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ABSTRACT

In this study, the biosynthesis of iron (Fe), copper (Cu) and silver (Ag) nanoparticles was aimed using
aqueous extracts of Polygonum cognatum (P. cognatum) and Tragopogon porrifolius (T. porrifolius).
The synthesized nanoparticles were characterized using UV/Vis spectroscopy, fourier transform infrared
spectroscopy (FTIR) and dynamic light scattering technique (DLS). The antibacterial activity of the
nanoparticles was analyzed against well-known pathogens Klebsiella pneumonia, Pseudomonas
aeruginosa, Enterococcus faecalis and Staphylococcus aureus. In addition, the anti-fungal activity of
the nanoparticles against Candida albicans and Candida utilis strains was evaluated. The obtained
results showed that the synthesized nanoparticles have a moderate antimicrobial effect.
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Polygonum Cognatum ve Tragopogon Porrifolius Ekstraktlari
Kullanilarak Demir, Bakir ve Glimiis Nanopartikiillerin Biyosentezi
ve Antimikrobiyal Potansiyellerinin Degerlendirilmesi

Oz

Bu ¢alismada, Polygonum cognatum (P. cognatum) ve Tragopogon porrifolius'un (T. porrifolius) sulu
ekstreleri kullanilarak demir (Fe), bakir (Cu) ve giimis (Ag) nanopartikiillerin biyosentezi
amaclanmistir. Sentezlenen NP'ler UV/Vis spektroskopisi, fourier transform kizilotesi spektroskopisi
(FTIR) ve dinamik 151k sagcilim (DLS) teknigi kullanilarak karakterize edilmistir. Nanopartikiillerin
antibakteriyel aktivitesi, iyi bilinen patojenler Klebsiella pneumonia, Pseudomonas aeruginosa,
Enterococcus faecalis ve Staphylococcus aureus'e karsi analiz edilmistir. Ek olarak bu nanopartikiillerin
Candida albicans ve Candida utilis suslarina karsi antifungal aktivitesi de degerlendirilmistir. Elde
edilen sonuglar, sentezlenen nanopartikiillerin orta diizeyde bir antimikrobiyal etkiye sahip oldugunu
gostermistir.
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. INTRODUCTION

Nanotechnology offers great potential in the development of new generation drugs in microbial
infections in recent years. Metallic nanoparticles (MNPs) have unique optical, chemical, physical, and
electrical properties and due to these properties, they have become a new area of interest in
nanotechnology [1], [2]. MNPs are versatile nanoparticles with potential use in wound dressings, cell
labeling, photo-imaging, sensors, drug delivery, gene delivery, microbial infections, and cancer
treatment [3], [4]. Although MNPs have broad therapeutic potential, they have been reported to cause
undesirable toxicity. The unwanted toxicity of MNPs can be reduced by coating the nanoparticle surface
with biomolecules [5].Therefore, biosynthesis, where biomolecules are used as reducing agents, has
become increasingly important. Biosynthesis combines MNPs with the properties of the biomolecule
used and reduces the undesirable toxicities of MNPs [6]. The biosynthesis of MNPs can overcome the
adverse conditions of physical and chemical methods such as hazardous waste generation, high energy
requirements and use of toxic chemicals [2], [7]-[9]. In recent years, researchers have been synthesizing
metallic nanoparticles using different metals (such as silver, iron, manganese, gold, zinc, and copper)
[10]-[12]. There are many studies using plants, algae, fungi, and bacteria in the synthesis of MNPs [13]-
[15]. MNPs exhibit various properties depending on the characteristics of the biological material used
in their synthesis [16], [17].MNPs are the most promising inorganic nanoparticles for resistance to
conventional antibiotics. These nanoparticles use completely different action mechanisms against
antibiotic-resistant bacteria than conventional antibiotics and target multiple biomolecules that are
important in the development of resistant strains. MNPs can induce the production of reactive oxygen
species. Metal ions can form strong coordination bonds with N, O or S atoms. These atoms are abundant
in organic compounds and biomolecules. Because the bonding between metal ions and biomolecules is
often nonspecific, MNPs generally exhibit a broad spectrum of activity [18].

Polygonum cognatum (P. cognatum) belongs to the Polygonaceae family and is a perennial. It has been
used as a diuretic in Turkish folk medicine [19]. P. cognatum contains phenolic compounds,
polyuronides, vitamin C, saponins and carotenoids. It has been demonstrated by various studies that it
has antimicrobial, diuretic, antioxidant, anticancer and antidiabetic activities [19]-[21].

Tragopogon porrifolius (T. porrifolius) belongs to the Asteraceae family and is an annual. T. porrifolius
is consumed in Southern and North America, Central Europe and the United Kingdom [22]. This plant
contains essential fatty acids, vitamins, polyphenol and monounsaturated fatty acids [23]. The
hepatoprotective, anti-inflammatory, antioxidant, and anticancer activity of T. porrifolius has been
demonstrated by various studies [22]-[25].

In this study, CuNPs, FeNPs and AgNPs were synthesized using P. cognatum and T. porrifolius.

Physical and chemical characterizations of synthesized nanoparticles were performed. The antimicrobial
effects of synthesized nanoparticles on bacteria and fungi were investigated.

MATERIALS AND METHODS

A. EXPERIMENTAL

A.l. Metarials

Silver nitrate (AgNQOs) was from Carlo Erbaa. Iron (1) sulfate heptahydrate, Copper (II) sulfate
pentahydrate was purchased from Sigma Aldrich. P. cognatum and T. porrifolius were obtained from
Tokat Gaziosmanpasa University, Faculty of Agriculture, Turkey. Bacterial (E. faecalis (ATCC 29212),
P. aeruginosa (ATCC 27853), S. aureus (ATCC 25923) and K. pneumonia (ATCC 15380)) and fungal
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(C. albicans (ATCC 90819) and C. utilis (9950)) strains were obtained from Tokat Gaziosmanpasa
University, Department of Bioengineering and Genetics, Turkey.

A.2. Preparation of P. cognatum and T. porrifolius Extracts

P. cognatum (20 g) and T. porrifolius (20 g) were weighed. Each of them was taken into 200 mL of
distilled water separately and homogenized thoroughly with a blender. They were then mixed for 90
minutes at 60 °C in a shaking incubator at 100 rpm. The obtained homogenates were filtered and and
the extracts were obtained by centrifugation at 6 000 rpm for 10 minutes. The extracts (PC-Extract and
TP-Extract) were stored at +4 °C before use.

A.3. Synthesis of Metallic Nanoparticles
A.3.1. Synthesis of Silver Nanoparticles (AgNPs)

While all nanoparticles were being synthesized, pre-optimization was made and the optimum extract:
metal salt ratio was determined by monitoring the nanoparticle formation with UV-Vis analysis. There
is a correlation between the absorption peaks and the particle size of the NPs. Studies have shown that
as the particle size decreases, the absorption peaks shift to smaller wavelengths [26]. 10mM silver nitrate
was mixed with TP-Extract at a ratio of 2:1 and PC-Extract at a ratio of 1:1 in separate beakers and kept
in the microwave for 60 seconds at 475 watts. After the mixture was cooled, it was centrifuged at 20
000 rpm for 10 minutes and the nanoparticles were precipitated. Silver nanoparticles from TP-Extract
and PC-Extract (TP-AgNPs and PC-AgNPs, respectively) were washed twice with distilled water and
dried at 37 °C.

A.3.2. Synthesis of Copper Nanopatrticles (CuNPs)

0.1 M copper sulfate was mixed with TP-Extract at a ratio of 1:4 and PC-Extract at a ratio of 1:5 in
beakers and kept in the microwave for 60 seconds at 475 watts. After the mixture was cooled, it was
centrifuged at 20 000 rpm for 10 minutes and the nanoparticles were precipitated. Copper nanoparticles
from TP-Extract and PC-Extract (TP-CuNPs and PC-CuNPs, respectively) were washed with distilled
water and dried at 37 °C.

A.3.3. Synthesis of Iron Nanoparticles (FeNPSs)

0.1 M iron sulfate was mixed with TP-Extract at a ratio of 1:4 and PC-Extract at a ratio of 1.5 in beakers
and kept in the microwave for 60 seconds at 475 watts. After the mixture was cooled, it was centrifuged
at 20 000 rpm for 10 minutes and the nanoparticles were precipitated. Iron nanoparticles from TP-Extract
and PC-Extract (TP-FeNPs and PC-FeNPs, respectively) were washed with distilled water and dried at
37 °C.

A.4. Characterization of Metallic Nanoparticles

Characterization of MNPs was performed using a spectrophotometer (DeNoVIX, Wilmington, USA),
DLS instrument (HORIBA SZ-100), and FTIR (Jasco FTIR 4700, Germany). The formation of MNPs
was characterized by scanning at wavelengths in the 300-800 nm range using spectrophotometer. The
presence of extracts used to synthesize MNPs was determined using FTIR. The size and zeta potential
of MNPs were measured using the DLS instrument.

A.5. Antimicrobial Activity of Metallic Nanoparticles

The antimicrobial potentials of the synthesized MNPs were determined by minimum inhibitory
concentration analysis as detailed in our previous studies [4], [12], [14]. In summary, overnight cultures
of K. pneumonia, P. aeruginosa, E. faecalis, S. aureus, C. albicans, and C. utilis microorganisms were
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seeded into 96-well plates according to the 0.5 McFarland standard. 0.5 McFarland turbidity standard
equals the density of a bacterial suspension of 1.5x108 colony forming units (CFU mL™) [27]. Then, the
synthesized MNPs were applied to the microorganisms in the concentration range of 1000 pug mL*-
15.625 pg mL™. The cells were incubated at 37 °C for 24 hours and their absorbance at 600 nm was
read using a microplate reader. Percent inhibition and minimum inhibitory concentration (MIC) values
of microorganisms exposed to synthesized MNPs were calculated relative to the control groups.

[11. RESULTS AND DISCUSSION

A. SYNTHESIS OF MNPS USING PC-EXTRACT AND TP-EXTRACT

MNPs were synthesized with a microwave assistance using aqueous extracts of P. cognatum and T.
porrifolius. Color change in the extracts due to synthesis of AgNPs, CuNPs, and FeNPs was shown in
Figure 1. The color change of the extracts was a confirmation that metal ions were reduced and MNPs
were formed.

PC-Extract PC-AgNPs PC-CuNPs PC-FeNPs
AN, i
L

- &N

fragopogon porrifolius

Figure 1. Synthesis of AgNPs, CuNPs, and FeNPs.
B. CHARACTERIZATION OF METALLIC NANOPARTICLES
B.1. UV-Visible Spectroscopy
To prove MNPs formation, UV-vis spectroscopy is routinely used in characterization of MNPs [28].
The spectrum of the produced MNPs using PC-Extract and TP-Extract were shown as Figure 2. The
maximum absorption peaks of CuNPs, FeNPs, and AgNPs synthesized using PC Extract were analyzed

as 437 nm, 442 nm, and 422 nm, respectively, while the maximum absorption peaks of CuNPs, FeNPs,
and AgNPs synthesized using TP-Extract were determined as 431 nm, 413 nm, and 415 nm respectively.
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Figure 2. UV-Vis absorption spectra of the synthesized MNPs using PC-Extract (a), and TP-Extract (b).

The peak formation in the UV-Vis absorption spectra of MNPs may differ in relation to the size and
shape of the particle. The UV spectrum wavelengths of MNPs range from 300 to 800 nm, indicating the
incidence of various MNPs [10]. When the wavelengths at which the MNPs gave their peaks were
compared with the peaks of the crude extracts, it was observed that the peaks were different from each
other. Only one sharp peak appeared in the 300 to 800 nm range in all spectra in this study, these peaks
can be attributed to the absorption of NPs. This was also evidence for the formation of MNPs,

B.2. FTIR spectroscopy
FTIR spectroscopy curves were used to determine chemical characterization of synthesized MNPs using

PC-Extract, and TP-Extract. FTIR spectrums of the synthesized MNPs using PC-Extract (a), and TP-
Extract (b) were shown in Figure 3.
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Figure 3. FTIR spectra of the synthesized MNPs using PC-Extract (a), and TP-Extract (b).

The synthesized MNPs using PC-Extract and TP-Extract exhibited a broad absorption band of —-OH
groups at 3319.86 cm™. The peak at 2887 cm* was associated with C—H stretching of aliphatic -CH, —
CH2 groups. The absorption peaks at 1634 cm™* and 1031 cm™ were respectively assigned to the -C-O-
C- or —C-O- bonds and stretching of -C=C bonds. The presence of functional groups from the plant
extract responsible for the reduction of MNPs in the FTIR analysis proved the synthesis of MNPs from
PC-extract and TP-extract.

B.3. Dynamic light scattering (DLS)

To determine physical properties like particle size and zeta potential of nanoparticles DLS was preferred.
DLS results were shown in Figure 4 and Figure 5.
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Figure 4. DLS data of synthesized MNPs using PC-Extract.

Figure 4 presented DLS data of synthesized CuNPs (a), FeNPs (b) and AgNPs (c) using PC-Extract. It
was reported that among the synthesized MNPs using PC-Extract, the smallest particle size was formed
using iron salt but zeta potentials of MNPs were similar. On the other hand, the PDI values of the MNPs,
which give information about the particle size distribution, were also close to each other.
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Figure 5. DLS data of synthesized MNPs using TP-Extract.
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Figure 5 presented DLS data of synthesized CuNPs (a), FeNPs (b) and AgNPs (c) using TP-Extract.
Particle sizes of AgNPs and CuNPs were similar while FeNPs had the smallest particle size among the
synthesized all MNPs using PC-Extract and TP- Extract. However, zeta potentials and PDI values were

also similar.

B.4. Antibacterial Activity of Biosynthesized MNPs Using PC-Extract and TP-Extract

MNPs, which are synthesized using various natural products, and metal salts, are known to exhibit
antibacterial activities against bacteria strain [11]. In this study, MNPs were produced using PC-Extract
and TP- Extract and their antibacterial activities were tested against S. aureus, E. faecalis, P. aeruginosa,
and K. pneumonia bacteria strain. To determine the antibacterial activity of produced all MNPs, the
minimum inhibition concentration method was used. Measurements were evaluated as the percentage
of inhibition versus concentrations.

Inhibition curves of produced MNPs using PC-Extract were indicated in Figure 6. The inhibition value
of the crude PC-Extract shown in Figure 6 (d) was less than fifty percent at the maximum concentration.
Also, CuNPs, FeNPs, and AgNPs did not affect K. pneumonia and E. faecalis. However, CuNPs, FeNPs,
and AgNPs showed more toxic effects on S. aureus and P. aeruginosa than PC-Extract, and higher
inhibition values were obtained at the same concentration. It was tested that AgNPs were the most
effective on S. aureus, while CuNPs were the most effective on P. aeruginosa.
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Figure 6. Growth inhibition curves of pathogenic bacteria strains exposed to PC-Extract and produced MNPs

using this extract.
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Figure 7 presented the inhibition curves of produced MNPs using TP-Extract. MNPs and TP-Extract did
not show the antibacterial effect on K. pneumonia, also only CuNPs inhibited E. faecalis. Antibacterial
activity, percent inhibition values of MNPs and TP-Extract on P. aeruginosa were very close to each
other and it was determined that the synthesized MNPs did not provide any increase in inhibition value.
However, the produced AgNPs were the most effective on S. aureus and increased in inhibition value.
All of the synthesized MNPs and both extracts had no antibacterial effect on K. pneumoniae but all
MNPs and both extracts inhibited P. aureginosa. Inhibition data of over fifty percent indicate that MNPs
may completely inhibit strains at a concentration above 1000 ug mL™. Eruygur et al. showed that P.
cognatum and T. porrifolius ethanol extracts inhibited P. aureginosa and S. aureus but had no
antimicrobial effect on E. faecalis and K. pneumoniae [22]. In addition to, Yildirim et al. revealed that
ether and ethanol extracts of P. cognatum exhibited antimicrobial activity against S. aureus and Bacillus

subtilis [20].

Pekdemir et al. synthesized magnetic FezO4 nanoparticles and processed these nanoparticles with the
ethanolic extract of P. cognatum. The ethanolic extract of P. cognatum had a moderate antimicrobial
effect against S. aureus, Escherichia coli, K. pneumoniae, C. albicans, and Bacillus megaterium while
iron nanoparticles treated with P. cognatum did not show antimicrobial effect. The iron magnetic
nanoparticles destroyed the antimicrobial effect of the plant extract [29].
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Figure 7. Growth inhibition curves of pathogenic bacteria strains exposed to TP-Extract and produced MNPs
using this extract.
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B.5. Antifungal Activity of Biosynthesized MNPs Using PC-Extract and TP- Extract

Antifungal activities of the synthesized MNPs using PC-Extract and TP-Extract were tested on C. utilis
and C. albicans as another biological activity. C. utilis and C. albicans are known as significant human
fungal pathogens [30], [31]. Antifungal activity was determined using same method, minimum
inhibitory method indicated as Figure 8. PC-Extract, FeNPs, and CuNPs did not inhibit C. albicans, but
AgNPs were exhibited in increased in inhibition value of C. albicans when compared to crude PC-
Extract. Yildirim et al. showed that ether, water and ethanol extracts of P. cognatum had no antifungal

effect against C. albicans [20].
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Figure 8. Growth inhibition curves of human fungal pathogen strains exposed to PC-Extract and produced
MNPs using this extract.

Among the synthesized MNPs using PC-Extract, FeNPs were the most effective on C. utilis and its

inhibition value was over fifty percent at a concentration 1000 pg mL™. Except for the effect of PC-
FeNPs on C. utilis, MNPs produced from PC-Extract did not generally exhibit antifungal activity.
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Figure 9. Growth inhibition curves of human fungal pathogen strain exposed to TP-Extract and produced MNPs
using this extract.

Antifungal activities of the synthesized MNPs using TP-Extract were shown in Figure 9. CuNPs were
exhibited antifungal activity on C. utilis at maximum concentration. AgNPs, FeNPs and TP-Extract had
no antifungal activities at the applied concentrations. Eruygur et al. revealed that T. porrifolius ethanol
extract did not exhibit antifungal activity against C. albicans [22].

Plants contain a wide variety of active biomolecules. Almost all parts of plants can be used in the
synthesis of metallic NPs. The phenols and flavonoids of the plant exhibit specific chemical properties
and can synthesize nanoparticles by reducing metallic salts. The fact that these biomolecules contain
carboxyl and hydroxyl groups allows them to bind to the metal. Medicinal plants have many natural and
active ingredients, and these ingredients have certain health benefits. Such medicinal plants are not only
used as reducing and stabilizing agents, but also assist in the development of NPs with fascinating
biological properties [32]. The proteins, enzymes, organic acids and vitamins contained in the extract
are responsible for the reduction and stabilization of NPs. It is widely known in the literature that there
is a correlation between the biological properties of the plant and the final properties of the NPs
synthesized using these plants [33]. In our study, there is a relationship between the antimicrobial
activity of plant extracts and the antimicrobial activity of metallic nanoparticles synthesized from these

plants.

V. CONCLUSION

MNPs are rapidly progressing to become a new generation drug in the fight against microbial infections
due to their antimicrobial properties [1], [2]. The use of plant extracts to make MNPs is simple,
environmentally friendly, easily scaled up, inexpensive, convenient, and safe. It is a particularly viable
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strategy for making NPs that should be free of toxic contaminants as required in biomedical and
therapeutic applications. The plant extract-based synthesis of NPs is higher in yield than other physical
and chemical methods [2], [7], [9].

In this study, MNPs were synthesized from two plants with antimicrobial properties as well as other
therapeutic potentials such as antioxidant and anticancer. These nanoparticles have been characterized
physically and chemically. The antimicrobial properties of the synthesized nanoparticles were evaluated.
It was revealed that the obtained nanoparticles have a moderate antimicrobial effect.
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