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Abstract. Recent findings suggested that plant-mediated synthesized silver nanoparticles exhibit significant antibacterial
property, yet the exact mechanisms and toxicity remain unraveled. Hence, this present study aims to utilize the leaves
extract from Persicaria odorata (L.) Sojak as the reducing agent for the fabrication of silver nanoparticles (PO-AgNPs)
and to evaluate their antibacterial properties. The formation of PO-AgNPs was verified by ultraviolet-visible (UV-Vis)
spectrophotometer which revealed an absorption peak at around 440 nm. Further characterization using Fourier transform
infrared (FTIR) spectroscopy, energy dispersive X-ray spectroscopy (EDX), and X-ray diffraction (XRD) analysis showed
the presence of biomolecules from the leaves extract, which was responsible for the productions of PO-AgNPs and the
crystalline nature of the PO-AgNPs. Field emission scanning electron microscope (FESEM) images revealed the spherical
structure of PO-AgNPs. Disc diffusion and time-kill assay results showed that PO-AgNPs exhibited inhibition against
tested Methicillin-resistant Staphylococcus aureus (MRSA), S. aureus, and S. epidermidis, and Pseudomonas aeruginosa.
Overall, these results further consolidate that PO-AgNPs possess good antibacterial properties. The inhibition mechanisms
of PO-AgNPs against those pathogenic bacteria will be investigated in future works, particularly to explain how PO-AgNPs
caused toxicity in bacteria.

INTRODUCTION

The emergence of green nanotechnology with promising biomedical applications has marked a new era in
nanotechnology research, especially in manufacturing nanoparticles. Recent findings reported that green synthesized
silver nanoparticles exhibit antibacterial activity against numerous microorganisms, including yeasts, bacteria, and
fungi [1,2]. Likewise, numerous findings concluded that green synthesized silver nanoparticles exhibit a broad-
spectrum antibacterial activity, suggesting an alternative agent for antibacterial resistance. To date, considerable
research on the antibacterial effect of the green silver nanoparticles was carried out, yet there is still limited information
on their inhibitory effects against skin-associated bacteria. Currently, reports on the inhibitory actions of silver
nanoparticles against the bacteria tested were centered on the interaction of the nanoparticles and the bacterial
membrane [1-4]. It was reported that the minute size of nanoparticles aids the attachment of the nanoparticles on the
cell wall of the bacteria, hence facilitating the disruption of the membrane, which further leads to cell death.

Therefore, in this present study, the antibacterial effects of AgNPs prepared by using the leaves extract of P.
odorata as the reducing agent were investigated. The formation of PO-AgNPs was first verified by characterization
techniques to evaluate the physicochemical characteristics of the silver nanoparticles. The antibacterial activity of the
green AgNPs against skin-associated bacteria was further evaluated by disc diffusion assay and time-kill curves.
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EXPERIMENTAL DETAILS

Biosynthesis of PO-AgNPs

The leaves of P. odorata was cleaned with tap water twice to remove debris and organic contaminants, followed
by deionized water and air-dried at room temperature for a week [5, 6]. The dried leaves were then grounded into fine
powder form, then a concentration of 2% (w/v) of the extract was prepared [6]. The extract was left at room
temperature to cool down and then filtered with Whatman filter paper no. 1. Synthesis of PO-AgNPs was carried out
by adding | mL P. odorata leaves extract into 10 mL of 1 mM of AgNOs. The reaction was allowed to stand for 24
hours in dark condition at room temperature to minimize the photo-activation of AgNO;. Formation of PO-AgNPs
was evidenced by the colour changes from yellowish to dark brown.

Physicochemical Properties of PO-AgNPs

The formation of PO-AgNPs was confirmed by UV-Visible spectrophotometer by measuring the spectrum in the
range of 370 to 700 nm using a UV-Vis spectrophotometer (Jenway 7200). FTIR analysis was conducted by using
FTIR Perkin-Elmer in the wavelength range of 4000 to 450 cm™ to determine the present of pythochemical
constituents in the leaf extract and its function in the reduction of PO-AgNPs. XRD analysis was conducted using a
SmartLab X-ray diffractometer to evaluate the crystalline nature of the PO-AgNPs. The morphology and shape of the
PO-AgNPs were assessed using FESEM (Hitachi SU8020).

Antibacterial Activity of PO-AgNPs

The antibacterial study was evaluated by the standard disc diffusion technique and time-kill assay. Briefly, sterile
blank discs with a 6 mm diameter and 1 mm thick were impregnated with either 20 pL of 500 pg/mL PO-AgNPs or
30 pg/mL chloramphenicol (CHL), as a positive control. The discs were then placed on the Muller-Hinton agar plates,
which were already swabbed with the bacteria and incubated for 24 hours at 37 °C. The antibacterial capacity of the
PO-AgNPs was evaluated by measuring the inhibition zone around the discs as bacterial growth inhibition. This assay
was conducted in triplicate. Time-kill assays were performed at MIC value for each bacterial strain to determine the
rate at which a specific concentration of PO-AgNPs able to kill the bacterial isolate. Tubes containing MH broth
(MHB), MHB with CHL, and MHB with PO-AgNPs were inoculated with the bacterial suspension at an initial density
of 10° CFU/mL in a volume of 2 mL and incubated in a shaking incubator at 37 °C, 170 rpm. Aliquots of 100 pL were
removed at specific times 0, 4, 6, 8, 10- and 24-hour post-inoculation. A 100 pL aliquot was diluted in a sterile 0.9 %
sodium chloride solution, and an aliquot of 50 pL from the diluted sample were plated in triplicate on Muller-Hinton
agar plates to determine the viable counts.

RESULTS AND DISCUSSION

Visible colour changes were observed from yellowish to brownish after two hours of adding the plant extract to
the AgNOj solution, as shown in Figure 1(b). Over time, the colour intensity increased to dark brown, as shown in
Figure 1(f). This observation is in accordance with other research findings that utilize plant extract as the reducing
agent [7-10]. These observable changes signify the formation of AgNPs and can be visually observed through the
naked eye due to the unique visible properties that AgNPs possess. AgNPs are known to emit colour ranging from
reddish-brown to yellow [11].

FIGURE 1. The colour changes upon the addition of the plant extract to AgNOs at 0 (a), 2 (b), 4 (c), 6 (d), 8 (), and 24 h ().
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From the UV-Vis spectra in Figure 2(a), it was known that the SPR for PO-AgNPs occurs at band 440 nm, aligned
with other findings which suggested that AgNPs possess SPR band in the range of 430 — 450 nm. From the FTIR
spectra in Figure 2(b), it can be observed that both P. odorata and PO-AgNPs have identical spectrum, with some
marginal shifts in peaks and intensity suggesting that some residual moieties of the bioorganic compounds from P.
odorata have formed complexes with the metal and stayed on the surface of the AgNPs. The FTIR spectra of P.
odorata showed several absorbance bands at different locations, including 3432, 2924, 1632, 1446, and 1057 cm’!,
which proved the presence of organic acids phenols, and aliphatic amines in the P. odorata leaves extract, comparable
to the FTIR spectra of PO-AgNPs at 3431, 2924, 1609, and 1056 cm™. These findings were also reported by others
whose using leaves extract as the reducing agent [12-14]. From Figure 2(c), the XRD graph shows the presence of
four peaks at 20 values which corresponds to (1 1 1), (2 00), (22 0), (3 1 1), and (2 2 2) planes of silver respectively.
From the diffractogram, the presence of several additional peaks that are unassigned can be observed, suggesting the
presence of the crystallized bioorganic phase on the surface of the PO-AgNPs and further confirmed the UV-vis and
FTIR analyses. This finding has also been observed in other studies [15, 16]. The surface morphology of the fabricated
PO-AgNPs in Figure 2(d) indicates that the fabricated PO-AgNPs have a spherical shape. The EDX spectrum in Figure
2(e) shows an intense peak of elemental silver at 3 keV, and other peaks of C and O, which might be arisen due to the
formation of the plant biomolecules onto the PO-AgNPs surfaces.
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FIGURE 2. The synthesis of PO-AgNPs was confirmed using UV-vis spectrophotometer (a), FTIR spectrum (b), XRD analysis
(c), FESEM images (d), and EDX analysis (e).

The antibacterial efficacy of PO-AgNPs against MRSA, S. aureus, S. epidermidis, and P. aeruginosa was first
analyzed by the zone of inhibition, as shown in Table 1. This result demonstrated that PO-AgNPs possessed
antibacterial activity against tested bacteria. From the result, it was observed that an increased amount of PO-AgNPs
exhibited a greater inhibition zone.
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TABLE 1. The inhibition zone of different bacteria treated with different amounts of PO-AgNPs. Data were presented as mean +
SD from three independent experiments (n = 3).

Inhibition zone of tested bacteria (mm)

Tested material

MRSA S. aureus S. epidermidis P. aeruginosa
CHL 14+£0.17 18 £0.10 18+0.29 9£0.29
PO-AgNPs (10 pg) 7£0.12 8 +0.06 10+ 0.29 9+0.06
PO-AgNPs (50 pg) 8+£0.61 9+0.06 11+0.58 10£0.76
PO-AgNPs (200 pg) 11 £0.10 12 £ 0.58 13 £0.06 13 +0.06

To further evaluate the effect of PO-AgNPs against the growth of bacteria, killing experiments were conducted.
From the time-kill curves in Figure 3, it can be concluded that the number of viable cells for each bacterium was
reduced within 24 hours, indicating that PO-AgNPs was able to inhibit bacterial growth against all tested bacteria.
From the curve, a potent inhibition was observed in P. aeruginosa, which might be due to the thin peptidoglycan layer,
which further facilitates the interaction of PO-AgNPs against the bacteria.
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FIGURE 3. Time-kill curves for MRSA (a), S. aureus (b), S. epidermidis (c), and P. aeruginosa (d) against PO-AgNPs. Data
were presented as mean + SD from three independent experiments (n = 3).

SUMMARY

In conclusion, the findings of this study suggested that the green synthesis of AgNPs using leaves extract of P.
odorata exhibited good antibacterial activities against MRSA, S. aureus, S. epidermidis, and P. aeruginosa.
Considerable inhibitory effects were observed against MRSA, S. aureus, and S. epidermidis, whilst potent inhibitory
activity was observed against P. aeruginosa. Although the present findings provide insight into the inhibition activities
of PO-AgNPs against the tested bacteria, further studies are needed to understand the mechanistic of the PO-AgNPs
as an antibacterial agent.
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