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ABSTRACT

Nanotechnology has recently shown great promise in the medical field, which holds great potential for resolving a wide
range of medical issues. There are many other types of nanoparticles being researched for potential application as
nanomedicines, however Rivea hypocrateriformis (Desr.) stands out. Among the climbing shrubs of the genus Riveq,
choisy is among the most tolerant and widespread species in the Indian subcontinent. As a medicinal plant, R.
hypocrateriformis has great promise. It has several positive effects on health. The main aim of this research is to
characterize the optical, structural, and antibacterial properties of silver nanoparticles prepared from R.
hypocrateriformis leaf extract. Synthesizing nanoparticles in a green way has many advantages, including reduced costs,
lower environmental impact, and lower toxicity. The techniques like XRD, SEM, FTIR, and UV-vis tests were used to
complete the optical and structural characterization. The silver nanoparticles produced from R. hypocrateriformis
showed potent antimicrobial activity towards S. aureus, Escherichia coli, and Bacillus subtillis, with a MIC ranging from
20 to 100 g/ml and a MIC-inhibition zone of 2 to 10 millimetres. Against the S. aureus strain, 100 g/ml of silver
nanoparticles produced a minimum inhibitory concentration (MIC) of 10 mm. Findings of the present investigation
suggest that the produced nanoparticles might be employed as an alternate antibacterial agent for multidrug-resistant
bacteria.
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INTRODUCTION

Nanotechnology is currently the field of manufacturing that is expanding the fastest, and scientists are
working feverishly to create new nanomaterials and manufacturing processes. The best examples of
nanoscale machines that can carry out a multitude of activities, from energy production to the incredibly
efficient extraction of particular materials, are generally acknowledged to be living cells [1].

Where in the many domains, nanotechnology discovers widespread uses is nanomedicine, an innovative
key area that was developed as a result of fusing nanotechnology with medicine. Nanoscale materials and
devices are employed for pain relief, disease and trauma prevention, diagnosis, treatment, and overall
health enhancement, expanding the field of medicine beyond the purview of doctors [2]. Nanotechnology
can yield significant insights. For example, clinical approvals have been granted for several treatments
based on nanoparticles for treating infections, vaccinations, and kidney disorders [3].

Growing awareness of biological techniques, which produce no environmentally harmful byproducts, has
resulted from the pressing need of nontoxic synthetic protocols for nanoparticles creation. “Green
nanotechnology" is developing progressively more popular. A broad range of microbes been informed to
be used in natural methods for creating nanoparticles, both extracellularly and intracellularly [4]. Due to
their lack of hazardous chemicals and abundance of natural topping agents, plants are an ideal
nanoparticle synthesis platform. Using plant extracts also decreases the price of isolating and cultivating
microorganisms, which makes microbial nanoparticle manufacturing more economically viable [5].
Modern material sciences, nanobiotechnology are where the action is. Because of their unique size,
dispersion, and shape, nanoparticles can display a wide range of novel or enhanced features [6]. Human
skin, vascular grafts, stainless steel materials, prostheses, dental materials, catheters and all profit from
the antimicrobial properties of medical products, including silver used to reduce complications during
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burn therapy and surgery [7]. Medicines are just some of the many applications that use silver
nanoparticles [8].

Because of their appealing physical and chemical features, silver nanoparticles compete as a crucial part
of natural science and medication. Products containing silver have been used for millennia to protect and
cure a wide range of ailments, most notably infections, because of their strong repressing and
antibacterial properties and the broad range of antimicrobial activity [9].

Medicinal herbs and ancient traditions have been shown to perform an essential part in drug discovery
[10], it was evidenced by the discovery and clinical approval of multiple medications through an ethno -
medicinal method motivated by knowledge. Additionally, it is simpler and less expensive to find new
compounds and create innovative isolation and identifying methods for these plants. There are over 50
genera in the plant family Convolvulaceae, and together they contain close to 1,700 different species [11].
The Convolvulaceae family, of which R. hypocrateriformis (Desr.) Choisy is a member responsible for the
widespread distribution of this woody climbing shrub, which is found in India, Thailand, Myanmar,
Bangladesh, Pakistan, Sri Lanka and Nepal. Malaria, cancer, mental illness, and pain relief are some of the
maladies traditionally treated with its bark, stems, and leaves. For example, people from the larparkar
region of Pakistan have traditionally used this herb to combat malaria and ease discomfort. Antibacterial,
anticancer, antioxidant activities are just a few of the many known biological possibilities of the plant. It is
also essential to the ayurvedic asthma treatment rasa panchaka [12].

Very little is known about this vital medicinal plant; to our knowledge, no in-depth studies have been
conducted on R. hypocrateriformis [13]; therefore, the purpose of this paper is to fill that gap by providing
a more in-depth analysis of the plant's optical and structural characterization and biological activities.
The possible biological effects and antibacterial activity of R. hypocrateriformis are also the focus of this
research.

MATERIAL AND METHODS

Chemicals and Plant Material Collection

The reagents were the entire analytical grade and were used as is. Around 99.5% pure silver nitrate
(AgNOs3) (Sigma-Aldrich). For all the tests, aqueous solutions were prepared with distilled water [14].
Preparation of Leaf Extract

Fresh R. hypocrateriformis leaves were acquired and rinsed with flowing water to remove dirt or debris.
Next, the leaves were rinsed under flowing distilled water to remove any remaining contaminants.
Finally, the leaves were ground into a fine powder and used to make aqueous leaf extract. Next, 10 g of
the fresh leaves were chopped into bits, weighed, and added to a beaker containing 100 ml of distilled
water. After 20 mins of heating at 60°C with periodic mixing, the mixture was cooled to room
temperature. After centrifuging the mixture at 5000 rpm for twenty minutes, it was separated through
Whatman filter paper. The extract was stored in the refrigerator until further analysis [15].

Synthesis of Ag Nanoparticles

A series of AgNO3 solutions (1 to 5mM) were made by dissolving silver nitrate powder in purified water
to make a 10 mM AgNOs stock solution. In a flask with a volume of 50 mL, the AgNOs3 solutions were
combined with the aqueous extract of RH leaf extract fresh leaves at a ratio of 1: 1 (v/v). Aluminum foil
was used to enclose the flask before being boiled in a water bath at 80 °C for 30 minutes.

UV-Visible Absorbance Spectroscopy: 0.5 mL samples were randomly collected from the suspension
and examined using a Systronic UV-Visible absorption spectrophotometer 117 and the interaction
between metal ions and leaf extract was recorded at 800nm. One hour after application, silver ions
reduced, creating silver nanoparticles andAgNOs stabilized [17].

Fourier Transforms Infrared Spectroscopy (FTIR):The liquid comprising the synthesized silver
nanoparticles were centrifuged at 10000 rpm for 30 minutes. The pellet was rinsed three times with 5mL
of deionized water to get rid of any extraneous proteins or enzymes that did not engage in encapsulating
the silver nanoparticles. Finally, the pellet was dried using a vortex dryer. The FTIR methd was used for
the analysis [18].

X-Ray Diffraction: a glass plate was dipped into a solution containing the silver nanoparticles, creating a
thin coating. The size of the crystalline silver nanoparticle can be detected by XRD peak width, and the
Debye-Scherrer formula may be used to calculate the aggregate dimension of the nanoparticles. [19]:
D=kA/ BcosO

where D = thickness of the nanocrystal, k = constant, 4 = wavelength of X-rays, f = width at half maxima
of reflection at Bragg’s angle 26, and 6 = Bragg angle. The Debye-Scherrer formula was used to calculate
the size of the silver nanoparticle by analyzing the line broadening of the reflection. Corresponding to the
principle, constant (k) = 0.94 and wavelength (1) = 1.5406 x 10 -10.
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Scanning Electron Microscopy: For SEM analysis, we created thin films of the sample by depositing a
tiny bit of the material onto a carbon-coated copper grid, removing any excess liquid with absorbent
paper, and then drying the film.

Assay for Antibacterial Activity of Ag Nanoparticles:

Using agar disc diffusion and microdilution plate techniques, the antibacterial activity of silver
nanoparticles nanoparticles synthesized by R. hypocrateriformis was studied against isolates of Bacillus
cereus, E. coli, and S. aureus. Cultures of bacteria, including E. coli MTCC 424, Staphylococcus aureus MTCC
96, and Bacillus subtillis MTCC 3053, are dispersed on nutrient agar plates. After the samples have been
activated, they are deposited using the proper procedure and left to incubate for a full day. After
incubation for 24 hours, a distinct zone of bacterial inhibition was identified surrounding the sample and
assessed. Anti-bacterial activity-displaying samples are employed in follow-up research.
Characterization of Ag Nanoparticles:

In order to see the degradation of pure Ag+ ions, the UV-Vis spectra of the response method was used
after reducing a tiny aliquot part of the test with purified water. In addition, the reaction combination
(metal ion solution + RH extract) was visually observed by change in colour. The UV-Vis spectral analysis
was performed at 200-800 nm range using a UV-Vis spectrophotometer UV-1800 (Shimadzu). In addition,
the Litesizer 500, a particle size measuring instrument (DLS) The form and size of Ag nanoparticles were
analyzed using particle size distribution by the intensity and Particle size distribution peaks [20].

RESULTS

Plant profile

Classification of Riveahypocrateriformis
Kingdom Plante
Phylum Tracheophyta
Class Magnoliopsida
Subclass Asteridae
Order Solanales
Family Convolvulaceae
Genus Rivea
Species hypocrateriformis

Morphology of R.hypocrateriformis

Morphological characterization ofthe R. hypocrateriformis plant and its parts are presented in
(Figures1A&B). Leaves are round-heart-shaped, blunt apically, densely appressed velvet-hairy below. Its
flowers, usually solitary, are creamy white, typical morning glory form, flat-faced, and 6-9 cm long. Sepals
unequal, ovate, blunt apically, 10-12 mm long with dense short villoses. Fruit are indehiscent or tardily
dehiscent, dry-baccate of 2cm long. Seeds are brown, smooth, glabrous, slightly trigonous, and
surround(?i' by a dry white pulp.

A
Fig-1A:R. Hypocrateriformis Plant with leaf with flower;1B: Plant with with fruit
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UV-Vis Spectra Analysis
When the aqueous extract of fresh RH leaves is heated, it undergoes a metamorphic colour shift. Colorless
RH extract turns a brownish hue upon further processing (Figure.1).

o

Figure.2.Synthesis of silver nanoparticles using RH fresh leaf extract.

After adding the AgNO3 solution, the colour of this warm extract solution changed one more time. When
the temperature rises, some of the silver ions are decreased, giving rise to the Ag+ complex that causes
the colour shift. The extract of RH changed from a brownish yellow to a greyish brown due to the
presence of this complex. The production of Ag nanoparticles is represented by this shift in hue. UV-Vis
spectroscopy was used to study the Ag nanoparticles generated in each extract solution. For this purpose,
Ag nanoparticles were produced at varying levels of AgNOs (from 1 mM to 5 mM) to analyse their peak
spectra (Figure 1).
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Figure.3. UV-VIS spectroscopy for silver nanoparticles synthesized using RH leaves extracts and different
silver nitrate concentrations.

Normal Silver nanoparticle properties are seen between 250 and 1000 nm. The blue shift of the maximum
absorption is visible in the UV-Vis spectra of silver nanoparticles produced using the leaf extract. The
absorption peak is located at 450-420 nm for 5 samples from 1 to 5mM samples, respectively. This data
demonstrates the creation of Ag nanoparticles in the isolate, where silver ions have been converted to
silver oxide. In the decreasing and capping mechanisms of nanoparticle production [21], all secondary
metabolites of the isolate perform a crucial role. Similar behaviors are shown in the silver nanoparticles
found in the RH extract's aqueous extract, such as the absorption band shift with increasing AgNO3
concentrations.

Silver nanoparticles produced from RH leaf extracts have a UV-VIS absorption spectrum, as shown in
Figure 2. The absorption peak between 352 nm and 368 nm found for RH leaf extracts of 1 mM-5 mM is
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due to the photoexcitation of electrons from the valence band into the excitons (Figure 2). Near-band
edge emissions at 352-368nm have been seen in nanoparticles extracted from RH leaves, which may
result from confined or free excitons based on the band-to-band recombination mechanism [22].
Absorption spectra in the UV-VIS range for RH-silver nanoparticles are displayed in Figure 2. The surface
plasmon resonance effect caused a significant reduction in the transmission of electromagnetic waves in
the visual range by nanoparticles. The highest wavelength at 368nm was observed in UV-VIS spectra,
indicating successful nanoparticle production and a spherical particle morphology [23]. The UV-VIS
spectrum confirmed the silver nanoparticles' efficiency in production. A similar spectrum was
reproduced by other scientists [24], so we know it's accurate. The UV-VIS spectra in Figure 1 also show
only one absorption nanoparticle band, suggesting that the particles likely have an uneven size dispersion
[25].

FTIR Analysis:

The proteins that may have capped and effectively stabilized the silver nanoparticles generated by the
leaf extracts were investigated using FTIR. The RH leaf extract is shown in Figure 3. RH silver nano
exhibited absorbance bands at 3336.96 cm1 assigned to O-H (s) stretch, 1672.34 cm1 assigned to C=C
aromatic stretch, 1398.44 cm1 attributed to C-H alkenes stretch, 1186.26 cm1 assigned to C-N amines
stretch, and 719.46 cm1 and 669.32 cm1 assigned to C-H alkenes stretch.
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Fig -4 FTIR analysis of R. hypocrateriformisleaf

The FTIR spectra of silver nanoparticles in R.hypocrateriformis are shown in Figure 3. Typical FTIR bands
of silver nanoparticles were observed in the RH at 1672.34 cm1, 1398.44 cm1, and 1186.26 cm1 (all
assigned to CH curvature modes from -CH), indicating stretching, bending, and deflection, respectively, in
the carbonyl group of the pyrrolidone ring. The -OH stretching vibration is also associated with the
3336.96 cm1 broadband [26]. In the spectra of AgNOs (trace B), there were many peaks at 3430.00,
2082.50, and 1633.52 cm1. However, the carbonyl peak of PVP was found to be displaced from 1634.52 to
1636.30 after silver reduction during the synthesis of silver Nanoparticles-PVP. Other researchers have
also noticed similar changes [26], The absence of the AgNO3 peaks and coexistence of the PVP peaks in the
spectra of silver Nanoparticles-PVP (trace C), verified the reduction and coating of silver with PVP and the
production of silver Nanoparticles polymers. Other studies have also seen the lack of AgNO3; peaks in
silver Nanoparticles and have drawn the same conclusion that the reduction of silver ions is connected to
the decrease of capped materials [27].
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Scanning Electron Microscope (SEM) Analysis:

SEM is an analytic tool for direct surface imaging that can distinguish between nanoparticles of varying
sizes, shapes, and surface morphogenesis. When the R. hypocrateriformis silver nanoparticles have dried,
they are coated in conductive metal using a sputter coater in an ultravacuum environment. Then, an
intense electron beam is used in SEM to create a three-dimensional model of the particle [28].

The SEM picture of the silver nanoparticles in RH is shown in Figure 4. Silver nanoparticles are found on
the cell surface in a somewhat even distribution. Nevertheless, this does not prove that all silver
nanoparticles are attached to the cells; some may have been dispersed in the fluid and deposited on the
cells during drying before SEM could be performed. Sizes of spherical nanoparticles in this SEM image
were measured to be 93.5nm, 103nm, 109nm, 112nm, 114nm, 120nm, 122nm, 125nm, and 148nm. Silver
nanoparticles created in the lab have been measured at 159 nm and 169 nm in size and have been seen to
exhibit a wide range of morphologies. Leaf extracts from Musa balbisiana, Azadirachta indica, and
Ocimumtenuiflorum were used in the synthesis of R.hypocrateriformisnanoparticles [29], with the
resulting particles taking on a roughly spherical, triangular, and cuboidal shape, accordingly. As expected,
spherical nanoparticles were formed during the production of silver nanoparticles using an aqueous
extract of Rosa brunonii [30].
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Figure.5: SEM micrograph of silver nanoparticles synthesized by using the leaf extract of RH extracts
The silver nanoparticles' size was measured using dynamic light scattering (DLS) techniques. The size
variation of the produced silver nanoparticles is depicted in (Figure.5 and 6). DLS is used to determine
particle size and distribution by evaluating the particles' rotation and translation diffusion coefficients.
Colloidal suspensions with Brownian particles can have their sizes determined by this method. While
shining monochromatic light on an RH solution of silver nanoparticles, the particles' sizes were seen to
range from 14.5 nm to 310 nm, with an average particle size of 63.5 nm. The size variation of silver
nanoparticles was also quite narrow, with a variation of only 63.5 nm between the largest and smallest
particles [31].
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Figure.6: Particle size curve for silver nanoparticles synthesized using the leaf extract of RH leaf powder.
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Figure.7: Particle size distribution curve for silver nanoparticles synthesized using the leaf extract of RH
leaf powder.

The nanoparticles' sustainability, as determined by their zeta potential, was also calculated to be -58.4 mV
(Figure.7). The negative value suggested the nanoparticles were stable and could avoid clumping together
[32]. After colliding with the moving particles, the entering beam of light undergoes a Doppler shift and a
wavelength shift proportional to the particle size and distribution. DLS study validated the 39-78.5nm
size of silver nanoparticles synthesized using liquid extract of Chamaemelum nubile [33].
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Figure.8: Zeta Potential analysis of AgNps prepared of RH leaf extract

X-ray diffraction (XRD) analysis:

The nanoparticles' crystallographic properties can be determined by XRD, a quasi analytical methodology.
Nanoparticle analysis is based on diffraction patterns, which are formed based on the particle's size and
crystal shape. Distinct peaks at 2 values were seen in the XRD pattern; their corresponding angles
(intensities) range from 25.603 to 28.388, 32.170 to 40.390, 44.352 to 64.534 to 77.510 to 82.331. (table
1). To the 111, 200, 220, and 311 crystalline planes of silver nanoparticles (Figure.8). A face-centered
cubic lattice is linked to these peaks. The organic residue of the plant extract accounts for the additional
peaks at 260 values in the nanoparticle design. Some plant metabolite subunits crystallized atop the silver
nanoparticles, as shown by the peaks.

This is a valid indication that the chemical components of plant extracts played a role in creating silver
nanoparticles. The secondary metabolites are indisputable in biosynthesis, while the precise mechanism
of the biosynthesis method by plant extract is unknown. Extracts of RH species have been shown to
contain the carboxylate-containing compounds carnosic acid and flavonoids. These metabolites interact
with silver ions, leading to the bioreduction of silver nitrate and the production of silver nanoparticles.
Carboxylate (COO) and polar groups like hydroxyl (OH) and carbon monoxide (CO) are examples of
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negatively charged compounds found in plant extracts that have a strong affinity for attaching to Ag*.
Hence, these compounds assist the decrease and stability of Silver ions. It has been hypothesized that
carnosic acid, flavonoids, and proteins play a significant part in the potential process for bio decline of
silver ions [34], as do other plant metabolites comprising OH, CO, and particularly COO.
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Figure.9 :X-ray diffraction profile from dried silver nanoparticles biosynthesized by RH extracts

The cell volume, lattice constants, and d-spacing measurements validate the crystalline nature of the
greenly produced nanoparticles. The Debye-Scherrer equation [35] extrapolates a particle's average
crystallinity size from an XRD spectrum. Broad XRD peaks indicate the crystallinity and reduced size of
the silver nanoparticles. Based on XRD examination, the average crystalline size of Ag NPs generated
using ethanolic Santalum album fruit extract is estimated to be 20nm [36].

The nanoparticles' crystallographic properties can be determined by X-ray diffraction (XRD), a non-
destructive analytical method. Nanoparticle analysis is based on diffraction patterns formed based on the
particle's size and crystal structure.

Table 1: XRD pattern revealed distinct peaks at 26 values calculation.

Index | Angle d Value Net Intensity | Gross Intensity | Rel. Intensity
1 25.60385 | 3.476377 | 290.258 485.3649 0.052566
2 27.84261 | 3.201726 | 47.37631 241.9843 0.00858
3 28.38818 | 3.141423 | 179.9145 373.3304 0.032583
4 32.31677 | 2.767941 | 69.37617 261.4887 0.012564
5 38.1702 | 2.355858 | 5521.795 5790.587 1

6 40.39021 | 2.231344 | 530.0918 789.5554 0.096

7 44.35246 | 2.040764 | 1664.67 1931.355 0.301473
8 64.5343 | 1.442867 | 905.9789 1186.258 0.164073
9 77.51088 | 1.230516 | 801.6976 1026.108 0.145188
10 81.64471 | 1.178341 | 254.864 452.8097 0.046156
11 82.33199 | 1.170237 | 37.6676 232.1383 0.006822

Antibacterial Activity:

Microbes toxic effects are triggered by silver ions, Silver nanoparticles, and manufactured nanoparticles
loaded with other substances. Positive antibacterial activity against Escherichia coli, Bacillus cereus, and
Staphylococcus aureus were observed in silver nanoparticles produced using RH. When attached to an
active group of proteins, silver nanoparticles cause protein decomposition or impede genetic material
multiplication [37]. This gives silver nanoparticles antibacterial abilities.Leaf extract of the plant R.
hypocrateriformis have been demonstrated to facilitate the synthesis of spherical silver nanoparticles
with a maximum size of 10 mm at a concentration of 100 g/ml. Against Escherichia coli, Bacillus cereus,
and Staphylococcus aureus, a MIC of 100 g/ml was optimal, with a maximal inhibition zone of 9, 9, and
10mm, respectively. Bioactive chemicals acting as stabilizing agents/capping agents on the surface of
nanoparticles were responsible for their increased antibacterial activity [38].
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Table:2 antibacterial activity of R. Hypocrateriformis leaf extract

S.No Concentration silver nanoparticles biosynthesized E. B. S.
by R.hypocrateriformis extracts coli cereus aureus
1 20 pg/ml 3mm 2mm 3mm
2 40 pg/ml 5mm 4mm 4mm
3 60 pg/ml 6mm 6mm 6mm
4 80 pg/ml 8mm 8mm 7mm
5 100 pug/ml 9mm 9mm 10mm

A: Bacillus cereus B: E.coli C: S. aureus

Fig.10:Here 1 to 5 is the concentration of silver nanoparticles biosynthesized by R. hypocrateriformis
extracts

At a 100 mg/ml dose of silver nanoparticles, it was revealed that S. aureus had the biggest zone of
inhibition (10 mm), whereas E. coli and Bacillus cereus had the smallest (9 mm). This study's findings are
consistent with those of Jyoti et al. [39]. While no zone of inhibition was found in the produced Au
nanoparticles, this research concludes that Au nanoparticles had no toxic effect on multidrug-resistant
bacteria. High concentrations of Au nanoparticles against multidrug resistant did not kill the bacteria. In
vitro, the highest minimum inhibition concentration of Au nanoparticles against P. aeruginosa strains was
114 mg/ml. [38].

CONCLUSIONS

Green technology for the rapid production of silver nanoparticles has been established, and this study
provides a novel way of dealing with antibacterial activity by employing extract from the leaves of the R.
hypocrateriformis plant. According to FT-IR research and the zeta potential value, silver nanoparticles
were produced at a wavelength of 368 nm, as determined by UV-Vis spectroscopic examination. Unlike
when kept at higher temperatures, the physical properties of R. hypocrateriformis silver nanoparticles are
maintained even when the temperature is lowered. The RH silver nanoparticles generated were found to
be of the Face-Centered Cubic (FCC) phase, according to the XRD examination. Particles are spherical or
hexagonal with a limited size distribution of 111-311 nm under ideal circumstances. The biological ability
of RH silver nanoparticles to prevent bacterial growth was also shown to be higher than that of other
nanoparticles studied. R. hypocrateriformis considered to be a potential medicinal herb with a wide range
of therapeutic and health-promoting qualities, as evidenced by the present study's discoveries that
highlight the traditional usages and pharmacological activity of its extracts and components.
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