549, HePG2, MCF-7, and SGC-7901, and found that 5nm sized Ag NPs
were more toxic than the others [20]. It is believed that the cytotoxicity of Ag NPs is produced through
reactive oxygen species (ROS), resulting in a decrease in glutathione level and an increase in ROS
level. Kim and Ryu reported that they observed an increase in oxidative stress, apoptosis, and
genotoxicity when exposed to silver nanoparticles in their in vitro study on animal tissue and culture
cells [21]. In this study, we examined the toxic effect of Ag NPs with an average particle size of 16nm,
which we synthesized in the plant extract, on the human health cell line and found that it had a toxic
effect with an ICso value of 2.909 uL/mL.
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