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KEYWORDS Abstract Increasing use of silver nanoparticles (AgNPs) in various fields as mentioned recently like
Silver nanoparticle; cosmetology, clinical nanotechnologies and medicine causes the growth of a nontoxic and green
Green synthesis; synthesis methodology. The present study provided a facile stable one-step synthesis of AgNPs
Antibacterial activity; in the presence of Artemisia herba-alba, Mentha, Rosmarinus and Ranunculus aqueous oil extract
Cytotoxicity; as reductant and stabilizer via oil-in-water nano-emulsion. Due to experimental results, in the pres-
Herbal extract; ence of Artemisia herba-alba extract, AgNPs indicated smaller size, uniform shape and well dis-
Molecular docking persed NPs. Synthesized nanostructures characterized by using various techniques like XRD,

UV-Vis, FT-IR, TEM, SEM, nano sizer and zeta potential measurements. The effect of some reac-
tion parameters (the molar ratio of AgNO3;, extract volume, pH and temperature) on the AgNPs
investigated as well. Additionally, strong antibacterial effects of AgNPs found against four gram-
negative and three gram-positive bacteria due to cell death according to increasing membrane per-
meability and bacterial wall integrity disruption. WST-1 exposed cytotoxicity potent index on the
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cancerous cell lines as established by the low IC50 value of 1 ppm. Binding energy of Ag metal with
bacteria calculated by molecular docking and indicated that all bacteria have good interaction with
silver NPs and confirmed antibacterial manner of Ag. Therefore, Produced AgNPs can be intro-
duced as an effective antibacterial agent as well as a potent index of cytotoxicity effect on cancerous
cell lines that leads to effective usage in nono-drug design and formulations in near future.

© 2021 The Author(s). 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

Currently, nanotechnology is concerned as an advanced scientific field
which contains numerous size of synthesis nanoparticles, shapes and
chemical structures with diverse potential applications (Beg et al.,
2016). Numerous procedures for heavy noble metals such as Pd, Pt,
Au and Ag nanoparticle preparation have been stated in the literatures
(Jiang and Pinchuk, 2015). Silver nanoparticles (AgNPs), amongst all
noble metal nanoparticles, indicate key role owing to not only their
unique structural, but also for plasmonic as well as physical chemistry
properties counting functionalization of surface and controlled drug
release (Kumar et al., 2017; Ahmed et al., 2016). AgNPs exhibit high
antimicrobial usefulness as a result of their thermal stability, large area
of solution surface for reserving Ag™ and Ag™ release rate, which is
reliant on the various factors like geometric shape, type and size of sil-
ver NPs, besides of approaches of synthesis (Solmon and Umoren,
2016). As cosmetic preservative compounds; phenoxyethanol and
paraben stimulate the skin condition temporarily and increase the sen-
sitivity of ultraviolet (UV) light (Ishiwatari et al., 2007). Silver and Ag
complexes had been applied for growth controlling of bacteria in var-
ious works (Silver et al., 2006). Chemical reduction (Bastus et al.,
2014), microwave irradiation (Bahadur et al., 2011); photoreduction
(Kshirsagar et al., 2011), thermal decomposition (Daengsakul et al.,
2009) reported as different methods for the synthesis of nanoparticles
and nanoparticles design that these processes are largely energy inten-
sive and expensive for environment and human health. Accordingly,
environmentally friendly had be established (Naghdi et al., 2015).
Green synthesis suggests physical and chemical development in pro-
cesses like as environment friendly, cost effective, certainly scaled up
without high pressure for large scale synthesis, temperature, energy
as well as toxic substances. Enzymes, plant extracts and microorgan-
isms are used for metal ions bioreduction by getting chemical com-
plexes (Rani and Rajasekharredy, 2011) extremely. The plant-
mediated synthesis, amongst the several green synthesis techniques,
seems to be a favorable process that leads to nanoparticles synthesis
by consuming less times and facilitates for stable synthesis (Amiri
et al., 2017). This bio-inspired nanoparticles synthesis gained much
attention and methodologies for controlling the nanoparticles size
(Amiria et al., 2018). Plant's biomolecules were displayed an important
role in formation of nanoparticles with different sizes and morpholo-
gies that have making eco-friendly procedures development in
nanoparticle synthesis (Amiri et al., 2017). Wide range of enormous
biomolecules played capping and reducing action in the nanoparticles
synthesis (Raja et al., 2017). Numerous plants which contain natural
biosurfactant molecules with enough foaming, wetting and oil disper-
sion have nonionic triterpenoid glycosides (hydrophobic part) and the
ionic part (hydrophilic) of biosurfactant includes sugars (Sura et al.,
2018). All parts of plants (flowers, bark, leaves, fruits and seeds) had
been applied for synthesizing of nanoparticles (Majeed et al., 2016).
Recent reports indicated plant synthesis of silver nanoparticles using
floral extracts of Calotropisprocera (Babu and Prabu, 2011); Hibiscus
rosa-sinensis (Surya et al.,, 2016) and Delonixelata (Valli and
Suganya, 2015) Artemisia herba-alba. Desert wormwood is an aromatic
dwarf shrub and medicinal which is going from the Asteraceae family,
Anthemideae tribe (Tilaoui et al., 2011) and genus Artemisia that grows

widely in Mediterranean region where spreading to north-western
Himalayas, middle east and India (Vernin et al., 1995). The essential
oil of A. herba-alba known as armoise oil is traditional medicine
archaeologically. There are various pharmacological and biological
effects in armoise oil (Hudaib and Aburjai, 2006). Ranunculus plants
stay alive in several environments, from cold alpine mountains to
low-lying wetlands. This genus offers different physiology and mor-
phology and having an acceptable adaptability. 78 species and 9 vari-
eties of Flora of China are dispersed in China extremely (Emadzade
et al., 2011). In the Lamiaceae family Mentha is a famous genus which
include 25-30 types that are broadly grownup in temperate zones, prin-
cipally in Europe, Asia Minor, North Africa, near East (Syria, Ethio-
pia) and Northern parts of Iran but currently, it exists all over regions
of the world (Singh et al., 2015). Rosemary (Rosmarinus officinalis) is a
perennial herb and woody that related to the Mediterranean region.

At this point, we report an unprecedented green synthetic oil-in-
water nano-emulsion method comprising production of silver
nanoparticles (AgNPs) using the Artemisia herba-alba, Mentha, Ros-
marinus and Ranunculus aqueous extract. The structure, morphology
of the synthesized AgNPs and particle size were studied using various
spectroscopic techniques. Furthermore, cosmetic preparations and
pharmaceutical usage of Ag nanoparticles were caused to investigate
the antimicrobial activity of Ag nanoparticles against a wide range
of microorganisms and to identify safety usage of Ag nanoparticles
for skin (cytotoxicity investigations). This study is novel to recognize
the nanobiotechnological potential of these extracts for AgNPs synthe-
sis that has not been reported earlier. Molecular docking supported the
investigation as well.

2. Materials and methods

2.1. Materials

Whole chemical materials which had analytical purity applied
for this research without extra purification process. Silver
nitrate (AgNOs3, 99%) was purchased from Merck Company
(Pvt. Ltd.), Germany. Reagents and standard laboratory
chemicals were prepared from the Sigma-Aldrich Company,
USA that includes penicillin—streptomycin (100 pg/ml), Dul-
becco’s modified eagle’s medium, fetal bovine serum (FBS),
phosphate-buffered saline (PBS), trypsin- EDTA solution,
dimethyl sulfoxide, trypan blue dye solution, iodonitrotetra-
zolium (INT), Ciprofloxacin. 2-(2-methoxy-4-nitrophenyl)-3-(
4-nitrophenyl)-5-(2, 4-disulfophenyl)-2H-tetrazolium (WST-1
reagent) was prepared from Roche Holding AG. All eukaryote
cells were prepared from Pasteur institute of Iran.

2.2. Essential oil extraction

Dark place and inert atmosphere used for drying herbal sam-
ples at room temperature for 15 days. Aerial parts and hydro-
methanol distilled in a Clevenger-type apparatus for 3 h in
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order to extract the essential oil. All experiments were
extracted two  times. Anhydrous sodium  sulfate
(Na,SO,4) was used to dry essential oils and sealed vials used
to store and to protect from light during analysis processes
at 4 °C.

2.3. Green synthesis processes of silver nanoparticles

The syntheses were carried out in oil-in-water (O/W) nano-
emulsions by mixing the right amounts of the reagents to obtain
the desired composition. Typically, about 5 ml of various
extracted oil solutions gradually added to 30 ml of 1.75 mM
AgNO; solution in separated beakers, while stirring at
5000 rpm speed via a homogenizer at 40 °C. The color of reac-
tion solutions were changed to light brown rapidly and turn into
turbid. Then standing for overnight, the color of solution states
dark brown. After the synthesis was finished, the nanoparticles
were separated by centrifugation and subjected to several wash-
ings with acetone, ethanol and water and dried at 40 °C in a vac-
uum oven finally. The small droplet size of nano-emulsions
confers stability against sedimentation (or creaming) because
the Brownian motion and consequently the diffusion rate are
higher than the sedimentation (or creaming) rate induced by
the gravity force. Ostwald ripening or molecular
diffusion, which a rises from emulsion polydispersity and the
difference in solubility between small and large droplets, is the
main mechanism for nano-emulsion destabilization (Tadros
et al., 2004).

In order to optimize the AgNPs synthesis parameters, effect
of some parameters like, different AgNO; concentrations
(0.75, 1, 1.25, 1.5, 1.75 mM), extract volume (1, 2, 3, 4,
5 ml), temperature (27, 40, 60, 80 °C), and pH (8, 10 and 12)
in the presence of different extracts was observed as well.

2.4. Microbial culture and antimicrobial effect of AgNPs

In order to investigate antimicrobial effect of nanostructures
microbial cultures of Bacillus subtilis (ATCC 6051), Micrococ-
cus  luteus (ATCC  4698),  Staphylococcus  aureus
(ATCC 29213), Escherichia coli (ATCC 25922), Klebsiella
pneumoniae (ATCC 13883), Proteus mirabilis (ATCC 21100)
and Pseudomonas aeruginosa (ATCC 27853) were chosen care-
fully. In order to obtain the aimed fresh cultures, the Mueller-
Hinton agar was used to prepare them and overnighted at
37 °C in medium. A modified micro-dilution assay protocol
was applied to determine the antibacterial effect (Elshikh
et al., 2016). At first all microbial inoculums were prepared
(0.5 McFarland) then preparation of the serial dilution
(0.3-1000 pg/ml) of the silver nanoparticles were done in a
96-well round-bottom microplate. After that, microbial strains
cultured and incubated at 37 °C for 24 h to desire well. After
passing one day, 40 pl INT solution (0.6 mg/ml) was added
to every well and incubated 20 min at 37 °C and the absor-
bance of each solution was read at 490 nm. Ciprofloxacin as
positive control at 0.5-8 pg/ml concentration was used and
blank was containing of all reagents except the bacteria, cul-
ture medium was used as the negative control. Below equation
was applied to calculate the mortality rate (%) (Eslaminejad
et al., 2016): Mortality rate (%) = (A — C)/(B — C)) x 100;
Where A = Test sample; B = positive control; C = negative
control.

2.5. Computational method

Protein Data Bank (PDB) (www.rcsb.org) used for preparing
crystal structures of bacteria. Amber force field selected for
minimizing the docking process. Molecular docking experi-
ment was employed by AutoDock4. The grid box parameters
values were used to as center 33.4238, center 9.4981, center
28.8764 in x, y, and z direction respectively. Then binding
energy of docking calculated by low RMSD evaluation by
The Lamarckian genetic algorithm and graphical presentation
has been done by using Discovery Studio (2.1.0) (Accelrys
Software Inc., 2007).

2.6. Cell culture and in vitro cytotoxicity

In vitro cytotoxicity investigated as our previous papers (Amiri
et al., 2018). Briefly Human breast cancer (MCF-7) cells and
3T3 fibroblasts as a normal cell line was used and was incubated
in 5% CO, at 37 °C and until flaunted the 75% of the culture
plate. DMEM was used to grow cell lines that accompanied
with 10% fetal bovine serum, penicillin—streptomycin (100 U/
ml) and the medium replaced every other day. 24 h applied
for incubating the 10,000 cells/well of each cell line on the 96
well plates. After one day the medium aspirated. 100 pl of var-
ious concentrations (4, 8, 16, 32, 64, 125, 250, 500 and 1000 pg/
ml) poured to wells and the plates were kept overnight at 37 °C
under 5% CO,. After one day, 10 pl of solution of WST-1 was
added to each well and was incubated for 4 h. The absorbance
of solution read at 420 nm by ELISA reader (BioTeks Elx 800).
Viability of cell was stated as 100% for untreated control cells.
The survival rate (%) was calculated by below equation
(Eslaminejad et al., 2016) and All samples were performed in
triplicates: Survival rate (%) = (OD in treatment group/OD
in control group) x 100. The inhibitory concentration required
for 50% cytotoxicity (ICsp) value was determined. The optical
density (MTT assay) was determined at 420 nm using a micro-
plate reader (BioTeks Elx 800).

2.7. Characterization of Ag nanostructures

The range of 300-600 nm wavelength was used to measure
UV-Vis spectra with a wavelength step size of 2 nm at room
temperature by Optizen 3220 UV (Corea). A series of tech-
nologies for characterization of synthesized samples were
applied. Fourier transform infrared (FT-IR) spectra were ver-
ified by Bruker, FT-IR alpha model. X-ray diffraction (XRD)
were detailed by X-ray diffractometer using Ni-filtered Cu Ko
radiation (Philips-X’pertpro). SEM (Scanning electron micro-
scopy (LEO instrument model 1455VP)) and TEM (transmis-
sion electron microscope (Philips EM208, accelerating voltage
of 200 kV)) were applied to recognize the morphologies of the
made-up NPs. Vasco and Wallis model of Nanosizer cordouan
(France) was applied to determination of particle size and zeta
potential. pH measurements were done by an 827 lab pHmeter
made by Metrohm Company.

2.8. Statistical analysis

Student’s 7-test and analysis of variances were applied to eval-
uated significance among groups. All data are represented as



R. Razavi et al.

94
1

| A
| /N

| |
\ / (2923)
|

Transmittance [%]
92
1

/

; (795)

f
\‘ /?II(DST’)

(1635) ’\
|

HIS'V

8 - \
8 -
/

8 -
0‘5 -

(3442) v

g . " &
\/ \\ / \’\/ 7 S /
T T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
Fig. 1 FT-IR spectrum of green synthesized Ag nanostructures.
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Fig. 2 X-ray diffraction pattern of green synthesized Ag
nanostructures.

mean + SD. The probability level of p < 0.05 was considered
as statistical significance.

3. Results and discussion

In the present work, four aqueous extracts were applied for
synthesizing of silver nanoparticles (AgNPs). Responsibility
of reduction of Ag™ ions to Ag® resulted from the biomole-
cules presented in the extracts in a single step.

AgNO; — Ag' + NO;

Ag" + Extract — Ag"

The bio-reduction of silver ions into AgNPs by using herbal
extracts were demonstrated in Section 3.3. It is obvious from
the obtained data that use of 5 ml of extracted oil and
1.75 mM of AgNOj3 is the optimal condition but about temper-
ature 40 °C was selected because higher temperature did not
produce more NPs and only use more energy source.

Due to synthesis of uniform, well dispersed and smaller size
of AgNPs in the presence of Artemisia herba-alba extract, more
characterization done on silver nanoparticles that prepared by
using this extract.

3.1. Ag nanostructures characterization

Generally, FT-IR spectrum provides structural and functional
groups information and molecular bonds nature in the sub-
stances. FT-IR spectroscopy applied to classify the functional
groups that have controllable role for the bioreduction and
capping of noble ion (Ag™ to Ag®) in this work, Fig. 1 exhibits
the FT-IR spectra of synthesized AgNPs in herbal extract. The
spectrum demonstrates bands at 3442, 2923, 1635, 1157, 1057
and 795 cm™~'. Mostly, expand peak in 3307-3325 cm™! shows
the presence of the OH stretching of phenolic and flavonoids
mixtures, although AgNPs synthesized using the extract shows
the same band at higher frequency (Dubey et al., 2010). Fur-
ther, AgNPs displays the weak band at the 2923 cm ™! attribu-
ted to the alkenes C-H stretching vibration (Varadavenkatesan
et al., 2017). The peak with sharp absorption intensity that was
detected at the 1635 cm ™' can be pointed to the amide-I bond
because of carbonyl-amide linkages stretching that is repre-
senting which proteins were interrelating with green synthe-
sized AgNPs and their secondary structure has not affected
during or afterward the reaction with Ag™ ions. Strong bind-
ing ability was produced with amino acid residues (carbonyl
function group) and metal (capping agent) which avoid
agglomeration and provide medium stability (Boopathi et al.,
2012). Moreover, the existence of aliphatic amines in proteins
were represented by two bands between 1157 and 1057 cm™!
vibration of C-N stretching. The band peak at the 795 cm™"
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Fig.3  Scanning electron microscopy (SEM) of AgNPs synthesized in the presence of Artemisia herba-alba extract at pH of 10 (A, B) and

pH of 12 (C, D).

states heterocyclic compounds that related to present flavo-
noids (Kacurakova et al., 2000). Observed data verifies action
of proteins as coating/stabilizing agent and antioxidants reduc-
ing agent like as flavonoids/phenolic compounds. XRD tech-
nique has applied to analyze the crystal structure nature of
the synthesized AgNPs. Multiple strong peaks recognized at
(111), (200) and (220) of the face centered cubic lattic that
resulted crystal structure of Ag metal (Gogoi et al., 2015)
(Fig. 2) which are consistent with Ag° standard (JCPDS Card
no. 04-0783) (Coseri et al., 2015). The plane (111) was the
major element of Ag planes. The average of crystallite size D
can be obtained from the (111) peak in XRD patterns by driv-
ing in the Scherrer Equation (Amiri et al., 2016): D = kA/Bc
0s0; where B is the full-width at half maximum (FWHM) of
a diffraction peak, k is the Scherrer constant (0.89), and 0 is
the Bragg's angle. The calculated crystal size by the XRD
reflections is about 38 £+ 2 nm. Nanosize range was indicated
from the XRD lines according to sharper reflexes with
improved intensity emerge, signifying the presence of a smaller
nanocrystalline phase. Generally, Electrokinetic potential can
be taken from zeta potential in colloidal dispersions scientifi-
cally. Measurements of Zeta potential were done and con-
firmed that the nanoparticles surface have a negative electric
charge which let them to stay in colloidal suspension manner.
Results established that the zeta potential of the AgNPs
increases by increasing of extract content, therefore the higher
content of extracted biomolecules (the herbal extract/AgNO;
ratio of 5) present in the system, nanoparticles indicated the
most negatively charged of —56 mV. The stability of the
nanoparticles provided by negative charges which preventing
aggregation and agglomeration.

The SEM images of synthesized NPs at two different pH
are presented in Fig. 3(A-D). SEM image (Fig. 3A and B) evi-
dently demonstrated that AgNPs were not agglomerated and
are spherically shaped with a diameter ranging from 40 to
50 nm. By increasing the pH (the pH increased by gradually
addition of 0.20 M NaOH solution) from 10 to 12 (Fig. 3C
and D), AgNPs indicated spherical- to oval-shape with a larger
average diameter and more agglomeration. It is possibly owing
to the growth rate of AgNPs become faster than the nucleation
rate with increasing the pH (Li et al., 2017). Extracted Biomo-
lecules like proteins, enzymes, terpenoids and flavonoids cofac-
tors play both capping and reducing role in the nanoparticles
synthesis (Raja et al., 2017), Furthermore due to strong
binding ability with amino acid residues (carbonyl group)
with metal as capping agent, agglomeration behavior was
prevented and stability of medium was provided
(Boopathi et al., 2012).

Transmission electron microscopy images of AgNPs pre-
pared at herbal extract, is shown in Fig. 4A and the size distri-
bution from TEM images is presenrted. As shown, TEM
images confirmed a spherical shaped and well-dispersion of
nanostructures. The results were in good accommodation with
the observation of SEM and XRD (scherrer equation) that
approve the synthesis of AgNPs by a natural material
(Arokiyaraj et al., 2014). For better understanding of the real
size of nanoparticles, Nanosizer used for calculating particle
size and stated by SBL (Statistical Bin Limits) analyze. For this
propose, reduction of agglomeration fault to state actual par-
ticles size were done by omitting hydrodynamic radius. Fig. 4B
reported the histogram of SBL nanosizer of NPs in which
showed the mean diameter of size of particle is ~51.39 nm.
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Reported results demonstrated narrow size distribution and
homogenous dispersity of NPs.

3.2. Ag nanoparticles synthesis investigation

For Ag nanoparticles synthesis, the reaction mixture (AgNO;3
solution) entirely turned to brown after Artemisia extract addi-
tion at room temperature (Fig. 5A). The brown color of the
reaction mixture corresponds to silver nanoparticles surface

plasmonace that made in the reaction mixture. Mostly, UV—
Vis spectroscopy can be employed for the detection of the
appropriate size and distribution of AgNPs due to the surface
plasmon resonance excitation (SPR) (Lee and Mooney, 2012).
The UV-Vis spectra of the AgNPs prepared at different pH
levels in the presence of Artemisia is revealed in Fig. 5B. The
strongest symmetric absorbance band is positioned at approx-
imately 420 and 415 nm (pH 8 and 10) and 395 nm (pH 12) in
the UV-Vis spectra, demonstrative to the formation of well-
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Fig. 5 Photographic image of reduction of Ag™ to Ag® before
and after addition of herbal extract (A), UV-Vis spectra of pH
dependent synthesis of silver nanoparticles in the presence of

Artemisia herba-alba extract (B).

dispersed Ag NPs. With increasing pH value, the absorption
peak intensity steadily increased, once the pH value reached
12, the band obviously shifted toward lower wavelengths.
The higher pH value would make the alkaline hydrolysis to
produce smaller molecular masses of fragments with higher
reducibility and affinity, which are essential for the well-
dispersed and stable AgNPs synthesis. Additionally, the silver
salt concentration and extract volume are another factors that
can excellently modify the silver nanoparticles shape. Fig. 6A
and 6B demonstrate the UV—Vis spectra of silver nanoparticles
prepared by different concentrations of AgNO3 and herbal
extracts volume respectively. When the concentration of Ag
salt increases to 1.75 mM, a very identical style in the nanopar-
ticles synthesis was detected for all investigated media. The
adsorption peak strength increases with the increasing the con-
tent of metallic precursors and similarly by increasing the her-
bal extracts amount, consequently a displacement to longer
wavelengths is observed in the UV-Vis spectrum of the
nanoparticles synthesized with a higher metallic precursor con-
tent (figure not shown). The results demonstrate that by
increasing AgNOj; concentration, the peak intensity increased
for all samples as well. No significant effect of increasing the
extract was observed in Mentha while silver nanostructures
synthesized in the presence of other extracts designated more
adsorption peak intensity. In addition, the effect of varying
temperature (Fig. 6C) was more significant for AgNPs synthe-
sized in the presence of Rosmarinus and Mentha that by

increasing temperature reduction in adsorption peaks revealed
that possibly is due to the AgNPs aggregation. However, at
80 °C Ranunculus presented relatively (1.4 folds) higher synthe-
sis, while Artemisia exhibited the highest one. These results
suggested better efficacy of Rosmarinus particularly, even at
lower temperature in comparison with other extracts.

3.3. Ag nanoparticles antimicrobial evaluation

Antibiotic resistance is one of the main public health concerns of
this century. This resistance is also associated with oxidative
stress, which could contribute to the selection of resistant bacte-
rial strains. Antimicrobial evaluation of the green synthesized
silver nanoparticles was investigated on the four gram-
negative, and three gram-positive including E. coli, K. pneumo-
nia, P. mirabilis, P. aeruginosa, M. luteus, B. subtilis, and S. aur-
eus. The bactericidal properties of AgNPs depends on their
stability in the growth medium, the capping agents and the
shape/size of AgNPs which plays an important role in improving
their antimicrobial properties (Pal et al., 2007). Overall, accept-
able antimicrobial activity of Ag NPs is due to smaller size and
higher surface to volume ratio of NPs which permits the pres-
ence of active Ag atoms on their surface, leading to enhanced
antimicrobial activity (Ocsoy et al., 2017). Obtained results pre-
sented that the antimicrobial activity varied between the micro-
bial strains. Both of the gram positive and negative bacteria were
sensitive to the test samples. The MICs, values for this synthe-
sized nanoparticle were 8, 4, 4, 2, 2, 1 and 4 ppm, for the inves-
tigated bacteria; E. coli, K. pneumonia, P. mirabilis, P.
aeruginosa, M. luteus, B. subtilis, and S. aureus. respectively as
seen in the following Fig. 7A and B. Although there is a distinct
variance between the activities of the AgNPs in the case of the 7
bacteria strains, the antimicrobial activity in the case of B. sub-
tilis is noticeably higher compared to the other ones. The effect
of silver particles against bacteria is due to their interaction with
thiol group compounds, which are found in the bacterial cells
respiratory enzymes. It was reported earlier that, Silver binds
to the bacterial cell wall and cell membrane that hinders the res-
piration process, due to the much larger surface area, AgNPs
demonstrate increased antimicrobial activity, AgNPs get
attached to the bacterium cell membrane and also penetrate
the bacteria inside. The bacterial membrane covers sulfur-
containing proteins and the silver nanoparticles act together
with these proteins in the cell as well as with the phosphorus con-
taining compounds like DNA. AgNPs preferably attack the res-
piratory chain (Rai et al., 2009; Singh et al., 2015).

3.4. Ag nanoparticles cytotoxicity studies

WST-1 assay was performed for calculating of AgNPs cytotox-
icity against the MCF-7 cells and 3T3 cell lines (Fig. 8B). In
cultured cells, viability was meaningfully reduced in the pres-
ence of AgNPs at several concentrations that suggested a
dose-dependent manner. The silver NPs revealed a potent
index of cytotoxicity effect on cancerous and normal cell line
as verified by the low ICso value of 1 ppm (Fig. 8B). The inhi-
bitory effects of AgNPs on the breast cancer cells may be due
to the characteristics of this disease, so that the cells of this
cancer illustrate a higher rate of metabolism, quick cell divi-
sion, and consequently exhibit improved internalization of
AgNPs, causing in a higher cell death rate. Also, other studies
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established AgNPs at the concentrations above 2 pg Ag/mL
displayed to be harmful/cytotoxic for the MCF-7 cells
(Roszak et al., 2017). The decreased cell viability against
AgNPs is because of not only generation of reactive oxygen
species, but also decreased cellular ATP content as well as
reduced dehydrogenase activity that does damage to mito-
chondrial respiratory chain and cellular components resulting
in cell death (Justin Packia Jacob et al., 2012). Hence, cytotox-
icity of phytogenic AgNPs is dependent on cell type that
demonstrates a specific intracellular mechanism for prolifera-
tion inhibition rather than an unspecific disturbance of cell
membrane functionality. However, cytotoxicity of NPs is
exclusively based on their shape, size, surface chemistry, inter-
action time and agglomeration state (Rajkuberan et al., 2015).
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Fig. 9 Hydrophobicity plot of (A) Staphylococcus aureus, (B) Escherichia coli, (C) Pseudomonas aeruginosa, (D) Bacillus subtilis, (E)
Klebsiella pneumoniae, (F) Micrococcus luteus, (G) Proteus mirabilis.

3.5. Ag nanoparticles docking finding

Protein Data Bank (PDB) (www.rcsb.org) used for preparing
crystal structures of bacteria. Amber force field selected for
minimizing the docking process. Molecular docking experi-
ment was employed by AutoDock4 (Rizwan, 2012). The grid
box parameters values was used to as center 33.4238, center

9.4981, center 28.8764 in X, y, and z direction respectively.
Then binding energy of docking calculated by low RMSD
evaluation by the Lamarckian genetic algorithm and graphical
presentation has been done by using Discovery Studio (2.1.0)
(Kyte and Doolittle, 1982).

Hydrophobicity of proteins, amino acids and microbiolog-
ical structure such as bacteria cause the ability of water proof-
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Fig. 10  Electron density surface and pose of binding with Ag nanostructures of (A) Staphylococcus aureus, (B) Escherichia coli, (C)
Pseudomonas aeruginosa, (D) Bacillus subtilis, (E) Klebsiella pneumoniae, (F) Micrococcus luteus, (G) Proteus mirabilis.

Table 1 Docking energy values AG in kcal/mol of Ag
interaction with bacteria.

Compound Docking Energy kcal/mol
Proteus mirabilis —6.73
Micrococcus luteus —6.23
Klebsiella pneumoniae —7.45
Bacillus subtilis —3.25
Staphylococcus aureus —6.78
Escherichia coli —7.89
Pseudomonas aeruginosa —5.20

ing in biochemistry. This effect indicate the hydrogen bonding
in structure (Morris et al., 2009). A hydrophilicity plots
Fig. 9(A-G) are a quantitative analysis of the degree of
hydrophobicity or hydrophilicity of amino acids of bacteria’s

that applied in this study. The figures indicated all bacteria
have interaction by polar solvents with special amino acids.
All plots showed that parts of alpha helix with positive
hydrophobicity are contained amino acids. Therefore amino
acids with high hydrophilicity indicate which these residues
are in contact with solvent and they are therefore likely to
reside on the outer surface of the protein (Accelrys Software
Inc., 2007). Electron density surface is a real place which chem-
ical compounds have ability to accept the other structures. In
Fig. 10(A-G) surface of acceptor and donor electron of amino
acids in bacteria indicated red color shows the negative place
and blue color shows the positive place. Green box shows
active site of bacteria which Ag has interaction with. Accessi-
ble pose for getting dock and binding site recognized by green
box. In fact, for evaluating and predicting the accuracy of
binding ability between ligands and target protein, the binding
free energies (AG) for the docking models and the crystal struc-
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Proteus mirabilis

Fig. 11

tures were calculated. The lower binding energy value specify
the binding strength of the ligands and docking model. There-
fore, to calculate the binding strength of Ag, the Ag-bacteria
docked complexes were analyzed based on minimum binding
energy values and Ag interaction (hydrogen/hydrophobic) pat-
tern. Docking results reported in Table 1 recognized that
AgNPs had good interaction by bacteria and indicated
antibacterial manner in solvent. According to the results lower
binding energy is belonged to Klebsiella pneumoniae and
Escherichia coli. Therefore strong interaction related to Ag
with Klebsiella pneumoniae and Escherichia coli. Fig. 11 illus-
trates the structure of all of applied bacteria as well.

4. Conclusion

The present study reported green synthesis of silver nanoparticles
(AgNPs) in the presence of various herbal extracted oils freely via a
simple, green, economical and reliable biological oil-in-water nano-
emulsion technique which recommend the industrial metal NPs pro-
duction without applying any dangerous and unfriendly reducing, dis-
persing and capping agent. The TEM and XRD analysis of synthesized
AgNPs revealed that size of nanoparticles is about ~52 nm by spherical
shape formed in the presence of Artemisia herba-alba. MTT studies
indicated anti-cancer activity against MCF-7 human breast cancer

Escherichia coli

Bacillus subtilis

Micrococcus luteus

Structure of all of applied bacteria.

cells. Furthermore, according to the associated antimicrobial proper-
ties and stable nature of these nanoparticles, it was appeared that these
nanoparticles are developed in numerous biomedical applications such
as cosmetics well. Energy binding and activation pose of bacteria sup-
ported the experimental data with great accordance via docking theo-
retical investigation.
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