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ABSTRACT

In this study, gold nanoparticles were synthesized using the fruit extract of Sambucus ebulus
(S. ebulus) as a reducing, capping, and stabilizing agent. Biogenic synthesis of gold
nanoparticles (Au nanoparticles) was accomplished using S. ebulus fruit extract in the
presence of hydrogen tetrachloroaurate(Ill) trihydrate at a temperature of 65 °C and the
solution stirred at 400 rpm. The characterization of the synthesized nanoparticles (SE-
AuNPs) was performed using different analytical methods, such as scanning electron
microscopy (FE-SEM), energy dispersion X-ray spectroscopy (EDS), Fourier transform
infrared (FT-IR), X-ray diffraction analysis (XRD), and UV-vis spectroscopy. A strong
absorption peak at 565 nm confirmed the formation of the gold nanoparticle. On the basis of
the electron microscopy results, AuNPs were mostly spherical with an average size of 116.2
nm. The cubic crystalline structure of the prepared nanoparticles was confirmed using the
XRD pattern and the average crystallite size was obtained at 28.471 nm. FT-IR analysis
confirmed the presence of functional groups in the plant extract for the synthesis of
nanoparticles. SE-AuNPs showed good antibacterial activity against Gram-positive and
Gram-negative bacteria tested and exhibited potent antileishmanial activity. Furthermore,
SE-AuNPs showed excellent antioxidant activity that inhibited DPPH radicals with an ICso
value of 21.976 pug/mL. The prepared AuNPs acted to degrade methyl orange (MO), which
was performed in sodium borohydride and visible light.
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1. Introduction

Nanoparticles have various applications such as catalysts,
chemical sensors, electronic components, pharmaceutical
products, medical diagnostic imaging, and antimicrobial effects
[1-4]. Nanoparticle synthesis using the plant is simple and cost-
effective [1]. Many studies show that biomolecules, such as
proteins, phenols, and flavonoids, play an essential role in the
reducing, capping, and stabilizing of nanoparticles [2]. Gold
nanoparticles have many useful applications in biomedicine,
catalysis, biosensing, electronic, and magnetic devices [3]. Gold
nanoparticles have been used for different applications, such as
antioxidants [4], anticancer drugs [5], antimicrobials [6],
larvicides [7], agriculture [8], and drug delivery [9,10]. Green
synthesis of gold nanoparticles using different plants such as
Panax ginseng [11], Chenopodium album [12], Avera lanata [13],
Moringa oleifera petals [14], Sorbus aucuparia [15], Pleurotus
ostreatus [16], Terminalia catappa [17], Mangifera indica [18],
Anacardium  occidentale [19], Murraya koenigii [20],
Convolvulus fruticosus and Crataegus monogyna [21] has been
investigated. In the present research, Sambucus ebulus fruit
extracts were employed as stabilizing and capping agents for

the biosynthesis of gold nanoparticles. The S. ebulus fruit has
phenols and flavonoids that can act as reducing and capping
agents for metal nanoparticle synthesis.

S. ebulus, or dwarf elder with white flowers, is located in
Europe and West Asia [22]. Important phytochemicals of S.
ebulus are steroids, flavones, tannic acids, glycoside com-
pounds, ebulin, caffeic acid, cardiac glycosides, chlorogenic
acid, and volatile compounds [23,24]. The existence of poly-
phenolic compounds can also be related to their antioxidant
action [25]. S. ebulus exhibited different activities such as anti-
oxidant and anti-inflammatory activities [26], biochemical
effects, cytotoxic and antiangiogenic effects, antimicrobial and
anticancer activities, improvement of the lipid profile, anti-
parasitic, antiulcerogenic, and wound healing effects [24,27-
29]. The antiemetic and neuroprotective activities of this plant
have also been reported [30]. Iron (Fe2*) chelating ability of the
methanolic extract of S. ebulus L. has been reported and has sent
out free radicals to the outside of the body [31].

Leishmaniasis is a tropical disease that is created by the
genus Leishmania parasites. The World Health Organization
(WHO) has identified leishmaniasis as a category one disease
[32]. Leishmaniasis has increased around the world, which has
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been associated with a possible increase in disease vectors
along with global warming [33]. The high toxicity and
resistance to existing antileishmanial drugs [34] require further
research to find effective and selective therapeutic agents.
Medicinal plants screening for the synthesis of metal
nanoparticles can be used to discover new, efficient, less toxic,
and cost-effective antileishmanial agents [32].

AuNps are inert and relatively resistant to bacteria and
have unique optical, physical, and chemical properties with a
rich history since ancient times and an intense future in the field
of biological and chemical sciences. There is an increased
requirement to develop eco-friendly methods to synthesize
nanoparticles without applying toxic. The range of eco-friendly
nanoparticle synthesis approaches includes the use of enzymes,
microorganisms, plant extracts, and medicinal plants [35].

In the study, gold nanoparticles were prepared using S.
ebulus fruit extracts and characterized by various analytical
techniques such as UV/Vis spectroscopy, X-ray diffraction
(XRD), energy dispersive X-ray spectroscopy (EDX), Fourier
transform infrared (FT-IR) spectroscopy, and scanning electron
microscopy (SEM). We demonstrated that the green synthe-
sized nanoparticles displayed effective antileishmanial, anti-
bacterial, and antioxidant activities and effectively eliminated
the environment-polluting dye methyl orange.

2. Experimental
2.1. Chemicals

Hydrogen tetrachloroaurate(I1I) trihydrate (HAuCls-:3H20),
sodium borohydride, and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) were purchased from Sigma Aldrich (USA), Merck
(Germany), and Fluka. Methyl orange and other chemicals were
purchased from Merck India Ltd.

2.2. Preparation of the extract

The preparation of the S. ebulus fruit extract was carried out
using the maceration method with methanol solvent. The S.
ebulus fruit was dried at room temperature for three weeks and
cut into small pieces. 100 g of small dried fruits with 250 mL of
methanol were macerated for 24 hours. The filtration of the
extract was carried out by Whatman filter paper (No. 1), then
concentrated using a rotary evaporator, and then freeze-dried.

2.3. Biosynthesis of gold nanoparticles

10 mL of S. ebulus extract (0.1 mg/mL) was added to the
freshly prepared HAuCls-3H20 solution (10 mL and 1 mM). The
reaction mixture was heated to 65 °C with stirring until a
change in color (reddish brown). Within 30 minutes, the
reduction reaction was complete. In this case, the color change
indicates that gold nanoparticles have formed (Au3+ — Au?). A
centrifuge (Centrifuge 5810R, Eppendorf, Germany) was used
(6000 rpm and 20 min) to obtain gold nanoparticles. The
precipitate obtained was washed with methanol and deionized
water. The final product was placed in an oven to be analyzed
and identified (60 °C).

2.4. Characterization

The green synthesized AuNPs were characterized by
evaluating the absorbance of the mixture reaction on the UV-Vis
spectrophotometer (T80 UV-Vis spectrophotometer, PGI,
Beijing, China) at wavelengths between 200 and 800 nm. The
functional groups of the S. ebulus L. fruit extract and the
synthesized AuNPs were then evaluated using FT-IR analysis
(ATR, Agilent, Cary 630, FTIR spectrometer, equipment at 4000
and 650 cm1). Solid forms of AuNPs were used for ATR-FTIR
analysis without any manipulation. In ATR sampling, the IR

light travels through a crystal, which is internally reflected at
least once at the crystal-sample interface; and the reflected light
travels to the FTIR detector. During the internal reflection, a
part of the IR light travels into the sample, where it can be
absorbed.

XRD analysis was performed with monochromatic CuKa
radiation (A = 1.54060 A, step size = 0.0195°) using a
PANalytical X-PERT PRO diffractometer (20 = 10-80°) to
determine the crystalline nature of AuNPs. Using Scherrer’s
formula, D = 0.91/Bcos6 was obtained as the average crystallite
size of the prepared AuNPs [9]. The field emission scanning
electron microscope (FE-SEM) (TESCAN BRNO-Mira3 LMU)
proved the surface homogeneity and uniformity of the NPs.
Energy-dispersive X-ray analysis (EDX) along with FE-SEM
confirmed the elemental composition analysis of the NPs.

2.5. Antibacterial test

MIC is known to be the lowest concentration of the
antibacterial agent that inhibits the growth of a living organism.
The MIC of synthesized SE-AuNPs was determined against
Enterococcus faecalis (ATCC 29212) and Staphylococcus aureus
(ATCC 29213) as Gram-positive bacteria, and Escherichia coli
(ATCC 25922), Proteus mirabilis (ATCC 25933), Acinetobacter
baumannii (ATCC 19606), Pseudomonas aeruginosa (ATCC
27853) and Klebsiella pneumoniae (ATCC 700603) as Gram-
negative bacteria in 96-well microplate and using broth dilution
methods. 100 pL of Mueller Hinton broth (MHB) and various
concentrations of SE-AuNPs were added to all wells in the 96-
well microplate at ambient temperature. Then 100 pL of dilute
bacterial suspension (according to 0.5 McFarland turbidity
standards) was added to a 96-well microplate. The plates were
then incubated at 37 °C for 24 h. All solutions and synthesized
nanoparticles were applied in a biosafety cabinet.

The MBC was introduced as the lowest concentration of the
antibacterial agent that kills the organism entirely. The MBC
test was performed by sub-culturing the suspension from each
MIC well into the Muller-Hinton agar plate. Incubation was
carried out for 24 h at 37 °C and the lowest concentration
without bacterial growth on Muller-Hinton agar plates was
determined as the MBC value. The reference compound was
Ciprofloxacin.

2.6. DPPH radical scavenging assay

The antioxidant activity (in vitro) of SE-AuNPs was
measured using the DPPH (diphenyl-1-picrylhydrazyl) assay
method [29]. Concisely, 1 mL of different concentrations (41.25
to 2.6 ug/mL) of the synthesized AuNPs was mixed with 1 mL
of DPPH (40 ppm) solution. Incubation was carried out in the
dark at room temperature for 15 minutes. Then the absorbance
of the reaction mixtures was determined at 517 nm by UV-vis
spectroscopy. Butylated hydroxyanisole (BHA) was utilized as
a positive control. The radical scavenging activity was
calculated as a percentage inhibition using the following
equation:

Inhibition (%) = (Ac- As / Ac) x 100 1)

where Ac and As are known as the absorbance of the control
solution and the test sample. A linear regression analysis was
carried out to determine the ICso value of the samples.

2.7. Antileishmanial test

The Iranian strain of L. major promastigotes (MRHO/IR/
75/ER) was cultured in RPMI-1640 medium (Gibco, Paisley,
Scotland, UK) supplemented with 10% fetal bovine serum
(FBS), 100 pg/mL streptomycin, and 100 IU penicillin (Gibco,
Paisley, Scotland, UK) at 24 °C.
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Figure 1. The UV-Vis spectra of biosynthesized gold nanoparticles displayed SPR peak at 565 nm; The mixture color of Auric chloride and plant fruit extract

changes from light yellow to reddish-brown solution (SE-AuNPs).

The medium containing the parasite was sub-cultured every
three days. Anti-amastigote activity was assessed using murine
macrophage cell line ]J774A.1 prepared from the Iranian
National Cell Bank (Pasteur Institute, Tehran, Iran) [36,37].

The anti-promastigote activity of SE-AuNPs was evaluated
in 96-well plates for 72 hours. Serial dilutions of SS-AuNPs
(12.5, 6.25,3.12,and 1.56 pg) gotready in 100 puL of RPMI-1640
medium and then, the addition of 100 pL of RPMI-1640 medium
(including 1x105 promastigotes) was performed to each well.
The negative control was three untreated wells comprising the
parasite. After incubation of plates at 24 °C for 72 hours, a
hemocytometer was used under a light microscope to calculate
the number of promastigotes per milliliter (magnificationx
400), which was accomplished by adding a solution of 2%
formaldehyde (20 pL) in phosphate buffered saline at pH = 7.2.
Positive control Amphotericin B and Glucantime that were
investigated at concentrations of 0.00098-0.0078 pg per 100 pL
of RPMI-1640 medium for Amphotericin B and 0.14-75 pg per
100 pL of RPMI-1640 medium for Glucantime. All examinations
were done in triplicate. Equation (2) calculates the death rate
(DR) of promastigotes:

DR (%) = [(NC - DT)/NC] x100 2)

NC is the number of promastigotes in the negative control
and DT is the number of promastigotes in each well treated
[36,37].

The amount of 2x105 cells of murine macrophage cells was
added to each well in 200 pL. RPMI-1640 medium and its
incubation was carried out (5% COz, 37 °C). At the next stage,
200 pL RPMI-1640 medium with the ratio of 1 cell: 10
promastigotes were poured into each well and incubated for 24
h. After incubation, well washing was performed with RPMI-
1640 medium to remove excess parasites. Then, SE-AuNPs at
various concentrations were added to each well and incubated
for 72 h. Subsequently, excess fluid was removed and 50 pL of
MTT solution (5 mg/mL of stock solution in PBS) was added to
each well (incubated for 4 h). After adding 100 pL of DMSO, the
optical absorbance was defined using a multi-scanning
spectrophotometer (BioTek, Winooski, VT, USA) at 570 nm.
Equation (3) estimated cell death rate:

DR (%) = 1- (AT/AC) x100 3)

The AT and AC are the mean absorbance of SE-AuNPs (each
concentration) and the mean absorbances for the negative
control, respectively. The selectivity index (SI) was measured
by dividing CCso by 1Cso (amastigote) for SE-AuNPs. GraphPad

Prism (version 6) was used to determine ICsoand CCso values
[36,37].

2.8. Photocatalytic degradation of methyl orange (MO)

The photocatalytic effect of green synthesized SE-AuNP was
assessed using the degradation of the organic dye of methyl
orange (MO) in the presence of NaBHa. 2 mL of deionized water
was added to 50 pL of 5 mM MO and 100 pL of fresh 0.1 M
NaBHa. Then 30, 50, and 70 pL of green synthesized AuNPs were
added to the reaction mixture. The degradation process was
checked by UV-vis spectra at different times. The kinetics of the
reaction can be defined as in (At/Ao) = -kt, where k is the
apparent first-order rate constant (min-t), tis the reaction time.
At and Ao are known as the absorption of dyes at times t and 0,
respectively [38].

3. Results and discussion

3.1. Characterization of green synthesized gold
nanoparticles

The green method for the synthetization of metal nano-
particles is eco-friendly, inexpensive, safe, and rapid [39]. In the
present study, the gold nanoparticles were prepared using the
Sambucus ebulus fruit extract as the reducing and capping
agent, which was confirmed by visible color change and
absorption peaks in the UV-vis spectra. Au(Ill) ions were
reduced to metallic nanoparticles and displayed a characteristic
localized surface plasmon resonance (LSPR), where metal
electrons in the conduction band collectively oscillate in
resonance upon interaction with the light of a specific
wavelength. Particle size, shape, and the reaction medium are
effects on localized surface plasmon resonance. The absorption
spectra of AuNP synthesized from the fruit of S. ebulus are
shown in Figure 1b [32]. The mixture color of Auric chloride
and plant fruit extract changes from light yellow to reddish-
brown solution in 30 min and shows the SPR peak at 565 nm
(Figure 1). The locations of the peak in the UV-visible spectrum
are mainly influenced by the shape of the particles, the
temperature, and the dielectric constant of the medium,
indicating the dispersibility of the NPs, while the shape of the
UV-visible peak defines the morphology of the NPs [40]. Broad
and asymmetric SPR bands demonstrate that the prepared NPs
are anisotropic and that the narrow band suggests the spherical
shape of the nanoparticles.
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Figure 2. SEM images of SE-AuNPs at two scales 1 um and 200 nm displayed spherical shapes with an average size of 116.2 nm.
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Figure 3. The XRD patterns of the synthesized AuNPs were observed at angles (26) of corresponding to (111), (200), (220), and (311) diffraction planes of the
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Figure 4. The EDX analysis of SE-AuNPs displayed a strong peak for Au.

The SEM image of SE-AuNPs displayed spherical shapes
with an average size of 116.2 nm, as shown in Figure 2. The XRD
pattern determined the crystalline nature and the average
particle size of the biosynthesized AuNPs. The XRD patterns of
the synthesized AuNPs were observed at angles (26) of 38.20,
44.40, 64.68, and 77.64 ° corresponded to the diffraction planes
(111), (200), (220) and (311) of the cubic structure of metallic
Au that Figure 3 confirmed the crystalline nature of the
nanoparticles [9,41]. The planes of (200), (220),and (311) were
smaller than those of (111), demonstrating that the prepared
nanoparticles were extremely orientated in the plane (111)
[41]. The mean size of the crystallite obtained from the XRD
study was 28.741 nm. The EDX of SE-AuNPs exhibited a strong
single for Au (Figure 4). To determine the functional groups of
the S. ebulus fruit extract, FTIR spectroscopy was used, which is
responsible for the reduction and stabilization of synthesized
AuNPs. The FTIR spectrum of extracts (Figure 5) demonstrated

peaks at 3264 cm?! related to O-H stretch, H-bonded
phenols/alcohols, at 2919 cm! corresponded to C-H stretching,
2105 cm'! for -C=C- stretching, 1624 cm! for -C=C- stretching,
1238 cm for C-O stretching, 1027 cm! for C-N stretching of
aliphatic amines [42-44]. This data confirmed the key role of
different phytochemicals in the synthesizing and stabilizing of
metal nanoparticles. Changing the intensity or shift in the NPs
spectra was related to the phytochemicals’ coordination with
the surface of the metal.

3.2. Antibacterial activities

Small AuNPs can penetrate bacteria and cause damage,
decrease their activity, and lead to cell death [45]. In this study,
the antimicrobial activity of the prepared AuNPs was inves-
tigated against several bacteria by determining the MIC.
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Table 1. Antibacterial activity of green-synthesized AuNPs on ATCC strains.

Bacteria ATCC SE-AuNPS
MIC (pg/mL) MBC (ug/mL)

S. aureus ATCC 29213 20.625 660

E. faecalis ATCC 29212 41.25 660

P. aeruginosa ATCC 27853 41.25 1320

A. baumannii ATCC 19606 41.25 1320

E. coli ATCC 25922 41.25 660

K. pneumoniae ATCC 700603 41.25 1320

P. mirabilis ATCC 25933 20.625 660
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Figure 5. FTIR spectra of the extracts displaying functional groups confirmed the key role of different phytochemicals in the synthesis and stabilization of metal

nanoparticles.
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Figure 6. The UV-Vis absorbance spectra of MO mixed with NaBH4 solution in the presence of different volumes of SS-AuNPs as catalyst: a) 30 uL of SS-AuNPs;
b) 50 pL of SS-AuNPs; ¢) 70 pL of SS-AuNPs at time intervals. d) Comparison of the colorization of power in different volumes (30, 50, and 70 pL) of SE-AuNPs at

a specified time.

The MIC and MBC obtained from this investigation are
presented in Table 1. According to the data, the lowest MIC of
the synthesized AuNPs, 20.625 pg/mL, was observed for S.
aureus and P. mirabilis, and the MBC was obtained 660 pg/mL
for these two bacteria. The SE-AuNPs inhibited S. aureus and P.
mirabilis more than other bacteria. The reference antibiotic

ciprofloxacin exhibited MIC values of 0.21 and 0.25 pg/mL for
S. aureus and P. mirabilis.

3.3. DPPH free radical scavenging assay

The antioxidant reducing capacity of various compounds is
directly related to antioxidant activity [42,46].
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Table 2. Antileishmanial activity of metal nanoparticles prepared by green synthesized methods.

Plant mediated various Concentration of ICso0 Concentration of ICso amastigotes Reference
Nanoparticles Drug-treated promastigotes promastigotes Drug-treated amastigotes (ng/L)
(ng/L) (ng/L) (ng/L)
Sambucus ebulus-AuNPs 12.5-1.56 4.75 12.5-1.56 4.4 Present work
Allium paradoxum-SeNPs 0.17-175 35.49 - - [55]
Cannabis sativa-AuNPs - 1000-50 171 [56]
Berberis vulgaris-AgNPs 25-3.12 10.88 25-3.12 8.29 [57]
Scrophularia striata-AgNPs ~ 9.37-1.17 4.03 9.37-1.17 2.49 [58]
Ferula persica-AgNPs 78.12-9.76 23.14 78.12-9.76 26.43 [52]
Crocus caspius-AuNPs 212.5-6.64 13.92 - - [59]
Alsea rosea-AgNPs 7.8-0.97 2.2 7.81-0.97 4.13 [60]
Glucantime 75-0.14 19.95 75-0.14 33.09 -
0.5
0.0 4 K = 0.0998 min"' —-30
K =0.1093 min"t —=50
0.5 1 K =0.3012 mint =70
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< 1.5
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Figure 7. The degradation rate of MO in three concentrations was 30, 50, and 70 pL of SE-AuNPs.

The damage created by free radicals in various major
diseases can be protected by antioxidants [47]. Various studies
have introduced green synthesized gold nanoparticles as strong
antioxidants [2,44,48,49]. The ability of nanoparticles (SE-
AuNPs) to reduce DPPH was evaluated by observing a color
change, and the control showed no color change. SE-AuNPs at
concentrations 41.25 to 6.58 pg/mL were evaluated using the
DPPH scavenging assay at an absorbance at 517 nm. As a
positive control, BHA exhibited an ICso value of 53.96 pg/mL.
The DPPH scavenging activity of SE-AuNPs increased dose-
dependently. By adding the DPPH solution in the synthesized
gold nanoparticles, the color of the solution changed, and the
responsibility for the absorbance at 517 nm may be due to the
scavenging of DPPH by donating an electron or the hydrogen
atom to the stable DPPH structure. The results of the DPPH
assay indicated that SE-AuNPs exhibited effective free radical
inhibition with an ICso value of 22.15+0.37 pg/mL. Thus, SE-
AuNPs were more effective than BHA in inhibiting free radicals.

3.4. Anti-leishmanial activities

Leishmaniasis is one of the deadliest diseases worldwide,
and antileishmaniasis treatments are related to several
drawbacks. Therefore, the development of new antileishmanial
strategies is needed [32]. Metal nanoparticles produce reactive
oxygen species (ROS) such that Leishmania is very sensitive to
ROS, and the drug that can produce ROS will be an effective anti-
leishmaniasis agent. Macrophages generate a high concent-
ration of ROS to destroy microbial agents [50,51]. However,
Leishmania bypasses ROS oxidative damage by inhibiting
enzymes involved in the ROS production process [32]. In this
study, the ICso value for the anti-promastigotes activity of SE-
AuNPs was measured to be 4.75 pg. Therefore, a statistically
significant difference was observed between the ICso values of
SE-AuNPs and amphotericin B (ICso = 0.0016, p < 0.0001) and
glucantime (ICso =0.0016, p < 0.0001). The ICso value for the
anti-amastigote activity of SE-AuNPs was calculated to be 4.4 pug
that was 0.0011 and 33.09 for Amphotericin B and Glucantime,
respectively. A significant difference was observed between the
ICso values of SE-AuNPs and positive controls of amphotericin B

(p <0.0001) and glucantime (p < 0.0001). SI values were
obtained at 5.5, 19.4, and 16.33 for SE-AuNPs, amphotericin B
and glucantime. There have been several studies reporting the
antileishmanial activity of biosynthesized nanoparticles (Table
2). Leishmania parasites produce ROS through modulation of a
signaling cascade moiety. The intracellular ROS formed by
macrophages drives the oxidation of NPs, which further
enhances ROS production. Therefore, it can be hypothesized
that SE-AuNPs could activate macrophages for ROS production
and inhibit amastigote growth significantly without inducing
death in the macrophage population together with the ROS,
phytochemicals (capping and stabilizing agents) released from
SE-AuNPs may enhance antileishmanial activity by safeguar-
ding the host cells [52].

3.5. Photo-catalytic activity of AuNPs

The catalytic activity of synthesized AuNPs was studied on
the degradation of methyl orange (MO) using NaBHa. In the
absence of a nanocatalyst, the reducing power of NaBHa is very
low [53]. According to Figure 6, when NaBHa solution was
added to MO, the absorption intensity of MO decreased very
slowly at wavelength 470 nm. Interestingly, MO degradation
was performed by adding different volumes of synthesized
AuNPs to a mixture of MO and NaBHs solution. Figure 6
confirmed that MO azo dye with orange color reduced to
colorless hydrazine derivatives [54]. Volumes 30, 50, and 70 pL
of prepared AuNPs, completely degraded MO in 30, 30, and 10
min, respectively (Figure 6). UV-vis spectra monitored the rate
of dye degradation. The maximum intensity obtained from the
degradation reaction gradually decreased at 470 nm, and the
rate constants were determined as 0.0998, 0.1093, and 0.3012
mint, respectively (Figure 7). On the basis of the gained data,
the rate constant enhanced with increasing the concentration of
green synthesized AuNPs. The surface area of the active site of
nanoparticles increased with increasing concentration of gold
nanoparticles. Therefore, the biosynthesized AuNPs had a
potential photocatalytic effect on the degradation of the MO azo
dye.

2023 - European Journal of Chemistry - CC BY NC - DOI: 10.5155/eurjchem.14.2.223-230.2403



Ebrahimzadeh et al. / European Journal of Chemistry 14 (2) (2023) 223-230 229

4. Conclusions

Biosynthesizing AuNPs was successfully performed by a
simple, safe, stable, and eco-friendly method using fruit extracts
of S. ebulus L. In the synthesis of AuNPs, S. ebulus L. extract acted
as reducing as well as capping agents, and FTIR studies
confirmed the presence of effective phytochemicals. The
microscopic data demonstrated that AuNPs mainly were
spherical, with an average particle size of 116.2 nm. XRD
pattern confirmed the cubic crystalline structure of the
prepared AuNPs, and the average crystallite size was calculated
as 28.471 nm. Synthesized SE-AuNPs displayed an excellent
antibacterial effect against tested bacteria (Pseudomonas
aeruginosa, Proteus mirabilis, Klebsiella pneumonia, Staphylo-
coccus aureus, Enterococcus faecalis, Acinetobacter baumannii,
and Escherichia coli), especially against S. aureus and P. mirabilis
with MIC value of 20.625 pg/mL. Besides, SE-AuNPs indicated
strong antileishmanial activity and great DPPH inhibition
activity (ICso = 15.81 pg/mL). Besides, the synthesized AuNPs
eliminated methyl orange (MO) in the presence of sodium
borohydride and visible light.
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