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ABSTRACT

mong green synthesis methods, which are an eco-friendly, non-toxic, simple, and safe approach for the synthesis of sil-

ver nanoparticles (AgNPs), using plant extract is the most efficient method. Salvia fruticosa Mill. which was not used for-
merly was selected for this research. By changing the synthesis parameters (the amount of extract, extract concentration,
and silver ion concentration in precursors), their effects on the formation and structure of nanoparticles were investigated
by UV-visible spectroscopy, transmission electron microscopy and Fourier transform infrared spectroscopy techniques. The
antioxidant activity of extracts and AgNPs was evaluated by performing DPPH (2,2 diphenyl-1-picrylhydrazyl) assay. It is ob-
served that the phytosynthesized nanoparticles also possess antioxidant potentials. Finally, AgNPs were used as modifiers
for carbon paste electrode (CPE) and their effect on charge transfer resistance and the ascorbic acid signal was investigated
by using electrochemical impedance spectroscopy (EIS), cyclic voltammetry (CV), and square wave voltammetry (SWV).
E1-1/CPE showed good electro-catalytic oxidation of ascorbic acid and can be utilized for the development of the new sen-
sors. According to the results, in the process of green synthesis of AgNPs, synthesis parameters are vital as they change not
only the size and size distribution of the AgNPs but also their antioxidant activity and electrochemical properties.
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0z

G Umus nanopartiklllerin (AgNP'ler) sentezi igin cevre dostu, toksik olmayan, basit ve giivenli bir yaklagim olan yesil sen-
tez yontemleri arasinda bitki ekstresi en etkili olanidir. Bu arastirma icin daha 6nce hig kullanilmamis bir bitki olan
Salvia fruticosa Mill. segilmistir. Sentez parametreleri (ekstre miktari, ekstre konsantrasyonu ve ¢ncillerdeki giimis iyon
konsantrasyonu) degistirilerek nanopartikillerin olusumu ve yapisi Uzerindeki etkileri Ultraviyole ve gorinur isik spektros-
kopi, gecirimli elektron mikroskobu ve Fourier dontsimlu kizilotesi spektroskopi teknikleri ile arastirilmistir. Ekstrelerin ve
AgNP'lerin antioksidan aktivitesi, DPPH (2,2-difenil-1-pikrilhidrazil) yontemi ile belirlenmistir. Fitosentezlenen nanopartikil-
lerin antioksidan potansiyele sahip oldugu gozlemlenmistir. Son olarak, AgNP'ler karbon pasta elektrot (CPE) igin modifiye
edici malzeme olarak kullaniimis ve yik transfer direnci ve askorbik asit sinyali Gzerindeki etkileri elektrokimyasal empedans
spektroskopisi (EIS), donusumli voltametri (CV) ve kare dalga voltametrisi (SWV) yontemleri kullanilarak arastiriimistir. E1-1/
CPE, askorbik asit igin iyi elektro-katalitik oksidasyon saglamistir ve yeni sensdrlerin gelistiriimesi igin kullanilabilir. Sonug
olarak, AgNP'lerin yesil sentezi stirecinde sentez parametreleri, AgNP'lerin sadece boyut ve boyut dagilimini degil, ayni za-
manda antioksidan aktivitelerini ve elektrokimyasal ¢zelliklerini de degistirdikleri icin hayati dnem tasimaktadir.
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INTRODUCTION

n the last decade, green nanotechnology has been

introduced as an emphasized area of research. It is an
interdisciplinary field that aims to prepare nanomateri-
als via green methods which follow the green chemistry
principles [1]. In modern material science, the synthesis
of noble metal nanoparticles such as Au, Ag, Pt, and Pd
is an important field of research since they exhibit en-
hanced physicochemical, biochemical, and optoelectro-
nic characteristics when compared to their bulk coun-
terparts [2, 3]. In particular, silver nanoparticles (AgNPs)
have been widely used in products ranging from textile
industries to pharmaceutics due to their unique, size
and shape depended optical, electrical, thermal proper-
ties, as well as antimicrobial, antifungal, and high cataly-
tic activity [2, 4, 5]. Silver nanoparticles are frequently
used in areas where there is human contact, such as de-
tergents, socks, and cosmetics. Thus, for the synthesis
of nanoparticles, the development of green and eco-fri-
endly methods that do not require hazardous chemicals
is today’s necessity. [6].

Using biological methods for the synthesis of metal
nanoparticles is also a preferable alternative because
of its simplicity, sustainability, environmental friendli-
ness, efficiency, and cost-effectiveness as compared to
physical or chemical synthesis methods [7]. Among all
biological methods, nanoparticle synthesis using plant
extract has some preferable aspects such as being
able to produce more stable nanoparticles in a shorter
synthesis time and being cost-effective [8]. In this work
the Salvia fruticosa Mill. extract was selected as a redu-
cing and capping agent.

Salvia fruticosa Mill. (synonym, Salvia triloba L.f.) which
is also known as Anatolian sage belongs to the Lamia-
ceae family and is one of the important sage species
which naturally grows throughout the Mediterranean
region of Turkey. It is commonly used as herbal tea and
to treat diseases like colds, bronchitis, tuberculosis, he-
morrhage, aches, epilepsy, and menstrual disorders [9]
because of its anti-inflammatory [10], antimicrobial [11],
antifungal [12], and antioxidant [13] properties. In rese-
arch conducted by C. Dincer et al., seventeen different
phenolic compounds (7 phenolic acids and 10 flavono-
ids) have been identified by HPLC analysis in aqueous
extract of Salvia fruticosa It has been found that rosma-
rinic, p-coumaric, and caffeic acids are the main pheno-
lic components [14]. S. fruticosa also contains essential

oils like 1,8-Cineole, camphor a-thujone, B-thujone, and
B-caryophyllene [15].

In literature, a tremendous number of research about
the synthesis of silver nanoparticles using the extracts
of various types of plants has been reported [16]. Consi-
dering studies conducted only with plants belonging to
the Salvia species, reported results are confirmed that
extracts of Salvia officinalis [17], Salvia leriifolia Benth.
[7, 18], Salvia splendens Sellow ex Roem. & Schult. [19],
Salvia leucantha Cav. [20], Salvia microphylla Kunth [21],
Salvia limbata C.A. Mey [3,22], Salvia hispanica L. [1],
Salvia spinosa (2], Salvia sclarea [23], and Salvia miltiorr-
hiza Bunge [24] had the capability of phytosynthesize
AgNPs. There are also specific studies on the effects of
green synthesis parameters on silver nanoparticle for-
mation and stability [25,26].

Evaluation of the antioxidant behavior of phytosyn-
thesized AgNPs is useful to determine their potential
applications. Therefore, a lot of reports including the
antioxidant capacity of silver nanoparticles phytosy-
thesized by plant extracts have been published [27-29].
Some attempts were made to investigate the relation
between the phytosythesized AgNPs and their antioxi-
dant capacity. In a study conducted by Priya et al., an-
tioxidant activities of chemically synthesized AgNPs and
biosynthesized AgNPs were compared [30]. Akbal and
coworkers investigated the antioxidant capacities of se-
ven different leaf extracts and their effects on the for-
mation rates of silver nanoparticles [31]. Bunghez et al.
discussed the stabilities and antioxidant properties of
nanoparticles synthesized using ornamental plants [28].

However, to the best of our knowledge, the effect of
synthesis parameters on the antioxidant activity of
phytosynthesized AgNPs has not been reported yet. The
current study aims to synthesize silver nanoparticles
with the aqueous extract of Salvia fruticosa in a greener
way and investigate the effects of synthesis parameters
on the formation, structure, and antioxidant activity of
nanoparticles. In addition, the carbon paste electrodes
modified with phytosynthesized silver nanoparticles
were successfully fabricated and their electrochemical
properties were studied preliminarily by using cyclic
voltammetry, square wave voltammetry, and electroc-
hemical impedance spectroscopy techniques.



MATERIALS and METHODS

Chemicals and reagents

Graphite powder and potassium ferrocyanide
(K,Fe(CN),) were purchased from Merck and Riedel-
de Haen. Silver nitrate (AgNO,), ethanol (EtOH),
1,1-Diphenyl-2-picrylhydrazyl (DPPH), potassium chlori-
de (KCI), sodium phosphate dibasic (Na,HPO,), sodium
phosphate monobasic (NaH,PO,), and L-ascorbic acid
were purchased from Sigma—Aldrich. Mineral oil was
purchased from an oil refinery in the highest purity.
Solutions were prepared with ddH,0. The fresh Salvia
fruticosa was collected from Kas, Turkey. The collected
plants were shade dried at room temperature for three
days. The dried material was stored in a cool and dry

place for further usage.

Instrumentation

The UV-visible spectra of AgNPs were obtained on UV—
visible spectrophotometer (Varian Cary 50 Bio). Doub-
le distilled water was used as a baseline. The samples
were measured without further dilution. The spectra
were recorded in the wavelength region from 350 to
700 nm. Transmission electron microscopy (TEM) ima-
ges obtained by FEI Tecnai G2 Spirit BioTwin were used
to observe the morphology of nanoparticles. For TEM
analysis, samples were dropped on carbon-coated cop-
per grids after being dispersed by sonication. Fourier
transform infrared (FTIR) measurements of the extract
and AgNPs were carried out on a Thermo Scientific Ni-
colet iS50 FTIR Spectrometer in the range of 4000—-600
cm™. The pH of the buffer solution was measured with
Thermo Scientific Orion Star A211 model digital pH
meter. The antioxidant activity analysis was performed
using a uQuant microplate spectrophotometer (Biotek).
All electrochemical experiments were carried out by
using the electrochemical work station CHI-660b model
in a conventional three-electrode cell where 3 mm car-
bon paste electrodes were used as a working electrode
while a platinum wire and Ag/AgCl saturated electro-
de were served as a counter and a reference electrode,
respectively.

Preparation of Salvia fruticosa Mill. extracts

First of all, S. fruticosa leaves were pestle to powderin a
mortar. Extracts were prepared at three different con-
centrations by separately adding 2 g, 5 g, and 10 g of
powder to 100 mL of boiled distilled water in a 250 mL
beaker and let stand until room temperature approxi-
mately 45 minutes. The obtained infusion was filtered
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with Whatman filter paper no. 1 and denoted as E1, E2,
and E3, respectively. The decanted extract was stored
in the refrigerator at 4°C and used for the synthesis of
the silver nanoparticles. Extract yields were determi-
ned by lyophilization of 50 mL of each extract and calcu-
lated on a dry basis from equation (1) shown below [32]:
Yield (%)=(W,x100)/W, (1)

Where W, was the mass of extract after lyophilization
and W, was the mass of the dry plant sample.

Synthesis of silver nanoparticles

Synthesis of AgNPs was carried out by adding a various
volume of S. fruticosa leaf extracts (E1, E2, and E3) into
9 mL of aqueous silver nitrate (AgNO,) solutions and ex-
posing the resulting solution to sunlight. The AgNP for-
mation was observed via color change of the solution
from pale yellow to reddish or dark brown and confir-
med by UV-Vis spectrophotometry method. All experi-
ments were performed at room temperature. After the
completion of the synthesis reaction, dry nanoparticles
were obtained by lyophilization for further analysis.

Antioxidant activity

The antioxidant activity of each extract and green
synthesized AgNPs was determined by using DPPH
(1,1-diphenyl-2-picrylhydrazyl) radical scavenging ca-
pacity assay. The method which is used by Arituluk et
al. was adopted without modification [33]. DPPH (1
mM) radical solution was freshly prepared in ethanol.
Samples were prepared at different concentrations by
dissolving in ethanol. 50 uL of DPPH radical solution was
mixed with 150 pL of different concentrations of samp-
les. The reaction mixture was incubated for 30 minutes
in the dark, then absorbance was measured at 517 nm.
In this study, since the antioxidant activity of AgNPs was
compared with the extract used in their synthesis, a dif-
ferent standard was not required. Radical scavenging
activity was expressed as the inhibition percentage and
calculated using the following equation (2):

Inhibition % =[(A, - A /A, Jx100 (2)

sample

where A is the absorbance of the blank (all the rea-

blank
gents except the sample extract) and A, ample 1 the ab-
sorbance of the extracts. The assay was carried out in
triplicate and the results were expressed as average
values. Extract concentration providing 50% inhibition
(IC,,) was calculated from the plotted graph of inhibiti-

on percentage versus the concentrations of the sample.

399



400

D. Erkakan et al. / Hacettepe J. Biol. & Chem., 2022, 50 (4), 397-414

Preparation of carbon paste electrodes

While preparing the AgNP modified carbon paste elect-
rode (AgNP-CPE), firstly, previously synthesized and
lyophilized silver nanoparticles were dispersed in 2
mL of absolute ethanol. Then, the colloidal solution of
AgNPs was mixed with 0.5 g graphite powder and dried
at room temperature. The AgNP modified carbon paste
electrodes were prepared by hand-mixing of AgNP do-
ped graphite powder and silicon oil at a ratio of 70:30
in an agate mortar for 15 minutes. The homogeneous
carbon paste was packed into the cavity of a home-
made electrode body which was fabricated by cutting
the tip of a micropipette (3.0 mm in diameter). A cop-
per wire was connected to the carbon paste to provide
the electrical contact. The surface of the electrode was
smoothened on a piece of weighing paper. The bare
carbon paste electrode (bCPE) was prepared without
adding a modifier (silver nanoparticles). Carbon paste
electrodes containing different AgNP solutions were
labeled as follows: the carbon paste electrodes modifi-
ed with AgNPs synthesized by mixing 0.3 mM precursor
and 0.5 mL of E1, E2, and E3 extracts separately as E1-
0.3/CPE, E2-0.3/CPE, and E3-0.3/CPE, respectively. The
carbon paste electrodes modified with AgNPs synthe-
sized by mixing 0.5 mL of E1 extract and 0.3mM, 1 mM,
and 3 mM precursors were labeled as E1-0.3/CPE, E1-1/
CPE, and E1-3/CPE, respectively. Results obtained with
AgNPs were compared to the bCPE.

RESULTS and DISCUSSION

Characterization of AgNPs

Transmitting electron microscope (TEM)

Transmitting electron microscope technique was emp-
loyed to determine the size, shape, and size distribution
of AgNPs. The obtained TEM images and particle size
distribution histograms of AgNPs synthesized with twel-
ve different reaction solutions containing three diffe-
rent amounts and concentrations of extract into 9 mL
of 0.3 mM silver nitrate precursor is shown in Figure
4-7. In TEM images, an amorphous layer that covers the
particles is thought to be the stabilizing agent. It was
observed that nanoparticles are mostly in a spherical
shape with sizes from 2-52 nm. It is known that the
morphology of the AgNPs change by the chemical com-
position of the extracts used for the synthesis [5]. Alike,
particle size and size distribution vary depending on the
synthesis conditions.

Fourier transform infrared (FTIR)

The possible functional groups of phytochemicals in-
volved in the bioreduction of Ag ions were detected
by Fourier transform infrared spectroscopy (FTIR). FTIR
spectra of the AgNPs phytosynthesized by mixing 0.5
mL of E1 extract and 9 mL of 0.3 mM silver nitrate pre-
cursor are shown in Figure 1.

Figure 1. Infrared spectra of Salvia fruticosa extract (blue) and phytosynthesized AgNPs (orange).
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Figure 2. Photograph and UV-visible spectrum of two identical experiments (1 mL of S. fruticosa extract added to 9 mL of 0.3 mM

precursor) conducted under different light conditions after 2 h.

Instinct and broad absorption bands at 3247 and 3238
cm™ appear in the presence of intermolecular and int-
ramolecular —-OH groups. It indicates abundant flavono-
ids and phenolic acids, having hydroxyl groups in their
structure, in the S. fruticosa extract. The bands which
appeared at 2928 and 2939 cm™ correspond to alipha-
tic C—H stretching in lipids [2]. It seems that the bands at
1713 and 1708 cm™are related to the C = O stretching
while the IR bands observed at 1590 and 1573 cm™ co-
uld be ascribed to C-C stretching in cyclic alkenes. The
major changes in the position of absorption bands bet-
ween the FTIR spectrum of the S. fruticosa extract and
phytosynthesized AgNPs were seen at 1411 and 1345
cm™. These changes can be attributed to the change in
vibration of intramolecular ~OH groups from stretching
to bending. The bands at 1251 and 1036 cm™ could be
ascribed to C-O stretching. The bands at 811 and 805
cm™ and also 759 and 762 cm™ represent the presence
of C-H in aromatic compounds in the plant extract and
the biosynthesized AgNPs. The comparison between
the FTIR spectrum of the S. fruticosa extract and AgNPs
shows that there is a considerable similarity and the in-

volvement of phytochemicals in synthesizing of AgNPs
was confirmed with some minor changes in the absorp-
tion bands. If so, phytochemicals including OH and CO
functional groups have a vital role in reducing and sta-
bilization of AgNPs [2].

Optimization of green synthesis parameters

The effect of different parameters on the synthesis of
silver nanoparticles was mostly observed via UV-visible
spectroscopy since it is a simple, easy, and effective
method. The phytosynthesized silver nanoparticles
were characterized by a UV-visible spectrum at the ran-
ge of 350 to 700 nm. In spectra, the S. fruticosa extract
presents bands below the wavelength of 350 nm attri-
buted to plant pigments such as flavonoids. The absorp-
tion band between 340-620 nm indicates the surface
plasmon resonance (SPR) for AgNPs [7]. It is known that
the surface plasmon resonance peak depends on the
shape and size of silver nanoparticles. Spectrum also
changes with the concentration of AgNPs, amount of
extract, and the type of phytochemicals present in the
extract [34].
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Effect of light

The previous researches and preliminary experiments
were shown that light is a crucial parameter for the for-
mation of silver nanoparticles for this green synthesis
method [35, 36]. Figure 2 shows the spectrum of two
identical sets of experiments which one of them let in
the dark, the other one keeps under the sunlight for
2 h. As shown in Figure 2, an absorption peak at 435
nm because of the surface plasmon resonance (SPR) of
AgNPs has appeared in spectra of solution kept under
the sunlight and also the color of the reaction solution
changed from pale yellow to orange. However, there
was no change in color and spectra of the solution that
let stand completely in the dark even 24 hours later. In

other words, in the absence of light there is no silver
nanoparticle formation. Nevertheless, after exposure
of solution kept in dark to the light, formation of silver
nanoparticles started within seconds and increased up
to 2 hours, after that only slight variation can be obser-
ved (Data not shown).

It was reported that Salvia species contains abundant fla-
vonoids and phenolic acids [37]. Both phytochemicals are
good antioxidants. While phenolic acids are trapping free
radicals, flavonoids are free radical scavengers and chelate
metals. Moreover, flavonoids are a secondary metabolite
and naturally occurring yellow-colored pigments that per-
form a photo-protective role by absorbing UVA and UVB

Figure 3. Effect of metal ion concentration in precursor on silver nanoparticle production: (a) UV-Visible spectra and (b) photograph
of silver nanoparticle solutions synthesized with 9 mL of AgNO3 at different concentrations and 0.5 mL Salvia extract (E1) incubated

for 24 h.
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Figure 4. Particle size distribution histograms of AgNPs synthesized by (a) 0.1 mM, (b) 0.3 mM, (c) 1 mM and (d) 3 mM metal ion con-

centration in precursor.

radiation in plants [38,39]. Therefore, it is supposed that
the role of light is providing the production of hydrated
electrons by polyhydroxy groups of flavonoids that result
in the reduction of Ag* ions to Ag® [40,41].

Effect of metal ion concentration in precursor

To investigate the role of silver nitrate concentration on
the silver nanoparticles formation, fourteen precursors
with different concentrations were prepared and used
to synthesize silver nanoparticles by keeping the extract
volume (E1) constant at 0.5 mL. Figure 3 displays the pho-
tograph and UV-vis spectra of phytosynthesized AgNPs at
different concentrations incubated for 24 h.

From photograph in Figure 3(b), it was observed that the
color of the reaction solution changed from colorless to
dark brown with an increase in silver ion concentration.
As can be seen from Figure 3(a), as the concentration of
silver nitrate increased from 0.01 mM to 0.5 mM, the
intensity of absorbance band was also increased which
indicates the increased concentration of AgNPs. There
is no considerable nanoparticle formation till metal ion
concentration reached 0.3 mM. At higher concentrations,
the noise emerges on the absorbance bands which may
be due to exhaustion of capping agent and be caused by
the transmission problem at further concentrations. In
addition, the location of the SPR peak is shifted toward a
higher wavelength. It has been reported that an increase
in size and dispersity in AgNPs causes the red shift in the
UV-vis spectrum [42]. The increase in particle size and size
distribution can also be observed from histograms given
in Figure 4.

Moreover, the absorbance bands belonging to the reacti-

on solutions which have higher concentrations than 1 mM
are broad and have an absorption tail. This indicates that
these reaction solutions contain a large number of large-
sized nanoparticles which have size distribution as well.
Identical experiments were conducted by only changing
extract type (E2 and E3) (Data not shown). All the obtained
results were evaluated and 0.3 mM of silver nitrate solu-
tion was adopted as a precursor for further experiments
since the resulted AgNPs are stable and have narrow size
distribution.

Effect of the amount of extract and extract concentration
Yields of extracts (E1, E2, and E3) are calculated as
10.47%, 9.59%, and 9.87% from equation (1), respec-
tively. As expected, it shows that increased dry plant
gives more concentrated extract. The effect of extract
concentration was investigated by adding three diffe-
rent extracts (E1, E2, and E3) to 9 mL precursors at a
constant amount and incubating at room temperature
for 24 h. To determine the amount of extract that gives
the maximum number of stable AgNPs, three different
extracts (E1, E2, and E3) in three different amounts va-
ried from 0.1, 0.5, and 1 mL in 9 mL of 0.3 mM aqueous
AgNO, solution (Figure 5-7).

Figure 5(a) shows UV-vis spectra of AgNPs phytosynthe-
sized varying the volume of E1 after 240 min incubati-
on. It found that increasing the amount of plant extract
(E1) from 0.1 to 0.5 mL results in a remarkable increa-
se in the absorption band, attributing to the increase
of AgNPs concentration. However, as the plant extract
was increased to 1 mL not only did the intensity of ab-
sorption band slightly decrease but also the plasmon
absorption maximum shifted to shorter wavelengths.
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Figure 5. (a) UV-vis spectra (b-d) TEM images and histograms of AgNPs synthesized by adding three different amount (0.1, 0.5, and 1
mL) of E1 extract into 9 mL of 0.3 mM silver nitrate precursor.

Figure 6. (a) UV-vis spectra (b-d) TEM images and histograms of AgNPs synthesized by adding three different amount (0.1, 0.5, and 1
mL) of E2 extract into 9 mL of 0.3 mM silver nitrate precursor.



This blue shift is indicating the particle size reduction.
It was due that the increase in extract amount leads to
a faster reduction of silver ions and a larger number of
nuclei formation simultaneously and consequently the
formation of small AgNPs.

Figure 6(a) shows UV-vis spectra of AgNPs phytosynthe-
sized varying the volume of E2 after 240 min incubation.
It illustrates that increasing the amount of plant extract
(E2) from 0.1 to 0.5 mL results in only a moderate incre-
ase in the absorption band and a decrease in the band-
width to be considered as less size distribution in lar-
ger particles. Results are also supported by histograms
of TEM images given in Figure 6(b-d). The absorption
band observed at higher wavelengths than 400 nm asc-
ribed to nanoparticles that have smaller sizes than 10
nm. When the plant extract quantity was increased to
1 mL, a large number of small AgNPs formed. Therefore,
it was observed that the plasmon absorption maximum
of AgNPs has shifted to higher wavelengths than 400
nm due to the drastic decrease in the size and dispersity
of AgNPs.

In Figure 7(a), the formation of AgNPs mostly smaller
than 10 nm was encountered in the amount of 0.5 mL
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of E3 extract. It was similar to the result obtained by 1
mL of E2 extract but not exactly the same. This may be
explained by the change in the physicochemical conditi-
ons with the presence of the greater amount of phytoc-
hemicals in the reaction solution (e.g., agglomeration,
super-saturation, the effect of secondary interactions,
etc.) [43].

The effect of extract concentration can be examined
from Figure 8(a-c). As it can be seen from Figure 8(a), at
a lower extract amount, a decrease in the extract con-
centration causes a gradual decrease in the absorbance
with a slight blue shift in plasmon absorption maximum.
Blue shift means a small decrease in particle size. In Fi-
gure 8(b), an increase in the extract concentration leads
to a considerable decrease in the absorbance intensity
and formation of nanoparticles mostly smaller than
10 nm. In other words, at a lower extract amount, the
variation of extract concentration affects the number
of nanoparticles formed but its morphology and size
distribution stays similar. On the other hand, at a higher
extract amount, the same variation in extract concent-
ration has a considerable effect on both the size, morp-
hology, and size distribution of nanoparticles.

Figure 7. (a) UV-vis spectra (b-d) TEM images and histograms of AgNPs synthesized by adding three different amount (0.1, 0.5, and 1

mL) of E3 extract into 9 mL of 0.3 mM silver nitrate precursor.
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Figure 8. UV-vis spectra of AgNPs synthesized by adding (a) 0.1 mL (b) 0.5 mL and (c) 1 mL of each extract (E1, E2, and E3) into 9 mL of

0.3 mM silver nitrate precursor.
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Figure 9. IC,, values of three different S. fruticosa extracts (E1, E2, and E3).

Asaresult of these, the slightest variation in high extract
concentrations (E3) has a huge effect on nanoparticle
formation. On the other hand, low extract concentra-
tions (E1) provide more opportunities for nanoparticle
production optimization.

DPPH assay for antioxidant activity

The antioxidant activity of phytosynthesized AgNPs
and three different aqueous extracts of S. fruticosa
was evaluated by DPPH radical scavenging assay. DPPH
(1,1-diphenyl-2-picrylhydrazyl) is a stable free radical
compound and has the ability to accept electrons from
antioxidant compounds or silver nanoparticles. In an-

tioxidant activity assays, a compound known to have
good antioxidant (radical scavenging) properties are
usually chosen as the standard. In this study, a different
standard was not required since the antioxidant activity
of AgNPs was compared with the extract used in their
synthesis. The antioxidant activity of the extracts is gi-
ven as IC_ values in Figure 9.

The antioxidant amount that is required to halve the ini-
tial DPPH concentration is called IC, . The lower the IC_|
value of a compound means that the higher antioxidant
activity it has. In other words, the IC_ value of a compo-
und is inversely proportional to its antioxidant activity
[44]. Accordingly, as can be seen in Figure 9, E3 extract
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Figure 10. IC_ values of extracts only (E1, E2, and E3) and AgNPs phytosynthesized by mixing 0.3 mM AgNO3 and different amounts

(0.1, 0.5, and 1 mL) of S. fruticosa extracts.
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Figure 11. IC_ values of S. fruticosa extracts (E1) only and AgNPs phytosynthesized by mixing 0.5 mL of E1 and four different concen-

trations of metal ion precursor, separately.

has the lowest IC_, value which also means that it has
the highest antioxidant activity. Considering that the
extract yield is ~¥10% for all three extracts, the increase
in the weight of dry matter used in extract preparation
results in a higher amount of dissolved substances with
antioxidant properties in the extract, which explains the
increase in antioxidant activity.

In this study, antioxidant activity assay was performed
for 12 different AgNP solutions which have different
synthesis parameters. Three different types of S. fruti-
cosa extract which have different concentrations were
used and the antioxidant activity increased with incre-
asing both concentration and amount of extract. The
finding reveals that the phytosynthesized AgNPs pos-
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sessed free radical scavenging activity that changes de-
pending on the synthesis parameters. As it can be seen
from Figure 10, a significant shift in the DPPH radical
scavenging ability was observed according to extract
amount.

AgNPs synthesized with 0.1 mL of the extract have the
lowest DPPH radical scavenging activity. The result for
AgNPs synthesized with 1 mL of extract exhibited a hig-
her DPPH radical scavenging activity when compared to
the aqueous S. fruticosa extract used in its phytosyn-
thesis although the extract was diluted by 10:1 in the
precursor. Thus, it can be simply said that nanoparticles
also have antioxidant activity. Nevertheless, the antioxi-
dant capacity of the silver nanoparticles was dependent
on not only the amount but also the concentration of
extract used in the synthesis.

The antioxidant activity of the silver nanoparticles
phytosynthesized with different metal ion concentrati-
ons is given as IC_ values in Figure 11.

In the synthesis mixture, when extract concentration
and amount were kept constant and metal ion concent-
ration is increased, the scavenging ability decreased
in a metal ion concentration-dependent manner. The

antioxidant activity decreased despite the increasing
concentrations of AgNPs. Although there is an increase
in the number of nanoparticles formed when 0.5 mL of
E1 extract is added into 0.1 mM and 0.3 mM metal ion
solutions, there is no significant change in antioxidant
activity. In this case, it can be estimated that only some
part of the extract is involved in the formation of nano-
particles, but there is still an amount of excess extract
which have antioxidant activity in the medium. It can
also be estimated that the antioxidant activity is closely
related to the amount of extract left in the medium.
Moreover, it can be assumed that when the metal ion
concentration is increased further by keeping the amo-
unt of added extract constant, there is a decrease in the
amount of extract -having antioxidant activity- remai-
ning in the reaction medium, and accordingly, there is
a decrease in antioxidant activity. It can be concluded
that antioxidant activity is not only caused by silver na-
noparticles. In the presence of silver nanoparticles, an
increase in antioxidant activity can be attributed to the
that nanoparticles are in a synergistic effect with the
extract and contribute to antioxidant activity by facili-
tating electron transfer.

Figure 12. Nyquist diagrams of (a) bare CPE, (b) E1-0.3/CPE, (c) E2-0.3/CPE, (d) E3-0.3/CPE, (e) E1-1/CPE, and (f) E1-3/CPE in 0.3 mol/L
KCl solution containing 1.0 mmol/L Fe(CN)6 # in open circuit mode, with a frequency range of 0.1 to 100,000 Hz and amplitude of 5

mV.
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Figure 13. Cyclic voltammograms of bCPE and CPEs modified with AgNP synthesized via (a) different extract concentrations and (b)
different precursor concentrations in 0.1 M phosphate buffer solution at pH 7 at a scan rate of 50 mVs™ (n=5).

Electrochemical impedance spectroscopy
Electrochemical impedance spectroscopy (EIS) was
used to determine the charge transfer resistance (R )
of each modified carbon paste electrode. Thus, the
differentiation depending on the nanoparticles in the
carbon paste matrix was evaluated. Figure 12 shows the
impedance spectra obtained by bare CPE and AgNP mo-
dified CPE in 0.3 mol/L KCl solution containing 1 mmol/L
K,[Fe(CN)].

It is known that the diameter of the semicircle, which
corresponds to the charge-transfer limited process, rep-
resents the charge-transfer resistance at the electrode
surface [45]. The results show that the obtained R , values
were: bare CPE (R = 131.4 kQ), E1-0.3/CPE (R, = 83.5 kQ),
E2-0.3/CPE (RCt =~ 24.2 kQ), E3-0.3/CPE (RCt ~13.6 kQ), E1-1/
CPE (R, = 104 kQ), and E1-3/CPE (R , = 66 kQ). As it can also
be seen from the Nyquist diagram, when compared to the
bare CPE, there was a reduction in the electrical resistance
after the modification of CPE with different colloidal silver
solutions, which may be attributed to both the antioxidant
activity of extract and the conductive capacity of AgNPs.

There was a drastic decrease in the R  values when carbon
paste electrodes modified with E1-0.3, E2-0.3, and E3-0.3
solutions are compared with each other. As previously
mentioned, in addition to silver nanoparticles, there is also
excess extract in the modification solutions prepared with
0.3 mM silver nitrate precursor. This indicates that the
electronic charge transfer process is facilitated with incre-
ased extract concentration, assuming the same amount of

colloidal silver in modification solutions.

The comparison of R values obtained by carbon paste
electrodes modified with E1-0.3, E1-1, and E1-3 solutions
showed that there is an increase at the R  value despite an
increase in silver nanoparticles in the carbon paste matrix.
This result is not only due to the increase in the number
of silver nanoparticles but also due to the decrease in the
amount of extract in the modification solution. Again as
mentioned before, there is also no or a little amount of
excess extract in the modification solutions prepared with
1 mM silver nitrate precursor. This means that the facili-
tation of electron transfer resulting from the extract is
reduced. However, when compared to bare CPE, the elect-
rical conductivity of E1-1/CPE was enhanced owing to an
increase in silver nanoparticle amount in the carbon paste
matrix. There is a noticeable decrease in charge transfer
resistance of E1-3/CPE which is attributed only to the furt-
her increase in silver nanoparticle amount in the carbon
paste matrix. It has been a verification that the addition of
silver nanoparticles had provided faster electron transfer.

Ascorbic acid determination

AgNPs, as conductive nanoparticles were used for modifi-
cation of CPE and cyclic voltammetry, were used to study
the electro-activity of modified carbon paste electrodes.
Before starting the voltammetric experiments, the wor-
king electrode is standardized with an open circuit poten-
tial in the appropriate buffer solution until the current va-
lues are constant [46]. Figure 13 shows the electrochemi-
cal responses (current vs. potential) of bare CPE and AgNP
modified CPE in 0.1 M phosphate buffer solution (pH 7).
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Figure 14. Cyclic voltammograms of (a) bare CPE, (b) E1-0.3/CPE, (c) E1-1/CPE, and (d) E1-3/CPE with the presence of 500 uM ascorbic

acidin 0.1 M.

EIS data shows that the charge transfer resistances of the
carbon paste electrodes modified with AgNPs synthesi-
zed with E2 and E3 extracts (E2-0.3/CPE and E3-0.3/CPE)
are lower compared to bCPE. Because of this, as can be
seen from Figure 13, a very high current flows through
the electrode surface in the small potential range. This li-
mits the use of these electrodes in applications. Therefore,
only the electrodes modified with nanoparticles synthe-
sized using E1 were used in further studies. Carbon paste
electrodes modified with AgNPs synthesized by adding
the same amount of extract (0.5 mL of E1) into different
concentrations of precursor (0.3 mM, 1 mM, and 3 mM)
were prepared (E1-0.3/CPE, E1-1/CPE, and E1-3/CPE) and
utilized to determine ascorbic acid.

The electro-catalytic reduction of ascorbic acid was pre-
liminarily studied with CV in order to examine the perfor-
mances of bCPE, E1-0.3/CPE, E1-1/CPE, and E1-3/CPE. CVs
obtained in the presence of AA in 0.1 M PB solution (pH =
7) at a scan rate of 50 mV/s are shown in Figure 14.

While bCPE has not responded to the analyte AA, E1-1/CPE
exhibited a redox peak located at about 0.4 V (vs. Ag/AgCl)
for ascorbic acid. Although the voltammograms of E1-0.3/
CPE and E1-1/CPE are quite similar, determination of ascor-

bic acid becomes possible owing to increased nanoparticle
amount in the carbon paste matrix. Nevertheless, further
increase in the number of nanoparticles in the carbon
paste matrix caused deterioration in the electrode perfor-
mance. Thus, it can be said that the AgNPs phyosynthesi-
zed with certain synthesis conditions exhibited a catalytic
activity toward the oxidation of ascorbic acid.

The voltammograms at increasing concentrations of AA
are given in Figure 15. As can be seen in Figure 15, in the
absence of AA, no distinctive peak is observed, while the
addition of AA results in an anodic peak that increases in
proportion to the AA concentration.

Figure 16 show that the plot of peak current versus as-
corbic acid concentration is linear for two different con-
centration ranges (5-250 uM and 250-750 puM) of ascorbic
acid, with the equation being Ip(pA):—O.OOOSCAA—O.3642
(R?=0.9988) and | (LA)=-0.0047C, ,+0.6634 (R’=0.9984),
respectively, where C,, is the micromolar concentration
of ascorbic acid and ) is the peak current. In the present
work, the maximum anodic peak current was obtained at
750 uM for ascorbic acid by cyclic voltammetry.
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Figure 15. Cyclic voltammograms of (a) bare CPE and (b) E1-1/CPE in 0.1 M phosphate buffer solution, pH 7, with ascorbic acid concen-
trations of 0, 5, 50, 250, 500 and 750 uM at a scan rate of 50 mVs-1. Arrow corresponds to the direction of forward scan as oxidation,
and reverse scan as reduction.

-3.5 y =-0.0047x + 0.6634

R2=0.9984
.

l, (HA)

y =-0.0005x - 0.3642
—0-5 r. ............ ' .. ........ RZ _ 0.9988

0 500 1000
Concentration of AA (uLM)

Figure 16. The plot of peak current versus ascorbic acid concentration.
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Figure 17. Square wave voltammogram of E1-1/CPE in 0.1 M phosphate buffer solution, pH 7, with ascorbic acid concentrations of 0, 5,

50, and 250 uM at a scan rate of 50 mVs™.

It is also possible to determine ascorbic acid with the
square wave voltammetry (SWV) method in the range of
5-250 uM. Figure 17 shows the plot of peak current ver-
sus ascorbic acid concentration with the equation being
Ip(uA)=—O.OO44CAA—1.O335 (R?=0.8860) and its voltam-
mogram as inset. At higher concentrations, the distinctive
ascorbic acid peak is masked by other current signals and it
is not possible to detect ascorbic acid. The maximum ano-
dic peak current was obtained at 250 uM for ascorbic acid
by square wave voltammetry. By using E1-1/CPE as a wor-
king electrode, ascorbic acid was determined by both SWV
and CV. According to the results, E1-1/CPE can be utilized
for the development of new sensors.

CONCLUSION

In the present study, stable colloidal silver nanopar-
ticles were synthesized with the phytochemicals pre-
sent in the aqueous extract of Salvia fruticosa. The
phytosynthesis of AgNPs is a photo-induced reaction.
The effect of synthesis parameters was studied and it
has been observed that an increase in extract amount
causes a decrease in particle size of AgNPs. Moreover,
the change in extract concentration has more effect on
resultant nanoparticle morphology. Consequently, the-
se results confirmed that the amount of extract, extract
concentration, and metal ion concentration in precur-
sors has an important effect on controlling not only the
size and size distribution of the AgNPs but also their sta-
bility. The optimum reaction mixture was determined
as 9 mL of 0.3 mM silver nitrate solution and 0.5 mL of S.

fruticosa Mill. extract having 20 g/L concentration (E1).
AgNPs synthesized with the optimum reaction mixtu-
re were stable in aqueous formation for more than six
months. According to DPPH radical scavenging assay re-
sults, it was proved that AgNPs have notable antioxidant
activity. Also, it was suggested that nanoparticles are in
a synergistic effect with the extract and contribute a lot
to the antioxidant activity. Finally, the silver nanopartic-
les modified carbon paste electrodes were successfully
fabricated and their electrochemical properties were
studied. The EIS results show the addition of silver na-
noparticles into the carbon paste matrix provides faster
electron transfer. E1-1/CPE showed good electro-ca-
talytic oxidation of ascorbic acid and ascorbic acid was
determined by SWV and CV at concentration ranges (5-
250 uM and 250-750 uM). Based on its electrochemical
response of ascorbic acid, E1-1/CPE can be utilized for
the development of the sensor. Consequently, since the
extract is also present in the colloidal solution, the ext-
ract itself should be considered as a parameter in new
materials where the colloidal solution is used in their
production.
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