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Abstract 

 Biogenic metal nanoparticles continue gaining popularity due to their low production costs, biocompatibility, and 

several environmental and biological benefits. In this work, Asian pennywort extract (APE) will be electrolysed to 

produce biogenic silver nanoparticles (AgNPs) sustainably. This study also aims to improve APE’s in vitro anti-

inflammatory properties. The extract solution acts as an electrolyte in the system, facilitating the formation of AgNPs via 

electrochemical synthesis, as shown by the appearance of a peak at 430 nm. In accordance with the FTIR spectra, the 

phytochemical screening findings of the extract showed a preponderance of phenols, flavonoids, and triterpenes. It 

suggests that the biomolecules in the extract serve as both stabilising and reducing agents, playing a role in the synthesis 

process. TEM micrographs demonstrate that AgNPs have a uniform spherical shape and are surrounded by a thin 

biomolecular layer with diameters of 32.62 ± 10.53 nm. The light scattering pattern of colloidal AgNPs also exhibits a 

particle size distribution of 32.50 ± 5.68 nm. The approach generates polycrystalline nanoparticles ranging in size from 

17.55 to 32.26 nm. AgNPs outperformed APE in terms of anti-inflammatory action, with IC50 values of 523.40 ± 7.85  

and 960.29 ± 16.81 µg/mL, as determined by the BSA protein denaturation procedure. The electrosynthesis approach 

using APE biomolecules suggests a novel strategy for producing AgNPs with superior anti-inflammatory capabilities, 

leading to promising future applications for large-scale production in the pharmaceutical and cosmetics industries. 
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Introduction 

 Anti-inflammatory drugs are medicines used to 

reduce inflammation in the body. Inflammation is the 

body’s natural response to injury or infection; however, 

excessive inflammation can cause pain and discomfort. 

Nonsteroidal anti-inflammatory drugs (NSAIDs), which 

are most commonly used to decrease inflammation, 

relieve pain, and lower fever, work by blocking the 

production of chemicals in the body that trigger 

inflammation [1]. However, these drugs often have side 

effects such as stomach ulcers, bleeding, and kidney 

problems [2]. Therefore, medicinal plants are a common 

source of active chemicals with fewer side effects [3,4]. 

Because the active compounds are present in low  

 

concentrations, the therapeutic effects of medicinal 

plants might not be immediately noticeable [5]. It takes 

time for these compounds to accumulate in the body to 

reach effective levels. This has led to research into fast-

acting anti-inflammatories with fewer side effects. 

 Red Blood Cell (HRBC) membrane stabilisation 

and heat-induced haemolysis assay, where AgNPs 

prepared using the polyol method showed a maximum 

inhibition of 73.6%, compared to 84.8% for the 

reference standard, diclofenac sodium [6]. Chi et al. [7] 

conducted a study demonstrating that the anti-

inflammatory activity of AgNPs synthesised using 

aqueous Azadirachta indica kernel extract was 
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comparable to that of the standard drug when 

administered at a concentration of 100 μg/mL. 

Additionally, Varghese et al. [8] investigated AgNPs 

and zinc oxide synthesised using Ocimum tenuiflorum 

and Ocimum gratissimum and observed potent anti-

inflammatory activity that matched that of diclofenac 

sodium, a standard anti-inflammatory drug; thus, these 

findings further support the potential of AgNPs as an 

effective agent for managing inflammation. It is 

estimated that AgNP products will continue to increase, 

driving demand due to their unique qualities (chemical 

stability, size, shape, homogeneity, and catalytic 

activity) [9]. This development is pursued in 

nanotechnology schemes, such as designing biogenic 

AgNPs with excellent characteristics and coating agents 

that can enhance anti-inflammatory action. 

 The preparation of AgNPs and their various 

applications has been one of the primary focuses of 

nanotechnology research. Although various physical 

and chemical methods for synthesising AgNPs have 

been described, the majority are expensive or use 

hazardous compounds, which are undesirable due to 

their detrimental health and environmental impacts. 

Biogenic AgNP synthesis has grown simpler, less 

expensive, and more efficient as a result of the use of 

numerous green chemistry principles  [10-12]. Biogenic 

AgNPs were created utilising green tea leaves extract, 

which has good antioxidant [13] and antibacterial [14] 

characteristics. Plant extracts serve as a bioreductant and 

capping agent for the synthesis of biogenic AgNPs. 

Advances in the synthesis of biogenic AgNPs aim to 

preserve biological resources, such as replacing 

traditional heating methods. To achieve this, the 

electrolysis method is used to produce biogenic AgNPs, 

offering benefits such as being easy, inexpensive, fast, 

non-toxic, and environmentally friendly [15]. 

 Based on the green electrosynthesis principle, a 

silver electrode serves as a precursor, allowing for the 

controlled synthesis of high-quality biogenic AgNPs 

with easy scaling [16]. Using a silver anode, 

electrosynthesis reduces the toxicity of AgNO₃ and the 

impact of metal precursor concentration on the 

properties of the produced AgNPs, making it preferable 

to bioreduction. As a result, electrosynthesis provides 

precise control over the form and size of AgNPs, as well 

as high purity, making the process more repeatable, safe, 

and efficient for a wide range of applications [17]. In 

Asian pennywort (AP), biomolecules such as alkaloids, 

tannins, steroids, saponins, triterpenes, and flavonoids 

might contribute to the synthesis of AgNPs. These 

biomolecules contain numerous electron-rich -OH 

groups [18], making them an excellent bio-medium for 

electrolysis. Their easily oxidisable characteristics can 

be used to generate AgNPs by reducing Ag+ ions 

[12,19]. The AP contains triterpenes, which are anti-

inflammatory compounds, as well as flavonoids, which 

are antioxidants [20]. Combining the electrosynthesis 

approach with AP biomolecules as electrolytes provides 

a novel study that differentiates this work from previous 

plant-mediated AgNP studies, especially the large-scale 

biosynthesis that produces biogenic AgNP with strong 

anti-inflammatory activity. In this work, for the first 

time, APE was used to electrosynthesise biogenic 

AgNPs, and the generated AgNPs’ characteristics were 

investigated. The proposed AgNP-APE was evaluated 

for anti-inflammatory efficacy using albumin 

denaturation. 

 

Materials and methods 

 Chemicals 

 The AP (Balinese accession) used in this study 

was obtained from near Lingsar Village, West Lombok, 

Indonesia. The leaves were washed under running tap 

water and rinsed using double-distilled water. Then, the 

leaves were drained at room temperature until dry and 

chopped. The 5 g of AP was weighed and added to 100 

mL of distilled water. To prepare APE, an unmodified 

domestic microwave (AQUA AEM-S18125) was 

utilized at 80 W (20% of the total power) for 1 min, 

equivalent to a temperature of approximately 40 °C. The 

solution was then filtered and used as an electrolyte in 

the electrochemical synthesis of biogenic AgNPs 

(AgNP-APE). Silver electrode rods (Ø 1.8 mm) as 

precursors were purchased from Antam, Indonesia, with 

99.9% purity. The phytochemical was tested using 

various reagents as described in the next step. Double-

distilled water served as the solvent in this investigation, 

and all other reagents were of analytical grade. 

 

 Phytochemical test 

 According to a prior study, the goal of this 

phytochemical content test was to discover 

biomolecules of AP that could be involved in the 

synthesis of biogenic AgNP [21]. The Total Phenolic 
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Content (TPC) of APE was determined using the Folin-

Ciocalteau reagent, with gallic acid serving as the 

standard. Following the addition of 1 mL of 10% Folin-

Ciocalteau reagent to each 1 mL sample and 1,000 

μg/mL standard, and neutralisation with 4 mL of 7.5% 

Na₂CO₃, the mixture was stirred for 3 h at 30 °C. The 

Total Flavonoid Content (TFC) of APE was determined 

using the AlCl₃ reagent, with quercetin as a reference. 

10 mL of 10% AlCl₃ reagent was added to 1 mL of the 

sample and 1,000 μg/mL standard, followed by 1 mL of 

1 M C₂H₃NaO₂, 2.8 mL of water, and an incubation 

period of 40 min at 30 °C. The Lieberman-Buchard 

reagent was used to calculate the Total Triterpene 

Content (TTC) of APE using ursolic acid as a standard. 

The quantitative analysis of triterpenes was carried out 

by adding 1 mL of sample and standard, 1.5 mL of 

chloroform, and leaving it for 3 min, then adding 100 μL 

of Lieberman-Buchard reagent (glacial CH₃COOH and 

concentrated H₂SO₄), and incubating in a dark room for 

1.5 - 2 h until a precipitate formed. Then, 1.5 mL of 95% 

methanol was added. TFC, TPC, and TTC were 

determined by measuring absorbance at 415, 720, and 

538 nm using a UV-visible spectrophotometer. 

Quantification was performed through 3 replicate 

measurements and a calibration curve. 

 

 Synthesis of AgNP-APE 

 According to Hermanto et al. [13,14], this 

electrosynthesis process uses a set of electrochemical 

systems consisting of a DC power source, electrodes, a 

polarity control switch, and a reactor. This electrolyte 

reactor’s design was provided by earlier studies and 

consists of a 500 mL beaker filled with APE that rotates 

magnetically at 2,000 rpm at room temperature. Two 

silver rod electrodes immersed in APE are set 0.5 cm 

apart and parallel in the reactor. APE serves as an 

electrolyte (electron transfer medium), a bioreductant 

for the synthesis of biogenic AgNPs, and a 

stabilising/covering agent for the AgNPs. During the 

electrolysis process, a switch changed the polarity of the 

cathode and anode every minute, connecting both 

electrodes to a 10 V DC power supply. Once the color 

of the solution changed from greenish yellow to 

brownish yellow, biogenic AgNPs developed, and 

electrosynthesis was terminated. Biogenic AgNPs were 

collected from APE using a centrifuge (Tomy MDX-

310, Japan) set to 12,000 rpm for 30 min. The pellet was 

separated from the remaining reactant by carefully 

removing the supernatant using a pipette and dried using 

a freeze dryer (Alpha 1-2LD plus, Germany). The 

pellets were then dissolved in distilled water as needed 

and kept in a dark bottle in the refrigerator at 5 °C until 

used. 

 

 Characterization of AgNP-APE 

 The properties of AgNP-APE obtained from the 

initial stage were examined using various instruments. 

A UV-Vis spectrophotometer (7809, Labo-Hub, China) 

was used to measure the localised surface plasmon 

resonance (LSPR) absorbance of the resulting AgNP-

APE. A Fourier Transform Infra-Red (FTIR) 

spectrophotometer (Perkin-Elmer, USA) was used to 

identify the functional groups involved in the 

biomolecular interactions that produce AgNP-APE. To 

obtain microscopic images of the size distribution and 

shape of the resulting AgNP-APE particles, a 

transmission electron microscope (TEM) (Hitachi 

H9500, Japan) and a scanning electron microscope 

(JEOL-JEM, Japan) were used. In the meantime, the 

Debye-Scherrer equation (D = k λ/ β cos θ) was used to 

analyse the phase morphology, crystallinity, and crystal 

size of AgNP-APE using X-ray diffraction (XRD) 

(Philips X’pert PW3050, Netherlands). where λ is the X-

ray wavelength, β is the full-width at half maximum 

(FWHM), θ is the peak Bragg diffraction angle, D is the 

crystal size, and k is the form factor (0.94). The size 

distribution (particle size analyzer, PSA) of AgNP-APE 

was analyzed using a Malvern Zetasizer (Malvern 

Instrument, UK). 

 

 Anti-inflammatory activity of AgNP-APE 

 The anti-inflammatory activity of APE and AgNP-

APE samples was assessed in vitro using the protein 

denaturation test (bovine serum albumin, BSA). The test 

solution (0.5 mL) contains 0.45 mL of BSA (in 5% 

aqueous solution) and 0.05 mL of the sample at varied 

concentrations (0.1 - 0.5 μg/mL). The test control 

solution (0.5 mL) contains 0.45 mL of BSA (in 5% 

aqueous solution) and 0.05 mL of control solution 

(saline solution) at varied concentrations (0.1 - 0.5 

μg/mL). The standard solution (0.5 mL) contains 0.45 

mL of BSA (in 5% aqueous solution) and 0.05 mL of 

standard solution at varying concentrations (0.1 - 0.5 

μg/mL). Acetylsalicylic acid (aspirin 3,000 μg/mL) 
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served as the standard anti-inflammatory medicine. The 

solution was incubated for 20 min at 37 °C. After 

cooling, 2.5 mL of phosphate buffer (pH 6.4) was added 

to each solution, and the temperature was gradually 

increased to 70 °C over 5 min. The absorbance of the 

resultant solution was measured using a UV-Vis 

spectrophotometer at 660 nm [22]. The % inhibition of 

protein denaturation was calculated using the formula 

Eq. (1). 

 

I(%) =
Ats−Atcs

Ass
× 100                       (1) 

 

Note: Ats is the absorbance of the test solution, Atcs is the 

absorbance of the product control solution, and Ass is the 

absorbance of the standard solution. The dose-response 

curve was plotted, and the IC50 value for the sample was 

calculated. Each value is the result of 3 replicate 

measurements. 

 

 

 

 

Results and discussion 

 Phytochemical content of APE 

 Biomolecules are necessary for the 

electrosynthesis of biogenic AgNPs utilising APE. A 

preliminary phytochemical analysis of APE revealed 

that it was proportionally high in flavonoids, phenolics, 

and triterpenes [5,21]. Table 1 shows the results of the 

identification of the APE biomolecules employed in this 

study, such as TPC, TFC, and TTC. APE contains a high 

phenolic content, with a TPC of 122.8 ± 1.1 mg/g, in line 

with earlier research (Table 1). It has a high therapeutic 

and antioxidant potential due to its ability to react with 

active oxygen radicals via its phenolic content. APE has 

a significant flavonoid content, as seen by its TFC of 

22.4 ± 0.7 mg/g (Table 1), confirming prior study 

findings [5]. The high concentrations of phenols and 

flavonoids may have a significant therapeutic influence. 

APE’s TTC value of 6.4 ± 2.6 mg/g (Table 1) suggests 

significant triterpene levels, similar to previous 

investigations [5]. Triterpenes are natural chemicals 

found in plants that act as anti-inflammatory agents. 

TPC, TFC, and TTC are phytochemical components of 

APE that have shown therapeutic effects.

 

Table 1 Determination of TFC, TPC, and TTC of APE. 

TPC (GAEa mg/g) TFC (QEb mg/g) TTCc (UAE mg/g) 

122.8 ± 1.1 22.4 ± 0.7 6.4 ± 2.6 

The Results are expressed as mg/g extract. Values are the mean ± standard deviation of triplicate analyses 

aGallic acid equivalence, bQuercetin equivalence, cUrsolic acid equivalence 

 

 

Figure 1 UV-Visible spectra of APE at with a dominant λmax at 310 nm. 

 

 In addition to phytochemical content assessment, 

UV-Vis spectra of plant extracts (Figure 1) reveal the  

 

presence of numerous bioactive chemicals, including 

phenolic and flavonoid compounds. The interaction of 
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ultraviolet or visible light produces electronic transitions 

of bonding electrons, including sigma (σ) and pi (π) 

bonds, as well as non-bonding electrons (n) found in 

organic molecules, based on absorption peaks at certain 

wavelengths [23]. Carbonyl chromophores in APE 

(phenolics, flavonoids, and triterpenes) undergo n,π* 

excitation to transition from the n,π* excited state and 

absorb light at roughly 310 nm [24]. Several weak peaks 

in the 250 - 300 nm range show the π,π* excited state, 

which suggests the presence of biomolecules in APE 

with double bonds (C=C), such as triterpenes. The 

presence of these biomolecules is also confirmed by 

FTIR spectra, which will be described in the following 

section. 

  

 Mechanism of synthesis of AgNP-APE 

 A quantitative examination of the phytochemical 

composition of APE (Table 1) yielded encouraging 

results since it revealed the existence of biomolecules 

abundant in -OH (ROH) groups, such as phenols, 

flavonoids, and triterpenes. In addition, as reported in 

many previous studies, the results shown in Figure 2(b) 

indicate that there are 12 secondary metabolites of APE 

as reported in the prior studies [5], which are classified 

into 3 classes: Triterpenes (madecassoside, asiaticoside, 

madecassic acid, and asiatic acid), polyphenolic acids 

(chlorogenic acid, caffeic acid, 3,4-dicaffeoylquinic 

acid, 1,5-dicaffeoylquinic acid, and ellagic acid), and 

flavonoids (cinnaroside, scutellarin, and miquelianin). 

This implies that the electrosynthesis of biogenic AgNP 

can be carried out successfully. The production of 

biogenic AgNPs in an aqueous cell system with ROH-

rich APE electrolyte, which serves as the electrolytic 

bio-media [25], is shown in Figure 2(c). After 

dissolving, it will turn into an electrical conductor.

 

 

Figure 2  The AP (Balinese accession) leaves are utilised for extraction (a), the chemical structure of APE (b) [5], and 

the proposed mechanism of synthesis of AgNPs via electrolysis utilising APE (c). 

 

 In the first stage (Figure 2(c)), a DC voltage of 10 

V is given to the electrolytic reactor through 2 silver  

 

rods serving as electrodes. The silver anode is oxidised 

to water-soluble Ag⁺ ions by releasing electrons. APE 
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(ROH) biomolecules are transformed into RO· radicals 

in aqueous solution. Electrodeposition occurs at the 

cathode side, where Ag⁺ ions travel to undergo 

reduction. RO radicals hinder electrodeposition on the 

cathode side by forming the R-O—Ag+ intermediate 

complex with them [16]. In the last stage, this complex 

induces the formation of biogenic AgNPs. This complex 

allows electrostatic interactions and charge transfer 

between the OH groups of APE extract biomolecules 

and Ag⁺ ions in complex, leading to bioreduction as well 

as the oxidation APE extract biomolecules, namely 

transformation of −OH groups to R=O groups (quinone) 

[26]. The polarity is changed every minute to prevent 

anode depletion caused by oxidation to Ag+ ions. The 

colour of the solution changed from yellow to brownish 

yellow, showing that a DC voltage of 10 V facilitated 

the electrosynthesis of biogenic AgNP. Once a 10 V DC 

voltage was supplied while continuously stirring at 

2,000 rpm in ambient circumstances, the intermediate 

complex R-O—Ag+ was quickly produced. The R=O 

was formed when Ag⁺ ions were reduced to Ag⁰ [17]. 

Finally, the clustered silver particles are stabilised and 

coated with R=O, resulting in stable AgNPs [13,14]. It 

produces an AgNP template in an environment in which 

biomolecules surround the AgNPs and form a layer on 

their surface. The biomolecules surround the silver 

surface with physical and chemical connections, 

preventing particle collision and agglomeration [15,25]. 

 APE biomolecules play an essential role in this 

case as bio-medium electrolytes, bioreductors, and 

biostabilisers of biogenic AgNP. Despite the utilisation 

of the same synthesis conditions (10 V voltage source), 

AgNPs were not produced in the electrolysis system 

without APE as electrolytes (water was utilised as the 

electrolyte medium), as in earlier research [14]. Long-

term electrolysis in an aqueous medium allows for the 

production of water. This process combines Ag+ ions 

produced by the anode and O₂ released by the cathode 

to form black silver oxide. Electrode deposits on the 

anode side cause the oxide to thicken [15]. Cheon et al. 

[27] described the electrolysis of 2 silver electrodes to 

produce AgNPs. After an hour of the operation, silver 

oxide had formed on the anode’s surface. The 

electrolysis process stopped due to the formation of 

silver oxide, which interferes with the current flow. In 

this investigation, the anode and cathode polarities were 

alternated every minute to avoid water electrolysis. 

Thus, there are several potential advantages to the 

suggested biogenic AgNP electrosynthesis process, 

including high purity (obtained from the high-purity 

silver rod), facile and rapid synthesis, low cost, absence 

of hazardous chemicals, and simplicity in scaling up. 

 

 Characterization of AgNP-APE 

 Figure 3(a) shows the UV-Vis absorbance spectra 

of colloidal AgNP-APE with an absorption peak at 430 

nm. Previous research has shown that colloidal AgNPs 

with particle sizes ranging from 15 to 50 nm exhibit a 

yellow hue and an LSPR spectrum with an absorption 

peak at 420 - 438 nm [13,28]. Spherical AgNPs, with a 

diameter of 1 - 10 nm, show an LSPR peak at a shorter 

wavelength. Capping and reducing agents can control 

the size and form of AgNPs. Solvents play an important 

role in the absorption of the LSPR spectrum; solvents 

containing biomolecule extracts are more acceptable for 

use, showing that the AgNPs’ surface is still covered 

with biomolecules. The LSPR phenomenon occurs 

when light interacts with free electrons on the surface of 

nanoparticles. AgNPs absorb and scatter light at specific 

wavelengths, producing a specific color. This color is 

influenced by the size, shape, and environment 

surrounding the particle. In this study, the resulting 

AgNP solution was brownish yellow (inset of Figure 

3(a)) with a peak at 430 nm. Based on previous research, 

the color and maximum wavelength indicate an AgNP 

size of around 15 - 50 nm, and our findings will be 

further confirmed by PSA and TEM data.  

 The functional groups of the biomolecules 

produced with APE that act as reducing and stabilising 

agents for AgNPs were determined using FTIR analysis. 

Furthermore, the research supported the proposed 

method for this product, as previously published by Loo 

et al. [19]. Figure 3(b) shows 6 bands identified in the 

right infrared spectrum: 3,434, 1,640, 1,548, 1,244, 

1,086, and 400 - 800 cm–1. As seen in Figure 3(b), the 

−OH stretching mode in APE biomolecules results in an 

intense broad band at 3,435 cm–1, which shifts from the 

previous band at 3,434 cm–1. This is reinforced by the 

bending of −OH in the APE biomolecule, resulting in a 

band shift from 1,244 to 1,286 cm–1. Biomolecules of 

R–OH serve as the reducing agent in the synthesis of 

biogenic AgNPs. The absorption peaks at 1,640 and 

1,548 cm–1 are related to the vibration modes of the 

carbonyl group (C=O) and double-bonded carbon 
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(C=C) in the APE biomolecule. These peaks shift to 

1,634 cm–1 and increase, indicating the presence of 

biomolecules that act as capping agents for AgNPs and 

increase their stability. A prominent intensity band 

shows the C=O stretching mode in quinone at 1,634 cm–

1. This functional group is generated from the 

biomolecules found in APE extract covering the surface 

of AgNP. The effective interaction of free electrons on 

C=O quinone with the unoccupied d orbital of silver 

[29] ensures its role as a capping agent that prevents 

particle aggregation via electrostatic and steric 

repulsion. The stretching vibration mode of the C−O 

group of the APE biomolecule is identified as an 

absorption peak at around 1,086 cm⁻¹; it experiences a 

peak shift to around 1,076 and 1,017 cm−1 indicating that 

the molecule plays a role in the reduction of silver ions 

and the presence of R-O· radicals as reaction 

intermediates. Finally, the FTIR spectra of 

electrosynthesised biogenic AgNPs reveal the formation 

of a weak signal in the 400 - 800 cm⁻¹ region [30]. The 

presence of these peaks in the FT-IR spectra of 

electrosynthesised AgNP-APE, as shown in Figure 

3(b), confirms APE’s dual activity as both a stabilising 

agent and a bioreductant [19,31].

 

  

(a) (b) 

Figure 3 UV-Visible absorbance spectra for AgNP-APE with LSPR at 430 nm (Inset: Photograph of AgNP-APE 

solutions) (a); FTIR spectra for APE― and AgNP-APE― that revealed OH, C=O, and C-O vibration shifts (b). 
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(a) (b) 

  

(c) (d) 

Figure 4 Characteristics of AgNP-APE: SEM image (a); EDS pattern (b); TEM image (c); particle size distribution (d). 

 

 SEM and TEM characterisation are electron 

microscopy techniques for analysing the structure and 

composition of nanoscale materials, whereas EDS 

(Energy-Dispersive X-ray Spectroscopy) 

characterisation is an analytical technique for 

identifying and measuring elements in a material. 

Figure 4(a) shows surface morphology and roughness; 

SEM images show that the produced AgNP-APE are 

mainly spherical with a rough surface. It can be 

attributed to complicated crystal structure, 

agglomeration, or uneven particle sizes. The SEM 

instrumentation utilised here includes EDS. The EDS 

pattern verifies the chemical composition of the 

resultant AgNP-APE, which is produced as an elemental 

map in Figure 4(b). The ZAF method calculates the 

sample’s weight and atomic percentage, indicating the 

chemical composition of the produced AgNP-APE. The 

silver (Ag) composition has a high purity percentage of 

96.25 ± 0.59. The mass fraction of other compositions, 

such as O, Al, and Si, reveals the existence of APE 

biomolecules as coating agents and stabilisers for the 

produced AgNP-APE. 

 Using TEM examination, the size and shape of the 

resulting AgNP-APE were verified. In Figure 4(c), it 

can be seen that the AgNP-APE is spherical and 

polydispersive, with a diameter range of 14.68 - 47.75 

nm (average 32.62 nm), as shown in the size distribution 

histogram (Figure 4(d)). The size and shape of the 

resulting AgNP-APE are closely related to the variety of 

biomolecules in the APE extract that can cover the 

AgNP surface. Some of these capping agents produce 

electrostatic and steric repulsion, encouraging the 

formation of spherical AgNPs with a quite wide size 

range (polydispersive nanoparticles). When APE 

biomolecules are present, a compact interfacial layer is 

formed; this is related to the capacity of the 

biomolecules to act as coating agents. The charged 

surface of AgNPs and the polar oxygen groups (in this 

case, quinones) interact electrostatically to provide the 

biomolecules with coating ability [14]. The lone 

electron pairs of oxygen in these quinones can interact 

with the positive surface of AgNPs to form electrostatic 

interactions. AgNP-APE’s FTIR spectrum further 

supports this interaction by showing a shift in quinone’s 

C=O absorption from 1,640 to 1,634 cm⁻¹, which 
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suggests that the C=O lone electron pair is interacting 

with silver. Interestingly, the TEM image also shows a 

thin layer of other materials on the particle surface. This 

is likely due to a layer of extracted organic material. The 

organic biomolecule layer has a lower electron density 

than Ag, resulting in a lighter colour appearance. FTIR 

spectra of AgNP-APE (Figure 3(b)) and EDS elemental 

analysis (Figure 4(b)) and also confirmed the presence 

of these biomolecules. Therefore, these biomolecules 

act as both shape-directing and barrier agents on the 

AgNP surface. APE biomolecules are excellent 

reducing, coating, stabilising, and shaping agents, 

especially when nanometals are considered for 

biological applications.

 

  

(a) (d) 

Figure 5 XRD pattern (a) and PSA profile (b) of AgNP. 

  

 Further characterisation of AgNP-APE using 

XRD aims to identify the phase morphology, 

crystallinity, and crystal size of the synthesised AgNP. 

Confirmation of the electrosynthetic AgNP using XRD 

can be seen in Figure 4. The XRD pattern shows a 2θ 

diffraction peak at 38.06°, 44.18°, 64.54°, and 77.43°, 

corresponding to the hkl (111), (200), (220), and (311) 

lattice planes, respectively, confirming the face-centred 

cubic (fcc) crystal structure of AgNPs (Joint Committee 

on Powder Diffraction Standards, JCPDS, file No. 04-

0783) [32]. This finding is comparable to previous 

research. Additional peaks in the XRD spectrum are 

known to be derived from endogenous biomolecules, as 

well as organic and amorphous crystalline phases. These 

biomolecules can occasionally adsorb onto the surface 

of AgNPs or be integrated into their structure as in 

previous research [33]. This is also confirmed by FTIR, 

EDS, and TEM data of AgNP-APE. The Debye-

Scherrer equation was used to calculate the size of the 

Ag crystals produced, which ranged between 17.55 and 

32.26 nm. 

 Nanoparticle characterisation with PSA is a 

method to measure particle size distribution in a sample. 

The particle size distribution of AgNP-APE was 

evaluated in a colloidal environment and verified by 

PSA. The size distribution of AgNP-APE was 

approximately 32.50 nm, based on the PSA profile 

(Figure 5(a)). The design, manufacturing, and 

manipulation of particle architectures with sizes ranging 

from 1 to 100 nm are the focus of nanotechnology 

approaches, and the resulting biogenic AgNPs remained 

within this range. The agreement of the UV-Vis spectra 

(Figure 3(a)), particle size histogram (Figure 4(d)), and 

PSA profile (Figure 5(a)) confirmed that the size of the 

obtained AgNP-APE was approximately 32 nm. The 

small size of AgNP-APE gives them a high surface-

area-to-volume ratio. Smaller particles have more 

exposed surface area relative to the amount of material 

they contain, increasing the surface area-to-volume 

ratio. This allows more silver atoms on the surface to 

come into contact with the surrounding environment, 

which contributes to their unique physical and chemical 

properties, including their therapeutic activity. 

 

 Anti-Inflammatory Activity of AgNP-APE 

 Bovine Serum Albumin (BSA) protein is utilised 

in anti-inflammatory activity assays as a model protein 

that denatures (changes in form and function). Heat-

induced protein denaturation serves as an indicator of a 

compound’s anti-inflammatory efficacy. The standard 

temperature is 37 °C, which is gradually increased to 70 

°C over time. The ability to stabilise protein or prevent 

BSA denaturation indicates that a substance has anti-

inflammatory properties [22]. The IC50 value represents 
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the level of anti-inflammatory activity. The stronger the 

anti-inflammatory qualities in preventing the 

inflammatory process, the lower the IC50 number. The 

IC50 value represents the concentration of the substance 

necessary to inhibit a biological activity, such as 

inflammation, by 50%; lower values indicate more 

efficacy in inhibition or reducing protein denaturation. 

Figure 6 shows the anti-inflammatory activity test of 

APE, AgNP-APE, and acetylsalicylic acid (as a 

reference) for in vitro inhibition of protein denaturation 

testing of BSA. 

 Based on Figure 6(a), the anti-inflammatory 

activity of APE, AgNP-APE, and the reference drug 

shows an incremental pattern as the concentration 

increases, with a high inhibition percentage at 1,000 

μg/mL. The activity increases with increasing dose. 

Furthermore, the magnitude is expressed as IC50 

(calculated from the linear equation of the dose-

response curve, Figure 6(b) APE at various 

concentrations shows a not too high anti-inflammatory 

potential (7-47%) with an IC50 of 960.29 ±16.81 μg/mL 

against BSA denaturation, while AgNP-APE at various 

concentrations shows a fairly high anti-inflammatory 

potential (13% - 89%) with an IC50 of 523.40 ± 7.85 

μg/mL against BSA denaturation, with both being 

compared to synthetic drugs (aspirin) (having an IC50 of 

355.57 ± 5.69 μg/mL). Due to the lowest IC50 value, 

aspirin as a standard had the strongest anti-inflammatory 

activity, followed by AgNP-APE and APE, 

respectively. The AgNP-APE produced could enhance 

the APE’s anti-inflammatory activity.

 

 

  

(a) (b) 

Figure 6 The BSA anti-inflammatory activity of the APE, AgNP-APE, and the reference drug (aspirin) is showing an 

inhibition pattern (a) and a dose-response curve (b). 

 

 APE is known to have strong anti-inflammatory 

properties, thanks to bioactive compounds such as 

triterpenes (asiaticoside, madecassoside, asiatic acid, 

and madecassic acid) that play a role in reducing 

inflammation [34]. Biogenic AgNP-APE shows 

stronger anti-inflammatory properties than APE. The 

role of metal nanoparticles coated with APE 

biomolecules enhances their anti-inflammatory 

properties. The BSA protein denaturation test is used to 

assess the ability of a compound to prevent or inhibit this 

denaturation process, which is an indication of anti-

inflammatory properties [35]. The interaction of AgNP 

with proteins involves several complex molecular 

mechanisms. AgNPs can interact directly with proteins 

through various bonds, such as electrostatic bonds, 

disulfide bonds, hydrogen bonds, or hydrophobic 

interactions. These interactions can stabilise the protein 

structure and prevent it from conformational changes 

that cause denaturation. AgNP can act as a shield or 

barrier between proteins and denaturing agents, such as 

heat, chemicals, or enzymes. Thus, AgNP can reduce the 

impact of denaturing agents on proteins, thereby 

preventing or slowing the denaturation process. Protein 

denaturation is often associated with oxidative stress. 

AgNPs are known to act as antioxidants, meaning they 

can reduce oxidative stress in cells or solutions. By 

reducing oxidative stress, AgNPs can help prevent or 

slow down protein denaturation caused by oxidative 

stress. Furthermore, AgNPs can induce conformational 

changes in certain proteins. Through electrostatic 
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interactions, proteins and the AgNP surface can interact, 

leading to protein adsorption and structural changes in 

the protein’s 3 dimensions. This conformational 

alteration may significantly change the protein’s 

functional properties, as well as the overall biological 

activity of AgNPs [36]. These changes can be stable and 

help the protein maintain its structure, or they can be 

transient and help the protein adapt to environmental 

conditions. It should be noted that the mechanism of 

action of AgNPs in inhibiting protein denaturation can 

vary depending on the type of protein, environmental 

conditions, and the properties of the AgNPs themselves 

(size, shape, surface charge, etc.) [37]. 

 Synthetic NSAIDs have significant drawbacks and 

side effects for inflammation [1]. Common side effects 

include nausea, heartburn, and indigestion; dizziness or 

drowsiness; and ringing in the ears. Natural products are 

gaining popularity over traditional medicines due to 

their accessibility, consistency, cost-effectiveness, 

reduced risk of toxicity and side effects, increased 

safety, and effectiveness. Analgesic, anti-inflammatory, 

and anti-arthritis drugs can be developed using plant-

derived phytochemicals that can inhibit the denaturation 

of protein inhibitors [38]. Thus, our study demonstrates 

that APE can suppress and prevent protein denaturation. 

Enhanced anti-inflammatory efficacy is achieved by 

embedding AgNPs within APE biomolecules. AgNP-

APE is easy to prepare, inexpensive, non-toxic, and has 

potential as an anti-inflammatory agent. Thus, this study 

encourages the development of promising plant-based 

AgNPs as anti-inflammatory agents on a large scale 

compared to other green synthesis routes. 

 

Conclusions 

 The green electrosynthesis approach, utilising 

APE, was used to synthesise AgNPs in an 

environmentally benign and sustainable manner. 

Biomolecules in the APE serve as a bio-media, 

bioreductor, capping, and stabilising agent throughout 

the AgNP production process. The APE’s 

phytochemical screening revealed the phenols, 

flavonoids, and triterpenes. The produced AgNPs have 

a face-centred cubic (fcc) crystal structure and uniform 

spherical shape, surrounded by a thin biomolecular 

layer. Its diameters range from 32 nm. APE and 

synthesised AgNPs exhibit high in vitro anti-

inflammatory activity, Electrosynthesis of biogenic 

AgNPs improves APE’s anti-inflammatory activity, 

lowering the IC50 from 960.29 ±16.81 to 523.40 ± 7.85 

µg/mL of AgNP-APE. With its superior features and 

activity, a large-scale biosynthesis approaches 

combining electrosynthesis with biomolecular APE 

offers promising future applicability, particularly in the 

pharmaceutical and cosmetics industries. 
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