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Abstract

This investigation demonstrated the accurate reduction and stability of silver nanoparticles (AgNPs) using ethanolic dried
Cyphostemma auriculatum Roxb. leaf extract as an effective reducing and stabilizing agent. The presence of AgNPs in the
colloidal solution was confirmed by the highest absorption peak at 409nm in UV-Vis spectroscopy. According to FTIR
significant vibrational spectra obtained from the leaf extract, Cyphostemma auriculatum Roxb.leaf extract proteins were
primarily responsible for the reduction and stabilization of AgNPs. X-ray diffraction studies were employed to determine
the crystal structure of metallic AgNPs. The average particle diameter was calculated using the Debye-Scherrer equation.
The SEM images show AgNPs with a rough surface topology and nanoscale dimensions. The researchers created spherical,
polydistributed, and monoclinic silver nanoparticles using Cyphostemma auriculatum Roxb.(CA-AgNPs) with an average
diameter of 15 nm. Staphylococcus aureus MTCC 96, Micrococcus luteus MTCC 2470, Klebsiella planticola MTCC 530, and
Escherichia coli MTCC 739 had minimum inhibitory concentrations (MICs) of 0.9, 3.9, 1.9, and 1.9 ug/mL, respectively. For
the same bacteria, the minimum bactericidal concentration (MBC) values are 1.9, 7.8, 3.9, and 3.9 ug/mL, respectively. The
biofilm-inhibiting activity of the CA-AgNPs found to have antibacterial activity in this study was evaluated. Micrococcus
luteus MTCC 2470 was the most effective at biofilm suppression, with an I1Cs, value of 29.84 g/mL. According to the findings
of the cytoplasmic leakage investigation, CA-AgNPs may have caused bacterial strains to rupture their membranes. When
the cytoplasmic membrane's permeability is compromised, internal components, primarily potassium ions, leak out.
Antibacterial experiments involving ROS formation revealed that oxidative stress in bacterial cells was effective at
achieving antibacterial effects. In this study, silver nanoparticles (CA-AgNPs) derived from Cyphostemma auriculatum Roxb.
green could be used as medicinal agents.
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Introduction

Numerous materials can be used to make nanoparticles. As a result of the wide range of
applications, the amount of nanotechnology research being done daily is increasing. The vast
majority of scientists and engineers around the world are researching nanoscience and
nanotechnology to find new and better applications for them in society and industry. Nanoparticles
large surface-area-to-volume ratio and quantum phenomena make them ideal for enhanced data
transfer applications. If these properties are altered, they can lead to more advanced applications in
a variety of industries, including medicine. Metallic nanoparticles have a large surface area, a

confined space, a low defect count, and exceptional chemical, optical, physical, and thermal
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properties. Changing the size and shape of a material significantly alters its physical properties,
which are very different from those of the corresponding bulk material[1].

For thousands of years, various medicinal plant components have been used in traditional
treatments for a wide range of human ailments in many countries around the world. The majority of
the world's rural population relies on medicinal herbs that are readily available in their surroundings.
Acalypha indica (Ahmed et al. 2016)[2], the flowering plant Dioscorea bulbifera (Ghosh et
al.2015)[3], Barleria prionitis (Sougata et al. 2016)[4] ,Caesalpinia bonducella (Sukumar and
Rudrasenanet al. 2020) [5], Hagenia abyssinica (Murthy et al. 2020)[6] and Mentha longifolia (Javed
et al. 2020) [7] are examples of medicinal plants that have previously been described and used in the
green synthesis of AgNPs. In the past, a variety of physical and chemical techniques were used to
synthesize AgNPs, necessitating the use of massive amounts of energy as well as other hazardous
compounds, resulting in environmental toxicity[8, 9].

Green silver nanoparticles have been used in a variety of applications since the 1970s and
1980s, including photocatalysis, electrocatalysis, and industrial dye degradation [10]. These AgNPs
have been shown to inhibit a wide range of microorganisms and bacterial strains. They have distinct
properties due to their distinct size, shape, and crystal structure [12]. AgNPs antibacterial,
antifungal, antioxidant, anti-angiogenic, and antiplatelet properties previously have been studied in
the medical field [13-19]. AgNPs have also been studied for their thrombolytic, anti-diabetic, and
anti-cancer properties. Cyphostemma auriculatum Roxb.plant can be found in abundance in India,
Bangladesh, and Myanmar. Clinging to the wall was a woody plant with cylindrical stems. The
leaflets of this plant species are elliptical to ovate, with serrated margins and an acute apex,
depending on the species. The design of the leaflet included five to seven smaller veins. Lalitha et al.
2021 [20] investigated the anticancer properties of Cyphostemma auriculatum Roxb.using an
ethanolic extract of the plant. Historically, indigenous peoples used this plant to treat a variety of
diseases, including snake bites and burns. This plant is used as a medicinal herb and blood purifier in
cardiac disorders, intestinal worm infections, dog bites, arthritis, purulent wounds, wound healing,
tumors, cough and colds, and as a tonic [21-23]. It is also used as a treatment for rheumatoid
arthritis. This herb has also been used to treat cases of bloody dysentery and diarrhea in animals [23-
28].

The goal of this research is to use Cyphostemma auriculatum Roxb.plant leaf extract as an
environmentally friendly method of producing AgNPs. As a precursor, silver nitrate is used. In
addition to SEM and transmission electron microscopy (TEM), Fourier transform infrared
spectroscopy (FTIR) was used to examine the produced CA-AgNPs. Green-synthesized CA-AgNPs
were tested for their ability to limit bacterial growth, inhibit biofilm formation, and generate reactive

oxygen species (ROS).
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Material and Methods

Chemicals

Cyphostemma auriculatum Roxb. is a plant species in the Vitaceae family (grape). The Botanical
Survey of India has a Plant Ref. No. BSI/DRC/2019-20/Tech/267 in its database. The silver nitrate
precursor for this study was provided by SDFine Chemicals (Mumbai, India). The antibacterial
chemicals used in this study were provided by Himedia Laboratories (Mumbai, India). Sigma-Aldrich
Chemicals supplied DMSO, fetal bovine serum (FBS), DMEM, penicillin G, and streptomycin for the
experiment (St. Louis, USA). The experiment was carried out entirely with double-distilled water.
Preparation of Plant extract

The Cyphostemma auriculatum Roxb.plant leaves, handpicked from Mohammadbad village,
Mahabubnagar district, Telangana, India, are depicted in Fig.1. Taxonomists from the Botanical
Survey of India, Hyderabad, assisted in identifying the plant to preserve the specimens in herbarium
form. The leaves were cleaned of dirt by gently washing them with regular water and then with
distilled water, as described above. The leaves were dried for fifteen days in the shade at room
temperature before being milled into a flour-like product, yielding 1500 g of leaves. In a Soxhlet
extractor, 125 grams of leaf powder (125 grams per 1000 milliliters of ethanol) were used for 10
hours until the extractor siphon became colorless. The plant extract was collected using Whatman
No. 1 filter paper after it had been filtered through it. The plant extract had to be kept in the

refrigerator at 4 °C until it could be used in the synthesis of AgNPs.

Fig. 1 Cyphostemma auriculatum Roxb.plant leaves used in the green synthesis

Synthesis of Silver nanoparticles
AgNPs were synthesized in a single step, following the work of Raju et al. 2020 [26]. An equivalent
volume of plant extract(50 mL) was dissolved in 200 mL of freshly prepared silver nitrate (1ImM)

aqueous solution using a magnetic stirrer at 500 rpm and 40 degrees Celsius. UV-visible
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spectroscopy was used to monitor the growth of colloidal silver nanoparticles in a reaction mixture.
When the reaction was finished, the color of the reaction mixture changed from pale yellow to dark
brown. This was caused by colloidal silver nanoparticles formed in the reaction mixture. The silver
nanoparticles were collected after ten minutes of centrifugation at 10000 rpm. The concentrated
colloidal silver nanoparticle solution was centrifuged a second time to remove any remaining plant
components or phytoconstituents. After rinsing the concentrated colloidal mixture, it was dried in an
oven set to 40 degrees Celsius. The silver nanoparticles were scraped and ground into a fine
nanopowder, which was then used in higher biological efficiency applications and further research.
Characterization Techniques

The KBr pellet technique was used for FTIR analysis. A pinch of nanopowder was crushed with
potassium bromide. The FTIR vibrational spectral data was collected using an IR Affinity-1 type
spectrometer from Shimadzu, Japan. FTIR spectra can be investigated directly by placing a small
amount of plant leaf extract on the scanning surface. The biosynthesized nanopowder was prepared
by dispersing it on a clean slide, and data were collected using a Philips Xpert PRO Instrument with a
Cuk X-ray source,with generator settings of 40kV, 30mA, and a scanning rate of 2° min™ in the 9=29
configuration. The Debye-Scherrer equation was used to calculate the average grain size of

biosynthesized AgNPs.

KA 1

D Zﬂo.s cos@ Where f = 180XxFWHM

FWHM is the full width at half maximum (FWHM) of a crystallite, and D is the crystallite size, K is the

(1)

Scherrer constant, which ranges from 0.91 to 1.01 (shape factor), A is the X-ray wavelength(1.5418

A?) and ¥ is the Bragg angle.

Following a 30-minute sonication period, the researchers received photos of CA-AgNPs nanopowder
suspended in water. A hairdryer was used to dry a drop of the material on a carbon-coated copper
grid before the analysis could commence. It was taken with a ZEISS Special Edition 18 SEM, a
German-made camera. A water bath with an ultrasonic water bath was used to soak CA-AgNPs
nanoparticles for 30 minutes, as previously described. Carbon-coated copper grids were covered
with colloidal nanoparticles, and surplus water was filtered away with filter paper before drying for
5-10 minutes. An American-made FEI Tecnai G2S Twin TEM was used to examine the lattice at

various magpnifications.

Antibacterial efficiency

The well diffusion method was adopted to carry out the antibacterial studies on Cyphostemma
auriculatum Roxb. green-synthesized silver nanoparticles (CA-AgNPs) in contrast to gram-positive
and gram-negative bacterial cultures. The pathogenic reference strains (1.5x10°CFU mL™ equal to

0.5 McFarald standards) and Mueller Hinton broth (MHB) plates were incubated at 30 degrees
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Celsius for 24 hours. The samples were dissolved in DMSO at dose ranges between 0.9-500 pg/mL™.
Ciprofloxacin was used as a control. The test bacterial strains used were Staphylococcus aureus
MTCC 96, Micrococcus luteus MTCC 2470, Klebsiella planticola MTCC 530, and Escherichia coli MTCC
739.

Cytoplasmic leakage

According to [27], cytoplasmic leakage was studied in the treated bacteria by an established
technique. After 24 hours of growth at 37 degrees Celsius, the bacteria were transferred to 100 mL
of sterile LB medium. To eliminate any leftover cell debris, cultures were centrifuged at 10,000 rpm
for 10 minutes and resuspended in sterile NaCl solution (0.85 g/100mL). When the suspension
concentrations reached roughly 10" CFU mL?, they were then fine-tuned. Staphylococcus aureus
MTCC 96 and Escherichia coli MTCC 739 bacterial suspensions (4 mL) were mixed with CA-AgNPs at
the MIC values for this experiment. Finally, the suspensions were centrifuged for 10 minutes at
10,000 rpm and the bacterial pellets were removed after an hour of culture at 37°C. At 260 nm and
280 nm, the absorbance of each supernatant was measured (Agilent Cary 60 UV-VIS
Spectrophotometer, Agilent Technologies, California, USA). After 30 minutes in a boiling water bath,
all bacteria that had developed in the culture sample were killed by a positive control. The negative
control was a sample grown without the addition of the test ingredient or the application of heat.
Detection of K* ion leakage from the cytoplasm

To investigate the combined effect on the bacterial membrane, CA-AgNP streated bacterial cells
were subjected to K* leakage assays. Bacterial cells were used in the experiment after being cultured
and expanded to the exponential phase. After being treated with CA-AgNPs at their minimum
inhibitory concentrations, the cells were incubated for an hour at 37 degrees Celsius. Negative and
positive controls were cells that had not been exposed to 70 percent ethanol (50 uL/mL"). The cells
were then extracted by spinning them in a centrifuge for ten minutes at 5000 rpm. The potassium
content in the collected supernatant was quantified using ICP-OES [29].

Antibiofilm activity

Gram-negative and Gram-positive bacteria was Bacterium strains were grown in MHB media for 12
hours before being combined and placed in 96 well microtitre plates for 24 hours at 37 degrees
Celsius in each well. The biofilm was removed after 12 hours of treatment with silver particles (CA-
AgNPs). The biofilms were then dyed for 45 minutes with 0.1 percent crystal violet solution to
remove any cells that had not yet been attached. Solubilization and elution of the stained biofilms
were performed with 95% ethanoland then dried the plates to remove any excess water. The biofilm
absorbance values at 540 nm were measured using an Infinite M200 Pro microtiterplate reader
(Tecan). The standard deviations for each of the mixed biofilm experiments were calculated using

the average results.
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Reactive oxygen species (ROS) detection

Oxidative stress is caused by an increase in reactive oxygen species (ROS) in the bacteria's bodies. A
fluorescent molecule known as dichlorodihydrofluorescein diacetate (DCFH2-DA) can detect reactive
oxygen species (ROS) and easily pass through cell membranes, where it combines with intracellular
ROS to form dichlorofluorescein (DCF), another fluorescent molecule. DCF fluorescence was used to
count reactive oxygen species [30]. After 12 hours of incubation, bacteria were inoculated separately
into the CA-AgNPs treatment medium and rinsed three times with PBS buffer. The mixture was
incubated for 30 minutes at 30°C in a volume ratio of 1:2000 with DCFH2-DA and a new nanosilver-
free medium. After incubation, the samples were centrifuged and collected, and PBS was used to
clean them. ROS production in bacterial cells was measured using an Infinite M200 Pro microtiter
plate reader.

Results and Discussion

UV-visible spectroscopy was used to examine the development and constitution of colloidal metal
nanoparticles. This technique is frequently used to investigate metal and metal oxide nanoparticles.
Figure 2 shows that, regardless of the amount of AgNOs, the greatest absorption peak occurs at
approximately 409 nm in both cases. Because of the appearance of the AgNP peak, it was obvious
that the solution contained AgNPs. As a result of surface plasmon resonance(SPR), newly synthesized
CA-AgNPs frequently exhibit UV-visible peaks in the 390-450 nm range. Surface plasmon resonance
(SPR) is a visual phenomenon caused by the simultaneous oscillation of the surface electrons of
metallic nanoparticles. Because of its high intensity and distinct peaks, 1 mM AgNO; was chosen for
further investigation and characterization. Fourier transform infrared spectroscopy is used to
investigate the vibrational bands produced by nanoparticles when exposed to infrared
radiation.These vibrational bands interact with the metallic nanoparticle surfaces, exposing
phytochemicals that are important in the reduction and stabilization processes [31, 32]. Figure 3
depicts FTIR spectroscopy of Cyphostemma auriculatum Roxb. green-produced AgNPs and a plant
extract. As shown in the image, typical bandwidths are 3443 cm™, 2353 cm™, 1636 cm™, and 1045
cm™. A large peak at 3443 cm™ [33] can be seen in the spectrum due to stretching vibrations in the —
OH group of alcohol or phenolic compounds. Ketones, aldehydes, and carboxylic acids have a
wavelength of 2353 cm™ and are assigned to a sharp, high-intensity band at that wavelength. C=0
The lower intensity band at 1636cm™, which is related to molecular stretching vibrations of the C-N
and C-C chains, indicates the presence of proteins. The weaker 1045 cm™ band is thought to be
caused by protein C-N stretching vibrations. FTIR spectra indicated that Cyphostemma auriculatum
Roxb. leaf extract proteins were found to play a significant role in reducing and stabilizing AgNPs.
XRD revealed the presence of face-centric cubic crystal structures (111, 200, 220, and 311) in AgNPs,
and the peaks were discovered at 2 theta values of 37.81, 45.93, 64.36, and 77.25 are indexed to the
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lattice planes of face-centric cubic structures [33]. Scherrer's equation was used to calculate the
average particle size, which was 18 nm. A minor peak caused by silver oxide can be found at 31.78
MHz (JCPDS No: 75-1532). Two additional peaks detected the range of 28.35 and 54.59 MHz may be
the result of the crystallization of inorganic compounds extracted from the environment.
Researchers can examine the surfaces of nanoparticles using a scanning electron microscope (SEM).
Figure 5 depicts various magnifications of green-mediated CA-AgNPs. The images show nanoscale
CA-AgNPs with a rough surface form. TEM imaging was used to discover CA-AgNP morphological
features such as size, shape, and distribution. Figure 6 depicts nanoscale CA-AgNPs with a diameter
of 15 nm on average. When CA-AgNPs were created, they were monoclinic, polydistributed, and
spherical. According to the XRD data, the computed average size agreed well with the measured

average size of the TEM images.
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Fig. 2 UV-Vis spectroscopy of green synthesized CA-AgNPs
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Fig. 3 FTIR spectroscopy of plant extract and green synthesized CA-AgNPs showing vibrational bands
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Antibacterial activity: MIC and MBC studies

The antibacterial properties of the synthesized CA-AgNPs were investigated using the well- diffusion
method. The MIC of each of the three bacteria in the study ranged from 0.9 to 3.9ug/mL, which is
consistent with the range of the other bacteria in this study. The minimum inhibitory concentration
(MIC) for bacteria Staphylococcus aureus MTCC 96, Escherichia coli MTCC 739, Klebsiella planticola
MTCC 530, and Micrococcus luteus MTCC 2470 are 0.9, 1.9, 1.9, and 3.9 pg/mL,respectively. The
lowest and highest minimum inhibitory concentrations were found in Staphylococcus aureus MTCC
96 and Micrococcus luteus MTCC 2470, 0.9, and 3.9 respectively. At the minimum bactericidal
concentration (MBC) level, the same bacteria had MBC values of 1.9, 3.9, 3.9, and 7.8 ug/mL.
Micrococcus luteus MTCC 2470 had the highest MBC, while Staphylococcus aureus MTCC 96 had the

lowest. Ciprofloxacin MIC and MBC values are included as a reference in Table 1.

Fig. 7 Antibacterial activity and zone of inhibition against tested bacterial strains

Table 1 Antibacterial activity with MIC and MBC values of CA-AgNPs

Sl. Test strain Minimum inhibitory | Minimum bacterial concentration
No. concentration (MIC, pug/mL) (MBC, pg/mL)
CA-AgNPs Ciprofloxacin CA-AgNPs Ciprofloxacin
1 E. coli 1.9 0.9 3.9 1.9
2 K. planticola 1.9 0.9 3.9 1.9
3 S. aureus 0.9 0.9 1.9 1.9
4 M. luteus 3.9 0.9 7.8 1.9
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Detection of cytoplasmic leakage from bacterial cell

Researchers were able to determine whether or not nucleotides and proteins were leaking from the
bacterial cell suspension by measuring the absorbance of the supernatant collected from the
bacterial cell suspension. After 60 minutes of CA-AgNPs exposure, the absorbance at 260 nm of the
supernatant of selected Staphylococcus aureus MTCC 96, Micrococcus luteus MTCC 2470, Klebsiella
planticola MTCC 530, and Escherichia coli MTCC 739 suspensions increased. According to these
findings, the contents of the cell are released into the surrounding environment. The absorbance of
Staphylococcus aureus MTCC 96, Micrococcus luteus MTCC 2470, Klebsiella planticola MTCC 530, and
Escherichia coli MTCC 739 suspensions increased at 280 nm after 60 minutes of exposure, indicating
the release of cell constituents into the supernatant (Fig. 8b). For both adsorbents tested,
Staphylococcus aureus MTCC 96 had the highest optical density (OD), while Micrococcus luteus
MTCC 2470 had the lowest. The results of this experiment were satisfactory when compared to the
positive control, indicating that treatment with AgNPs altered membrane permeability, resulting in
cytoplasmic membrane leakage.

Detection of K* ion leakage from the cytoplasm

The ability of a bacterial cell to maintain membrane potential is critical to its survival. Potassium
leakage is common when a cell's membranes are compromised. When cytoplasmic potassium
leakage was discovered, it was determined that the bacterial membrane had been ruptured. CA-
AgNPs increased the outflow of potassium from the microorganisms Staphylococcus aureus MTCC 96
and Escherichia coli MTCC 739, Klebsiella planticola MTCC 530, and Micrococcus luteus MTCC 2470
as shown in Fig. 9. When CA-AgNPs wasadded to the solution, sodium efflux increased as well.
According to these findings [35], CA-AgNPs disrupt bacterial membranes, allowing internal
components such as potassium ions to escape the cell. At both the highest and lowest
concentrations, Micrococcus luteus MTCC 2470 was found to least potassium leakage and
Staphylococcusaureus MTCC 96 had the most potassium leakage. Damage to the cell membrane
reduces the potassium gradient across the membrane, affecting membrane function and eventually

leading to cell death [36].
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Fig. 9 Measurement of cytoplasmic K* ion leakage

Antibiofilm activity

Cells in a biofilm collaborate to form a layer on a living or nonliving surface that is wrapped in a self
producedexopolysaccharide and protein-rich polymeric matrix [37, 38]. These biofilms are resistant
to antimicrobials, resulting in long-term infections in both hospital and community settings [39].
Researchers looked into the compound's ability to suppress bacterial biofilm formation to learn
more about its antibacterial potential. CA-AgNPs were tested for biofilm inhibition activity, and the
results revealed that the compounds have antibiofilm activity. The ICsq values for CA-AgNPs against
all of the bacterial strains tested are shown in Fig. 10. Micrococcus luteus MTCC 2470 had the highest
biofilm inhibition activity, at 29.84 ug/mL.Staphylococcus aureus MTCC 96, on the other hand, had

the lowest biofilm inhibition activity, with an 1Cso value of 10.13 pg/mL.
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Fig. 10 Antibiofilm activity of green synthesized CA-AgNPs

ROS levels during bactericidal action of CA-AgNPs

The bacteria used in the antibacterial activity and ROS generation experiments were Staphylococcus

aureus MTCC96, Micrococcus luteus MTCC 2470, Klebsiella planticola MTCC530, and Escherichia coli
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MTCC739. Bacterial strains produce reactive oxygen species over time. Figure 11 shows an example
of this. According to the data, Staphylococcus aureus MTCC 96 had the highest OD (0.68) and
Micrococcus luteus MTCC 2470 lowest generation OD (0.38). ROS are oxygen-based molecules that
are extremely reactive. Hydroxyl radicals (OH), superoxide anions (O5), singlet oxygen (*O,) and
hydrogen peroxide (H,0,) are examples of oxidation products. One of the ways CA-AgNPs cause
toxicity is through the generation of reactive oxygen species (ROS). In the presence of CA-AgNPs,
hydrogen peroxide undergoes radical synthesis, yielding hydroxide ions, and hydroxyl radicals. When
CA-AgNP was present, it generated hydroxyl radicals and reactive oxygen species (ROS). These
enzymes, such as SOD and glutathione, aid in the protection of cells from oxidative stress. ROS has
been shown in studies to be capable of activating SOD and GSH to maintain a balance of oxidative
and antioxidant levels. Oxidative stress occurs when antioxidant defense mechanisms are unable to
keep up with excessive ROS generation. Reactive oxygen species (ROS) and oxidative stress cause
lipid peroxidation. ROS, in addition to causing apoptosis and DNA damage, also inhibits ATP

production, ultimately leading to cell death [41, 42].

A

0.0 540 nm

Fig. 11 ROS of various bacteria treated with green synthesized CA-AgNPs

Conclusions

The plant Cyphostemma auriculatum Roxb.extract was used as a catalyst in the synthesis of AgNPs.
This procedure is both environmentally friendly and cost-effective, and it has no negative effects on
the environment. The phytoconstituents from the plant extract passivating agents stabilized the
AgNPs by binding to the surface and were successfully detected using Fourier transform infrared
spectroscopy through the vibrational bands.Scanning electron microscopy and transmission electron
microscopy were used to investigate the morphology of AgNPs mediated by plants. According to the
study, the average particle size was 15 nm. The synthesized particles were monoclinic,
polydistributed, and slightly aggregated. The antibacterial efficiency of these plant-mediated AgNPs
was investigated using standard clinical bacterial strains in terms of MIC and MBC and showed good

activity. The treatment of CA-AgNPs disrupted membrane permeability and increased K* ion leakage
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into the surrounding environment. Antibacterial CA-AgNPs were tested to see if they could inhibit

biofilm formation. CA-AgNPs showed modest-to-goodbiofilm inhibition ability against all

investigated bacterial strains. Metallic nanoparticles containing physiologically active
phytochemicals derived from medicinal plants play an important role in the development of new
and efficient industrial and pharmaceutical processes and products.
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