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Green synthesis of nanoparticles is a latest and foremost technique to replace
antibiotics against resistant strains of bacteria in forthcoming era. Nano particles-
based nanomedicine is the future of pharmaceutical industries. This study was
designed to evaluate the antibacterial activity of green synthesis-based silver
nanoparticles against an infection in rats. Salvia hispanica (S. hispanica) plant was
used to reduce the silver nitrate (AgNO3) into silver nanoparticles (AgNPs).
Reduction of silver nitrate into silver nanoparticles confirmed through the change of
color from light yellow to deep brown of silver nitrate solution with S. hispanica
seed extract. Characterization of silver nanoparticles was done through UV-Vis
spectrophotometer, Atomic force Microscopy (AFM), Zeta size number, Zeta
potential, Transmission Electron Microscopy and Scanning Electron Microscopy. S.
hispanica based AgNPs were evaluated through agar well diffusion method, MIC
(minimum inhibitory concentration) as well as against experimental infection in
rats. UV-Vis spectrophotometer depicted wavelength at 420nm confirmed that
particles were synthesized in Nano range. AFM showed spherical and square shapes
nanoparticles with 80-120nm average size and 45mV charge. TEM were used to
study spherical shape particle size 50-120nm at different resolution (100, 300, 500
nm). Similarly, SEM also depicted average particle size 80-130nm with spherical
shape. Silver nanoparticles against enterotoxigenic Escherichia coli (ETEC) and
Vibrio cholerae (V. cholerae) through a gar well diffusion method exhibited the
greatest antibacterial activity against ETEC as compared to V. cholerae. The MIC
against ETEC was 100ug/ml while MIC against V. cholerae was 25ug/ml. Finally,
a single dose of AgNPs_was administered orally to adult rats colonized with ETEC
and V. cholerae, which significantly reduced the rate of colonization by the
pathogens 75 or 100 folds, respectively. It was concluded that a S. hispanica based
AgNPs have significant antibacterial effect, which may be considered as an
effective alternate of antibiotics in future.
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INTRODUCTION

Many technological innovations of 21% century are
based on “Nanotechnology”. It is mainly connected with
synthesis of material at Nano scale with variable shape
size and controlled disparity (Bhattacherjee et al., 2018).
In this field, research and developments are increasing day
by day globally. Several physical and chemical methods
are used to synthesize nanoparticles but there are
limitations of each method, pose potential harms on
environment and humans due to use of chemical toxins.
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The alternate of these methods is biological method,
which is protective, eco-friendly and cost effective. There
are various applications of AgNPs in pharmaceutical and
biological industries due to their unique properties in
compounds. In toothpaste, sanitizer spray and in dental
resins, AgNPs are added as bactericidal agent (Mihailovi
et al., 2023). The advanced method for synthesis of
AgNPs is simpler, fast, reliable, less toxic, less harmful,
easily handled and cost-effective as compared to chemical
and physical methods known as Biosynthesis of AgNPs
(Ahmad et al., 2019).
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AgNPs are synthesized by reduction of Salvia
hispanica (S. hispanica) seed extract with AgNO3
following the modified methods reported by Khodaman et
al. (2022). S. hispanica is also used as growth promotor
(Uribe-Martinez et al., 2023). It is an annually grown herb
belonging to family Lamiaceae that people began to be
use as food in several civilization of Central America and
preferred even on Amaranth (Ahmed et al., 2018). Plant
seeds are very important due to its nutritional value.
Chemically the seeds contain proteins, carbohydrates, fats,
dietary fibers and ash with contents 15-25%, 26-41%, 30-
39%, 18-30% and 4-5%, respectively. Vitamins and
minerals and antioxidants are also present, which reduce
the cardiovascular diseases (Rizwana et al., 2022). The
essential property of chia seed, it is gluten free seed and
mycotoxins are also not present, which spoil the food after
few days therefore they can be preserved for long period
of time in dry form (Ali et al., 2012; Asma et al., 2018).
Synthesis of nanoparticles through plants utilization is an
economical, toxins free and easily handle method. AgNPs
have reported to have great antimicrobial efficacy too.
These are used against multidrug resistant (MDR)
bacteria, which resist broad spectrum class of antibiotics
(Enrique et al., 2018). Silver nanoparticles are used to
treat the pathogenic and drug resistant bacteria therefore
called gray area. The nanoparticles may be used for the
treatment of the infections caused both by the gram
positive as well as gram negative bacteria, as a
replacement of antibiotics in an era troubled for the vastly
budding antibiotic resistance (Khodaman et al., 2022).

In the present study, we synthesized metallic AgNPs
using S. hispanica seeds extract and characterized their
antibacterial activity against ETEC and V. cholerae (Ali et
al., 2012). These AgNPs showed the robust antibacterial
efficacy against both pathogens throughout the study.
Furthermore, the AgNPs reduced fitness of the bacteria in
biofilms as well as in-vivo.

MATERIALS AND METHODS

Preparation of extract: 100 grams fresh seeds of S.
hispanica plant were collected from the local market and
authenticated by a qualified botanist (Coelho et al., 2014;
Khodaman et al., 2022). Seeds were washed 2-3 times
then dried and grinded to fine powder. 2 grams powder
was used to make aqueous extract in 100ml distilled water
by heating for 20 min and then filtered through Whatman
sieve paper No.1. Filtrate was stored at 4°C for further use.

Preparation of 0.1Molar solution of AgNOs: 100ml of
0.1M solution was prepared by dissolving 1.69g of
AgNOs in 100ml distilled water (Carmen et al., 2018).

Synthesis of silver nanoparticles: Silver nitrate solution
(45ml) was heated on a magnetic stirrer at 60°C for 15
min. S. hispanica seed extract (5ml) was added drop by
drop until its color changed from yellow to brown as
described by Akbari et al. (2018) and Ali et al. (2018).

Characterization of silver nanoparticles: The ocular
property of AgNPs was determined through Ultraviolet
Visible spectrophotometer. AFM is applied to obtain a 3D
carbon copy of the silver nanoparticles. Scanning Electron
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Microscopy (SEM) and  Transmission  Electron
Microscopy (TEM) were used to reveal the shape of
nanoparticles. Moreover, the mean size of AgNPs is also
determined. Zeta potential measurement and ZETA sizer
were used to measure the charge and stability of
nanoparticles.

Minimum inhibitory concentration (MIC): MIC is the
minimum concentration of an agent to inhibit the bacterial
growth. The value of MIC for synthesized AgNPs were
measured using micro broth dilution method
(Gnanajobitha et al., 2012; Enrique et al., 2018). It is
standard method to determine the levels of susceptibility
and resistance of antibacterial agent. These serial dilutions
of antibacterial agents are made in a liquid media like
broth with quantify number of bacteria and antibacterial
agent and then incubated for 24 hours.

Synergistic effect of AgNPs with antibiotics: The test
was performed in triplets for each concentration to get the
average synergetic effect against respective concentrations
as described by Hagq et al. (2015).

In-vivo colonization assay: In-vivo experiments were
performed as previously described by Schild et al. (2007);
Moisi et al. (2009); Leitner et al. (2013) with some
modifications. Male rats of 3 months age were used in all
the experiments. The rats were maintained in the cages of
experimental animal house, which were offered food and
water ad-libitum. The rats were monitored by a full-time
staff before and after infection. Subsequently, the rats
were anesthetized by isoflurane gas inhalation method and
50ul of V. cholerae or ETEC were inoculated by oral
gavage (approx. 1 x 10° CFU/rat for both pathogens).
The inocula were plated on LB agar plates to determine
the exact inputs appropriate dilutions. The infected rats
were divided into two groups 6 hours post infection. One
group was treated orally with 50ul of AgNPs
(1.2 x 108 NPs/ml), while the other group received 50ul
saline solution. After 24h, the rats were sacrificed and the
small intestine from each mouse was collected by
dissection. The small intestine was mechanically
homogenized in LB broth with 15% glycerol and
appropriate 1:10 dilutions were plated on LB agar (Salem
et al., 2015). After incubation at 37°C, the colonization
rates in CFU/small intestine were determined by back-
calculation to the original volume of the homogenized
small intestine.

Statistical analysis: The data presented in the Tables and
Histogram were analyzed by the mean zone of inhibition
observed against AgNPs and antibiotics. All-Pair wise
comparisons at 5% standard deviation were plotted in the
bar diagram as shown in Fig. 2.

RESULTS

Characterization of silver nanoparticles

UV-Visible spectroscopy: UV-visible spectroscopy
showed peak from 350 to 800nm which confirmed the
formation of AgNPs. Absorption peak was observed at
wavelength from 350 to 800nm. The peak value was taken
on Y-axis and on X-axis and a graph was plotted (Fig. 2).
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Table I: Zones of inhibition of AgNPs against ETEC and V. cholerae at
various concentrations of AgNPs

Bacteria Zone of inhibition (mm)
50 100 200 (+) (-)
ul (CI) ul (C2) ul (C3) (CO)
ETEC I 13 14 26 00
V. cholerae 10 10 12 21 00

ETEC: Enterotoxigenic Escherichia coli; V. cholerae: Vibrio cholerae

Table 2: Effect of various concentrations of AgNPs against ETEC and V.
cholerae

Well No. AgNPs pg/ml ETEC V. cholerae
. + ] 4]
2. 400x10' x x
3. 200x 10" x x
4. 100x10' x x
5. 50x10' x x
6. 25x10' x x
7. 12.5x10' x o
8. 6.5x10! [} o}
9. 3.5x10 M o
10. 1.5x10' M o

1. - - -
ETEC: Enterotoxigenic Escherichia coli: V. cholerae: Vibrio cholerae :
bacterial growth present; X: growth absent (+): Positive control
(Bacteria culture); (-): Negative control (Nutrient broth)

Table 3: Synergistic effect of AgNPs and antibiotics against ETEC and
V. cholerae

Bacteria Volume of S. hispanica based AgNPs
50ul 100pl 200yl Positive control
Zone of Inhibition (mm) AgNPs + Drug
ETEC 14 19 22 26
V. cholerae 12 13 18 21

S. hispanica: Salvia hispanica commonly named as Chia seed ETEC:
Enterotoxigenic Escherichia coli; V. cholerae: Vibrio cholerae.

Atomic Force Microscopy (AFM): AFM image showed
that Silver nanoparticles are two types with spherical and
square shape at average particle size height 8nm.

Scanning electron microscopy: Scanning Electron
microscopy also showed the nanoparticles with average
size of 80-130nm at 300 and 500 resolution power.
Measurements at different resolution clarified the size of
nanoparticles (Fig. 3).

Transmission electron  Microscopy: Transmission
Electron microscopy also showed the nanoparticles with
average size of 50-120nm at 300 and 500 resolution
power. Measurements at different resolution clarified the
size of nanoparticles and support the image of Scanning
Electron Microscopy (Fig. 3).

Zeta potential analysis: The charge repulsion/ attraction
showed the stability of AgNPs with +45mV surface
potential. This stability factor is elementary substance,
which enables us to understand that AgNPs suspensions in
an aqueous medium is stable at storage to be used for
experimental studies.

Zeta size number: This is a crucial parameter to
determine the cell uptake efficiency of AgNPs. The
hydrodynamic size number of AgNPs was at 80-120nm
range (Fig. 4).

A significant antibacterial effect was shown by
AgNPs, and synergistic effect of AgNPs and antibiotics
also gave good response against test strains as compared
to use of separate drug and separate nanoparticles.
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Fig. I: Synergistic effects of AgNPs+Antibiotics tested at different
concentrations against the tested bacteria (Y axis = the zone of
inhibition measured in mm; X axis = different concentrations of AgNPs
ie., 50, 100 and 200ul).

14 -

1.2 A

=P

=
L

@
=]
1

Absorbance {au)
@
=4}

@
S
1

=
P2
1

=]

350 450 550 650 750 850
Wavelength (nm)

Fig. 2: Wavelength and absorbance analysis of the nano particles after
synthesis.

DISCUSSION

Plants are nontoxic and healthier product of earth,
especially medicinal plants. In the past, people have been
using plants for the treatment of many infections (Campo
et al.,, 2017). For the green synthesis of nanoparticles,
plants are favorable component (Khodaman et al., 2022).
There are different applications in nanobiotechnology by
using various medicinal plants like Dioscorea bulbifera,
Aloe vera, Gnidia glauca, Gloriosa superba, Plumbago
zeylanica, Pterocarpus santalinus and Adiantum
philippense L. Vajradanti scientifically called Barleria
prionitis used against various infections including
respiratory diseases, joint pains, fever, glandular
swellings, ulcers, enlargement of scrotum and boils
(Coelho et al., 2014). The whole plant may be used as
therapy while parts of a plant like root, stem flower bark
and leaf can also be used for this purpose (Rizwana et al.,

2022). Plants are reported to possess different
phytochemicals e.g., lupulinoside, acetyl barlerin,
verbascoside, barlerinoside, pipataline  prionisides,

shanzhiside methyl ester, scutellare, barlerin, balarenone
having a variety of therapeutic indications in the field of
ethno-pharmaceutics. Some of these plant-oriented
products are used as anti-inflammatory, anti-diabetes,
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Fig. 3: Scanning Electron Microscopy and Transmission electron microscopy of the Silver Nanoparticles.

Number Distribution Data (%)
Zeta Distribution Data 40
»
1400000 35
1200000 - 30
1000000 - 75
£ 800000 - 20
8 N3
600000 1 15
,E >e
400000 | 10
200000 | 5
0 0 —_MW
200 150 100 S0 0 50 100 150 200 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04
Zetapotential (mv) size (mn)

Fig. 4: Zeta sizer analysis deciphers the mean size of the nano particles.



arthritis and microbial infections. These products also
reported to have hepatoprotective efficacy. Therefore it is
interesting to use plant extracts as reducing agents for
creation of AgNPs as reported by Ghosh et al. (2016). The
AgNPs synthesized by using S. hispanica seed extract
have been reported to be fastest, easily handled and
nontoxic (Uribe-Martinez et al., 2023). Development of
nanoparticles through green method was considered to be
reliable and stable over a duration of 1 year at temperature
25°C and no clump formation was observed (Rajendran
and Prabha, 2015).

Green synthesis of AgNPs by using S. hispanica
seed extract at room temperature was conducted in the
current study, it was a simple and cost effective method.
Ibraheem et al. (2016) synthesized AgNPs by using
Acanthophora specifera and investigated that preparation
of AgNPs by green method was found to be eco-friendly,
cheap, unwavering and steady. Various approaches are
used for the synthesis of AgNPs but all of these methods
are costly. Moreover, physical and chemical methods
produce toxicity, which pollute not only the environment
whereas also harmful for the person who handle
(Rajamani et al., 2018). Therefore, in this century, plant,
flower, seeds, fruits and microorganisms are used for
reduction of AgNPs for preparation of nanoparticles.
AgNPs were prepared through S. hispanica seeds, which
were dried at room temperature and ground to form
powder by using pestle and motor. To make the aqueous
extract 2g of seed powder was mixed in 100ml of distilled
water. It was heated gently, and filtration was done
through filter paper by using filtration assembly. The
same extraction methods are reported by Rajendran and
Prabha (2015). After seed extract preparation, 10mM
solution of AgNOswas prepared. For this purpose, 5ml of
seed extract in a separate conical flask was taken and
45ml of AgNO3 was added in this flask (Rosas-ramirez et
al., 2017). Newly prepared AgNPs were stored at room
temperature in Amber color bottle to avoid the oxidation
of photo sensitized AgNPs (Segura-campos et al., 2014;
Anjum et al., 2018). The results obtained by green
synthesis of silver nanoparticles were almost similar to
that obtained by the Angeles et al. (2017).

Spectrophotometer was wused to confirm the
development of AgNPs. UV-VIS spectra showed AgNPs
at the wavelength 420nm confirming that the synthesized
particles were in Nano range and well dispersed without
any clump formation (Shende et al., 2018). Moreover, to
understand their intrinsic properties, AgNPs were
biologically characterized such as size, net charge,
aqueous stability and monodispersity. The current study
provides the important information regarding AgNPs
synthesis, Zeta potential analysis for charge
repulsion/attraction, the stability of AgNPs with +45mV
surface potential as performed by Hamad et al. (2018).
Zeta sizer, a crucial parameter to determines the cell
uptake efficiency of AgNPs was adapted in the current
study. The hydrodynamic size number of AgNPs ranged
from 80-120nm. Atomic force microscopy technique was
used to determine the topography of prepared AgNPs.
Scanning probe microscope was used to examine the
AgNPs quite close to study of Zahir et al. (2015).
Moreover, TEM analysis also showed the size and shape
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of AgNPs at 100, 300, 500nm resolution. The AgNPs
synthesized in our study were relatively wavering and
steady showing no clump formation upto 1 month owing
to the use of stabilizing proteins. The same features of
stability have been reported by Asad et al. (2017).

In addition, the scanning electron microscopy was
used to observe the size and shape of AgNPs, the findings
were similar to XRD that confirmed the texture of mixed
crystals. SEM micrograph revealed by the reduction of
silver nitrate into AgNPs through aqueous seed extract of
S. hispanica plant. SEM image showed high population of
NPs size range 80-130nm at different resolutions of 100,
300 and 500nm. The morphology of AgNPs is
polymorphic like hexagonal, triangular, rod shaped and
deformed spherical, while AgNPs prepared from S.
hispanica seeds were spherical in shape. In powder form
the AgNPs were stable for long period of time because in
aqueous form clump formation due to the reaction, this
aggregation decreased the biological activities of AgNPs,
results of the present study showed resemblance to
research findings of Chavan and Ghadage (2018).

AgNPs showed the great antibacterial activity against
ETEC as compared to V. cholerae: AgNPs and other
nanomaterial are used to replace these antibiotics, because
they act as antimicrobial agent and inhibit the growth of
bacteria, virus and fungi. Agar well diffusion method was
used to perform the antibacterial action of AgNPs against
ETEC and V. cholerae. Different concentrations of
AgNPs of 50, 100 and 200ul were used to check the
antibacterial activity against the selected pathogenic
bacteria, three wells were filled for each concentration for
each bacteria to determine the mean zone of inhibition
against bacteria. Disc diffusion method was performed by
the synthesized silver nanoparticles against pathogenic
bacteria by Gnanajobitha, (2012) but aliquoted AgNPs
enabled to diffuse in filter paper discs into the media
plates containing the bacterial inoculum (Ajnhum et al.,
2018). Minimum inhibitory concentration of AgNPs
against ETEC and V. cholerae were 50ug and 100ml,
respectively.

In this work higher minimum inhibitory concentration
of AgNPs was reported against ETEC and V. cholerae and
found to be significantly more inhibitory against ETEC as
compared to V. cholerae. These findings are in agreement
with Roy and Anantharaman (2018), who report that
AgNPs have more inhibitory effect against gram negative
bacteria as compared to gram positive bacteria due the
composition of plasma membrane. AgNPs killed the cells
by forming the free radicals, which interfere the structure
of plasma membrane and denature the protein of
membrane, in this way cell death occurs, and this has been
reported by many researchers (Paul et al., 2015; Moodley
et al., 2018). It also deposits in cytoplasmic region and
periplasm of bacteria and disorganized the cells (Rajamani
et al., 2017; Roy and Anantharaman, 2017). The
nanoparticles reduced through S. hispanica seed extract
showed more antibacterial activity against hospital
acquired bacteria as compared to antibiotics.

Besides ex-vivo application, the AgNPs were orally
administered to  assess lowered colonization levels
of ETEC and V. cholerae in-vivo. Intake of NPs through
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GIT may be undertaken through nano-technological food,
packaging or medical applications (Klien and Godnic-
Cvar, 2012; Igbal et al., 2019). It was observed that there
was no adverse side effects by single oral administration
of AgNPs, which suggests that the colloidal AgNPs had
no acute toxic effects, the same has been stated by Quang
et al. (2013). The colloidal AgNPs are reported nontoxic
when given orally, through ocular and dermal method in
mice and guinea pigs (Pattwat et al., 2011). AgNPs have
been used safely in the current study even to higher dose
level. This safety interpretation is in line with a previous
report in which dose toxicity was assayed in rats and mice
given AgNPs for 28 days, which exhibited no significant
changes in body weight, exposure to high doses of more
than AgNPs (300 mg/kg for rats and 1 mg/kg in mice)
resulted in adverse effects indicating slight liver or kidney
damages(Kim et al., 2008; Eun-Jung et al., 2010).
Commonly, the nanoparticles tend to accumulate in
tissues which is directly related to dose levels given
repeatedly (Quang et al., 2013). This tissue accumulation
aspect is underway, which may be concluded in a coming
manuscript. AgNPs may be designated as biocides, which
may be targeting multiple sites within the host and or
pathogen cell surface hence have a broad spectrum
activity (Markowska et al., 2013).

Conclusions: It is concluded that the application of Salvia
hispanica based silver nanoparticles (AgNPs) is an
effective antimicrobial therapy. The findings of the
present study suggest the use of AgNPs as an alternate to
antibiotics, which may bout the emergence of
antimicrobial resistance even after long-term usage.
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