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Abstract: Plant leaf extract can be used as a reducing agent in the synthesis of silver nanoparticles
(AgNP) in a green and safe way. As a result, this study describes the synthesis of AgNP using a
Clinacanthus nutans plant extract. C. nutans is known as belalai gajah in Malaysia and is widely used
as a medicinal herb. UV-Vis spectroscopy, X-ray diffraction (XRD), field emission scanning electron
microscopy (FESEM), energy dispersive X-ray (EDX), and transmission electron microscope (TEM)
were used to characterize the biosynthesized AgNP using C. nutans aqueous extract at pH 10, 70°C,
and a reaction time of 48 hours. The UV-Vis spectra revealed a peak around 400 nm, while XRD
confirmed AgNP's crystal structure, which had an average size of 20 to 30 nm, as shown in FESEM and
TEM micrographs. The antibacterial activity of biosynthesized AgNP against Escherichia coli,
Pseudomonas aeruginosa, and Staphylococcus aureus was tested using the disc diffusion technique
(DDT). Antibacterial activity was limited against Enterococcus faecalis and methicillin-resistant
Staphylococcus aureus (MRSA). AgNP, which was synthesized using C. nutans leaf extract AgNP as
a bioreducing agent, has antibacterial activity against a wide range of bacteria in general.
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1. Introduction

Metal nanoparticles could be synthesized via several techniques, such as radiation,
chemical precipitation, photochemical, and electrochemical techniques. However, the methods
pose several disadvantages, such as being costly, toxic, producing heterogeneous particle size,
flammable, damaging the environment, or producing biological risk [1-6]. Thereby, researchers
are compelled to identify and find alternative and reliable methods to synthesize the
nanoparticles due to the rapid development of nanoparticles, especially silver nanoparticles
(AgNP), together with their wide applications and growing global demand. Green synthesis is
a reliable method to synthesize AgNP, involving bioresources as the reducing agent in the
reduction process of Ag* to Ag® (AgNP), compared to conventional synthesis methods [7-12].
The utilization of plant extract (bioresource material) is a preferred approach for AgNP
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synthesis, and it is a good example of green synthesis. It is relatively cheap environmentally
friendly, and it can be easily found due to its abundance in nature [10,11]. The key factor in
using plant extract in AQNP synthesis is that the plant biomolecules and secondary metabolites
help reduce and stabilize the Ag ions during the biosynthesis process [11-15].

The use of AgNP is increasing due to its ability to prevent and kill pathogenic
microorganisms besides its wide usage in various products such as food packaging, plastics,
soaps, pastes, food, and especially in hospitals for different medical equipment types [11,14].
The biological technique of AgNP synthesis lacks the utilization and production of toxic
materials and expensive chemicals because it employs natural reducing, capping, and
stabilizing agents. Plant extracts contain various combinations of biomolecules with proven
medicinal values, i.e., carbohydrates, amino acids, enzymes, proteins, alcohols, aromatic
phenols compounds, and polyphenols [12,15]. Additionally, the production of AgNP from
plants renders various benefits such as rapid reaction, non-pathogenic, biocompatibility, cheap,
single-step synthesis, easily available, safe to handle, and minimal toxicity to the environment.

Hence, this paper reports the synthesis of AgNP from a Malaysian local herb named
Clinacanthus nutans (a family of Acanthaceae) or locally known as belalai gajah. The
extracted leaves of C. nutans are known for their significant healthcare role, and they are widely
used in cancer treatment due to their cost-effectiveness [13,14]. The phytochemical analysis of
this plant exhibits a wide range of bioactive components such as flavonoids, glycosides,
glycoglycerolipids, cerebrosides, and monoacyl monogalactosyl glycerol [13-16]. The study
further explained that the pharmacological analysis of C. nutans had discovered the
antimicrobial activity, anti-inflammatory, antiviral, antioxidant, and anti-diabetic actions. It has
been used in different applications such as skin rashes, snake and insect bites, diabetes, and
gout management. This work highlighted the potential of C. nutans in synthesizing AgNP as
an environmentally-friendly, cheap, and easy synthesis method and readily available raw
material.

2. Materials and Methods

2.1. Preparation of plant extract.

The leaves of C. nutans were collected from Nursery Rimbun Ventures, Johor,
Malaysia. The fresh and healthy leaves were washed with deionized water and left to dry at
room temperature for a week. The dried leaves were crushed and ground into a powder form
and stored at 4°C for future use. About 2.0 g of the powder was added to 100 mL deionized
water (2 %, w/v) and subsequently heated at 100°C using a hotplate magnetic stirrer for 15
min. Then, the plant extract was filtered and kept at 4°C for further assessment.

2.2. Biosynthesis of silver nanoparticles.

For the biosynthesis of AgNP, 1.0 mL of leaf extract was added to 10 mL of AgNOs
1.0 mM (VChem Laboratory Chemicals). Our preliminary experiment showed that the
optimum parameters (data not shown) for synthesizing AgNP using C. nutans aqueous extract
were at pH 10, the reaction temperature of 70°C, and 48 h reaction time. The UV-Visible
spectroscopic analysis was performed using the 7205 UV/Vis spectrophotometer (Jenway, UK)
at the wavelength of 360 nm to 750 nm to monitor the production of AgNP.
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The colloidal form of AgNP was centrifuged at 10,000 rpm at 40°C for 15 min. The
supernatant was discarded, and deionized water was added to the pellet several times until a
clear solution was obtained. Finally, the powder was dried in an oven at 50°C for 24 h.

2.3. Characterisation.

The characterization of the biosynthesized AgNPs was performed using the X-ray
diffraction (XRD, Rigaku SmartLab, Japan) equipment. The XRD pattern was recorded with
CuKa radiation at 40 kV with the range of 26 at 20-100°. A transmission electron microscope
(TEM, model JEOL JEM-ARM 200F, Japan) operated at 200 kV was used for AgNP
morphological analysis. The sample powder was initially dissolved in 3 mL ethanol and
sonicated for 30 min in the TEM analysis. The sample was then dropped onto a carbon copper
grid (about 2-3 drops) and dried in a vacuum pump before viewing under the TEM. A field
emission scanning electron microscope (FESEM, model Hitachi SU8020, Japan) was used for
AgNP surface morphology analysis. The AgNP powder was observed at different
magnifications. The FESEM instrument is equipped with a dispersive energy X-ray (EDX)
analyzer for elemental analysis. The scanning of the sample for EDX analysis was obtained
from O to 20 keV at several sites.

2.4. Antibacterial assay.

The antibacterial activity of the sample was assessed against Gram-negative
(Escherichia coli ATCC 11229 and Pseudomonas aeruginosa ATCC 15442) and Gram-
positive bacteria (Staphylococcus aureus ATCC 6538 and methicillin-resistant Staphylococcus
aureus [MRSA] ATCC 43300) based on the disk diffusion technique (DDT) [14, 17]. A total
of three bacterial colonies were inoculated into a saline solution (0.9%), and the turbidity was
monitored and matched to the 0.5 McFarland standard that contained approximately 1.5 x 108
colony-forming unit (CFU)/mL (Clinical and Laboratory Standards Institute, 2014). The
bacteria were then spread evenly onto the Muller-Hinton agar plate. The discs containing
colloidal biosynthesized AgNP (100 and 200 pL) and plant aqueous extract (control) were
placed on the agar, and the plates were incubated in an incubator (37°C) overnight. The
inhibition zone around the disc was measured using a ruler (in mm).

3. Results and Discussion

3.1. Characterisation of biosynthesized silver nanoparticles.

The production of colloidal biosynthesized AgNP was monitored using UV-Vis
spectroscopic technique. Figure 1 (a) shows the UV-Vis spectra of AgNP colloidal formation
at different pH values (pH 9, 10, and 11) during the AgNP reaction. The peak appeared in the
range of 390 to 430 nm, representing the production of synthesized AgNPs. The production,
stability, and morphology of the biosynthesized AgNP were influenced by pH value. At lower
pH, the active components of C. nutans are ineffective in reducing Ag ions due to their
structural stability through H-bonding.

On the contrary, the NOs group of AgNOs is a stronger oxidant than Ag. At basic pH
(higher pH), the Ag ions formed Ag-0O, reducing to AgNPs [18-20]. The phytochemical
components in C. nutans are responsible for reducing, stabilizing, and capping agents for the
biosynthesized AgNP.

https://biointerfaceresearch.com/ 30f9


https://doi.org/10.33263/BRIAC132.171
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC132.171

The powdered biosynthesized AgNP was characterized for its structure using XRD
(Figure 1 [b]). Several peaks are observed in the XRD pattern, at 26, i.e., 28°, 32°, 45°, 55°,
57°, 75°, 78°, and 85°, attributed to the planes of 111, 200, 220, 311, 222, 400, 420, and 422
reflections on the face-centered of crystalline AgNP cubic structure. Other peaks are observed,
which may contribute to the crystalline impurities of the plant extract.

The morphology and elemental analyses of the biosynthesized AgNP are shown in Fig.
2 for FESEM image (Figure 2[a]), elemental analysis using EDX (Figure 2[b]), and TEM
images at two different magnifications (Figure 2[c—d]). The AgNP is observed with sizes
ranging between 20 to 30 nm. The TEM results displayed various shapes of the biosynthesized
AgNP particles, i.e., spherical, quasi-spherical, hexagonal, ellipsoidal, and irregular with
diverse diameter sizes. Furthermore, the edge of the biosynthesized AgNP is lighter than the
center, proving that the biomolecules from the C. nutans are responsible for AgNP capping
[21-24]. Meanwhile, the EDX result shows the peaks for carbon (C), oxygen (O), chlorine (CI),
sulfur (S), and phosphorus (P) that may originate from the biomolecules of C. nutans, attached
to the AgNP and the organic compounds present in the C. nutans extract. The EDX spectrum
shows a significant peak of elemental Ag, representing the formation of AgNP. On the contrary,
the other peaks related to the C, Cl, O, S, and P are active molecules of C. nutans responsible
for reducing Ag* to AgP.

UV-Vis spectra demonstrated the production of AgNP due to the emergence of the
surface plasmon resonance (SPR) at around 400 nm. Additionally, the crystal structure of
AgNPs was confirmed by the XRD pattern. Meanwhile, the morphological analysis from
FESEM and TEM specified that the average size of AgNP is between 20 to 30 nm. Hence, the
characterization analysis proves the potential of C. nutans as the reducing agent of Ag* to
AgNP and further as a capping agent through its phytochemical compounds.
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Figure 1. (a) UV-Vis spectra of biosynthesized AgNP at different pH; (b) X-ray diffractogram of the
biosynthesized at pH 10.
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Figure 2. (a) FESEM image; (b) EDX spectrum; and (¢ and d) TEM images of the biosynthesized AgNP.
3.2. Antibacterial activity of biosynthesized silver nanoparticles.

DDT is an antibacterial sensitivity test against synthesized materials. In this research,
the antibacterial activity of the biosynthesized AgNP using C. nutans was tested against Gram-
negative (E. coli ATCC 11229 and P. aeruginosa ATCC 15442) and Gram-positive (S. aureus
ATCC 6538 and MRSA ATCC 43300) bacteria. Figure 3 depicts the images of the studied
bacteria using synthesized AgNP from C. nutans extract, while Table 1 shows the values of the
inhibition zones.

E. coli ATCC 11229 P. aeruginosa ATCC 15442
E X —

Figure 3. DDT images of the biosynthesized AgNP against different types of bacteria and different volumes (a)
control; (b) 100 uL; (c) 200 pL.
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Table 1. Zone of inhibition values of the biosynthesized AgNP against different types of bacteria.

Zone of Inhibition (mm)
Bacteria of synthesized AgNP using C. nutans
Control 100 pL 200 pL
E. coli ATCC11229 0 18 21
P. aeruginosa ATCC15442 0 18 22
S. aureus ATCC6538 0 18.5 21
MRSA ATCC4330 0 17 18

In this research, the biosynthesized AgNP showed a remarkable inhibition zone on all
tested bacteria (Table 1). AgNP revealed a better antibacterial efficacy against P. aeruginosa,
E. coli, and S. aureus with larger inhibition zones than the mild inhibitory effect against MRSA
(Figure 3). These results indicate that the antibacterial activity of AQNP could be associated
with the characteristics of certain bacterial species. The smaller zone of inhibition exerted by
AgNP against MRSA might be derived from the differences in its membrane structure.

A study reported that the antibacterial mechanism of AgNP was due to the inhibitory
effect of the Ag ions in the form of electrostatic attraction, which could penetrate and disrupt
the bacterial cell wall. This occurs when the positively charged Ag ions are attached to the
negatively charged cell membrane [25-27]. Based on a report, the differences in the cell wall
such as structure, thickness, and composition could be the reason for Gram-negative bacteria
being more sensitive and showing a substantial inhibition to the AgNP than Gram-positive
bacteria, even at a low concentration [28-30].

Furthermore, the susceptibility of Gram-negative bacteria could be due to the layer of
lipopolysaccharides and peptidoglycans comprised in the cell wall [31-33]. The arrangement
of the cell wall of Gram-negative bacteria facilitates the entry of free ions from the
nanoparticles into the cell. E. coli is more negatively charged and rigid than S. aureus [34-36].
In contrast, the lack of inhibition zone in MRSA may be related to the structure of cell wall and
high concentration of bacteria due to multiple colonies, leading to the lack of expression of the
antibacterial activity.

4. Conclusions

The AgNP was successfully synthesized using an aqueous extract of C. nutans leaves
at 70°C, pH 10, and 48 h reaction time. The biosynthesized AgNP has an average of 20-30 nm
and is effective against the tested Gram-positive and Gram-negative bacteria, except MRSA.
Hence, the potential of C. nutans to replace the chemical synthesis method is established with
an extended antibacterial activity application.
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