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Abstract

In this present work, we described a bio-reduction method for the generation of silver nanoparticles (AgNPs) using
aqueous leaf extract of Micrargeria wightii (M. wightii), which is a gifted alternative to other physicochemical routes.
The prepared AgNPs were characterized by UV-visible spectroscopy (UV-vis), Fourier Transform Infrared Spectroscopy
(FT-IR), X-ray diffraction (X-RD), Transmission Electron Microscopy (TEM) with EDX and Dynamic light scattering (DLS).
UV-visible spectrum showed a characteristic absorption peak at 440 nm of synthesized AgNPs. FT-IR analysis confirmed
the existence of plant metabolites, which are responsible for the reduction of Ag (l) ions into Ag (0) NPs. X-RD pattern
studies confirm the presence of the pure face-centered cubiccrystalline nature of Ag. Energy-dispersive X-ray (E-DX) spec-
trum showed the elemental composition of synthesized nanoparticles. Furthermore, TEM images confirm the formation
of spherical shaped nano-silver particles with sizes ranging from 30 to 70 nm and supported by particle size analyzer,
Dynamic Light Scattering (DLS). Thus, the present investigation provides an easy, eco-friendly and straightforward route
for the synthesis of the antibacterial agent against Bacillus subtilis subtilis and Pseudomonas aeruginosa, with 15 and 13
mm zone of inhibition (ZOI) respectively.
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1 Introduction

In the past few decades, nanotechnology is considered as
one of the powerful and emerging technology with a lot
of application in various fields such as agriculture, medi-
cal, textile, cosmetic and pharmaceutical research with an
environmental impact [1, 2]. Nanomaterials are small parti-
cles, which are present within the nanoscale. It has unique
properties such as high catalytic activity, chemical stabil-
ity, thermal conductivity and optical performances [3]. The

main reason behind the unique properties was the increase
in large surface area to volume ratio as the size decrease.
Many researchers got attracted by these unique properties,
which lead to the preparation of nanomaterials [4]. Recently,
nanoparticles (NPs) have been used by the researchers
to improve the growth, yield, and quality, production of
secondary metabolites, antioxidants, and antimicrobial
agents in plants [5]. Due to its non-toxic nature, it has been
used in various biological applications include diagnostic,
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biomolecular detections, drug delivery, waste treatment,
agriculture, food production and therapeutics [6, 7].

The conventional method used for the synthesis of nano-
particles contains chemicals as both stabilizing and protect-
ing agent, which was toxic in nature. Also, these conven-
tional methods can synthesis nanomaterial in a bulk amount
with less time. These methods require chemicals, which are
toxic in nature and can cause life- threatening issues to both
humans and aquatic organisms. In order to overcome the
limitation and demerits of the conventional method, green
synthesis can be act as an alternative method [7]. It is con-
sidered as one of the prominent areas in the field of bio-
nanotechnology, which provides benefits to both economy
and environment and it does not produce any by-products
and pollution. This method mostly prefers safe and non-
toxic agent, which has eco-friendly, bio-safe in nature and it
provide natural capping and stabilizing agents [8]. Nanopar-
ticles synthesised using green resources exhibit good bio-
medical activity due to the functional group present on the
surface of the nanoparticles. The main advantage of using
plant resource is easily available, low cost, safe to handle,
contains a wide range of components such as alkaloids, fla-
vonoids, terpenoids, tannins, etc. [9].

Recently, the bio-approach of fabrication of AgNPs
was shifted towards less toxic and biofriendly biological
methods which involve plant extracts from plants such as
Artemisia quttensis Podlech [10], Agave americana, Men-
thaspicata and Mangiferaindica [11], Camellia sinensisL.
[12], Phaseolus vulgaris[13] and Cannabis sativa [14] have
also been reported. In this manuscript, we have prepared
AgNPs using Micrargeria wightii (M. wightii) that belongs
Orobanchaceae family. The microorganism'’s P. aeruginosa
is increasingly recognized as an emerging opportunistic
pathogen of clinical relevance, while Bacillus subtilis subti-
lis is known to cause disease in severely immunocompro-
mised patients, and it can be conversely used as probiotic
in healthy individuals. Bacillus subtilis has also been impli-
cated in several cases of food poisoning. This present work
describes a bio-reduction method for generation of AgNPs
using aqueous leaf extract of M. wightii. The prepared
AgNPs were characterized by UV-visible spectroscopy
(UV-vis), Fourier Transform Infrared Spectroscopy (FT-IR),
X-ray diffraction (X-RD), Transmission Electron Microscopy
(TEM) with EDX and Dynamic light scattering (DLS).

2 Experimental details
2.1 Preparation of Micrargeria wightii leaf extract

The healthy plant material was collected at tirumala
hills, tirupati, Andra pradesh India. The plant M. wightii
leaves were cleaned with distilled water to avoid any dust
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particles and then dried at room temperature. About 10 g
of dry leaves powder was transferred into 100 ml conical
flask with 100 ml distilled water and followed by heating
at 80 °C for 30 min under magnetic hot plate stirrer for the
preparation of M. wightii leaves extract. Then, the above
mixture extract solution was cooled naturally and filtered
with whatman No.1 filter paper without any residue. The
obtained extract solution was stored at 4 °C for the prepa-
ration of AgNPs.

2.2 Synthesis of silver nanoparticles

For the preparation of AgNPs, 90 ml of 0.001 M AgNO;
precursor solution was prepared in 150 ml of round bot-
tle flask, followed by stirring on magnetic stirrer to obtain
for a clear solution. Then, 10 ml of M. wightii extract was
added drop wise to the above 90 ml of AgNO; precursor
solution and stored at the dark place for overnight for the
complete reduction of AgNPs. The colour of the solution
was turned into the dark brown colour. This colour indi-
cates the formation of AgNPs.

2.3 Characterization

The prepared AgNPs structural analysis was confirmed
by powder X-Ray diffraction (model PAN analytic BV).
The maximum absorbance wavelength of the AgNPs was
confirmed by using the UV-Visible spectroscopy (model
Shimadzu UV). The functional groups of prepared AgNPs
were carried out by using the Fourier transform infrared
spectra (FTIR). To make KBr pellet, a small quantity of
the AgNPs powder was mixed in dry potassium bromide
(KBr), the mixture was thoroughly mixed in a mortar and
pressed at a pressure of 6 bars within 2 min to form a KBr
thin disc. Then the disc was placed in a sample cup of a dif-
fuse reflectance accessory. The IR spectrum was obtained
using Bruker, Alpha T, and Germany 70 infrared spectrom-
eter. The sample was scanned from 4000 to 400 cm™". The
size of AgNPs was analysed by Zeta Sizer model Nano-590
(Malvern U.K). The morphology and elemental analysis of
AgNPs confirmed by Transmission electron microscopy
images, taken using a JEOL 3010 at 200 kV and Energy
dispersive X-ray spectroscopy (EDAX) spectra were done
by SUPRATM >,

2.4 Antibacterial actvity of Ag NPs

The synthesized AgNPs by the extract of M. wightii have
shown significant antibacterial activity against Bacillus
subtilis (1134) and Pseudomonas aeruginosa (4996), were
tested by disc diffusion method [15]. The bacterial strains
were inoculated into nutrient agar medium. A set of three
different amounts (10, 20, and 30 pl) of AgNPs colloidal
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solution in disc were prepared and used in study. At four
corners of the petriplates, three different concentrations
of the AgNPs in respected discs were placed over the lawn
of bacterial culture along with drug 1% streptomycin (s)
30 pl. The study was carried out with 24 h active cultures
of the selected bacterial strains. The zone of inhibition was
found after 24 h and the results are placed in Table 1.

The study was carried out with 24 h active cultures of
the selected bacterial strains. The zone of inhibition was
found after 24 h and the results are placed in Table1. This
experiment was conducted in triplicates to attain consist-
ent outcomes.

3 Results and discussion
3.1 UV-Visible spectral results

UV-Visible spectrum of AgNPs M. wightii leaf extract is
shown in Fig. 1a. The prepared AgNPs were confirmed by
using the UV-visible spectrum as shown in Fig. 1b. The
colloidal solution was examined with UV-Vis in the wave-
length ranging from 300-600 nm for proximate analysis
with is diluted to 1:10 (v:v) with the same solvent. UV-Vis
spectrum is an essential technique to observe the forma-
tion of metal nanoparticles in aqueous solution. The maxi-
mum absorbance of AgNPs at wavelength about 440 nm
was appeared due to surface plasmon resonance of AgNPs
[16].

3.2 X-ray diffraction

The crystal structure and average crystalline size were
confirmed by X-ray diffraction pattern of as synthesized
AgNPs by using M. wightii leaf extract as shown in Fig. 2.
The AgNPs showed good crystalline nature through the
green synthesis approach. The AgNPs clearly showed
face-centered cubic (FCC) structure and the diffraction
peaks appeared at 26 values 38.32°, 44.47°, 64.66° and
77.55° were well matched with their corresponding
miller indices (111), (200), (220) and (311) respectively
[19]. The average crystalline size of AgNPs at all diffrac-
tion peaks was calculated by using the Debye-Scherrer
formula with the average crystalline size of AQNPs about
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Fig.1 a AgNPs UV-Visible spectrum of M. wightii leaf extract.
b AgNPs UV-Visible spectrum of synthesized through green
approach by M. wightii leaf extract

29.13 nm through the green synthesis method [20]. In
XRD pattern, extra peaks appeared due to organic mol-
ecules present in the plant extract [16].

3.3 Dynamic light scattering

The particle size distribution of the AgNPs synthesized
by using M. wightii leaf extract is examined by the DLS is
shown in Fig. 3. From this figure, the particle size ranges
from 20 to 50 nm. The majority percentage of the AgNPs
size distribution was around the 25 nm range. The par-
ticle size distribution of AgNPs with DLS results is well
matched by XRD and TEM results.

Table 1 Results of

o > o S.No Tested Pathogen Zone of Inhibition (mm)
Antimicrobial activity of
synthesized AgNPs Volume of Ag NPs dispersion Streptomycin
10 pl 20 ul 30ul 30ul
1 Bacillus subtilis 9+0.22 13+£1.7 15+£0.5 23+1.
2 Pseudomonas Aeruginosa 8x1.7 11+0.5 13+0.22 22+09
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3.4 FT-IR spectra

Fourier transform infrared spectrum was used to identify
the characteristic functional groups involved in the for-
mation of AgNPs. It provides the about the active groups
of a molecule, frequently obtained from its absorption
spectrum. The synthesized AgNPs by using M. wightii leaf
extract contain functional groups were analyzed through
FT-IR spectrum as shown in Fig. 4a and AgNPs is presented
in Fig. 4b. The FT-IR spectral peaks appeared at 3380.81
cm™! assigned to the hydroxyl (-OH) stretching due to
the presence of polyphenols and flavonoids [17]. A peak
at 1077 cm™' is due to vibrations of C-O stretching of

Position ["2Theta]

alcoholic groups in phenols and polyphenols.The stretch-
ing vibrations at 1513 cm™ and 1609 cm™" were attributed
to N-H and C=0 stretching of amine and amide bonds
associated with the protein molecules [18]. Therefore, the
bioreduction of silver (I) into AQNPs may be attributed to
the presence of phenols, proteins, aminogroups, alkanes,
alkenes and flavonoids present in the M. wightii aqueous
leaf extract.

3.5 Morphology and elemental studies

TEM analysis of synthesized AgNPs was prepared by
drop-coating biosynthesized nanoparticles solution on

Size Distribution by Volume

Volume \reiveny
N w S [$2]
o o o o

—_
o

Size (d.nm)

Fig. 3 Particle size distribution of AQNPs by DLS
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Fig.4 aFT-IR spectrum of M. wightii leaf extract. b AGNPs FT-IR spectrum of as synthesized through green approach by M. wightii leaf extract

carbon-coated copper TEM grid. Samples were dried and
kept under vacuum in desiccators before loading on to a
specimen holder. The AgNPs prepared by green synthesis
method TEM images is shown in Fig. 5a-c.The formations
of Ag NPs are spherical in shape without any accumulation
and the majority of the particles were uniform distribution.
The particle size of Ag was ranging from 20 to 50 nm. The
elemental composition of AgNPs was confirmed by EDAX
as shown in Fig. 5d. The Ag element is shown in the EDAX
image so it confirmed the AgNPs but some other extra
elemental peaks are shown in Fig. 5d because these ele-
ments are indicated as extracted biomolecules.

3.6 Antibacterial activity

Antibacterial activity results of AQNPs were presented in
Fig. 6. The highest activity was 15 mm diameter of zone
inhibition observed against Bacillus subtilis, followed by 13
mm of zone inhibition against P. aeruinosa was observed
to compare with the standard streptomycin. Metallic sil-
ver is additionally a potent antimicrobial agent with high
potential of activity. The high reactivity and high binding
efficiency with proteins by altering the structure of bacte-
rial cell membrane and nuclear membrane, which results
in cell disruption and damage. AgNPs with sizes ranging
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Fig.5 TEM and EDAX images
of AgNPs prepared by using
the M. wightii leaf extract

Fig. 6 Antibacterial activity of
AgNPs

of 10-100 nm showed high bactericidal activity against
gram-positive and gram-negative bacteria [21]. The high
reactivity and high binding efficiency with proteins fol-
lowed by with changes within the structure of bacterial
cell membrane and nuclear membrane. Finally, result in
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cell disruption and death. Silver ions have the power to
restrain the replication of bacteria, by binding and dena-
turing bacterial DNA, which incorporates the reaction of
silver ions with the thiol group of proteins followed by
DNA condensation resulting in apoptosis [22]. Nanoform
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Fig. 7 Possible antibacterial activity mechanism of AgNPs

of silver is more reactive and they cross through cell mem-
branes leading to the deposition of intracellular nanopar-
ticles, which results in the disfunction of cells [23]. It has
been already found that AgNPs produce reactive oxygen
species and free radicals, which will lead to apoptosis
resulting in necrobiosis. AgNPs can easily penetrate into
the microbial cell wall due to their small size than the
microorganisms. AgNPs are also utilized in food industry
for the packaging to stop damage of food products by
pathogens [24]. There have been Electron spin resonance
spectroscopy (ESR) studies which proposed that there is
a generation of free radicals by the AgNPs on interaction
with the bacteria and these free radicals have the capabil-
ity to damage the bacterial cell membrane and make it
porous which can finally lead to cell death [25]. Silver is
classified as a soft acid, and there is a usual tendency of
acid to react with a base, in this case, a soft acid to react
with a soft base. Another fact is that the DNA has phospho-
rus and sulphur as its major constituents; the AgNPs can
react with soft bases and damage the DNA, which would
ultimately lead to cell death as shown in Fig. 7 [26-33].

4 Conclusion

In this current work, non-hazardous, simple, biosynthesis
method was employed for the successful synthesis of Ag
nanoparticles. The formed Ag nanoparticles were charac-
terized for their UV-visible absorption, structural, morpho-
logical and FTIR analysis. The antibacterial potential of the
synthesized samples was studied against Bacillus subtilis

Destabilizes
Ribosomes

DNA Damage

Rupture of cell
membrane

and Pseudomonas aeruginosa. The Ag nanoparticles shows
very good antibacterial activity may be used for control-
ling of bacterial associated diseases.
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