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Abstract The biogenic approach in the synthesis of nanoparticles provides an efficient alternative
to the chemical synthesis system. Furthermore, the ecofriendly synthesis of metallic nanoparticles is
developing rapidly due to its wide applications in sciences. In this research, metallic silver nanopar-
ticles (AgNPs) were biosynthesized using Sambucus ebulus (S. ebulus; AgNPs@ SEE) extract for the
evaluation of efficient antibacterial, anticancer, and photocatalyst activities. The reaction parame-
ters including temperatures, contact time, and AgNOj; concentration were discussed and optimized.
The optimized nanoparticles (AgNPs@SEE) showed cubic structure, spherical morphology with
the average size of 35-50 nm. The photocatalytic performance of AgNPs was assessed by degrada-
tion of methyl orange at different concentrations of AgNPs@ SEE (10 and 15 pl) under sun-light
irradiation. About 95.89% of the pollutant was degraded (after 11 min), when 10 pl of nanocatalyst
used. Also, the degradation of contaminant increased (about 95.47% after 7 min) by increasing the
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nanoparticle concentration to 20 pl. All in all, the results showed that the percentage of pollutant
degradation increased with increasing the concentration of nanocatalyst. Furthermore, anticancer
activity of AgNPs@ SEE on human cancer cell lines (AGS and MCF-7), and antibacterial activity
on both Gram-positive and Gram-negative microorganisms were studied. The synthesized
AgNPs@ SEE exhibited superior performance on cancer cell lines and effective antibacterial prop-
erties against Gram-positive microorganisms (like MIC value of 1.5 pg/ml for S. aureus) than
Gram-negative microorganisms. All these investigations revealed that silver nanoparticles synthe-
sized by natural extract have the potential to use as low-cost and efficient nanoparticles for environ-
mental and biomedical applications.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Nanoscience is growing rapidly among various areas such as
environment, medicine, chemistry, pharmacy, physics, biology,
and material science (Mohammadzadeh et al., 2019; Ghoreishi
et al., 2017, Mohammadi-Aghdam et al., 2018; Ardestani
et al., 2020). The properties of metal nanoparticles are differ-
ent due to their morphology and size (Ebrahimzadeh et al.,
2020). A great deal of investigation have been reported on
the synthesis and application of various nanoparticles such
as Au (Kumari and Meena, 2020), Ag (Yugay et al., 2020),
Pd (Rabiee et al., 2020), ZnO (Yarahmadi et al., 2021), TiO,
(Pushpamalini et al., 2021), Cu (Mali et al., 2020) etc. Among
these nanoparticles, silver nanoparticles have gained attention
based on their wide range of applications in medical, catalyst
in chemical reactions, nonlinear optics, bio-labeling, and good
electrical conductors. Also, pervious researches have shown
that metallic AgNPs have high antibacterial activity against
various bacteria (Mortazavi-Derazkola et al., 2020; Yousaf
et al., 2020; Ebrahimzadeh et al., 2020). To date, different
methods such as thermal decomposition, microemulsion/re-
verse micelles, photochemical, chemical reduction, electro-
chemical reduction, and radiation assisted have been
reported for the synthesis of nanomaterials. Disadvantages
of these methods are that they involve hazardous reagents,
and solvents which are a serious danger to the environment,
humans, and living organisms (Uluturhan and Kucuksezgin,
2007). Moreover, these approaches face numerous problems
such as expensive raw materials and instruments, high temper-
ature, and stabilizers. In term of solutions, green synthesis (us-
ing the extract) is suggested as a non-toxic, environmentally
friendly (without environmental damage method), low-cost
process for the fabrication of nanomaterials. Several reports
are available on the biosynthesis of noble metal nanoparticles
using plant extract like Azolla caroliniana (Anjana et al., 2020),
Garcinia indica (Sangaonkar and Pawar, 2018), Camellia sinen-
sis (Rolim et al., 2019), Spatoglossum asperum (Ravichandran
et al., 2018), Parkia speciosa (Ravichandran et al., 2019).
Sambucus ebulus (S. ebulus) is a native perennial herb of the
Adoxaceae family. This plant is mainly distributed in
Southwest Asia such as the Islamic Republic of Iran, southern
and central Europe, and northwest Africa (Shokrzadeh and
Saeedi Saravi, 2010). Roots and leaves of this plant are applied
in treating sore-throat, and bee bites. Furthermore, Sambucus
ebulus has been reported to be anti-hemorrhoids, anti-

helicobacter pylori, and very useful in the treatment of
rheumatism and eczema (Ebrahimzadeh et al., 2006).

Phenolic pollutants are some of the most common organic
pollutants presents in different industries such as paper print-
ing, rubber, pharmaceutical, petrochemical, textile, etc. (Gutés
et al., 2005; Notsu and Tatsuma, 2004). Photocatalytic degra-
dation experiment is one of the significant routes that have
been performed for contaminants degradation from wastewa-
ter. This technique shows the potential impact on the wide-
spread spectrum of dye mineralization. In recent years,
biogenic nanoparticles have gained more attention for photo-
catalytic degradation of organic pollutants owing to their
unique properties. Recently, various natural agents were used
for the synthesis of nanomaterials which revealed promising
biological and catalytic activities (Table 1).

In this study, for the first time, we used Sambucus ebulus
extract as reducing, capping, and stabilizing agents for the
fabrication of metallic silver nanoparticle. The synthesized
product was optimized and characterized with various analy-
ses. The antibacterial properties of biogenic product were
determined against seven ATCC microorganisms and various
multi drug-resistant bacteria isolated from a clinical specimen.
Furthermore, we have studied the anticancer activity of
biosynthesized AgNPs@ SEFE against cancer cell lines (AGS
and MCF-7). Finally, the photocatalytic performance of
metallic silver nanoparticles was investigated by decomposi-
tion of methyl orange under sun-light irradiation.

2. Experimental

2.1. Materials

Silver nitrate (AgNOj), sodium hydroxide (NaOH), and
methanol (CH3;OH) solution were purchased from Sigma
Company. Double-distilled deionized water was applied
throughout the reactions. Mueller Hinton agar and Mueller
Hinton broth were purchased from Pronadisa and QUALAB,
respectively. Seven bacterial strains such as K. pneumonia
ATCC 700603, P. aeruginosa ATCC 27853, E. coli ATCC
25922, A. baumannii ATCC 19606, P. mirabilis ATCC 25,933
(Gram-negative) and E. faecalis ATCC 29212, S. aureus
ATCC 29,213 (Gram-positive) were procured from Microbial
collection of Iran selected. Antibacterial property of obtained
AgNPs@SEFE was observed against multi-drug resistant clini-
cal isolates were obtained from medical hospitals of Sari, Iran.
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Table 1 The nanoparticles prepared from various plants by different researchers.

Sample no. Plant Part Product Application References

1 Coriander sativum Leaf Ag Antibacterial, antioxidant and anticancer activities (Alsubki et al., 2021)

2 Boletus edulis Fruit Ag Antibacterial, antifungal and anticancer activities (Kaplan et al., 2021)

3 Mentha aquatica Leaf Ag Catalytic and antibacterial activities (Nouri et al., 2020)

4 Trigonella foenum- Seed Ag Catalytic and antibacterial activities (Awad et al., 2021)
graecum

5 Terminalia bellirica Fruit Ag Catalytic and antibacterial activities (Sharma, 2021)

6 Azolla caroliniana Leaf Ag Cytotoxicity, catalytic and antibacterial activities  (Anjana et al., 2020)

7 Solanum trilobatum Leaf NiO Catalytic and antibacterial activities (Ezhilarasi et al., 2020)

8 Citrus sinensis Fruit Ag Antibacterial, antifungal and catalytic activities (Anwar and Alghamdi, 2020)

9 Actinidia deliciosa Peel SnO, Catalytic activity (Gomathi et al., 2021)

Table 2 Preparation conditions of samples.

Sample AgNO;3; Concentration (mM) Temperature (C) Time (h) Figure of UV
1 1 45 2 Fig. la
2 5 45 2 Fig. la
3 10 45 2 Fig. la
4 15 45 2 Fig. la
5 20 45 2 Fig. la
6 20 Room temp. 2 Fig. 1b
7 20 60 2 Fig. 1b
8 20 85 2 Fig. 1b
9 20 85 0.75 Fig. lc
10 20 85 4 Fig. 1c
11 20 85 6 Fig. lc

2.2. Preparation of Sambucus ebulus extract

The S. ebulus were obtained from the Mazandaran province of
Iran. The parts of plant were dried at room ambient, and then
powdered. Next, 150 g of dried powder was extracted with
methanol solution by percolation process (Shirzadi-
Ahodashti et al., 2021). After filtering the extract, methanol
solvent was removed using a rotary vacuum evaporator (Hei
zbad WB eoc, Germany). Finally, about 10 g of extract was
achieved, which was wused during the synthesis of
nanoparticles.

2.3. Green synthesis of silver nanoparticles using S. Ebulus
extract (AgNPs@SEE)

The S. ebulus extract capped AgNPs (AgNPs@SEE) was pre-
pared using our previous protocol (Naghizadeh et al., 2021)
with slight modification. Silver nanoparticles (AgNPs) were
synthesized by reducing the silver nitrate (AgNO;) with S. ebu-
lus extract. To this end, 12.5 ml of filtrate of S. ebulus extract
(the pH of the solution was adjusted to 10-11) was dissolved in
deionized water and added to the aqueous solution of AgNO;
(25 ml; 20 mM) under vigorous stirring for 2 h. After 2 h, the
light yellow colored mixture changed to dark brown, an evi-
dence for the preparation of silver nanoparticles (Ag™ —
Ag®). The reduced mixture was purified by repeated centrifuga-
tion for 5 min, and the obtained precipitate was dried in the
oven for 24 h. The effect of various physicochemical condi-
tions (temperature, concentration of silver nitrate, and contact

time) on the synthesis of AgNPs was studied to obtain the opti-
mum values (Table. 2).

2.4. High-Pressure liquid chromatography (HPLC)

The HPLC analysis was performed by following the procedure
as reported elsewhere (Shirzadi-Ahodashti et al., 2021;
Shirzadi-Ahodashti et al., 2020). UV-Vis spectrophotometric
detector and solvent delivery system equipped with a Rheo-
dyne injection valve was applied for the HPLC system. A
mobile phase consists of a gradient solvent system with metha-
nol and H,O with 9% glacial acetic acid, which was named sol-
vent A and solvent B in conditions: 5% solvent A from 0 to
5 min and kept at 10% solvent A from 5 to 15 min, 30% sol-
vent A from 15 to 27 min and 80% solvent A from 27 to
45 min were used to elute the sample via an ODS-C18 column
(Shim-pack VP-ODS: 250 mm x 4.6 mm id, 5 mm). The flow
rate was set at 1 ml/min, and all the measurements were carried
out at room ambient. Moreover, the UV-Vis detector
(275 nm) was used for detection. The phenol and flavonoid
content in the S. ebulus extract were analyzed via the current
system.

2.5. Multi-drug resistant bacteria from clinical isolates and
ATCC strain

Antibacterial activity of green synthesized silver nanoparticles
using S. ebulus extract (sample no. 10) was carried out against
multi-drug resistant (MDR) bacteria, including: S. aureus, A.
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Fig. 1 UV-Vis spectra of the synthesized AgNPs@SEE for

optimization at various (a) AgNO; concentrations, (b) tempera-
ture and (c) time.

baumannii, P. mirabilis, E. faecalis, E. coli, K. pneumonia, and
P. aeruginosa. The sources of the clinical isolates were blood
peripheral, urine, chip, wound, and phlegm. Each isolated bac-
teria was purified and identified by standard microbiological
methods which they were resistance against several antibiotic.
Moreover, seven strain bacteria (P. aeruginosa, E. faecalis,
E. coli, S. aureus, P. mirabilis, A.baumannii and K. pneumonia)
were applied to evaluate the antibacterial property of AgNPS
(sample no. 10) and compared with ciprofloxacin as a conven-
tional antibiotic. The micro-dilution method was applied to
evaluate the minimum inhibitory concentration (MIC) of
biosynthesized AgNPs. In this experiment, positive control
(antibiotic ciprofloxacin) and negative control (water and
extract) were used. 100 pl of Mueller-Hinton broth (MHB)

containing various concentrations of silver were added to all
wells at 25 'C. Afterward, 100 ul of dilute bacterial suspension
was added to each well and the plates were incubated at 37 “C
According to MIC value, the minimum bactericidal concentra-
tion (MBC) was determined using Muller Hinton agar media
at separate plates. Several MIC dilutions were cultured for
24 h at 37 °C. After 24 of growth, the MBC value was mea-
sured as the lowest concentration of the tested agent, which
showed no visible growth on the plates (Celiktas et al., 2007).

2.6. In-vitro cytotoxicity studies

Cytotoxicity was determined by adopting the procedures as
described previously (Ebrahimzadeh et al., 2021). Human gas-
tric cancer (AGS), human breast adenocarcinoma (MCF-7),
and human normal fibroblast foreskin (HFF) cells were pre-
pared from pasture Institute, Iran. The cytotoxicity effect of
the synthesized AgNPs@SEE on two cancer cell lines and
one normal cell line was performed by dimethyl thiazolyl tetra-
zolium bromide (MTT) assay. The cells were grown in RPMI-
1640 containing FBS (10%). All cell-cultured media were
enriched by FBS (10%), and penicillin/ streptomycin cells in
monolayer (6-10 x 107) were plated in 96-well plates and
incubated for 24 h under CO, at 37 °C. After 24 h, cultured cell
supernatant was removed and various concentrations of
AgNPs@SEE (were added to culture medium supplemented
(FCS 10% and antibiotics). The cancer cells and control cul-
ture medium were treated with different concentrations of
AgNPs (10 to 240 pg/ml) and dimethyl sulfoxide (DMSO),
respectively. Next, the plates were incubated for 24 h, and
20 pl of MTT (5 mg/ml) was added to each well and incubated
for 4 h. Finally, purple color formazan crystals formed were
dissolved in DMSO solution (200 pl). The optical density of
each well was measured with a spectrophotometer (Biotek
Instruments; USA) at 590 nm. The % cell viability was evalu-
ated using the following formula: Percentage of cell viability =
(As9o nm of treated cells/Asgg of control cells) x 100 (1)

2.7. Photocatalytic degradation of methyl orange (MO )

The photocatalytic performance of green synthesized
AgNPs@SEE was studied via the degradation of methyl
orange (MO) as a dye contaminant in the presence of NaBHy,.
2 ml of deionized water and 50 pl of 5 mM pollutant solution
were added to 100 pl of fresh 0.1 M NaBH,. In this research
the concentration of silver nanoparticles was 0.8 mg ml™'
(8 mg of nanoparticles in 10 ml deionized water). Then, 10
and 15 pl of green synthesized AgNPs were added to the mix-
ture. This process was monitored by UV—Vis spectra at various
times. The kinetics of reaction can be explained as in
(A/Ag) = -kt (2); where t is the reaction time and k is the
apparent first-order rate constant (min~"). A and A, are inves-
tigated as the absorption of pollutant at times t and O,
respectively.

3. Results and discussions

3.1. UV—visible spectroscopy

The green synthesis of metallic silver nanoparticles was moni-
tored with color change and UV-Vis spectroscopy (U-2900
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Table 3 Phenolic acid content in S. ebulus extract.

Phenolic acid Retention time (min) Sambucus ebulus

Epiatechine 2.87 43
Gallic acid 4.3 1.5
Caffeic acid 17.5 8.4
p-Coumaric acid 26.5 11.1
Frulic acid 29.9 1.8
Rutin 35.4 13.6

Hitachi spectrophotometer) due to the excitation of the surface
plasmon resonance (SPR). Various parameters such as temper-
ature, concentration of silver nitrate, and reaction time had
significantly effect on shape and size of AgNPs and the UV-
Vis spectrum showed the critical role of these parameters for
the formation of metallic silver nanoparticles. The absorption
spectra of the silver nanoparticle synthesized using S. ebulus
extract are shown in Fig. 1. By increasing the AgNO; concen-
tration, color of the AgNPs@ SEE changed from light yellow
to brown and then to dark brown. The AgNO; (Ag™") was
reduced to silver nanoparticles (Ag®) in presence of reducing
polyphenols and flavonoids in S. ebulus extract. Fig. 1a shows
the UV-Vis spectra of AgNPs was determined at various con-
centrations from 1 to 20 mM. As can be seen (Fig. la), the
plasmon absorbance increased with the increasing concentra-
tion of silver nitrate. SPR band shifted from 438 to 432 nm
(blue shift) by varying the silver ion concentration from 1 to
20 mM. The effect of temperature plays a key role in the syn-
thesis of AgNPs which can be seen from the UV spectra of the
AgNPs synthesized at room temperature, 45, 60, and 85 °C
(Fig. 1b). The UV/Vis spectra revealed that by increasing the
reaction temperature, the intensity of the absorption peak
increased. These differences in SPR peaks may have occurred
due to some change in the morphology or size of products
(Pereira et al., 2020). In total, the temperature selected in
our study was 85 ‘C as shown in Fig. 1b. Fig. Ic reveals the
UV-Vis absorption spectra of the mixture of silver nitrate
and S. ebulus extract as a function of time (0.75, 2, 4, and
6 h). The UV-Vis spectrum indicated a sharp decrease in the
absorption after 4 h which indicating the AgNPs synthesis
reaction tended towards aggregation. Therefore, the best con-
tact time for the reduction of silver ions was obtained after 4 h.

mAU
=3

(b)
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‘ Frulicacid ™
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| f
|,

|

/\ Caffeic acid | \

v
| I N
| f Gallic acid T N A\ VAV A
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Time (min)

HPLC profiles of S. ebulus extract analyzed at 275 nm. (a) Standards, (b) S. ebulus extract.

3.2. HPLC analysis

The HPLC method was applied for the simultaneous determi-
nation of phenolic acids in a S. ebulus extract. Fig. 2 illustrated
the chromatograms of the S. ebulus extract and the standards.
In this experiment, it was clear that a binary gradient solvent
system could be used to separate of phenolic acids and flavo-
noids in S. ebulus extract. HPLC analysis showed that the
main compounds in the water extracts are phenolic acid and
flavonoid compounds, including: caffeic acid, catechin, rutin,
p-coumaric acid, frolic acid and gallic acid (Table. 3). The sug-
gested mechanism for the formation of silvered nanoparticles
in presence of S. ebulus extract is presence of Fig. 3. According
to the HPLC results, rutin (13.6 pg ml~") was the main antiox-
idant among the other standards. In general, the mechanism of
AgNPs synthesis in presence of a flavonoid is related to the
ortho-hydroxyl groups. Reduction of Ag™ into Ag® stimulates
by releasing two electrons in the flavonoid ring. The flavonoid
is finally oxidized into 3’,4’-quinone ring as a stable final prod-
uct. As the reaction proceeds, Ag undergoes further aggrega-
tion to larger clusters and finally forms AgNPs. The quinone
form of rutin is also attached to the surface of nanoparticles
which leads to less aggregation of Ag’ in nano size.

3.3. Morphological studies

The size and morphology of the green synthesized silver
nanoparticles using S. ebulus extract were analyzed by field
emission scanning electron microscopy (TESCAN BRNO-
Mira3; FE-SEM). The FE-SEM images of the AgNPs@SEE
(sample no. 10) were presented in Fig. 4. The image obtained
by the FE-SEM showed spherical morphology of silver
nanoparticles from extract of S. ebulus used as reducing and
capping agents. In this study, particles size of the AgNPs
was determined 40-60 nm. TEM analysis was used to deter-
mine particle size distributions and morphological characteris-
tics of AgNPs@SEE (sample no. 10). Transmission electron
microscopy (Zeiss-EM10C-100 KV; TEM) analysis was used
to study the grain structure of synthesized silver nanoparticles
in detail. The TEM image (Fig. 5) showed that the morphology
of the synthesized AgNPs@ SEE was spherical and oval with
particle size about 35-50 nm. The presence of more than one
reducing agent in the S. ebulus extract can be one of the rea-
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Fig. 3 The possible mechanism of the green synthesized of silver nanoparticles using S. ebulus extract.

sons for the formation of different size and shape nanoparti-
cles (Patil and Kim, 2017). The elemental analysis (EDS)
recorded from the biosynthesized AgNPs is shown in Fig. 6.
The EDS analysis showed an intense silver signal and weak
oxygen and carbon peaks. Oxygen (O) and carbon (C) ele-
ments are most likely associated with the organic compounds
from the S. ebulus extract absorbed on the surface of
AgNPs@SEE, which have a crucial role in reducing and cap-
ping agents of AgNPs. Similar AgNPs exhibited strong
absorption spectra in the range 2.5—4 keV (Maity et al., 2020).

3.4. X-ray diffraction (XRD)

The crystalline nature of AgNPs@ SEE was further confirmed
by X-ray diffraction pattern (Philips X’pert PRO with Cu-Ko
irradiation) (Fig. 7). The XRD pattern demonstrated the FCC
(centered cubic face) crystalline structure of AgNPs@ SEE.

Four characteristic diffraction peaks were found at 20 = 38.
1°, 44.12°, 64.39°, and 77.11°, which were assigned to the
(111), (200), (220), and (311) planes. Additionally, the mean
crystallite size of silver nanoparticles was measured using
Scherrer’s formula (Oliveira et al., 2019; Shirzadi-Ahodashti
et al., 2020): D = 0.9%/BCos6 (3); where P full width half max-
imum, A the wavelength, D is the size, and 0 Bragg’s angle.
Due to the Scherrer equation, the average particle size of the
AgNPs@SEE was about 39 nm. Similar XRD peaks were
reported from Urtica dioica (Jyoti et al., 2016).

3.5. FT-IR analysis

Fourier-transform infrared spectroscopy (Nicolet Magna-IR
550; FTIR) was carried out to identify the responsible biomo-
lecules of S. ebulus extract for stabilization and reduction of
AgNPs@SEE (sample no. 10). Fig. 8 shows the FT-IR spectra
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Fig. 5 TEM images of synthesized silver nanoparticles using S. ebulus extract (sample no. 10).

of S. ebulus extract and S. ebulus-capped AgNPs (sample no.
10). The FT-IR spectra of phytogenic AgNPs@SEE (sample
no. 10) showed intense bands at 3348.19, 2929.67, 1623.95,
1401.65, 1273.12, and 1060.78 cm~'. Generally, the FT-IR
spectrum of AgNPs@SEE is similar to that of the S. ebulus
extract, with a slight shift in the band positions (Patil et al.,
2018). The FT-IR spectrum of sample no. 10 showed a broad
and strong band at 3348.19 cm™! that can be assigned to the
O-H stretching band of alcohols or phenols. The O-H stretch-
ing vibration of the carboxylic acids was observed at
2929.67 cm™ . The distinct peak located at 1623.95 cm™! rep-
resents the symmetrical stretching vibration of -C = O group
(Gomathi et al., 2017). Two absorption bands observed at
1401.65 and 1273.12 cm™" are attributed to the ~C-H bend
of alkanes or —C-C- the stretch of aromatics and C-O bending
vibration of anhydrides group, respectively (Rasheed et al.,
2017).

Intensity (a.u)

Ag

Ag

5
Energy (KeV)

Fig. 6 EDS spectrum of AgNPs from S. ebulus extract.
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Fig. 8 FT-IR spectra of AgNPs@SEE (sample no. 10) and S. ebulus extract.

3.6. Dynamic light scattering analysis

Dynamic light scattering (DLS) and zeta-potential analysis
were applied to determine the hydrodynamic size and surface
charge of nanoparticles. The DLS diagram of synthesized sil-
ver nanoparticles in optimal conditions (sample no. 10) is
shown in Fig. 9. The DLS results show that the average hydro-
dynamic size of the S. ebulus-capped silver nanoparticles was
about 90-110 nm. The negative or positive charge on the sur-
face of nanomaterials prevents aggregation of nanomaterials
by same charges repulsion (Shirzadi-Ahodashti et al., 2021).
The zeta potential value was determined to be —19.1 mV which
indicated negative charges on the formed AgNPs@ SEE.

3.7. Antibacterial evaluation

In this research, two series of ATCC bacteria and clinically iso-
lated bacteria were chosen to examine their susceptibility
against synthesized AgNPs@ SEE (Table 4 and Table 5). The
synthesized AgNPs (sample no. 10) in the presence of S. ebulus
extract were analyzed for antibacterial property against two
Gram positive bacteria like E. faecalis, S.aureus and five Gram
negative bacteria like E. coli, K. pneumoniae, P. mirabilis, P.
aeruginosa, and A. baumannii. The test pathogens were treated
with several concentrations of AgNPs@SEE (1.5-400 pg/mL)
and S. ebulus extract (4000 to 500 pg/ml). Then, the MIC assay
of seven Gram-negative and positive bacterial was determined
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Fig. 9 DLS spectrum of silver nanoparticles at a concentration of 20 mM of silver nitrate salt (sample no. 10) at 4 h and 85 C.

Table 4 MIC and MBC values (pg/mM) for AgNPs@ SEE tested using various bacterial strains.

Microorganism MIC (pg/ml) MBC (pg/ml) Extract Ciprofloxacin
MIC (pg/ml) MIC (pg/ml)

S. aureus 1.5 50 4000 < 0.21

ATCC 29213

E. faecalis 50 200 4000 < 0.21

ATCC 29212

P. aeruginosa 6.25 200 4000 < 0.51

ATCC27853

A. baumannii 3.66 100 4000 < 0.25

ATCC 19606

E. coli 3.66 50 4000 < 0.1

ATCC 25922

K. pneumoniae ATCC700603 3.66 100 4000 < 0.1

P. mirabili 6.25 12.5 4000 < 0.1

ATCC 25933

Table 5 Resistance profile of clinical isolates and MIC, MBC of the synthesized AgNPs@ SEE against various strains microorganism.

Bacteria Treatment with Susceptibility to antimicrobial agents
NPs
MBC MIC
AgNPs AgNPs vC ocC TC GM PC CIF CEZ ERM CM AK

(ng/ml) (ng/mh)  MC

S. aureus 400 25 R R R S R R R R R R R
E. faecalis 400 100 S R R R R R S R R R R
P. aeruginosa 50 1.5 R R R R R R R R R R R
A. baumannii 100 3.125 R R R R R R R R R R R
E. coli 100 3.125 R R R R R R R R R R R
K. pneumoniae 200 50 R R R R R R R R R R R
P. mirabilis 100 6.25 R R R R R R R R R R R

R, resistant; S, susceptible; MC, Meticillin; VC, Vancomycin; OC, Oxacillin; TC, Tetracycline; GM, Gentamicin; PC, Penicillin; CIF,
Ciprofloxacin; CEZ, Ceftazidime; ERM, Erythromycin; CM, Clindamycin; AK, Amikacin.
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Fig. 10 Cytotoxicity assay of the synthesized AgNPs@SEE
against: MCF-7, AGS and HFF cell lines.

for both ATCC and MDR strains by broth dilution method.
The antibacterial activity of AgNPs@SEE showed that the
MIC value of bacteria decreased with the increasing concentra-
tion of AgNPs@SEE. The MIC and MBC values in this
research are listed in Table 4. As can be observed, S. aureus
was found to be the most sensitive strain to the AgNPs@SEE
(sample no. 10) with MIC and MBC values of 1.5 and 50 pg/
ml, respectively. In contrast, E. faecalis showed the least

sensitivity to the synthesized AgNPs@SEE with MIC and
MBC values of 50 and 200 pg/ml, respectively. In recent years,
different mechanisms of antibacterial activity were proposed
including: release of lipopolysaccharides, electrostatic interac-
tion, the involvement of free radicals, disturbance of mem-
brane permeability and cell membrane (Dibrov et al., 2002;
Kim et al., 2007). The exact antibacterial mechanism of action
of silver nanoparticles has not yet been confirmed. But, our
proposed mechanism of antibacterial activity can be described
as follow (Shao et al., 2020): (i) destruction of the cell wall by
binding and penetration of AgNPs@SEE into the cell mem-
brane; (ii) reaction with the tiol groups of proteins; (iii) death
of microorganism cells by prevention of DNA replication. In a
comprehensive study on the clinical isolated bacteria, K. pneu-
moniae (positive for OXA-23, NMD and negative for VIM), S.
aureus (the presence of the genes encoding the enzymes of the
carbapenemase OXA-24 and OXA-23 is confirmed) with MIC
values of 25 and 50 pg/ml and peripheral E. faecalis (positive
for ermB, TetM, TetL, VanA, VanB) with MIC value of
100 pg/ml revealed moderate antibacterial activity (Table. 5).
In this study the higher antibacterial activity observed for 4.
baumannii (with MIC value 3.25 pg/ml), P. aeruginosa (with
MIC value 1.5 ug/ml), which was isolated from wound and
phlegm. The MIC value of P. mirabilis (positive for OXA-23
and negative for NMD, VIM, PhosA3) and E. coli (positive
for OXA-23, PhosA3 and VIM and negative for NMD) were
6.25 and 3.125 pg/ml, respectively.

3.8. Cytotoxicity evaluation

Anti-cancer activity of synthesized AgNPs@SEFE (sample no.
10) was assessed against breast (MCF-7) and gastric (AGS)
cancer cell lines with fibroblast as normal cells (HFF). The syn-
thesized silver nanoparticles displayed weak growth inhibition
against HFF cells, even at high concentration (240 pg/ml). The
synthesized silver nanoparticles displayed weak growth inhibi-
tion against HFF cells, even at high concentration (240 pg/ml,
ICso: 58.54 pg/ml). In vitro cytotoxicity of synthesized
AgNPs@SEE (sample no. 10) was determined against cancer
cell lines (MCF-7 and AGS) at various concentrations (10-2
40 pg/ml). The results showed (Fig. 10) that the cancer cell
death increased with increasing concentrations of AgNPs@-
SEE. Metallic silver nanoparticles (sample no. 10) had poten-
tial to inhibit the growth of MCF-7 cell line around 13% at
low concentration (10 pg/ml, ICsq: 62.37 ug/ml). On the other
hand, the presence of 240 pg/ml of AgNPs@ SEE (sample no.
10) meaningfully inhibited the cell growth over 85%. The same
results observed for AGS cell line, cell viability determination
was revealed that the percentage of the live cells decreased with
increasing the concentration of synthesized AgNPs. Synthe-
sized AgNPs could inhibit the growth of the AGS cell line
around 1% at a low concentration (10 mg/ml, ICsg:
67.87 pg/ml). In contrast, the presence of 240 pg/ml of synthe-
sized AgNPS significantly inhibited cell growth over 90%. Cell
death occurred by AgNPs@ SEE (sample no 10) with inducing
reactive oxygen species and cause damage to cellular compo-
nents. Sabinene, terpinen, carvacrol, linalool, thymol, querce-
tin, apigenin, terpinolene and rutin as bioactive compounds
in the biosynthesis of AgNPs@ SEF are responsible for making
better cytotoxic effects.
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Fig. 12 Photocatalytic degradation of MO hazardous pollutant under sun-light irradiation.

3.9. Photocatalytic activity

The catalytic performance of synthesized AgNPs@SEE was
investigated with the degradation of methyl orange (MO)
through NaBHjy. In the absence of AgNPs, the reducing power
of NaBH, is weak (blank test). The degradation of MO
occurred by adding different volumes of prepared AgNPs into
the mixture of NaBH4 and MO solution and the absorption

intensity of MO decreased at 470 nm. The orange color of
MO as an azo dye was reduced to colorless hydrazine deriva-
tives that were confirmed in Fig. 11. Volumes 10 and 15 pl of
synthesized AgNPs, completely degraded MO in 11 and 7 min,
respectively (Fig. 11a-c) that the rate of dye degradation was
followed using UV-Vis spectra. The peak intensity obtained
from the degradation reaction at 470 nm gradually reduced
and the rate constants were obtained 0.3235 min~' and
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Fig. 13  Probable degradation mechanism of pollutants by AgNPs@ SEE under sun-light irradiations.

0.5143 min~', respectively (Fig. 11lc, d). This is due to the
increase in the surface area of the active site of Ag nanocatalyst
as AgNPs content increases. Consequently, the rate of the
reaction was increased slowly. This revealed that the AgNPs
mediated the extract showed good photocatalytic activity in
the degradation of MO as a dye contaminant. Also, Fig. 12
displays the percentage of dye degradation at different times.
The overall reaction during photocatalysis with sun-light is
shown below (Fig. 13):

AgNPs + hv — AgNPs(eqg + hyp) (4)
AgNPs(huv) + H,O — Ag0 + H + OH' (5)
O, + H+ — HO, (6)
Dye + OH' — degradationproducts (7)
Dye + hi; — oxidationproducts (8)
Dye + ecz — reductionproducts 9)

4. Conclusion

In the current study AgNPs@SEE was successfully synthe-
sized using S. ebulus extract as stabilizing, capping and reduc-
ing agents. From TEM and FESEM images, it is confirmed
that the AgNPs@ SEE produced were spherical in morphology
with size ranges about 35-50 nm. The biosynthesized
AgNPs@SEE had effective anti-cancer effects against breast
(MCF-7) and gastric (AGS) cancer cell lines. The biogenic
AgNPs@SEE was used as a nanocatalyst, which showed high
catalytic activity for degradation of methyl orange under
sun-light irradiation. Furthermore, biosynthesized silver
nanoparticles revealed high antibacterial activity against
Gram-positive and Gram-negative bacteria. The AgNPs@SEE
displayed the highest activity against S. aureus, A. baumannii,
E. coli, and K. pneumoniae among the various bacterial strains
tested. It appears that the silver nanoparticles synthesized

using S. ebulus extract can be applied as novel anti-cancer,
antibacterial, and catalytic agents in the near future.
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