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ARTICLE INFO ABSTRACT

Keywords: Nanotechnology has become a cutting-edge field of research that has emerged as an interdisci-
Leea macrophylla plinary research area and contributes to almost every field of science. With the increasing demand
Si_lver na“‘?Partides for sustainable greener products, attention has recently been focused on green nanotechnology.
ilnotsiil;::]::rsil:l activity This study manifested the aptitude of Leea macrophylla (LM) leaf extract, fortified with phyto-
Cytotoxicity chemicals, to biosynthesize silver nanoparticles (AgNPs) for the first time. As soon as the AgNPs

were biosynthesized, they immediately changed color, and the distinctive surface plasmon
resonance (SPR) occurred at 420 nm in the Ultraviolet-Visible spectrum, proving that the
biosynthesis had been successful. Fourier Transform Infrared Spectroscopy (FTIR) was used to
examine the phytochemicals present in the LM leaf extract, those are accountable for the for-
mation and stabilization of AgNPs. The Transmission Electron Microscope (TEM) revealed the
formation of quasi spherical silver nanoparticles with an average diameter of 22.77 nm. Syn-
thesized nanoparticles were further characterized by X-ray diffraction (XRD), Field Emission
Scanning Electron microscope (FESEM), Energy Dispersive X-ray (EDX), Dynamic Light Scattering
(DLS) and Thermogravimetric analysis (TGA). The production of AgNPs with high metal content
from LM leaf extract exhibited encouraging results. The LM leaf extract mediated silver nano-
particles evinced significant antibacterial and catalytic activities. The cytotoxicity effects of
biosynthesized AgNPs were tested on brine shrimps.

Catalytic activity

1. Introduction

Scientists value the biosynthesis of nanoparticles due to the ability to use plant extracts as both bio reducers and capping agents
[1-4]. This approach has significantly altered the traditional method of nanomaterial synthesis, which relied primarily on chemical
routes [5,6]. The biosynthesis technique’s simplicity and biocompatibility have appealed to researchers for years, making it a sus-
tainable and cost-effective option for nanoparticle synthesis. Nanostructures exhibit unique chemical and electrical properties, not
present in their bulk counterparts [7-9]. Recent advancements in devices, operated at the nanometer scale have demonstrated the
ability to lead to new applications in fields such as nanoscale electronics, catalysis, bio-nanomedicine, and photo-electrochemical
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applications [10,11]. Several elements falling in the noble metals category including silver, gold, palladium, and copper, have been
utilized to create nanoparticles [12]. Among them, silver nanoparticles have demonstrated effectiveness in cancer diagnosis and
treatment, as well as antibacterial and catalytic agents [13,14]. Distinctive approaches, comprising chemical reduction, micro
emulsions, hybrid methods, photochemical reduction, sonoelectrochemical, and microwave-based systems, have been developed for
the production of silver nanoparticles [10,15]. Growing metal nanoparticles in a green manner, with the help of plants, has gained a lot
of attention over the past few years. This is because traditional methods of synthesizing these materials, such as chemical reduction or
microemulsions, often rely on hazardous chemicals or are prohibitively expensive [6,15]. Green synthesis techniques, on the other
hand, offer a safer and more sustainable alternative. These methods utilize naturally occurring reducing and capping agents found in
plant extracts, sugars, biodegradable polymers, and microbes to produce nanoparticles [16,17]. Plant extracts have emerged as a
popular choice and preferred over microorganisms, taking into consideration their low toxicity and cost-effectiveness, and no
requirement of a long-term collection of microbial cultures [7]. Researchers have found that green synthesis techniques are often
simpler, one-step processes that can be easily repeated, resulting in a more consistent product. Those concerned with environmental
and biological impacts are encouraged to consider green synthesis using plant extracts as a viable option.

Particularly in the green production of AgNPs, silver salt solutions like AgNOg3 are reduced utilizing plant extract. In the first phase,
known as the nucleation phase, silver atoms use high activation energy to form tiny nuclei; in the second, known as the development
phase, these tiny nuclei bond together to produce nanoparticles (NPs). When stable particles in aqueous solutions devoid of stabilizers
are created from the AgNPs, the reduction potential of the Ag metal drastically increases [8]. Reduced Ag is toxic to microbial life
because it ruins cell membranes and interferes with their metabolic activities and development [7]. Therefore the literature survey
showed that AgNPs have potential antimicrobial activities against various microorganisms [15]. Antioxidant action is imparted onto
plant derived AgNPs by the surface coating of plant biochemical compounds [18]. Antifungal, anti-inflammatory, antiviral,
anti-angiogenesis, antiplatelet, and anticancer properties have also been found for AgNPs [19]. Sensors, spectroscopy, electronics, and
many more have all made use of silver nanoparticles (AgNPs) [20].

We present here a method for green synthesis of silver nanoparticles using Leea macrophylla (LM) leaf extract as a pristine sub-
stitute. Leea macrophylla, also known as Hastikarna Palash, is a plant found in various regions of Bangladesh, including Natore, Raj-
shahi, Dinajpur, Savar, and the Chittagong hill area [21,22]. It belongs to the Leeaceae family and is characterized by its large leaves
that resemble elephant ears. LM is an herb or herbaceous shrub with a large leaf that resembles the ear of an elephant. The leaves are
simple and can reach up to 60 cm in length, while the roots are tuberous and perennial [23]. Treatment for guinea worm, ringworm,
boils, arthritis, gout, rheumatism, stomach tumours, lipoma, tetanus, tonsillitis, sores, soreness, blood effusion, ischemic disorders, and
other conditions have all been reported to improve after using this plant [22,24-26]. Furthermore, pharmacological studies on LM
were conducted, revealing its anti-inflammatory, antiurolithiatic, antinociceptive, cytotoxic, analgesic, antimicrobial, hep-
atoprotective, antiamnesic, neuroprotective, and antioxidant properties [27,28]. During phytochemical research, leaf extracts were
found to contain alkaloids, glycosides, steroids, reducing sugars, and so on [23]. Additionally, phenolics and flavonoids were found in
the leaf extract, which will be studied in this research to investigate whether these secondary metabolites can be used as reducing or
capping agents in the production of AgNPs and their various functions.

2. Experimental
2.1. Materials

The leaves of the plant Leea macrophylla were pluck from the Bangladesh Council of Scientific and Industrial Research’s Garden in
Rajshahi, Bangladesh. The experiment only employed chemicals of sufficient purity to serve as reagents. Sodium hydroxide (NaOH)
was acquired from Merck, Germany, while silver nitrate (AgNOs) was procured from Merck, India. All the bacteria were fetched from
International Centre for Diarrhoeal Disease Research, (icddr,b) Dhaka, Bangladesh before preparing microbial cultures in Chemistry
Laboratory, Rajshahi University, Rajshahi, Bangladesh. Brine Shrimp (Artemia salina) eggs had been procured from local market,
Kolabagan, Dhaka, Bangladesh.

Fig. 1. Leea macrophylla tree and its leaf.
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2.2. Preparation of Leea macrophylla leaf extract

The green LM leaves (Fig. 1) were thoroughly cleansed with distilled water to remove the dust and silt on the leaves. After that, the
leaves were minced into little pieces. 160 g of chopped leaves were combined with 1000 mL of distilled water to create the plant
extract. This mixture received 10 mL of 1 M NaOH, which was then agitated for an hour at 55 °C. A clear brown color developed after
the liquid portion of the plant was collected and repeatedly filtered using Whatman no. 1 filter paper.

2.3. Biosynthesis of LM-AgNPs

De-ionized water was used to make a 0.01 M concentration of AgNO3. A 100 mL solution of clear brown extract of LM leaf was
combined with 10 mL of 1 M NaOH solution and agitated for 5 min 200 mL AgNOs solution was added slowly and continuously swirled
at 500 rpm. The reaction involved purging inert N, gas through the reaction vessel which was under airtight condition. The entire
process was operated at room temperature (25 °C) and stirring continued for 6 h. The reaction mixture was left to stand in the dark for
12 h. After 12 h the reaction vessel was taken out from the dark room and centrifuged at 9000 rpm using SIGMA Laboratory Cen-
trifuges. The supernatant liquid was drawn off and the sediment redispersed in de-ionized water before being centrifuged for second
time. This process was repeated until the supernatant became neutral. Finally, the dispersion of Leea macrophylla leaf extract mediated
silver nanoparticles (LM-AgNPs) was collected in a screw cap bottle and stored.

2.4. Characterization of AgNPs

Following synthesis of silver nanoparticles, assessment on their optical properties was accomplished using UV-visible spectro-
photometer (UV-Vis-NIR-3600i Plus spectrophotometer, Shimadzu). This procedure enabled us to obtain the absorption peak at
lambda max (Amax) for both LM leaves extract solution and LM-AgNPs dispersion. For the Fourier transform infrared spectroscopy
(FTIR) spectrum analysis, the biosynthesized silver nanoparticles powder was pounded with KBr pellet in mortar and pestle and FTIR
spectrum of synthesized recorded by FTIR-ATR Spectrum two (PerkinElmer, UK). For comparison, LM leaf extract was dried and FTIR
spectrum recorded in the same manner. With an average of 20 scans, the spectra were measured between 400 cm ! and 4000 cm L.
Scanning X-ray diffractometer (Bruker D8 Advance, Germany) was used to record the X-ray diffraction (XRD) patterns of the syn-
thesized LM-AgNPs where the intensity measurement was done at 20 values from 10 to 80° with scanning rate 1° min~" at 25 °C. It was
possible to minimize noises, smooth the data, and pinpoint peaks by integrating the diffraction spectrum with a position-sensitive
detector aperture utilizing semi-quantitative phase analysis programs. Thermal stability of LM-AgNPs was monitored utilizing Per-
kinElmer Simultaneous Thermal Analyzer STA 8000, PerkinElmer, Netherland. The weight loss percentage was measured after drying
about 10 mg of the dry powdered sample within constant circulating nitrogen environment at a heating rate of 20 °C min "

All SEM images were captured with a JSM-7610F Field Emission Scanning Electron Microscope, operating in the range of 5-15 kV,
while magnifying images up to 200,000 x. JEOL Auto fine coater (JEC-3000FC) sputtered platinum coating to the dried sample prior to
SEM imaging. Energy dispersive X-ray spectroscopy adapter connected to SEM was used for collecting the EDX spectra. To investigate
the size and shape of synthesized LM-AgNPs transmission electron microscope (TEM) images were taken by Taalos F 200X, Ther-
mofisher Scientific. During TEM measurement, a 300-mesh copper (Cu) grid was covered in carbon film. A little amount of sample
solution was then dropped to the grid, and the solvent was subsequently evaporated at room temperature in presence of air. The
particle size analyzer was used to look at the size distribution and polydispersity index (PI) of the generated LM-AgNPs. In this case, a
Horiba analyzer (SZ-100) was used to examine the NPs’ colloidal dispersion. At 25 °C and a scattering angle of 90 °, dynamic light
scattering (DLS) can determine the size of particles.

2.5. Antibacterial activity assay

This study was carried out using disk diffusion assay method [29,30]. The silver nanoparticle that is prepared with L. macrophylla
leaf extract were investigated for antibacterial efficacy on six bacteria (2 Gram positive: Bacillus cereus, Staphylococcus aureus; 4 Gram
negative: Pseudomonas taiwanensis, Pseudomonas monteilii, Kosakonia oryziphila, Mangrovibacter yixingensis) at three different concen-
trations of LM-AgNPs (40, 60, 80 pg/disk) along with a standard antibiotic, Kanamycin (30 pg/disk). Optimizing growth conditions of
bacteria strains, these 6 strains were grown overnight in nutrient broth that were placed in a shaker at 35 °C temperature and 120 rpm
for antibacterial activity evaluation. 1 mL of overnight culture was transferred and gently spread on the nutrient agar plate and dried.
Antibiotic disk, along with 3 separate disks containing LM-AgNPs with varied concentrations samples shown in figure were placed on
the respective plates (4 disks per plate) and incubated overnight at 35 °C. After incubating overnight at 37 °C, the diameters of the
clear-zones in millimeters were considered to determine the LM-AgNPs’ ability in combating the tested bacteria. Each experiment was
performed three times, averaging the diameters of the inhibitory zones around each filter paper disk.

2.6. Cytotoxicity assay

The Meyer et al. simplified approach for determining the Brine shrimp lethality test was implemented in this study [31]. The
cytotoxicity test was run with A. salina eggs (cysts) as the yield from hatching these organisms was high. The eggs were convenient to
collect from the aquarium pet store. Within a salt solution (2-4%) made out of pond water with table salt, larvae (nauplii) develop from
shrimp eggs. The cysts absorbed water and hatched within 24 h. The freshly hatched nauplii were transferred to different
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concentrations (10, 20, 30, 40, 50 pL) of LM-AgNPs and left untouched for 24 h. To quantify the cytotoxicity level of LM-AgNPs, the
number of surviving nauplii in each test tube after 24 h was noted. Each experiment was repeated three times, and the findings were
averaged. Percentage mortality [32] was figured out by following the formula:

Number of dead Artemia nauplii

%Mortality = x 100

Initial number of living Artemia nauplii
2.7. Catalytic activity

Aqueous solution of Congo Red (CR) dye was degraded by LM-AgNPs and their catalytic activity was evaluated in the presence of
NaBHjy. 5.0 and 10 pg/mL of LM-AgNPs was added to a solution of 18 mL of 0.1 mM CR dye and 1 M NaBH4 (2.0 mL). Absorbance at a
constant wavelength of 500 nm was measured to track the time-dependent decrease in CR concentration in aqueous solution. The
experiment was repeated without the catalysts to serve as a control.

3. Results and Discussions

Phytoconstituents in Leea macrophylla leaf extract brought about the conversion of Ag * ions to metallic Ag [33]. The outcome of
biosynthesis, i.e., bio-reduction of silver nanoparticles from silver ions, was visually distinguished by the distinct shift in color that
resulted during the one-pot synthesis. Light brown colored LM leaf extract adjusted to brownish-black colored solution upon addition
of colorless silver nitrate solution, which was then stabilized to give a dark brown end reaction mixture (Fig. 2). Surface plasmon
resonance phenomenon can be accountable for this activity [34]. In our work, disruption of natural eco-cycle was avoided by not
applying external high energy, temperature, or harmful chemicals as reducing and stabilizing agent. For this successful green synthesis,
reaction parameters were suitably modified.

Fig. 3 shows the UV-vis absorption spectrum of the synthesized silver nanoparticles. UV-visible spectroscopy is a popular method
for nanoparticles investigation and silver nanoparticles’ free electrons cause surface Plasmon resonance (SPR). The absorption peak
(SPR) of the synthesized LM-AgNPs was observed in the visible range and to be centered at 420 nm. This specific SPR is a characteristic
band for the Ag [35,36]. There are no peaks located in this region, indicating the formation of pure silver nanoparticles. The study was
carried out for a three-month period to check for the stability and no big difference was found in the peak position.

FTIR was adopted to investigate the naturally occurring substituent incorporated in the produced LM-AgNPs. Fig. 4 shows the FTIR
spectra of LM leaf extract and synthesized silver nanoparticles (LM-AgNPs). With the exception of a little alteration in peak location
and intensity, the FTIR spectra of LM-AgNPs (Fig. 4b) was quite comparable to that of the leaf extract (Fig. 4a). Both spectra were
discovered to have broadening bands at 3600-3200 cm ! due to the stretching vibrations of O-H (alcohol/phenol). In FTIR spectrum of
LM leaf extract (Fig. 4a) the O-H stretching vibrations give a broad and intense absorption band compared to LM-AgNPs [37]. High
amount of hydrogen bonding was responsible for this broad and strong absorption peak, whereas the formation of nanoparticles
decreases the hydrogen bonding as well as free hydroxyl group. Also, N- H group could be present [38]. Observing fluctuation in peaks
from 3388 to 3259 cm ™}, participation of the functional groups mentioned above in synthesis of silver nanoparticles became obvious
[39]. The absorption peak at 1600 cm ! was deemed to be due to the C]C and C]O stretching [40,41]. This absorption band change to
1637 cm™ !, which is weaker in intensity than that of 1600 cm ™!, was detected in vibrational modes of organic compounds as
LM-AgNPs were formed, highlighting possible contribution of biomolecules in this synthesis.

Moreover, bands at 3388 and 1600 cm ™! in LM leaf extract might be reflected to exist due to N-H bond and carbonyl stretching
frequency of amide linkage or flavonoids present in the extract [42,43]. These biomolecules, hence, assist in forming and binding
AgNPs. The peak at 1406 cm™! in leaf extract was thought to originate from C-H bending in alkane, N-O stretching, and G-N
stretching, and for bioreduced silver nanoparticles this band relocated at 1427 cm ™. In the FTIR spectrum of LM leaf extract a peak at
1071 cm™! was found due to C-O stretching [39]. The disappearance of this band in prepared LM-AgNPs could be because of leaf
phytoconstituents actively participating in reduction and stabilization of silver nanoparticles. Infrared spectrum can give a high
ground in deducing the constitutional functional groups associated to infrared absorptions observed [44]. Thus, this inspection helps to
figure out the functional groups that have the inclination to reduce silver ions and wrap up the bio-reduced LM-AgNPs. It was reported
that the extract of LM leaves was rich in phenolic and flavonoid contents and the compounds had been spotted in methanol extract of
Leea macrophylla by GC-MS [45].
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leaf extract

Fig. 2. Color change due to the formation of LM-AgNPs
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Fig. 4. FTIR spectra of (a) LM leaf extract and (b) LM-AgNPs.

The thermal stability of synthesized LM-AgNPs was investigated using thermogravimetric analysis (TGA). TGA helps to confirm the
existence of biomolecules in LM-AgNPs. In this method high temperature (800 °C) was uniformly raised from room temperature and
the weight loss was calculated against it; eventually this had plotted in graph for examining purpose (Fig. 5). The curve showed a loss of
mass of about 1.3% at the very beginning at a temperature over a range of temperature from around 30 °C-285 °C, largely due to the
removal of water content of the sample [46]. As the excess of the organic compounds of the leaf extract capping AgNPs burnt out, the
weight% further declined over the temperature range of about 290 °C-350 °C [47]. The weight stabilized from around 350 °C and
steadied as the temperature rose to 800 °C. There was no further weight loss up to 800 °C, and at that temperature, 97.3% of the
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25 200 375 550 725
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Fig. 5. TGA diagram of biosynthesized LM-AgNPs.
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original mass was still there. As a result, the particles’ residual mass (~97 %) was explained by the existence of LM-AgNPs’ high
metallic content.

Diffraction beam intensities with their associated atomic positions of silver nanoparticles prepared with LM leaf extract were
recorded using X-ray diffractometry. The crystalline nanoparticles of silver could be verified by looking at the plane-indexed peaks of
the diffraction pattern in Fig. 6. Peaks occurring at 38.18°, 44.31°, 64.55°, 77.45° and their indices of the satisfied planes (111), (200),
(220) and (311) had been ensued, accentuating formation of face-centered Ag [JCPDS number: 04-0783]. Not common among the
aforementioned answerable metal nanoparticles’ peaks, there also was a crystalline band at 33.22° that suggested more activity of
silver ions being broken down to metallic silver, thus encouraging enhanced biomolecular-reduction of the leaf extract. The highest
intensity peak resulted when the Bragg diffraction condition was fulfilled by the crystallographic (111) plane. With FWHM of (111)
diffraction peak following Scherrer’s formula the mean grain size of the as-prepared LM-AgNPs was identified in nano-sized range.

Fig. 7i portrayed Field emission scanning electron microscope (FESEM) of the synthesized LM-AgNPs. The morphology of the LM-
AgNPs was determined by FESEM and from the images, the spherical morphology of silver nanoparticles is randomly distributed with
average diameter <50 nm. The concentrated nanoparticles interact with the phytochemicals of LM leaf extract contributing to syn-
thesis, causing the particles to agglomerate in layers [48]. Solvent evaporation, while nanoparticle film was preparing for FESEM
imaging, generated minor clusters of nanoparticles. Clustering of nanoparticles may also arise due to cross linking between the sta-
bilizing agents; this similar result was discussed by Ref. [49]. Despite of such aggregation individual particles size and shape of
LM-AgNPs can be identified from the FESEM images. Almost all particles were spherical or quasi spherical. Transmission electron
microscope (TEM) images also confirmed the formation of LM leaf extract mediated silver nanoparticles. Particle images with varying
degrees of contrast reveal the presence of organic phytochemicals in LM leaf extract [48]. As evident in Fig. 7(ii), a preponderance of
spherically embossed silver nanoparticles was characterized by the photographed TEM images occupying many nanoparticles. The
amount of time the electron beam was exposed to the specimen and time spent treating the specimen likely provided nanoparticles
with a chance to agglomerate [50]. While the sample was being prepared, the slow loss of water pushed the particles closer together,
and the formation of aggregates was sped up by the hydrogen bonds that formed between the biomolecules presented as capping agents
[50]. However, despite aggregation, some discrete particles smaller than 100 nm are still discernible (pointed by yellow lines). Fig. 7
(iii) displays a quite narrow distribution, with most particles falling between 10 and 30 nm in size, while the average diameter of
LM-AgNPs was 22 nm.

The average hydrodynamic diameter of the generated LM-AgNPs colloidal dispersion, as determined by the DLS histogram, was
around 296.1 nm (Fig. 8). DLS doesn’t measure the actual size of the nanoparticles; instead, it measures the diameter of the particles as
they are disseminated in liquid. DLS results in this study for biosynthesized LM-AgNPs are, consequently, larger than those obtained by
SEM and TEM. According to the report [51-53], the difference in size between DLS and SEM and TEM results from the influence of
Brownian motion. Mulvaney (1996) [54] stated that “good” colloidal solutions are those with a polydispersity index (PI) value lower
than 0.50. Despite partial aggregation, the size of some individual particle or clusters of LM-AgNPs were still below 100 nm (yellow
color line in TEM image) and the PI for the colloidal dispersion of LM-AgNPs was 0.411. AgNPs produced by a biosynthesis process
driven by LM leaf extract create a nearly monodisperse colloidal dispersion. According to results previously reported for colloidal
nanoparticle stability, the dispersion was confirmed to be stable [55].

EDX spectrometers revealed the elemental silver signal for the existence of silver nanoparticles (Fig. 9). The energy dispersive
analysis of x-rays (EDX) revealed at 2.983 keV silver nanoparticles was substantiated due to noteworthy intense peak of silver
nanoparticles. Surface Plasmon resonance [56] has been responsible for such sharp peak. From these data we can see that peaks are due
to the existence of elements such as Ag, O, C; additionally, no peak had been registered that symbolized no existence of impurities. The
weight percentage (W%) of silver was found to be 89.31 %, whereas the weight percentage (W%) of oxygen and carbon were found to
be 6.77 % and 3.92 %. The high metal content was in good agreement with TGA result.

The antibacterial activity of LM-AgNPs was assessed using the disk diffusion method. Over the last decade, antibacterial activity of
silver nanoparticles has been investigated by many researchers and extensive documentation on the antibacterial properties of silver
nanoparticles has been carried out by several workers. It’s worth mentioning that previous investigations of antibacterial capabilities
shown a wide range of fluctuation. Due to the fact that there is no universally accepted means for determining the antibacterial activity
of AgNPs, it is challenging to draw meaningful comparisons between the findings [57]. Moreover, researchers have used a variety of
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Fig. 6. XRD pattern of LM-AgNPs.
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Fig. 7. (i) FESEM images of LM-AgNPs at (a) low and (b) high magnifications; (ii)TEM images of LM-AgNPs at (a) low and (b) high magnifications;
(iii) Particle size distribution histogram.

Frequency (%)
I
Undersize (%)

e =

-

Diameter (nm)

Fig. 8. Size distribution of LM-AgNPs as studied by DLS.



S. Sharmin et al. Heliyon 9 (2023) 20810

1000 —

3600 <

Agls —

3200 —

2800 —

Counts
w
8
3
1
AgMZ

5.00 6.00 7.00 8.00 9.00 10.00

Fig. 9. EDX spectra of LM-AgNPs.

approaches. In this study the prepared LM-AgNPs were found to be active against both gram-positive and gram-negative bacteria. The
antibacterial activity of LM-AgNPs showed significant positive activity in dose-dependent manner. Fig. 10 represents the antibacterial
activity of LM-AgNPs with three different concentrations against six pathogens. The maximum activity was found for 80 pg/disk
LM-AgNPs against B. cereus. With the maximum dose (80 pg/disk) LM-AgNPs showed the inhibition zones 16.0, 20.0, 16.0, 17.0, 16.0,
and 17.0 mm against S. aureus, B. cereus, P. taiwanensis, P. monteilii, K. oryziphila, and M. yixingensis respectively. The outcome implies
that the synthesized LM-AgNPs showed similar and in some cases higher inhibition effect than that of reference antibiotics Kanamycin
(30 pg/disk). It is still vague to understand the actual cause that leads to antimicrobial activity of AgNPs on microorganisms. According
to Raghavendra et al., bacterial cellular destruction is caused by nanosized silver particles invading the cell wall and causing the
plasma membrane to rupture [58]. In this study, high antibacterial activity of synthesized LM-AgNPs can be explained simply by the
higher amount metal content in the synthesized particles. The existence of higher amount of silver content was also supported by TGA
and EDX analysis of the LM-AgNPs.

Plenty of research on ecotoxicology experiments for nanomaterials have been conducted employing bacteria [59], fish larvae [60]
and many other organisms. There is evidence that artemia is extremely toxic-sensitive in its early phases of development [61,62]. This
research also demonstrates the viability of assessing the ecotoxicity of nanoparticles using the brine shrimp (A. salina) nauplii (Fig. 11).
For frequent demands of toxicity screening [63], for potential and easy-to-use pharmacological activity [64], for cheaper availability
[65] artemia-based toxicity assays of NPs are a key solution. In the standard Artemia test, freshly hatched A. salina larvae were exposed
to LM-AgNPs suspensions. The percentage of mortality and toxic consequences were presented as LCso. The parameters for toxicity
were selected to be the concentration of a substance at which half of the tested animals die after 24 h [66]. The primary biotic cause of
naupliar death could be identified as high content of LM-AgNPs building up in their body within 24 h after exposure [66]. Control cases
had an insignificantly low mortality rate (about 3 %). Even at the lowest dose of 20 pg/mL, there was a mortality rate of about 28.3 %);
however, as concentration raised to 40 pg/mL, 60 pg/mL, 80 pg/mL, death increased to about 36.6 %, 51.6 %, 65 %, which grew
further, reaching a peak of 80 % at 100 pg/mL. At 24 h the LCs( value was found around 60 pg/mL of concentration [32,66,67].
Moreover, high mortality did occur from prolonged exposure over the next 48 h. Almost two times as many nauplii died after 48 h as
did so after 24 h. The lowest dose of 20 pg/mL show mortality of about 58.3 %. As concentration further spanned between 40 pg/mL,
60 pg/mL, 80 pg/mL, and 100 pg/mL the mortality increased to 76.6 %, 86.6 %, 90 % and 93.3 % respectively. Larvae were subjected
to starvation, while they are getting full with LM-AgNPs sediments. The results of the brine shrimp lethality assay (BSLA) clearly shows
that at higher LM-AgNPs concentrations the number of living shrimp larvae was in lesser amount than that at lower concentrations.
Additionally, as the concentration of the silver nanoparticles increased, the cytotoxicity also increased, which led to a decrease in the
number of shrimp larvae that were still alive after 24 h.

In third world countries like Bangladesh, India and Pakistan the industrial wastewater discharged after improper treatment or in
some cases without treatment [68]. Such wastewater containing synthetic dyes and other harmful chemicals is detrimental for the
environment and living beings. To protect the environment, dye wastewater should have adequate treatment to avoid potentially
disastrous consequences of the dyes. Conventional methods of water purification often struggle to eradicate these contaminants.
Although there are various methods which are used for waste water treatment, there are drawbacks to almost all of these approaches,
such as their high price label, their potential to produce secondary pollutants, their lack of efficiency, their complicated nature, and so
on. Effluent treatment systems need to be improved as a result [69]. In this study, a model azo dye (Congo red) degradation potential of
biosynthesized LM-AgNPs along with sodium borohydride (NaBH4) was investigated. Congo Red (CR) dye was eliminated from water
medium by catalytic reduction. This was done in the presence of different amounts (5.0 and 10.0 pg/mL) of LM-AgNPs catalyst. Fig. 12
depicts the reductive degradation of CR dye with the addition of LM-AgNPs catalyst at varying quantities (5.0 and 10.0 pg/mL). After
the addition of LM-AgNPs catalyst, degradation of dye was visually observed within a few minutes by the change of deep red color,
which was further confirmed by the decrease in absorbance value. The azo dye was completely degraded within 5 and 7 min in
presence of 5.0 and 10.0 pg/mL LM-AgNPs catalyst respectively. As with any catalyst system, the degradation rate increased with
increasing catalyst concentration. The catalytic activity of nanoparticles is mainly dependent on the total surface area of the particles.
The degradation rate of CR using LM-AgNPs is quite fast. This fast degradation can be explained by the high silver content within the
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Fig. 12. Reductive degradation of CR dye solution in presence of (a) no catalyst, (b) 5 pg/mL and (c) 10 pg/mL LM-AgNPs catalyst.

synthesized nanoparticles, which is in agreement with the previous study reporting on the catalytic activities of AgNPs and AgNPs
based nanocomposite [50].

4. Conclusions

This present research focuses on an aqueous leaf extract of a perennial plant locally known as Hathikana (Leea macrophylla), to
create silver nanoparticles in a sustainable way. Leea macrophylla leaf extract mediated silver nanoparticles abbreviated as LM-AgNPs
were successfully prepared through a simple one pot synthesis and this is the first report of biosynthesis of AgNPs using the leaf extract.
Synthesis was ascertained to be cost effective and efficient in terms of reaction conditions (time and temperature). Moreover, syn-
thesized LM-AgNPs were found to be quite stable without any external stabilizers. The physical properties of synthesized nanoparticles
(LM-AgNPs) were characterized using relevant techniques. Formation of silver nanoparticles was demonstrated by visual inspection
and by the SPR from UV-VIS absorption. Deploying FESEM and TEM to examine the nanoparticles, the LM-AgNPs were found to have a
predominantly spherical to quasi spherical shape. The average size of LM-AgNPs measured from FESEM and TEM was well below 100
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nm scale. Thermal decomposition suggested that prepared nanoparticles contain pretty high mass percentages (~97 % Ag) of silver.
Stable silver nanoparticles with high metallic content and less amount of phytoconstituents satisfy all the conditions of highly efficient
nanoparticles. As anticipated, the prepared LM-AgNPs exhibited significant efficiency for reductive degradation of Congo Red dye.
Further we demonstrated the possible application of LM-AgNPs in biomedical field. The LM-AgNPs exhibited potential antibacterial
activity suggested that LM-AgNPs might help in the search for novel, successful substitutes to currently available antimicrobial agents.
The ability to create stabilized and well-controlled shaped silver nanoparticles through this green approach could have numerous
applications in areas such as catalysis, data storage, energy storage, nanomedicine against human and veterinary infections, micro-
electronics, and more. It is worth noting that this study contributes to paving the way for more sustainable and economical approaches
to synthesizing highly effective silver nanoparticles.
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