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ABSTRACT. Hazardous and harmful reducing agents are often utilized in the silver nanoparticle (AgNP) synthesis method.
Hence, various bioresources acting as reducing agents are being researched for a greener and safer AgNP synthesis. This study
aimed to investigate the green synthesis of AgNP using local Ficus deltoidea (Mas Cotek) plant leaf extract. The plant leaf extract
was analyzed for its total phenolic (TPC) and flavonoid contents (TFC), and the values were determined to be 24.37 + 0.57 mg/g
and 1118.91 + 8.55 mg/g, respectively. The optimized values of the AgNP synthesis obtained were 0.6 ml F. delfoidea extract
(5%) at pH 8 with the synthesis temperature at 80°C and 24 hours reaction period. The biosynthesized AgNP was characterized
using UV-visible spectroscopy, showing a peak at around 440 nm to 450 nm. The Fourier transform infrared (FTIR) spectra of
the AgNP and plant extract showed prominent peaks around 3400 cm™!, 1600 cm™!, and 1360 cm’!, corresponding to the functional
groups in the plant extract. Transmission electron microscope (TEM) image showed that the AgNP was spherical, with sizes
ranging from 10 nm to 50 nm. Antibacterial assays that were done based on disc diffusion technique (DDT) against Gram-positive
(Staphylococcus aureus ATCC 6538), Gram-negative (Escherichia coli ATCC 11229), and anaerobic skin bacterium,
Cutibacterium acnes ATCC 6919 present significant halo-zone formation. The biocompatibility of the sample against HSF1184
human fibroblast skin cells showed that the ICso value of the biosynthesized AgNP (0.25 mg/ml) was lower than the commercial
AgNP (1.0 mg/ml). This study showed that the phenolic and flavonoid contents in F. deltoidea leaf extract enable the synthesis
of AgNP and exhibit antibacterial effects against Gram-positive, Gram-negative, and skin bacteria while presenting a mild
cytotoxicity level against human fibroblast cells.
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INTRODUCTION

In general, conventional synthesis of silver nanoparticles (AgNP) involves physical and chemical methods. The
physical methods relied upon several techniques, such as ball milling process, evaporation-condensation process, arc
discharge process, laser ablation process, and spray pyrolysis process (Kaabipour and Hemmati, 2021). These
methods, however, are generally expensive and require high amounts of energy coupled with complex tools and
equipment. In addition, technical disadvantages posed by these methods influence the scale-up production of AgNP

to obtain in bulk quantities. One example is the laser ablation method, where a high-energy laser beam is used to
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ablate metallic silver and confine it in the surrounding ambient (Verma et al., 2017). However, more laser-equipped
machines must be adopted on the industrial scale to achieve higher output, restricting this method to only laboratory-
scaled production. Another well-established method of AgNP synthesis is using chemical processes involving the
reduction reaction of silver ions into AgNP directly. Although this process is simple and straightforward, this method
employs chemical-reducing agents that are hazardous and toxic in nature. For example, N, N-dimethylformamide
(DMF) is a common and widely used reducing agent that is reported to cause damage to the liver and digestive system
(EPA, 2023). To mitigate this, greener, eco-friendly, and low-energy consumption methods are being explored to
synthesize AgNP for large-scale production, which is currently offered by the green synthesis method using suitable

bioresources.

Plants are one of the most accessible bioresource materials that can be used as a bio-reducing agent to synthesize
AgNP. The abundance of plants and their diverse types makes the potential for utilization near limitless. AgNP can
be produced through a plant-mediated green synthesis technique after being reduced by the phenolic and flavonoid
compounds present in the plant extracts. A fundamental study found that different plant-derived polyphenolic and
flavonoid compounds have anticarcinogenic, immune-stimulating, anti-allergic, and anti-viral effects (Rice-evans et
al., 1995). Hence, these properties are inherited by the usage and application of the plant for specific remedies to treat
illnesses. Compared to other plants, F. deltoidea has been extensively studied for its antinociceptive (Sulaiman et al.,
2008), anti-inflammatory (Abdullah et al., 2009), antioxidant (Bunawan et al., 2014), and anti-proliferative activities
(Abolmaesoomi et al., 2019). The abundance of phytochemical contents influences these effects, thus making F

deltoidea a valuable plant to be integrated into the plant-mediated AgNP synthesis system.

Antibacterial-resistant bacteria have been widely acknowledged as problematic with the current dependency on
antibiotics to treat illnesses. Since bacteria were overexposed to antibiotics, they became resistant, which resulted in
reduced cellular absorption and increased efflux of drugs, their blockage by covalent modification, and the
development of resistance genes that substitute for antibiotic-targeted substrate (Yan et al., 2022). Escherichia coli,
a Gram-negative bacteria located in the gut of humans, has been considered harmless. However, studies found that
pathogenic E. coli is resistant to first-line antibiotics (Longhi et al., 2022). Furthermore, commonly analyzed
Staphylococcus aureus has been categorized into methicillin-resistant S. aureus (MRSA) due to the high cases of

antibiotic-resistant S. aureus found in the healthcare system.

Furthermore, newer strains of MRSA have been reported to be resistant to glycopeptide antibiotics, which increases
the difficulty in treating infectious wounds (Ahmed and Baptiste, 2018). A commensal lipophilic Gram-positive
bacterium, Cutibacterium acnes is considered an aerotolerant anaerobe because it possesses enzyme systems that can
detoxify oxygen, allowing for growth on the surface of the skin (Mayslich et al., 2021). Although known for
maintaining healthy skin, C. acnes is considered an opportunistic bacterium due to its involvement in developing a
skin disorder widely common in teenagers, which is acne vulgaris (Mayslich et al., 2021). The increasing use of
cosmetic products to treat acne vulgaris has posed a threat to the increased resistance of C. acnes against commonly
used antibacterial agents and antibiotics. It is reported that acne-resistant antibiotics have increased, ranging from <5%

in Columbia to 100% in China (Karadag et al., 2021). As a result of the worrisome rise in bacterial resistance to
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antibiotics, researchers are exploring novel antibacterial agents to manage bacterial resistance and treat various
illnesses and bacterial infections. Hence, applying AgNP as an alternative form of antibiotic and antibacterial agent

opens new possibilities to control these types of bacteria.

Concerns arise about the effects of the overuse of silver-based products on the environment and health. AgNP is
known to possess a wide range of qualities that might be used in the biomedical field; nevertheless, without a thorough
analysis of how AgNP would affect human biology, various health problems could occur. For example, uncontrolled
silver release from silver-based products may form an aggregation of silver particles on the skin, thus resulting in
skin diseases such as argyria or argyrosis, a condition for patients due to skin discoloration (Almurayshid, et al.,
2020). Besides contact with the skin, humans can be exposed to AgNP by inhalation (Jaswal and Gupta, 2021), in
which large AgNP can be exhaled out, while smaller AgNP will reach different organs via the bloodstream (Bamal et
al., 2021). A study found that exposure to a high concentration of AgNP in mice causes significant brain injury
(Rahman et al., 2009). At the cellular level, it was reported that the cytotoxicity effects of AgNP are at the same
inhibitory range, at 10 ug/ml, which showed that AgNP has no selective effects against different cells (Vazquez-
Muiioz et al., 2017).

Various cytotoxicity analyses and techniques can analyze such biocompatibility issues. One widely used
biocompatibility assay is the colorimetric cell viability assay known as the 3-[4,5-Dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide (MTT) assay. In order to detect mitochondrial activity, the test relies on live cells transforming
the MTT chemical into formazan crystals (Kamiloglu et al., 2020). The formation of the purple-colored crystals can
be quantified spectroscopically at 570 nm. Because of this, viable and dead cells can be easily distinguished, thus
making this assay a quick and easy method to analyze the biocompatibility of test samples against human cells.
Although human studies on prolonged exposure to high doses of AgNP have not been extensively studied or reported,
biocompatibility issues of AgNP as an antibacterial agent must be addressed so that safer AgNP-based products can
be made and applied. This study investigated the use of local F. deltoidea (Mas Cotek) plant leaf aqueous extract by
determining its phenolic and flavonoids contents as well as the subsequent AgNP formation for its characteristics and
application as a biocompatible topical antibacterial agent against Gram positive, Gram negative and acne-causing

bacteria.

METHODOLOGY
Sample preparation
Fresh F. deltoidea leaves were cut from the stems, washed, and thinly sliced before being extracted using a heat
percolation method in a 60°C oven for 48 hours. After that, 100 mL of deionized water was added to 2 g of the leaves

powder and extracted for 30 minutes at 100°C, making a mixture that was equivalent to 2% of the plant leaves. The

mixture was then filtered, and the supernatant was stored at 4°C.
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Total phenolic content (TPC)

The total phenolic content (TPC) of F. deltoidea extract was determined based on previous work (Din et al., 2021).
Folin-Ciocalteu (FC) reagent and sodium carbonate solution were used in this test. The initial calibration curve for
gallic acid (0.00, 0.01, 0.02, 0.04, 0.06, 0.08 and 0.10 mg/mL) was created by analyzing the standard calibration
solution. Then, 1 mL of each gallic acid solution was added into a 15 mL centrifuge tube, followed by the addition
of 0.5 mL FC reagent and 5 mL of deionized water. The mixture was left for 5 minutes at room temperature (24°C).
After that, 10 mL of deionized water and 1.5 mL of sodium carbonate (20%) were added to the solution. The solution
was placed in an oven at 40°C for 30 minutes. The standard solutions were analyzed using UV-visible spectroscopy
at 750 nm. The same process was repeated using a solution containing plant leaf extract (2% concentration). The TPC

value was calculated as the equation (1).

Total Phenolic Content, (GAE),= C;I—V Q)

Where C; is the concentration gained from the calibration curve, V is the volume of plant extract (mL) while M is the

mass of plant extract (g).
Total flavonoid content (TFC)

The reagents used in this test were aluminium chloride solution (10%), sodium hydroxide solution (1 M), and sodium
nitrate solution (95%). To prepare a stock solution of 5 mg/mL of quercetin, 0.05 g of quercetin was dissolved in 100
mL of deionized water. From the stock quercetin solution, a series of concentrations, which were 0.02 mg/ml, 0.04
mg/ml, 0.06 mg/ml, 0.08 mg/ml, and 0.10 mg/ml were prepared. Accurately, 1 mL of the prepared standard solution
was added with 0.3 mL of sodium nitrite solution, and 4 mL of deionized water was placed in a centrifuge tube, which
was left at room temperature for 5 minutes. After that, 0.3 mL of aluminium chloride solution and 2 mL of sodium
hydroxide 1 mM solution were added. Deionized water was added to the mixture one more time until a total amount
of 10 mL was attained. The solution was then placed in an oven for 30 minutes at 40°C. After measuring each solution
with a UV-visible spectrophotometer (Jenway 7200 Visible Spectrophotometer) at 510 nm, the calibration curve was
then produced. The linear equation derived from the quercetin standard calibration curve was then used to calculate

the TFC, and the TFC value was calculated as in equation (2).

Total Flavonoid Content, (QE), = % 2

Where, C; is the concentration gained from the calibration curve, V is the volume of plant extract (mL), and M is the

mass of plant extract (g).
Biosynthesis of AgNP

F. deltoidea solutions were prepared with different concentrations (2%, 0.1%, 0.5%, 1.0%, 5.0%, and 10.0%) for the
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optimization of AgNP synthesis. All the prepared plant extract concentrations were subjected to an optimization study
to determine the parameters which yield the highest amount of AgNP. Initially, 1 mM of silver nitrate (AgNO3)
solution was prepared. Then, 10 ml of the AgNOs solution was added into a universal bottle along with 5 ml of each
plant extract solution and left at room temperature (24°C) for 1 hour. The absorbance reading was recorded in the
range of 450 nm to 850 nm using a UV-visible spectrophotometer (Jenway 7200 Visible Spectrophotometer) to
determine the formation of AgNP. After the optimal concentration had been determined, the effect of different reaction
volumes and reaction times was carried out. The different volumes of the extract (1 — 10 mL) with the optimal
concentration were added to the prepared AgNOs solution. The color changes were observed, and the UV-vis
spectrum was recorded. The optimal temperature was determined by subjecting the previous optimal condition to
different synthesis temperatures (room temperature (24°C), 30°C, 40°C, 50°C, 60°C, 70°C and 80°C). The green
synthesis of AgNP was done by eliminating the use of chemical-reducing agents in the synthesis method, which are
known to be harmful and hazardous. Figure 1 illustrates the biosynthesis process of AgNP using plant extract as a

green synthesis approach.
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Figure 1. Biosynthesis process of AgNP using F. deltoidea plant leaves extract.

Characterization techniques

The UV-visible spectroscopy was used to determine the optimal yield of the AgNP in the optimization study. The
surface plasmon resonance (SPR) of the AgNP was measured for AgNP colloidal solution using a Jenway 7200
Visible spectrophotometer with a quartz cuvette in the wavelength range from 350 nm to 750 nm. The peaks produced
by this technique may also be used to find the approximate sizes of the biosynthesized AgNP in which the lower
shifted wavelengths imply smaller AgNP sizes, whereas wider wavelengths indicate bigger AgNP sizes (Husain et
al., 2023). The plant extract (FD-Extract) and biosynthesized colloidal (FDAgNP) were characterized using Fourier
transform infrared spectroscopy (Perkin Elmer FTIR 1600) at the wavenumber range of 4000 - 450 cm™!. The samples
were initially mixed and ground thoroughly with KBr and transformed into small discs by a press machine. The

pressed sample disc was removed and placed in the sample holder of the FTIR machine. Prior to the X-ray diffraction
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analysis (XRD), the colloidal AgNP was centrifuged for 1 hour at 40°C and 10,000 rpm. The pellet was dried in an
oven at 80°C for 24 hours after the supernatant was drained. The pellet was maintained in a desiccator after being
crushed and processed in a mortar and pestle. The AgNP powdered sample was sonicated for 30 minutes in distilled
water before drying on clean filter paper. A Rigaku SmartLab X-ray diffractometer was used in the XRD analysis at
A= 1.5418 at 40 kV and 30 mA in the 20 = 3°-100° range at a scanning rate of 0.02°/second. The morphology and
approximate sizes of the biosynthesized AgNP were analyzed using a transmission electron microscope (TEM).
Approximately 10 ul of the sample was transferred into a thin carbon film which was then supported by the copper
grid. The grid was put in a sample container once the forceps were lifted. The TEM images were obtained using JEOL

model JEM-ARM200-F.

Antibacterial assay

The antibacterial study was carried out by initial preparation of several media and continued with disc diffusion
technique (DDT) against Gram-negative E. coli ATCC 11229, Gram-positive S. aureus ATCC 6538 and anaerobic C.
acnes ATCC 11827 bacteria. Three to four colonies of S. aureus and E. coli were inoculated on agar plates and
resuspended in a separate saline solution for DDT. The solution turbidity was corrected using 0.5 McFarland standard
(1.5 x 10® CFU (Colony Forming Unit)/mL) and streaked across the media surface. Finally, 300 uL of the colloidal
AgNP samples were carefully pipetted into a sterilized susceptibility disc, and they were allowed to dry on the disc.
The discs were placed on the surface of growth media streaked with the bacteria and left to incubate at 37°C overnight.
The halo zone was measured by the observed area of the inhibition zone, which appeared at the edge of the tested
samples. The same technique was carried out for C. acnes bacteria; however, the turbidity of the bacterial suspension
was adjusted to OD600 of 0.14 (1 x 108 CFU/mL) using phosphate-buffered saline (PBS) and cultured in an Anaerobe
Container System (GasPak EZ) at 37°C for 4 to 7 days.

In vitro cytotoxicity study of biosynthesized AgNP

The MTT test was used to evaluate the in vitro cell viability of HSF 1184 cells. After being exposed to the
commercialized AgNP (CAgNP) and biosynthesized AgNP (BAgNP), the viability of the cell was assessed using a
colorimetric technique. To prevent overexposure to light, 10 mg of MTT was placed in a centrifuge tube and covered
with aluminium foil. The mixture was then dissolved with 2 mL of PBS. A 0.22 m sterile syringe filter and syringe
were used to filter the mixture before placing it in another centrifuge tube. Next, 20 mL of cDMEM (Dulbecco's
modified eagle medium) were vortexed. On the 24-well plate, 900 uL of the previous media was removed from each
well. Then, 770 uL MTT mixture was pipetted into the wells. For the reactions to occur, the plate was wrapped in
aluminium foil and placed in a CO2 incubator for around three hours. The cells were then examined using an inverted
light microscope, and the connected camera was used to take a photomicrograph of the cells. Later, 350 pL of
dimethylsulfoxide (DMSO) was added as a buffer after 100 L of the medium was pipetted out. The pipette was used
to homogenize the mixture. Next, 200 pL of the plate's reacted solution was poured into a 96-well plate. Finally, an

ELISA microplate reader (Promega Glomax) was used to measure the absorbance (OD) of each well at 540 nm.
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Statistical analysis was done by using GraphPad Prism software with two-way ANOVA analysis to quantify the

significance of the data between the samples and test organisms.

RESULTS AND DISCUSSION

Plant analysis

The TPC value of F. deltoidea plant leaf extract was determined as 24.37 + 0.57 mg/g, and the TFC value was 1118.91
+ 8.55 mg/g. Due to many circumstances, including the plant's original environment and the extraction solvent
utilized, such as the use of methanol and ethanol during the extract production, these results were different to those
of earlier research (Kumari and Dhanalekshmi, 2017). A polar solvent has a superior efficiency of solvation due to
the stronger interaction of hydrogen bonds between the polar sites of the antioxidants. It has been established that
different extraction solvents can alter the TPC and TFC values due to the solvent's polarity (Thouri et al., 2017).
However, in order to retain the green synthesis approach in this work, which may be accomplished without the use

of organic solvents, the leaf extraction was carried out using water (aqueous extract).

Optimization of AgNP synthesis

The synthesis of AgNP was optimized in accordance with its various concentrations, temperatures, volumes, reaction
times, and pH solution. Figure 2 shows the UV-visible spectra and the absorbance values for each optimization
parameter. It was discovered that the optimal concentration for AgNP production at this stage was 5% of the plant
leaf extract, where the maximum SPR peak was observed. It is also observed that the SPR of AgNP was red shifted
at ~450 nm with the addition of higher concentrations of plant extract, indicating a larger formation of AgNP size
(Rajput et al., 2020). Figure 2(b) shows the effects of different temperatures on AgNP synthesis, which exhibits a
higher SPR peak with the increase in temperature. A higher temperature enhances the reaction rate because the Ag*
ions are consumed during the production of the nuclei, which halts the process of secondary growth on the surface of
the pre-formed nuclei (Song and Kim, 2009). In return, higher temperature results in higher purity and smaller sized
nanoparticles (Salunke et al., 2014). The optimal volume of the plant extract was determined to be 0.6 ml, which
produces the highest peak observed in the visible spectra. Interestingly, lower volumes of plant extract produced
visible spectra at lower wavelength, indicating smaller sized AgNP. The volume of plant extract correlates with the
concentration of phytochemicals found in the plant extract, whereby the lesser volume of plant extract has fewer
phytochemical contents. It is well established that the phytochemical compounds are responsible for the reduction of
Ag" into AgNP. A study showed that higher concentrations of phytochemicals increase the size of AgNP (Johnson
and Prabu, 2015).
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Figure 2. (i) Visible spectra of AgNP synthesized at different (a) plant extract concentrations, (b) temperatures, (c)
volumes, (d) time, and (e) pH and (ii) the absorption values of the AgNP at 441 nm with their respective
parameters.

The high intensity SPR band at 441 nm rises with time, and it was decided that 24 hours was the best time for a high
yield of AgNP. This indicates that the reaction time is required for the complete reduction of Ag to be completely
reduced to AgNP. Studies have shown that reaction times influence the yield of AgNP for the complete reduction
process (Din et al., 2022; Rajput et al., 2020). The pH values greatly influence the yield of AgNP. High AgNP yield
was observed at pH 8, which is consistent with the previous study indicating that the AgNP synthesis produced higher
yields under slightly alkaline conditions (Elemike et al., 2017). The high OH" content of the extracts is thought to
optimize the electrostatic and electrosteric repulsion, which improves AgNP stability (Elemike et al., 2017). In this
study, it was determined that the optimal synthesis of the AgNP using F. deltoidea plant leaf extract was at 0.6 ml of

plant leaf extract with a concentration of 5%, at 80°C of synthesis temperature with a pH value of 8 for 24 hours.
Characterization

Structural properties

The functional groups involved in the synthesis of AgNP can be examined using FTIR spectroscopic technique. The
AgNP was stabilized by phytochemicals serving as capping agents, and FTIR analysis was able to confirm multiple
functional groups in the samples. Figure 3 shows the comparison between FTIR spectra of the plant extract (FD-
Extract), and the biosynthesized colloidal AgNP (FDAgNP). Based on Figure 3, the sharp peak in the FTIR spectra
at 1640 cm™' represents the C=0 (carbonyl) group and the peak at 3320 cm™! was attributed to the amines and hydroxyl
functional groups. These functional groups are found prominently due to the presence of phytochemicals in the plant
extract. Phytochemicals are plant metabolites that are thought to have a significant role in the biological defenses
against pathogens (Cory and Hoover, 2006) and oxidative stress (Misbah et al., 2013). Recent research has revealed
that the leaf extract of the F. deltoidea plant contains a number of phytochemicals, including gallic acid, P-coumaric
acid, chlorogenic acid, and luteolin-7-glucoside with the highest concentration of gallic acid is found in the leaves of
F. deltoidea compared to other organs of the plant (Din et al., 2022). Gallic acid is a compound found in plants which

contains hydroxyl and carbonyl functional groups (Goldberg and Rokem, 2009), P-coumaric acid, luteolin-7-
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glucoside and chlorogenic acid contains an abundance of hydroxyl groups (National Center for Biotechnology

Information, 2023) which strengthened the results obtained from the FTIR spectra, showing the high peak obtained
at the 3320 cm™! regions.
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Figure 3. FTIR spectra of the plant extract (FD-Extract) and biosynthesized colloidal (FDAgNP).

The XRD analysis was performed to examine the crystalline nature of the biosynthesized AgNP (BAgNP). The
colloidal AgNP was centrifuged and dried to obtain powdered AgNP. Moreover, the applied heat was able to evaporate

the solution and, in return, gave the sample powder with higher purity. Figure 4 shows the XRD pattern of the
biosynthesized AgNP.
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Figure 4. XRD pattern of the biosynthesized AgNP.

The crystalline nature of the biosynthesized AgNP is shown in Figure 4, where the peaks obtained at 38°, 46°, 64°
and 76° correspond to the lattice parameters (111), (231), (220), and (311), which are closely connected with JCPDS
(Card No. 04-0783) for silver (Debnath et al., 2020). This shows that the crystalline structure is face-centered cubic
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of metallic silver, which is similar to other studies (Calhan and GUndoGan, 2020; Din et al., 2022). In addition to the
metallic silver phase, the diffractogram displayed a few additional unassigned peaks. The unassigned peak, which
was recorded at the region of 10° to 30°, corresponds to the amorphous state of the plant extract within the sample
(Wan Mat Khalir et al., 2020). The bioorganic crystallized phase of the biosynthesized AgNP, which serves as the
capping agent, is responsible for the formation of these additional crystalline phases, corresponding to the organic
moiety (Asimuddin et al., 2020). This result also validates the results from the FTIR analysis (Figure 3) for the

functional groups present in the sample.

Morphological properties

TEM was utilized to investigate the morphology of the biosynthesized AgNP due to its nano-dimension and
characteristics. Furthermore, the approximation of the particle size was determined by ImageJ software by calibrating
the image obtained from the TEM result. Figure 5 shows the TEM images at 100x and 200x magnifications. The
morphology of the AgNP was observed to be spherical in shape, with approximate sizes ranging from 10 nm to 50
nm. Due to the numerous phytochemicals contained in the plant extract, which serve as the reducing agent for the
AgNP synthesis, the varying sizes demonstrate that the nucleation rates of AgNP are not completely uniform. This
result correlates to the FTIR analysis, which shows different functional groups from the diverse compounds in the
plant extract. Moreover, the particle sizes which was analyzed are important in determining the antibacterial efficacy

of the AgNP, where a smaller sized AgNP has a higher antibacterial effect (Quintero-Quiroz et al., 2019).

Figure 5. TEM images at 100x magnification (a), (c), and 200x (b), (d).
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Antibacterial analysis

The biosynthesized AgNP was evaluated for its antibacterial effect by culturing the selected bacteria according to its
growth medium. Bacteria S. aureus and E. coli were grown on Mueller Hinton agar (MHA) media, and C. acnes was
grown on reinforced clostridial agar (RCA). The analysis was done consecutively with distilled water and plant
extract as negative control samples, whereas colloidal AgNP (FDAgNP) was used as a positive control. Two types of
antibiotic discs were used in this analysis as positive control samples. MHA media was loaded with cefoxitin disc,
whereas the RCA media was loaded with ampicillin, as shown in Figure 6. Figure 6 and Table 1 revealed the
antibacterial effect of the test samples containing AgNP. The antibacterial activity of the AgNP might be due to the
reactive oxygen species (ROS) interaction of the bacterial cellular membrane (Samuggam et al., 2021). A study has
shown that the concentration of ROS influences the growth of bacteria by inducing oxidative stress, which damages
cellular membranes, proteins, DNA/RNA, and lipids (Samuggam et al., 2021). Interestingly, the plant leaf extract
exhibits antibacterial effects against S. aureus and C. acnes measured at 4.6 = 0.3 mm and 11 + 1.6 mm, respectively.
The antibacterial effects of the extract are dependent on various parameters such as the phytochemicals found in the
plant extract, the condition of the plant extract and the bacterial morphology. The pH of F. deltoidea was measured
at 5, which is slightly lower in accordance with previous research that examined various pH values of C. acnes growth

and found that it has an antibacterial effect at the pH range of 2.5 to 5.5. (Valle-Gonzalez et al., 2020).

Cefoxitin

Distilled Water FD-Extract

Figure 6: DDT images of tested samples against (a) E. coli, (b) S. aureus and (c) C. acnes.
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Table 1. The inhibition zone values measured according to the DDT analysis for the test bacteria.
Inhibition zone (mm)

Sample E. coli S. aureus C. acnes
FDAgNP 23+0.1 3.2+0.2 3+0.38
Cefoxitin 13+0.5 15+0.3 -
Ampicillin - - 25+21
Plant Extract None 46+0.3 11+1.6
Distilled water None None None

Antibacterial analysis of biosynthesized AgNP against skin bacteria

The DDT analysis of 2 mg/ml BAgNP and CAgNP against skin bacteria C. acnes shows somewhat similar inhibition
zones produced and measured, as shown in Figure 7 and Table 2. The mechanism and action of AgNP antibacterial

have been discussed due to the ROS, which induced the oxidative stress response of the cellular environment.

Figure 7. DDT image of C. acnes treated with BAgNP and CAgNP.

Table 2. Inhibition zone measured by the DDT analysis of C. acnes with different types of AgNP

Sample C. acnes inhibition zone (mm)
BAgNP 3+14
CAgNP 2+1.4

The higher BAgNP effect is due to the various bioactive compounds found in the plant extract, which act as capping
agents, resulting in the high number of antioxidants that may be associated with ROS over-production, which is
dependent on concentration and incubation time (Osseni, 2000). Hence, higher antibacterial effects and oxidative
stress response are induced towards the bacteria compared to CAgNP. C. acnes is well recognized for being an
anaerobic bacterium, which cannot grow on a solid medium when ambient oxygen is present, and thus, the ROS over-

production within the cell constitutes the higher inhibition zones and lower growth observed from the DDT plate.

Cytocompatibility study via MTT assay

As shown in Figure 8, it can be observed that BAgNP has higher cytotoxicity due to the lower inhibitory concentration
(ICs0). ICso is a measurement of the cytotoxicity of a drug which is tested against whole cells and indicates the amount

of a material needed to inhibit a biological process (Aykul and Martinez-Hackert, 2016). In this case, the value was
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observed at 50% of the inhibitory growth condition, which is at 0.25 mg/ml of BAgNP that inhibits the biological
process and causes cell apoptosis due to the decreased in the percentage of cell viability compared to the higher
concentrations of CAgNP, at 1.0 mg/ml. Hence, this data shows that a lower concentration of BAgNP causes lower

cell viability and, thus, higher cytotoxicity effects against HSF 1184.

Comparing cytotoxicity of BAgNP, CAgNP had less cytotoxicity effects towards the cell samples. This demonstrates
the capability of the biosynthesized AgNP to restrict cellular survival and proliferation and shows that AgNP affects
both bacterial and human cells in a much larger spectrum. On the other hand, using biosynthesized AgNP for human
application is technically possible, with cautious administration and regulated dose. From an industrial standpoint,
upscaling the synthesis of BAgNP will prove to be cost-effective due to the dilution of raw BAgNP needed to produce
and manufacture biocompatible consumer products. This is because a lesser concentration of BAgNP is needed

without exhibiting cytotoxicity effects while promoting antibacterial benefits.

150 150
© ES
2 41004 il E 1004
= 5
® K
T >
< s50- < 50+
3 S i
0- T T 0- T T I T T
N QD S-S N NN P
ETOICICIE e S ST S S
P N R N 5
S ¥ T F T R ARSI NN
B-AgNP Concentration Commercial AgQNP Concentration

Figure 8. Cytotoxicity analysis for BAgNP and CAgNP against normal human fibroblast cells in vitro.

CONCLUSION

This study demonstrated that the AgNP can be synthesized using bioresource, which is plant leaves aqueous extract
of F. deltoidea (Mas Cotek) due to the high antioxidant activity found in the plant leaf extract. The aqueous plant
extract could reduce Ag” (from AgNO:) to Ag’ (AgNP) as presented in the UV-vis spectra around 450 nm due to the
SPR of Ag’. The particles of the biosynthesized AgNP are spherical, with sizes ranging from 10 nm to 50 nm. FTIR
results indicate the functional groups responsible for the reduction process, which are mainly carbonyl and hydroxyl
groups that come from the plant extract. Moreover, the crystallization phase was determined to be Ag element due to
the similarity of lattice parameters. The biosynthesized AgNP has high antibacterial activity against a wide spectrum
of bacteria, including Gram positive and Gram-negative bacteria as well as anaerobic bacteria. Furthermore, the
biosynthesized AgNP has mild cytotoxicity against normal human cells. This study has successfully demonstrated
the ability of the local plant herb of F. deltoidea aqueous extract in the biosynthesis of AgNP, and the biosynthesized

AgNP can be used as an excellent antibacterial agent with low toxicity, which is suitable as an alternative
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dermatological antibacterial agent.
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