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Nanoparticles have attracted great interest recently due to their application in many fields. In this
study, an eco-friendly, scalable, cost-effective method was used for the synthesis of silver nanoparticles
(s-AgNPs) using the fruit extract of Sphaerophysa kotschyana as a reducing agent, and their structure was
elucidated by extensive spectroscopic techniques. The color change from yellow to dark brown indicated
the formation of s-AgNPs. In the UV-Vis spectrum, the maximum absorption was observed at 437 nm.
Fourier transform infrared (FTIR) spectroscopy displayed the functional group of the natural compounds
in the extract that capped and stabilized the s-AgNPs. The characteristic hydroxyl vibrational signal ap-
peared at 3168 cm. The X-ray diffraction (XRD) pattern indicated that the s-AgNPs were face-centered
cubic crystalline structures. Scanning electron microscopy (SEM) exhibited the spherical-shaped nano-
particles with an average size of 67.37 nm. The antioxidant activity of the extract and s-AgNPs was estab-
lished using the DPPH, ABTS, and FRAP assays. In the DPPH test, the effect of s-AgNPs was observed
to be significantly higher than that of the extract, and the activity of s-AgNPs in the FRAP test was also
reported to be higher than the extract. In the ABTS assay, the s-AgNPs displayed outstanding activity,
which was even better than the standards. Consequently, s-AgNPs synthesized from S. kotschyana are
promising drug products for diseases caused by oxidative stress.

Keywords: Sphaerophysa kotschyana fruit; silver nanoparticles; spectroscopy; natural products;
green synthesis; antioxidant activity

CHUHTE3A U KAPAKTEPU3AIIMJA HA HAHOYECTUYKHUTE Ol CPEBPO
CO YIIOTPEBA HA 11O O SPHAEROPHYSA KOTSCHYANA U AHAJIM3A
HA HUBHATA AHTUOKCUJAIIUCKA AKTUBHOCT

Hanouectnukute o7 HeoJaMHa NPUBIIEKYBAaT rojeMO BHMMaHME MOPaJd HHMBHATA MPUMEHA BO
MHOTy obmacti. Bo oBa mcTpaxyBame Oemle NMPUMEHET €BTHH EKOJIOUIKM METOJ IITO MOXe Ja ce
KOPUCTH 3a CHHTE3a Ha HaHOYeCTHYKH o1 cpedpo (S-AgNPS) co mpumeHa Ha €KCTPAaKT OJ IUIOJ Ha
Sphaerophysa kotschyana kako pemykumucko cpeacTBo, a moToa Oelle ofpecHa HUBHATA CTPYKTYpa CO
OpOjHH CHEKTPOCKONCKH TEeXHHWKH. [IpoMeHata Ha 0ojaTa of ’XoiTa J0 TeMHOKadeHa yKaxyBa Ha
obpasyBame Ha S-AgNP. Bo UV-Vis crmekrapor MakcuMaiHara arcopnndja usHecysame 437 nm.
dypueorara Tpanchopmua uabppanpsena (FTIR) cnekrpockonuja ru mpukaxa GpyHKIIMOHATHUTE TPYITH
Ha TMPHUPOIJHHUTE COEJMHEHHja BO EKCTPAaKTOT KoM TH oOjoxuja u crabmmmsupaa S-AgNP.
KapakTepucTHIHUOT XMAPOKCHIIEH BUOPAIIMCKM CUTHAN ce MaHu(ecTupalie Ha 3168 cm. Penarenckara
mudppakmnucka (XRD) cimuka mokaxka neka S-AgNP ce CTpaHWYHO TEHTPUpaHH KYOHH KPUCTATHH
cTpykTypu. CKeHHpaukara enekTpoHcka Mukpockomnija (SEM) ru mokaxka HAHOYECTHUKUTE CO chepHa
(dopma u mpoceyHa rojgemuHa o1 67,37 NM. AHTHOKCHAANKMCKATa aKTUBHOCT Ha €KCTPakToT U Ha S-AgNP
Oerie yTBpJeHa co npuMmeHa Ha aHaiauza co DPPH, ABTS u FRAP. Bo tecror DPPH, 6Gerie 3abenexaHo
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neka eexror Ha S-AQGNP e 3HaYMTETHO MOBUCOK O[T TOj Ha eKCTpakToT. Bo anamm3ara co ABTS, s-AgNP
MMOKa)kaa M3BOHpPEOHA aKTHBHOCT INTO Oemie momoOpa aypu w on cranmapaute. CrenctBeHo, S-AgNP
cuHTeTH3Mpann ox S. kotschyana ce moTeHuWjanHH JIeKOBH 3a OOJECTH INTO TIPEAU3BHKYyBaaT

OKCHIAIMUCKU CTPEC.

Kunyunn 360poBu: mion ox Sphaerophysa kotschyana; sHanouectidku Ha cpedpo; CIIEKTPOCKOIIH]a;
TPUPOAHH TIPOM3BO/IH; 3€JICHA CHHTE3a; aHTHOKCHIALICKA aKTHBHOCT

1. INTRODUCTION

Natural products have been employed for
food and medicinal purposes since ancient times.*
Following the discovery of bioactive compounds in
plants, due to the advancement of spectroscopy,
plants (especially natural products) have gained
great interest in scientific fields.* Nanotechnology
has become a rapidly developing science in recent
years due to its wide application areas, such as
medicine, optics, water purification, sensors, agri-
culture,® etc. Many synthetic methods have been
developed for the synthesis of nanoparticles, in-
cluding physicochemical techniques.® The corre-
sponding methods contain toxic chemicals and are
harmful to the environment and living things. Nat-
ural products have emerged and become of great
interest in nanoparticle synthesis, particularly with
respect to green chemistry.”® Recently, natural
products such as vegetables, seaweed, algae, en-
zymes, arthropods, and plants have begun to be
used in the synthesis of nanoparticles. Among
them, plant extracts are widely used due to their
abundance and bioactive compound content.® Na-
noparticles have been reported to reveal considera-
ble biological activity, such as antioxidant,'® anti-
cancer,*! antibacterial, and antifungal.?

The Sphaerophysa genus belongs to the Fa-
baceae family, distributed throughout Asia and
north China, and includes two species in the world,
S. kotschyana and S. salsula.®® The species of this
genus have been used in traditional medicine to treat
hypertension. Phytochemical investigation of this
genus revealed the isolation and identification of
alkaloids, coumarins, and isoflavans.’* > Due to the
significant bioactive compounds of this genus, silver
nanoparticles (s-AgNPs) capped, stabilized, and
reduced by the corresponding compounds could be
effective for food and pharmaceutical application.

Antioxidants are compounds that can inhibit,
delay, and scavenge radicals formed in the human
body during metabolism.® The human body devel-
ops enzymes to combat free radicals, but these en-
zymes can be insufficient under some conditions,
such as bad living habits, cigarette smoking, stress,

etc. Natural products attract great attention because
they contain bioactive compounds that will remove
free radicals in the body. In addition, drug formula-
tions that include natural products have recently
been used effectively.l’ 18

In this study, s-AgNPs were synthesized
from Sphaerophysa kotschyana fruit and investi-
gated for their antioxidant activity.

2. MATERIALS AND METHODS
2.1. Plant material

S. kotschyana fruit was provided from Kon-
ya, Turkey, and identified by Prof. Dr. Ozgur Emi-
nagaoglu, a specialist on plant taxonomy at the
Artvin Coruh University, Faculty of Forestry, For-
est Engineering Department. A voucher specimen
was deposited at the herbarium of the same Faculty
(No: 16788).

2.2. Synthesis of silver nanoparticles (s-AgNPs)

The fruit of S. kotschyana was collected,
dried, and powdered (10.0 g) and then heated with
deionized water (200 ml) for 3 h at 55 °C. After
filtration with Whatman paper (180 um thickness,
25 mm diameter), the solution was treated with
silver nitrate (0.035 M, 100 ml) at 60 °C for 1 h,
centrifugated at 5000 rpm for 15 minutes, and ly-
ophilized to yield the black product.®®

2.3. ldentification of nanostructure

Extensive spectroscopic study revealed the
proposed nanostructure. A Fourier transform infra-
red (FTIR) spectrometer (FT/IR-4700 Jasco) sup-
plied information about functional group changes
during the bio-reduction. UV-Vis analysis provid-
ed the maximum absorbance of the nanoparticles at
a wavelength of 200-800 nm, using a UV-2600
Shimadzu spectrophotometer. The X-ray diffrac-
tion (XRD) pattern was recorded by an Empyrean,
Malvern Panalytical diffractometer using CuKa
radiation. The morphology of the synthesized
s-AgNPs was determined by scanning electron mi-
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croscopy (SEM) (Quanta Feg450) and the EDAX
detector was used for elemental analysis.?

2.4. ABTS™" radical cation scavenging assay

First of all, stock solutions of the s-AgNPs
(0.25 mg/ml in DMSO) and extract (1.0 mg/ml in
MeOH) were prepared and the phosphate buffer
was produced (500 ml, pH 7.4, 0.1 mM). The reac-
tion was then carried out in this buffer solution.
The ABTS™ radical cation solution was prepared
by treating ABTS (2.0 M, 100 ml) with sodium
persulfate (2.45 mM, 200 ml) in the dark for 6 h at
room temperature. Different concentrations of
s-AgNPs (2-40 pg/ml) was reacted with the
ABTS"" solution. The measurement was executed
by a spectrophotometer (734 nm). A calibration
curve of Trolox was obtained and the results were
then calculated in terms of the Trolox equivalent
(TE).#

2.5. DPPH free radical scavenging assay

Samples of the stock solution at various con-
centrations (240 pg/ml, 3.0 ml) were treated with
DPPH" solution in ethanol (1.0 ml, 0.26 mM) and
then vortexed. The mixture was incubated at room
temperature for 30 min. An absorbance measurement
was performed with a spectrophotometer (517 nm).
The results were calculated as 1Csp.?

2.6. Reducing power

A reducing power assay was executed accord-
ing to the given literature. Briefly, each extract and
s-AgNPs (100 ul) were mixed with phosphate buffer
(1.15 ml, 0.20 M, pH 6.7) and potassium ferric cya-
nide (1.0 %, 1.25 ml) and the mixture was then incu-
bated for 30 min at 50 °C. Trifluoroacetic acid (1.25
ml, 10 %) and FeCl; (0.25 ml, 0.1 %) were added to
the reaction flask and vortexed. UV-Vis measure-
ment was then carried out at 700 nm. The calibration
curve of Trolox at various concentrations was con-
structed and the results of the samples were calculat-
ed in terms of the Trolox equivalent (TE).?®

2.7. Statistical analysis

The statistical analysis of this work was per-
formed by GraphPad prism (8.00 version). One-
way ANOVA with Tukey test was carried out for
the comparison test. The results were stated as
mean values + standard deviation (P < 0.05).
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3. RESULTS AND DISCUSSION
3.1. UV-Vis spectral analysis of s-AgNPs

The observed color change of the s-AgNPs
solution from yellow to dark brown was a signifi-
cant indication of nanoparticle formation. The
maximum absorption was obtained at 437 nm,
which proved the desired product, since the charac-
teristic absorption peak of green-synthesized
s-AgNPs appears to range from 350 to 550 nm
(Fig. 1). The plant secondary metabolites have a
functional group that can reduce the silver ions to
silver metal. After the oxidation and reduction re-
action in the solution of plant extract and silver
ions, the silver nanoparticle formed in the follow-
ing stages: reduction, clustering, and growth of
nanostructures.
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Fig. 1. UV-Vis spectra of extract (1) and s-AgNPs (2).
Inset — the solution of extract (1) and s-AgNPs (2)

3.2. Fourier transform infrared
(FTIR) spectroscopy

FTIR analysis revealed that the functional
groups of the secondary metabolites capped and
stabilized the silver ions. The slight differences
between the extract and s-AgNPs proved the for-
mation of nanostructures (Fig. 2). The characteris-
tic hydroxyl vibrational signal appeared at 3168
cm. The peak observed at 2916 cm™ belonged to
the C-H stretching of the alkane. The absorption at
1539 cm* and 1506 cm™ could be due to the N-O
stretching of the nitro group. The OH bending of
phenol was observed at 1361 cm™. The signals at
1239 cm™ and 1031 cm™ belonged to C-N stretch-
ing and S=0 stretching, respectively. The signal of
C-H bending appeared at 756 cm™, and the signals
at 504 cm and 420 cm™ could be due to the silver
oxide, in agreement with the literature.?
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Fig. 2. Fourier transform infrared spectra of the extract (green) and s-AgNPs (blue).
1: 3168, 2: 2916, 3: 1539, 4: 1506, 5: 1361, 6: 1239, 7: 1031, 8: 756, 9: 504, 10: 420

3.3. X-ray diffraction (XRD)

The XRD pattern revealed the crystalline na-
ture of the s-AgNPs (Fig. 3). The characteristic
signals observed at 38.23°, 46.27°, 64.89°, and
77.13° could correspond to the 111, 200, 220, and

311 facets of the face-centered cubic structure, re-
spectively. The planes were consistent with the
standard diffraction pattern.?® The crystal structure
was presented by the intense peak (200). The im-
purity signals in the XRD spectrum could be due to
the silver chloride.
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Fig. 3. X-ray diffraction pattern of s-AgNPs

3.4. Scanning electron microscopy-energy-
dispersive X-ray spectroscopy (SEM-EDX) analysis

The SEM image indicated the morphology
of uniformly distributed s-AgNPs (Fig. 4). The
agglomerated clusters were distributed over the

surface. The particle size was found to be 67.37
nm. The energy-dispersive X-ray (EDX) spectrum
showed a strong silver signal at 2.5-3.5 keV, veri-
fying the s-AgNPs, as well as weak carbon and
oxygen peaks (Fig. 5). The atomic percentage of
Ag was found to be 32.73 %.
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Fig. 4. Scanning electron microscopy image of s-AgNPs
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Fig. 5. Energy-dispersive X-ray spectrum and elemental analysis of s-AgNPs

3.5. Antioxidant activity

The discovery and development of antioxi-
dant agents are of the highest importance in the food
and pharmaceutical industry. In this study, s-AgNPs
were synthesized from an aromatic and medicinal
plant, S. kotschyana. Due to the bioactive com-
pound content of S. kotschyana, s-AgNPs that are
capped and stabilized by the corresponding com-
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pounds would be expected to exhibit considerable
activity. In the DPPH assay, the s-AgNPs revealed
significantly higher activity (ICso 8.90 + 0.16
pg/ml) than the standard BHT (ICso 10.78 + 0.10
pg/ml) and extract (ICso 14.15 + 0.12 pug/ml). In
the ABTS assay, the s-AgNPs exhibited an out-
standing effect (ICso 3.33 + 0.058 pg/ml) com-
pared to the standard BHT (ICso 7.14 + 0.18
ug/ml) and extract (ICsp 6.34 + 0.34 ug/ml). The
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reducing power of the s-AgNPs (umol TE/mg ex-
tract, 1.44 + 0.016 ug/ml) was also found to be
higher than the extract (umol TE/mg extract, 1.44
+ 0.016 pg/ml), but lower than the standard BHT
(umol TE/mg extract, 5.34 + 0.12 ug/ml). The re-
sults of the three assays are shown in Fig. 6. There
is an agreement in the reported study in which s-
AgNPs synthesized from some aromatic and me-
dicinal plants displayed considerable antioxidant
activity.?30 Moreover, s-AgNPs were synthesized
using Atrocarpus altilis leaf extract, and the nano-

particles and extract revealed antioxidant and an-
timicrobial activity.®* In another study, Thymus
kotschyanus extract was used for the synthesis of s-
AgNPs, and the extract and nanoparticles were
reported to display antioxidant, antibacterial, and
cytotoxic effects.®® In addition, s-AgNPs synthe-
sized using Carissa carandas revealed considera-
ble antioxidant and antibacterial activity.*® In a
phytochemical study, pinitol and sucrose were iso-
lated from S. kotschyana.®*
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Fig. 6. Antioxidant activity of extract and s-AgNPs

4. CONCLUSION

s-AgNPs were synthesized using S. ko-
tschyana fruit extract in an eco-friendly, low-cost,
easy manner. S. kotschyana contains significant bio-
active compounds, such as alkaloids and coumarins.
Hence, the nanostructures capped, stabilized, and
reduced by the corresponding compounds could be
raw materials for the food and pharmaceutical in-
dustries. Due to the environmental pollution caused
by the chemical industry, the use of eco-friendly
methods in nanoparticle synthesis has been an im-
portant field of study in recent years. Since the na-
noparticles revealed a higher antioxidant activity
than that of the plant extract, nanoparticles synthe-
sized from S. kotschyana fruit can be used in food
and pharmaceutical production. Alkaloids are an
important class of secondary metabolites and at least
sixty plant-derived alkaloids have been approved as
drugs in various countries. Therefore, nanoparticles
capped by alkaloids may have potential for the drug
development process. Further studies should be car-
ried out using s-AgNPs, such as in vivo studies,

studies of the antiproliferative effect, etc., to estab-
lish the compatibility for drug development.
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