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ABSTRACT

The current study investigated the optimization of physicochemical parameters for the phyto-synthesis of silver
nanoparticles (AgNPs) using aqueous extracts from Hibiscus rosa sinensis leaves. The study examined the effects of
various factors, including reaction time, temperature, silver nitrate concentration, plant extract volume, and pH on the
synthesis of AgNPs. Spectrophotometric analysis indicated optimal conditions for AgNP synthesis at a silver nitrate
concentration of 4 mM, a plant extract ratio of 2:8, a temperature of 55 °C, and a pH of 13, resulting in a peak absorption
at 419 nm. Fourier Transform Infrared (FTIR) spectroscopy identified the presence of functional groups responsible for
capping and stabilizing the AgNPs, while Zeta potential measurements indicated a net surface charge of -29 mV,
suggesting stability against agglomeration. X-ray Diffraction (XRD) analysis confirmed the crystalline nature of the
synthesized AgNPs, with an estimated particle size of 23.3 nm. The antibacterial activity of the AgNPs was
evaluated, showing significant inhibition against various multi drug resistant pathogenic bacteria, with the highest
activity against S. flexneri and E. coli. Additionally, the synthesized AgNPs exhibited notable antioxidant activity,
demonstrating their potential as therapeutic agents. Overall, this study emphasizes the significance of optimizing
synthesis conditions for enhancing the properties of AgNPs and their applicability in biomedical fields.
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1. INTRODUCTION

Nowadays, nanoscience is a prominent field of study that offers opportunities for fundamental and experimental study in
all areas of cognitive science. A global technological revolution is being propelled by the emergence of nanoscience and
nanotechnology[1].Nonetheless, creating nanoparticles (NPs) with the appropriate quality is a crucial component of
modern nanotechnological methods. Numerous studies detailing various techniques for synthesizing metal NPs involving
reductions carried out by chemical, electrochemical, photochemical, and other means have been published[2-4]. However,
it has been reported that biological approaches outperform chemical ones in regards to environmental safety and economic
viability. The deliberate exploitation of microorganisms for the biosynthesis of AgNPs has recently emerged[5]. Although
it has achieved a degree of success, but the use of plant-based materials as opposed to microorganisms for the
environmentally friendly synthesis of metal NPs has drawn a lot of attention due to their lower toxicity, shorter processing
times, and the added benefit of readily available natural capping agents. Additionally, it uses a variety of reductant sources,
including leaves, flowers, and catkins, and also minimizes the cost of isolating microorganisms and improving culture
conditions for microbe-assisted biosynthesis[6-11].

Although the precise mechanism by which AgNPs combat fearsome diseases is unknown but researchers have postulated
various mechanisms in light of their findings. The positive charge of silver ions facilitates their interaction with negatively
charged cellular components, leading to cell membrane disruption, ROS generation, and DNA damage[12]. The other
characteristics of Ag* include their capacity to engage with the thiol group (-SH group) of enzyme active sites, forming the
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stable complex Ag-S, and obstructing an enzyme's active site, which causes cells to succumb from inadequate
respiration[13,14]. This multi-faceted mechanism is why AgNPs are effective against a broad range of microorganisms.

Besides, AgNPs are also reported for their diverse biological applications, particularly their antibacterial, anti-biofilm, and
antiviral properties[15-19]. An alternative to the chemical agents has become essential for the management of infections
in medicine and various other industries. The colloidal silver has emerged as a modern standard in hospital intensive care
units for the preventive treatment of ventilator-acquired pneumonia. AgNPs are effective and appropriate antibacterial
agents, either used alone or in conjunction with currently available antibiotics[20-22]. Pharmacologically significant
compounds that might possess potential in therapeutics could be retained during bioreduction by the biosynthesized
AgNPs[23].
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» Fabrication of AgNPs using Hibiscus rosa sinensis for reduction and stabilization.
» Physiochemical characterization of synthesized AgNPs using FTIR, XRD, Zeta Potential, TEM, SEM and EDX.
» Antimicrobial Profiling of synthesized AgNPs against the pathogenic bacteria.
Antioxidant potential of synthesized AgNPs using DPPH assay

There have been reports of the synthesis of AgNPs utilizing a variety of plants, including Cucumis prophetarum,
Azadirachta indica, Myrmecodia pendans, Rhynchotechum ellipticum, and waste tea leaves[24-28].The exceptional sizes
of different nanometer scales of AgNPs are provided by each plant extract. One such medicinal plant whose extract is
utilized in the fabrication of AgNPs is H. rosa sinensis.

Hibiscus being an ornamental plant traditionally used as aphrodisiac, demulcent, emollient, laxative, anodyne, refrigerant
and has anti-inflammatory properties. The phytochemicals found in this plant have therapeutic value, including tannins,
carotene, thiamine, riboflavin, niacin, anthocyanin pigment, flavonoids, and ascorbic acid[29].Antitumor, antidiarrheal,
antiestrogenic, antispermatogenic, androgenic, antiphologistic, wound healing, and anticonvulsant are merely a few of its
other therapeutic properties[30].

To the best of our knowledge, there have been relatively few investigations on the biosynthesis of AgNPs utilizing H. rosa
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sinensis leaf extract, and a significant research gap has been identified. The purpose of this work is to employ H.rosa
sinensis leaf extract in an inexpensive and environmentally friendly method for producing AgNPs in a biogenic manner.

2. EXPERIMENTAL SECTION:

2.1 Extraction of H.rosa sinensis plant extract and Bio-fabrication of AgNPs

The H. rosa sinensis leaves were collected from campus nursery of Deenbandhu Chhotu Ram university of Science and
Technology, Murthal. The preparation of plant aqueous extract was done by heating plant powder in distilled water (1:10
ratio respectively) for 30 min and was filtered. to separate the plant's aqueous extract from the powder using syringe filters
[31,32].

The aqueous plant extract was used to reduce 1mM of silver nitrate in a 1:9 ratio respectively. The reaction mixture was
agitated continuously while its temperature was kept at 60°C at pH 9. Absorbance of light for an aliquot from the reaction
mixture was measured used to monitor the synthesis of the AgNPs by UV-Vis spectrophotometer (UV-3092 , Labindia
Analytical Instruments Pvt. Ltd) within the range of 200-700nm. Upon completion of the synthesis, the AgNPs were
extracted from the colloidal mixture using centrifugations at 1000xg thrice with distilled water and final washing was done
with 95% ethanol to stop the reaction further[12].

2.3 Optimization of synthesis parameters of AgNPs

The volume of plant extract, pH, temperature, reaction time, and metal salt volume are some of the variables that affect the
green synthesis of NPs[33].

UV-Visible spectroscopy of the nanosuspension was carried out at various time intervals viz. 0.5h, 1h, 2h, and 24h.The
experiment was set up in an incubator for one hour in order to examine the effects of different temperatures (25°C, 35°C,
45°C, 55°C, 65 °C). Thereafter, each solution was exposed to a UV spectrophotometer operating between 200 and 800 nm
in order to observe the spectra. Numerous concentrations of silver nitrate—namely, 1mM, 2mM, 3mM, and 4mM—were
employed to optimize the substrate concentration for the fabrication of AgNPs. The ratios of variable plant extract to silver
nitrate i.e. 1:9, 2:8, 3:7, 4.6, and 5:5 were also investigated. A range of pH values (7,9,11 and 13) were taken into
consideration while synthesizing AgNPs.The synthesis of silver NPs was confirmed by observing a color change in the
solutions after the completion of the reaction and was assessed using UV-Vis spectrophotometer.

2.4 Physical and optical characterization of synthesized AgNPs

A variety of material characterization techniques were used to assess the synthesized AgNPs under optimal conditions both
optically and morphologically.

The organic functional groups affixed to the surface of AgNPs were investigated using Fourier transform infrared
spectroscopy (FTIR) in the 4000-500cm-1 range were obtained using Perkin Elmer's FT-IR Spectrophotometer Frontier
equipped with the Attenuated Total Reflectance (ATR) accessory. The surface charge potentiality of the synthesized NPs
was measured in order to figure out their stability using an Anton Paar Particle Analyzer Lite Sizer 500. The analysis was
conducted at a temperature of 25°C, and the result was noted as an operation of time. The dried sample was then put through
XRD analysis in order to assess the crystallinity and purity of synthesized AgNPs using an X-ray wavelength of 1.5406,
the Ultima IV (Rigaku, Japan) was used to generate an XRD scan in the 20-70 degree range and was conducted consistently
with a step size of 0.02 and a speed of 2 degrees per minute. The morphology of synthesized particles at the submicron
scale and elemental information at the micron scale were analyzed using scanning electron microscopy (SEM)(ZEISS EVO
18). Utilizing energy-dispersive X-ray spectroscopy, the elemental makeup of synthesized AgNPs was investigated with
EDX spectroscopy(EDX-AMETEK).The size and shape of the particles were assessed using transmission electron
microscope (THERMO SCIENTIFIC TELOS) operating at an accelerating voltage of 200 kV.

2.5 Biological applications
2.5.1 Antioxidant activity of synthesized AgNPs

The antioxidant potential of AgNPs was quantitatively investigated with the use of the in-vitro 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay [34]. Using L-ascorbic acid as a control standard solution and DPPH as a blank solution, 1
ml of DPPH solution was mixed to 1 ml of standard and test NPs at varying concentrations. Samples were prepared using
50% methanol as solvent. The absorbance at 517 nhm was measured after the test sample was incubated for 30 min at room
temperature in the dark. The percentage of radical scavenging activity was computed using

%RSA = Ac — AdAc x 100

where A; and A: denote absorbance of blank DPPH solution and test samples (AgNPs added to DPPH solution),
respectively.
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2.5.2 Antibacterial evaluation of synthesized AgNPs

Mannitol salt agar (MSA) medium was used to test the antibacterial effectiveness of AgNPs against pathogenic bacteria,
including Escherichia coli, Shigella flexneri, Staphylococcus aureus, and Klebsiella pneumonia, which were available in
the laboratory at the Department of Biotechnology, DCRUST, Murthal. Wells were bored after inoculation of 0.5 mL of
pathogenic culture on MHA medium plates. The synthesized AgNPs were added to each well at a varying concentration
(10 to 90 pg/mL). The plates were subsequently incubated in upright position at 37°C for 24hrs. The diameter of zone of
inhibition (ZOI) was measured in millimeters (mm), demonstrating the potential of AgNPs to impede the proliferation of
bacteria.

2.5.3 MIC and MBC of synthesized AgNPs

The bacterial growth in serially diluted NP suspensions was examined in order to determine the MIC value. 2ml of broth
was transferred into sterile tubes, and the first tube was then utilized for the 2-fold dilution of tubes with consecutive
numbers after adding 2ml of AgNPs (256 pg/mL). Following the addition of SO0uL of bacterial culture suspension, the tubes
were incubated at 37 °C for 24hrs. The presence or absence of bacterial growth was confirmed visually and MIC values
were obtained by spectrophotometer readings at 600 nm. The bacterial growth was then measured and the minimum
bactericidal concentration (MBC) was determined by pouring the mixture onto a nutrient agar plate[35].

2.8 Data processing

The reproducibility of the experiments conducted was confirmed on performing them in a triplicate arrangement and the
data were reported as mean * standard deviation. The absorbance spectrum of the NPs was re-plotted using Originpro9. A
one-way analysis of variance (ANOVA) was performed to evaluate the statistical significance of the antibacterial activity
of the NPs, with a p-value of less than 0.05 (P < 0.05) considered indicative of a statistically significant difference.

3. RESULTS AND DISCUSSION

3.1 Optimization of the Phyto-synthesis of AgNPs

With an increase in time from 0.5 to 3 hours, an increase in absorbance of the peak were observed. The time taken to
induce a color change in the reaction mixture is a reflection of the interaction between the phytochemicals in the plant
extract and the metal ions[36]. The optimum synthesis of AgNPs has been documented after 25 minute incubation period
using Rosa damascena leaf extracts[37]. However, in the current study, the spectrum did not get stabilize and the sharp
absorbance peak at 426nm was observed after 1 hour of incubation for the AgNPs synthesized utilizing H.rosa sinensis
(fig. 1a). However, the highly intense peak was even observed after 24 hrs of incubation . But this is explained by the
theory reported earlier that extended reaction time can result in more significant particle growth and increased aggregation,
and can also lead to changes in the crystal structure affecting the potential and stability of NPS[38,39].

An increase in the absorbance of the resulting suspension was observed when the temperature was increased from 25
°Cto 65 °C. Significantly broader and less intense peaks were observed at lower temperatures, indicating inefficient AQNPs
synthesis. There was a steady increase in absorption and sharpening of peak with increasing temperature. We, hereby,
report 55 °C as the optimum temperature for synthesis of particles using H.rosa sinensis leaf extract(fig. 1b). Qasim et
al[40] and Ansari et al[41] reported similar results using extracts of Seripheidium quettense and Azadirachta indica,
respectively, and found that higher temperatures were more appropriate for the synthesis of small-sized NPs.

The absorbance was increased with the increase in the concentration of silver nitrate from 0.5 to 3mM and an intense peak
was observed. An intense peak was observed at 416nm when the concentration was increased to 4mM for AgNPs
synthesized with H. rosa sinensis leaf extract(fig.1c). The findings were found to be consistent with those published by
other researchers[42-44]. Furthermore, Ansari et al[41] have reported that larger and more aggregated NPs are formed on
increasing the concentration of silver nitrate.

The observation of an intense and sharp peak at 449nm in the UV-Vis spectra when using a concentration ratio of
2:8(fig.1d) indicating optimum volume of plant extract . After that, there was a noticeable peak broadening and a decrease
in absorbance when the ratio of leaf extract increased in the reaction mixture. According to Jalab et al[45], increasing the
amount of extract in the reaction mixture increased the absorbance of the nanoparticle suspension while synthesizing
AgNPs from Acacia cyanophylla extract.

The intense peak for the synthesized AgNPs with the aid of H. rosa sinensis leaf extract was observed at 423nm at pH
13(1e). Similar trends have been reported earlier by [46] while synthesizing AgNPs using Rudanti fruit extract, where
increasing the reaction mixture pH, increased the peak intensity and rate of nanoparticle formation. When the pH is alkaline,
the clusters are entirely charged, maximizing the repulsive electrostatic/electrosteric interactions, which increases the
stability of the cluster dispersion and colloid formation while decreasing the tendency for the particles to aggregate[39,46].
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Figl: Optimization of synthesis parameters for AgNPs synthesis: a) Effect of metal ion
concentration; b) effect of plant leaf extract volume; c) Effect of pH; d) effect of temperature;
e)effect of time; ) UV-Vis spectra of synthesized AgNPs

3.2 Synthesis of AgNPs under the optimized conditions

The spectrophotometric data demonstrated that the optimal synthesis of AgNPs was achieved by mixing 4 mM AgNO3
with the plant extract in a 8:2 ratio, respectively, at 55 °C and 13 pH (fig. 1f)(Table 1). The highest peak in the UV -visible
spectrum, which is indicative of the synthesis of AgNPs, was seen at 419 nm. Mimosa pigra [47], Ginkgo biloba [48] and
Lantana trifolia [49] were the subjects of several earlier investigations on the influence of various physicochemical
parameters on the synthesis of NPs. The outcomes of these investigations corroborate our conclusions that physicochemical
factors can be adjusted to customize the size and form of NPs under ideal reaction circumstances.
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Tablel: Optimized parameters for synthesized AgNPs

Parameters Optimized value
Silver nitrate Concentration 4mM

Plant Extract Volume 2:8

Temperature 55°C

Time lhr

pH 13

3.3 Physical and optical characterization of synthesized AgNPs

The FTIR spectrum of synthesized AgNPs showed absorption bands at 3346.20, 2923.38, 2853.41, 2113.10, 1638.36,
1368.27,1242.63, 667.08 & 593.35 cm™* (Table 2)(fig. 2). The peaks at 2923.38 cm ™ and 2853.41 cm™ are assigned to the
stretching vibrations of CH, and CH3 groups, while the band at 3346.20 cm™ is indicative of the —OH stretching vibration
[43,50]. The bands at 1638.36 cm™* represented carbonyl stretch (-C=0) in proteins[51].The peaks at approximately 667.08
and 593.35 cm™ corresponded to C-H bonds of alkenes and (C-Cl) stretching of the alkyl halides bond respectively
[52,53,51]. According to the FTIR analysis, proteins or amino acids are still adhering to the AgNP surface in a proximity-
based manner could function as a barrier to stearic or electrostatic attraction and inhibit AgNPs aggregation[54,55]. In
support of the earlier research, it has been demonstrated that the protein component of plant extracts contributes to the
reduction and capping of NPs [56].
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Fig 2: FTIR spectrum of synthesized AgNPs
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Table 2: FTIR bands and functional groups of synthesized AgNPs

Wavenumber, cm™? Functional group

3346.20 H bonded —OH group stretch, -NH group stretching
2923.38 &2853.41 stretching vibrations of CH, and CH3 groups
2113.10 - C=C - stretch of alkynes

1638.36 carbonyl stretch (-C=0) in proteins

1368.27 C-N stretching of aromatic amines

1242.63 (-CH2X) of alkyl halides,

667.08 C-H bonds of alkenes

593.35 (C-ClI) stretching of the alkyl halides bond

With a net surface charge of -29 mV(fig. 3a), the synthesized NPs were shown to be relatively durable and to have a low
propensity to agglomerate. Zeta potential values with dimensions <-30 and >+30 are considered highly stable, with less
likelihood of forming agglomerations because of a higher probability of interparticle repulsion[57].

Significant peaks at 20 values of 38.22°, 44.44°, 64.53°, and 77.51° were observed in the XRD pattern; coincided with
those listed in the Silver JCPDS file, 04-0783. Based on peak indexing and data analysis, the 2 values for FCC structures
attributed to (111), (200), (220), and (311) planes of Bragg's reflections(Table 3). Particle size was computed using
OriginPro 9.0. The particle size was determined to be 23.3 nm which falls in the range of TEM analysis.

Table3: XRD peak indexing and d-spacing

Peak 260 0 sin @ d (nm) hkl
38.22 19.11 0.257 0.299 111
44.44 22.22 0.226 0.340 200
64.53 32.26 0.747 0.103 220
77.51 38.75 0.872 0.088 31

Rel Frequency(%)
il
Intensity(a.u.)

T

T — 17 - T T T
-200 -100 0 100 200 30 40 50 60 70 80
Zeta Potential Distribution(mV) 2 theta(deg)

Fig. 3: a) Zeta potential of synthesized AgNPs; b) X-ray diffraction for synthesized AgNPs
The synthesized AgNPs were quasi spherical in shape shown in SEM image(fig.4a). The elemental composition of the
10.50% Au and 89.50% Ag found in the EDX evaluation verified the pure nature of the NPs produced(fig. 4c). Au was
detected since it was used as the coating material for the EDX study. Additional investigations have demonstrated that
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AgNPs share a similar elemental composition [12].

AgNPs synthesized from H. rosa sinensis leaf extract were shown to have an uneven size distribution, ranging from 7 to
80 nm as depicted in TEM image(fig.4a).Comparable patterns have also been shown in the synthesis of AgNPs employing
leaf extract from Elettaria cardamomum, where NPs with the 5-80 nm size range were discovered [56].

Fig. 4: a)SEM ;b) TEM ; c) EDX image of synthesized AgNPs; and d) Particle size distribution
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3.4 Biological applications
3.4.1 Antioxidant activity of synthesized AgNPs

Stable free radical DPPH, purple in color, has a noticeable absorption maximum at 517 nm. Antioxidants counteract the
free radical in DPPH, lowering absorbance and color intensity. The amount of DPPH radicals is decreased by Ag-NPs'
propensity to donate protons or electrons [58]. Fig.5 illustrates DPPH scavenging activity of AgNPs. The indication of
radical scavenging activity include a reduction in the absorbance of the parent DPPH solution with increasing nanoparticle
concentration. AgNPs were just as effective as the control, demonstrating 86.23% radical scavenging at a high
concentration of 150 pg/mL. The 1C50 was computed to be 84.03pg/ml.
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Fig. 5: DPPH radical scavenging activity of AgNPs and ascorbic acid

3.4.2 Antibacterial evaluation of synthesized AgNPs

The findings of the antimicrobial evaluation are summarized in Table 4. AgNPs showed variance in ZOl, with diameters
ranging from 10 to 28 mm, as evident from the data(fig. 6A). Table 4 clearly illustrates that increasing the concentration
of NPs from 10 to 90 pL, increased the antibacterial activity of pathogenic bacteria. The highest antibacterial activity was
shown against S. flexneri, E.coli, S.aureus followed by K. pneumonia with 90 pg/ml inhibitory concentration(fig.6B).
Conclusively, it was found that the synthesized AgNPs possessed strong antibacterial potential against the pathogenic
microorganisms. This was attributed to the fact that the multiple mechanism of actions of NPs i.e. disruption of cell
membrane and cell wall, denaturation of proteins, impairs the electrolyte balance and generation of reactive oxygen species
simultaneously against the pathogenic bacteria could possibly make them a potential therapeutic agent[59].

3.5 MIC and MBC of synthesized AgNPs

The MIC study was performed to evaluate the growth of bacteria while increasing NP dilutions. The growth pattern at 600
nm was documented in addition to a visual examination of the outcomes. The MIC and MBC values of AgNPs were
determined for each pathogenic bacterium. A significant value of MIC was observed for E.coli(112 pg/ml).The MIC value
for K. pneumonia, S. flexneri and S. aureus was observed to be 87, 83, and 82 respectively(Table 5).The synthesized AgNPs
were found to have strong antibacterial action against the pathogens under investigation, as indicated by the estimated
value for p <0.05.
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Fig.6 A) Comparative inhibition zones of AgNPs against distinct bacteria ;B) Inhibition zones against a) S.aureus,
b) E.coli, c) Klebsiella pneumonia, d) Shigella flexneri

Table4: Antibacterial ability of the synthesized AgNPs against pathogenic microorganisms

S.no. | Bacterial Zone of inhibition(mm+SD)
pathogen
10ug/mi 30ug/ml 50 pg/mi 70 pg/mi 90 pg/mi
1 Staphylococcus | 10+ 0.4 15+0.1 20+0.04 22+0.2 25+0.4
aureus
2 Escherichia coli | 11+0.1 16+0.2 20+0.2 24+0.1 26+0.3
3 Klebsiella 10+0.2 15+0.2 20+0.1 22+0.4 24+0.02
pneumonia
4 Shigella flexneri | 10+0.5 15404 21+0.2 23+0.2 2840.3
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Table5: MIC/MBC of AgNPS against pathogenic microorganisms

Bacterial pathogens MIC(ug/ml) MBC(ug/ml)
Staphylococcus aureus 82 76

E.coli 112 110
Klebsiella pneumonia 87 81

Shigella flexneri 83 78

4. CONCLUSION

The aforementioned study verify the application of H.rosa sinensis leaf aqueous extracts for environmental friendly one-
pot synthesis of AgNPs and their usage as biological control agents against pathogenic bacterial strains. The morphological
characterization of AgNPs indicated that they are mostly in the range of about 7-80 nm, while the particle size analysis
from XRD data revealed that they occur in the size range of around 23.3 nm which is in agreement with the particle size
revealed by TEM analysis. The utilization of plant-derived AgNPs to biologically regulate the growth of pathogenic
bacterial strains is strongly supported by our findings. Numerous studies have been conducted on the production of NPs
using H. rosa sinensis flower extract, but as far as we are aware, there isn't much data available on the optimization and
synthesis of AgNPs using the leaf extract of this plant. Plant phytochemicals were discovered to be conjugated with AgNPs
by FTIR spectroscopy, which was critical in reducing and stabilizing the phytochemicals. The significant antioxidant
capacity of green-synthesized NPs is indicated by their 86.23% DPPH scavenging activity at a concentration of 150 pg/ml.
When tested against MDR pathogens, the produced NPs showed a significant antibacterial response, with inhibition zones
spanning from 10 to 28 mm. Accordingly, the current work deduced that future nano-antibiotics targeting multidrug
resistant (MDR) pathogens can be evolved using phytochemically generated NPs, as demonstrated by the findings of the
antibacterial assay.
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