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Cempedak (Artocarpus champeden) bark, rich in flavonoids, phenolics, and alkaloids, was used
as a natural bioreductant for the green synthesis of silver nanoparticles (AgNPs). In this context,
microwave-assisted synthesis (450 W, 15-22 min) enabled rapid and uniform formation of stable
AgNPs. Characterization using UV-Vis spectroscopy, particle size analysis (PSA), and
transmission electron microscopy (TEM) also confirmed spherical nanoparticles with an average
diameter of 69 nm. AgNPs synthesized at 22 minutes exhibited the highest absorbance and

stability. Photocatalytic evaluation showed that 8% (v/v) AgNPs degraded 93.62% of 5 ppm
Copyright: © 2025 Hindryawati et al. This is an open- methylene blue within 30 seconds, while anti-inflammatory assays reported 38.99% inhibition at
access article distributed under the terms of the 400 ppm (ICso = 673.75 ppm), indicating moderate activity. These results showed that A.
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in any medium, provided the original author and remediation and biomedical fields.
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Introduction

Nanotechnology has become a key multidisciplinary science
with wide applications in medicine, environmental remediation, and
materials engineering 2. Among various nanomaterials, silver
nanoparticles (AgNPs) have attracted remarkable attention because of
the potent antimicrobial, catalytic, and optical properties 3°. These
features enable the use in antimicrobial coatings, wastewater treatment,
and drug delivery systems ©8 However, conventional synthesis
methods frequently include toxic chemicals, high energy consumption,
and long reaction times, which contradict the principles of sustainable
nanotechnology °°. Therefore, the development of rapid and eco-
friendly methods for AgNP synthesis remains an important challenge.
Green synthesis has been reported as a promising alternative that uses
plant-derived biomolecules to act simultaneously as reducing and
stabilizing agents**2. Phytochemicals such as phenolics, flavonoids,
and terpenoids can convert Ag® ions into Ag°® nanoparticles while
providing functional groups to enhance biocompatibility 134,
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This method avoids hazardous reagents and produces nanoparticles
with improved biological activity 6. Among the available green
methods, microwave-assisted synthesis has received growing attention
to ensure uniform heating, increase nucleation, and produce
nanoparticles with controlled size and morphology *:*8. Compared with
conventional heating, microwave irradiation improves reaction kinetics
and energy efficiency as an ideal strategy for large-scale green synthesis
19,20

The Artocarpus genus, particularly Artocarpus champeden (Lour.)
Stokes is rich in phenolic and flavonoid compounds with strong
reducing potential 222, Previous research has mostly explored the
leaves or fruits of related species %, while analyses using A. champeden
bark as a bioreductant remain scarce despite the phytochemical
richness. The presence of flavonoids, alkaloids, and phenolics in the
bark extract suggests the potential for reducing and capping silver ions,
obtaining nanoparticles with enhanced physicochemical and biological
characteristics 2425, The efficiency of the degradation depends on the
structure and size of AgNPs, as well as the interaction between the
nanoparticles and the target organic compound %. Therefore, the
development of AgNPs is environmentally friendly and effective in
photocatalytic applications.

Based on the description, this research aimed to synthesize and
characterize AgNPs using A. champeden bark extract as a natural
bioreductant under microwave irradiation. Subsequently, the
photocatalytic efficiency and anti-inflammatory activity of the
synthesized nanoparticles were evaluated. The novelty of this research
lies in the use of A. champeden bark as an underexplored phytochemical
source for the rapid, green, and energy-efficient production of stable
and bioactive AgNPs with dual environmental and biomedical
potential.
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Materials and Methods

Reagents and Chemicals

This research used several analytical-grade reagents and chemicals,
these include methanol (Bendosen, 99.9%), Whatman filter paper
(Sigma Aldrich), magnesium (Sigma Aldrich, 99%), hydrochloric acid
(HCI, Sigma Aldrich, 37%), and ferric chloride (FeCls, Merck, 99%).
Dragendorff’s reagent (Sigma Aldrich), silver nitrate (AgNO3, Merck,
99%), methylene blue (Biochemical, >98%), bovine serum albumin
(BSA, Sigma Aldrich, >98%), Tris-buffered saline (TBS, Thermo
Scientific, >98%), and diclofenac sodium (Rochem International).

Characterization

The formation of silver nanoparticles (AgNPs) was initially confirmed
by UV-Vis spectroscopy (Thermo Scientific Orion AquaMate 8100)
through the observation of characteristic surface plasmon resonance
(SPR) peaks in the range of 400-450 nm. Absorbance was recorded
over seven consecutive days to evaluate nanoparticle stability before
further analyses. Particle size distribution was measured using a Nano
Particle Analyzer SZ-100 (Horiba Ltd.), while morphology and particle
aggregation were examined using Transmission Electron Microscopy
(TEM, HITACHI HT7700, Japan).

Collection and Identification of Artocarpus champeden Stem Bark
Stem bark of Artocarpus champeden (cempedak) was collected on
22 June 2022 from the stem of a matured tree in Handil, Muara Jawa
District, Kutai Kartanegara Regency, East Kalimantan, Indonesia
(coordinates: ~0.748670°S, 117.266667°E). Furthermore, the
specimen was authenticated by Mintoro Dwi Putra, S.Pd. (Laboratory
of Anatomy and Plant Systematics, Faculty of Mathematics and Natural
Sciences, Mulawarman University) and deposited in the herbarium
(voucher no. 054/UN.17.8.5.7.16/HA/V1/2022). Bark samples were
washed, air-dried at ambient room temperature of 27°C, cut into small
pieces, and stored in a desiccator until extraction.

Extraction of Plant Materials

The extraction procedure was performed according to the method
described by Lestari et al. > with slight modifications. A kilogram of
dried bark powder was macerated with 3 L of methanol for three
successive 24-hour cycles at room temperature (~27°C). The filtrates
were combined and concentrated under reduced pressure using a rotary
evaporator to obtain the crude methanolic extract, which was subjected
to phytochemical screening.

Preliminary Phytochemical Screening

Qualitative phytochemical analysis was performed to identify
secondary metabolites, including flavonoids, alkaloids, and phenolics
2, Flavonoid detection was carried out by adding 1 mg of magnesium
powder and three drops of concentrated hydrochloric acid to 1 mL of
the extract, followed by vigorous shaking. The appearance of a red,
yellow, or orange coloration showed the presence of flavonoids 2.
Alkaloids were also identified by adding two drops of Dragendorftf’s
reagent to 1 mL of the extract. The formation of a brownish-orange
precipitate was indicative of alkaloid compounds. In addition, phenolic
compounds were detected by adding a few drops of 1% ferric chloride
(FeCl3) solution to 1 mL of the extract. The development of a black
coloration confirmed the presence of phenolics 2.

Microwave-Assisted Synthesis of AgNPs

AgNPs were synthesized using a process developed by Tormena et al
(2024) with modification *, In addition, 1.5 mM AgNO:s solution was
mixed with A. champeden bark extract in a 3:2 ratio (v/v). The reaction
mixture was exposed to microwave irradiation at 450 W (Samsung
ME731K/XSE) for 7-22 min. A colour change from pale yellow to
brownish-yellow indicated the successful reduction of Ag® ions to
metallic Ag® nanoparticles. After treatment, all samples were
centrifuged for 10 minutes, and the obtained supernatants were
analyzed using a UV-Visible spectrophotometer (Thermo Scientific
Orion AquaMate 8100). The stability of the synthesized silver
nanoparticles was assessed by recording UV-Vis absorption spectra
daily for seven consecutive days.
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Photocatalytic Activity

Degradation of Methylene Blue Using UV Light and Microwave
Irradiation

Approximately two sets of 25 mL methylene blue (MB) solutions (5
ppm) were prepared in separate beakers. A total of 8% (v/v) of AgNPs
was added relative to the total solution volume, and a set was exposed
to ultraviolet (UV) irradiation using an 11-watt UV lamp for time
intervals of 10, 20, 30, 40, 50, 60, and 90 min. The other set was
subjected to microwave irradiation at 450 W for durations of 10, 20, 30,
60, 90, and 120 s. After treatment, the samples were centrifuged for 10
min, and the obtained supernatants were analyzed using a UV-Visible
spectrophotometer (Thermo Scientific Orion AquaMate 8100) 3.

Variation of Reaction State

Aliquots (25 mL) of 5 ppm methylene blue solution were prepared with
and without 8% (v/v) AgNPs and irradiated under microwaves (450 W,
30 s). The resulting mixtures were centrifuged for 10 min, and the
absorbance of the supernatant was recorded by UV-Vis
spectrophotometry (Thermo Scientific Orion AquaMate 8100) 3.

AgNPs and Methylene Blue Contact Time Variation

A mixture containing 25 mL of 5 ppm MB solution and 8% (v/v) AgNPs
was irradiated under microwaves (450 W) for 10, 20, 30, 60, 90, and
120 s. After centrifugation for 10 min, absorbance was measured using
a UV-Vis spectrophotometer 3.

Effect of Methylene Blue Concentration

In a beaker, 8% (v/v) AgNPs were added based on the volume of
methylene blue. Furthermore, 25 mL of methylene blue solutions at
concentrations of 1, 3,5, 7, 9, and 10 ppm were introduced. The mixture
was irradiated with microwave power at 450 W for 30 s, followed by
centrifugation for 10 min. The obtained samples were analyzed using a
UV-Vis spectrophotometer 3.,

Effect in AgNPs Volume

In a separate set of experiments, 25 mL of a 5 ppm methylene blue
solution was mixed with varying concentrations of AgNPs at 4%, 8%,
12%, 16%, and 22% (v/v). Each mixture was subjected to microwave
irradiation for 30 s at a power of 450 W. After irradiation, the samples
were centrifuged for 10 min and analyzed using a UV-Vis
spectrophotometer 3L,

Anti-Inflammatory Activity Assay

The anti-inflammatory activity was determined using the bovine serum
albumin (BSA) denaturation method as described by reference 2.
Preparation of Bovine Serum Albumin (BSA) Solution in Tris Buffer
Saline (TBS) and Negative Control Solution

A 0.2% (w/v) BSA solution was prepared in Tris-buffered saline (TBS,
pH 7.4) by dissolving 0.2 g of BSA in TBS and adjusting the volume to
100 mL. For the negative control, approximately 500 pL of distilled
water was transferred into a 5 mL volumetric flask, followed by the
addition of the 0.2% BSA solution in TBS up to the calibration mark.
The solution was incubated at 25 °C for 30 min and heated in a water
bath at 72 °C for 5 min to induce protein denaturation. After cooling to
room temperature of 27 °C for 25 min, absorbance was measured at 660
nm using a UV-Vis spectrophotometer, with TBS serving as the blank
32

Preparation of Positive Control Solution

A stock solution of sodium diclofenac (1000 ppm) was prepared by
dissolving 25 mg of the compound in distilled water and adjusting the
volume to 25 mL in a volumetric flask. Subsequently, the solution was
diluted using 0.2% BSA at concentrations of 100, 50, 25, 6.25, and 3.13
ppm. Each sample with the positive control was incubated in a water
bath at 25 °C and 72 °C for 30 and 5 min, respectively. The samples
were allowed to cool at room temperature (~27°C) for 25 min before
measuring absorbance at 660 nm using a UV-Vis spectrophotometer
and TBS as the blank %2,
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Anti-Inflammatory Activity Test

Water was added to a concentration of 1000 ppm after the introduction
of 25 mg of AgNPs to a 25 mL volumetric flask. The solution was
diluted to achieve concentrations of 800, 600, 400, and 200 ppm using
0.2% BSA. Incubation was conducted for 30 min at 25 °C, followed by
a 5-heating period in a water bath at 72 °C. After cooling to room
temperature (~27°C) for 25 min, the absorbance was measured using a
UV-Vis spectrophotometer set to a wavelength of 600 nm 2,

Results and Discussion

Phytochemical Screening of AgNPs

Approximately 1 kg of cempedak (Artocarpus champeden (Lour.)
Stokes.) bark powder was extracted using methanol as the solvent
through a maceration process. The resulting filtrate was concentrated
with a rotary evaporator to obtain 202.2 g of crude extract (20.22%
yield). Phytochemical screening of the extract (Table 1) confirmed the
presence of secondary metabolites, including flavonoids, phenolics, and
alkaloids. These phytochemicals are known to possess strong reducing
and capping capabilities, facilitating nanoparticle formation 333, In
particular, phenolic compounds exhibit strong nucleophilic and
electron-donating properties, enabling the reduction of Ag® ions to
metallic Ag® and the stabilization of the resulting AgNPs through
coordination with surface functional groups.

Table 1: Phytochemicals Test Results of Cempedak Bark
Phytoconstituents

Test
Flavonoids +
Phenolics +
Alkaloids +

Description: (+) Contains secondary metabolites

The synthesis of AgNPs was carried out by reacting 1.5 mM AgNO;
with 1% (m/v) cempedak bark extract as a bioreductant. The reaction
was performed under microwave irradiation (450 W) for varying
durations (7, 10, 12, 15, 18, 20, and 22 min) to accelerate the formation
of AgNPs while maintaining the integrity of the phytochemical
constituents %%, Microwave-assisted synthesis offers uniform
volumetric heating, shorter reaction time, and improved nucleation,
which promote controlled nanoparticle growth without damaging
thermolabile bioactive molecules. The characteristic surface plasmon
resonance (SPR) of AgNPs was monitored using UV-Vis spectroscopy
in the range of 400-425 nm. The reaction mixture exhibited a distinct
colour change from colorless to brownish-yellow, confirming the
reduction of Ag* to Ag® and the formation of colloidal AgNPs (Figure
2). There was no significant SPR absorption during the initial 7-12 min,
indicating incomplete reduction. The development of a sharp peak at
420 nm between 15 and 22 min confirmed the nucleation and growth of
AgNPs, with the highest absorbance recorded after 22 min of
irradiation. Therefore, AgNPs synthesized for 22 min were selected as
optimal due to the higher absorbance and greater reaction completion.
The colour change and corresponding spectral behavior corroborated
the formation of stable silver nanoparticles.

Optical Stability and Particle Size Analysis of AgNPs

The temporal stability of AgNPs was evaluated using UV-Vis
spectrophotometry over seven days (Figure 3). The sample synthesized
for 22 min exhibited the most stable SPR peak with minimal wavelength
shift, while shorter synthesis times (15-20 min) showed slight red shifts
(420-440 nm) and fluctuating absorbance values, indicating particle
aggregation and instability. The stable peak position and colour
retention (brownish hue maintained after seven days, Figure 4)
confirmed the colloidal stability of AgNPs. The hydroxyl (-OH) and
carbonyl groups in the phytoconstituents served as reducing and
capping agents, forming an electrostatic double layer around AgNPs
and preventing agglomeration through steric stabilization.
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Figure 1: Visual observation of colour changes during the
synthesis of silver nanoparticles (AgNPs) at different reaction
times (7-22 minutes).
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Figure 2: Maximum wavelength measurement results of
AgNPs based on synthesis time variation

Particle size analysis (PSA) revealed that the AgNPs had an average
hydrodynamic diameter of 68.9 nm with a distribution range of 15-250
nm (Figure 5). The first peak (15-40 nm) was attributed to primary
nanoparticles, whereas the broader secondary peak (65-250 nm)
suggested the presence of aggregated species. Despite the broader
range, the mean size of 68.9 nm indicated a relatively uniform and
stable particle distribution. Such minor variations in size are commonly
associated with partial agglomeration during biosynthesis, which is
strongly influenced by extract composition and reaction duration.
Transmission electron microscopy (TEM) analysis confirmed that the
synthesized AgNPs were predominantly spherical with moderate size
uniformity (Figure 6). The diameter was computed to estimate the
particle size distribution using ImageJ software, with an average
diameter of 67.95 nm, consistent with PSA data (68.9 nm) (Figure 7).
The close agreement between measurements validated the synthesis
consistency and reliability. The morphological features showed that the
phytochemicals successfully mediated reduction and stabilization,
leading to nanoscale particles suitable for catalytic and biological
applications.

Photocatalytic Activity

Comparative research of UV and microwave irradiation effects on
AgNPs synthesis

The photocatalytic efficiency of the synthesized AgNPs was assessed
by the degradation of methylene blue (MB) dye under UV and
microwave irradiation (Figure 8). UV irradiation (11 W) and
microwave irradiation (450 W) were used under separate conditions to
examine comparative degradation kinetics. Under microwave exposure,
93.62% degradation of MB was achieved within 30 s, while only
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Figure 3: AgNPs stability observation result for 7 days, synthesis time (a) 15 minutes, (b) 18 minutes, (c) 20 minutes, and (d) 22

77.90% occurred after 90 min under UV light. The superior
performance under microwave treatment was attributed to combined
thermal and non-thermal effects that enhance molecular motion,
collision frequency, and redox reactions . The thermal effect ensures
rapid and uniform heating, while the non-thermal effect enhances the
rate of radical formation, leading to efficient degradation within a
shorter period.
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Figure 4: Visual observation of AgNPs synthesized at
different reaction times (15-22 min), showing a colour change
from light yellow to dark brown, indicating nanoparticle
formation and growth due to surface plasmon resonance (SPR).

During photocatalysis, microwaves were used, resulting in a 20%
increase in the production of O-H radicals. Therefore, the microwave-
assisted degradation method maximized the duration of the methylene
blue degradation process. The reaction treatment was conducted
separately using microwaves and in combination with AgNPs to
evaluate the effectiveness in degrading the methylene blue dye.

Figure 9 shows the relationship between photodegradation conditions
and the degradation percentage. According to Figure 9, 59.52%
degradation occurred when microwaves were not used and AgNPs were
absent. This happened because heating a sample with microwaves
created stationarity within the sample, enhancing the heating rate in
higher energy areas. In this context, pollutants disintegrated in the

minutes

aqueous phase when microwaves were directly irradiated on the
effluent. The proportion of degradation increased to 93.62% when
microwaves and AgNPs were added. This improvement occurred
because the methylene blue dye degraded into simpler molecules
through photon-induced photodegradation. Figure 9 shows the optimal
conditions for methylene blue dye degradation under microwave-based
settings with AgNPs.
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Figure 5: Particle size distribution of silver nanoparticles
(AgNPs) with Cempedak Bark Extract as a bioreductant
analyzed by Particle Size Analyzer (PSA).

AgNPs are an important type of catalyst required for photodegradation.
The basic principle included exposure to light or energy, which causes
electrons to move from the valence to the conduction band. This
movement created holes, leading to the formation of OH radicals when
water interacted with AgNPs. Furthermore, Oz radicals were also
created when electrons interact with air. These active radicals degraded
organic substances into water, carbon dioxide, and mineral acids.
Initially, the OH radical reacted with the C-S*=C group, resulting in the
formation of the sulfoxide group, C-S(=0)-C. The radicals reacted with
the group, leading to the development of sulfones.
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AgNPs e ®

Figure 6: TEM image of AgNPs synthesized from 1.5 mM
AgNO:s and Cempedak bark extract (3:2 ratio), showing
predominantly spherical nanoparticles with uniform
distribution. Captured using Hitachi HT7700 at 120 kV and
50,000x magnification; scale bar = 200 nm.
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Figure 7: ImageJ analysis of silver nanoparticles (AgNPs)
from TEM micrograph showing grayscale intensity distribution
(Mean = 67.95; SD = 112.74; Count = 1,316,700; Max = 255),
indicating a wide contrast range that represents well-dispersed

AgNPs across the image. The mean and standard deviation
values were obtained from ImageJ histogram analysis (Count =

1,316,700; Max intensity = 255), reflecting pixel intensity
variation correlated with particle density and dispersion within

the TEM image.
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The group was targeted by OH radicals to release sulfonic acid. The
oxidation process ceased when the state of sulfur reached the maximum.
Additionally, the degradation of the nitrogen group in methylene blue
included two processes. The central amino group had a double bond
from N=C, occupying the space of the aromatic ring because the -S* =
group was broken. The OH radical, which generated a substituted
aniline group, caused the saturation state of the amino bonds. The
replaced amino group produced phenol and an NH: radical, yielding
ammonia and ammonium. OH radicals also oxidized one methyl and
two symmetric dimethyl phenyl amino groups to provide alcohol and
aldehyde. An acid could facilitate reoxidation and decarboxylation,
converting compounds into CO2. The R- CsHa-N(CHs3)2 group was also
subjected to oxidation by the OH radical, leading to the formation of
phenyl-methylamine. Aromatic rings participated in a hydroxylation
reaction to make hydroxy hydroquinone and phenol molecules, while
amino groups produced ammonium ions, which were oxidized to
nitrate. The byproducts of methylene blue degradation included COz,
S04%, NH4*, and NOs.

Effect of Contact Time, MB Concentration, and AgNP Volume

The effect of contact time on photocatalytic efficiency was examined to
determine the optimal exposure duration for methylene blue (MB)
degradation by AgNPs. As shown in Figure 10, 25 mL of 5 ppm MB
solution containing 8% (v/v) AgNPs was irradiated under microwave
conditions for 10-120 s. The corresponding degradation efficiencies
were 73.36%, 74.34%, 93.62%, 91.80%, 91.52%, and 90.12%,
respectively. The rapid increase up to 30 s indicated sufficient
generation of hydroxyl radicals (-OH) and effective photocatalytic
activation, whereas shorter durations (10-20 s) resulted in incomplete
degradation due to limited radical formation. Prolonged irradiation
beyond 30 s produced no further improvement, suggesting that the
reaction reached equilibrium once most dye molecules had been
decomposed. Thus, 30 s was identified as the optimum contact time,
confirming that microwave-assisted catalysis achieves rapid
degradation within seconds compared with conventional minute-scale
treatments.

The influence of MB concentration on photocatalytic performance is
illustrated in Figure 11. The reaction was performed using 8% AgNPs
(v/v) and varying MB concentrations (1-10 ppm) under microwave
irradiation for 30 s. The degradation percentages were 67.20%, 62.00%,
93.62%, 61.72%, 63.23%, and 63.44%, respectively. The maximum
efficiency (93.62%) occurred at 5 ppm, indicating that this
concentration provided an optimal balance between dye availability and
catalyst surface area. At lower concentrations (1-3 ppm), the reduced
number of dye molecules limited -OH radical generation and photon
absorption, resulting in lower degradation rates. Conversely, at higher
concentrations (> 7 ppm), the degradation efficiency decreased due to
excessive dye loading, which caused light scattering and surface
saturation of AgNPs, affecting active-site accessibility. These
observations indicate that 5 ppm MB represents the optimal substrate
concentration for efficient microwave-assisted photodegradation.

100 {b]

a5

Qi

10 20 30 40 50 60 70 B0 S 100 110 120

[1me (5}

Figure 8: Comparison of photocatalytic activity at different reaction times under (a) UV irradiation and (b) microwave irradiation.
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Figure 10: Effect of Contact Time on Methylene Blue
Degradation by AgNPs

The effect of catalyst dosage on degradation efficiency was evaluated
by varying the AgNPs volume from 4% to 22% (v/v) while maintaining
5 ppm MB and a 30 s irradiation time (Figure 12). The corresponding
degradation efficiencies were 68.78%, 93.62%, 69.74%, 69.20%,
64.94%, and 60.28%, respectively. The results showed that increasing
AgNPs loading up to 8% improved degradation due to the greater
availability of catalytically active sites for radical generation. However,
further increases beyond 8% led to a decline in performance caused by
particle aggregation and excessive turbidity in the reaction medium,
which reduced light penetration and effective photon utilization.
Therefore, 8% (v/v) was determined to be the optimal catalyst loading,
balancing surface area and optical transparency for maximum
photocatalytic efficiency.

Overall, these results reported that optimal degradation efficiency
(93.62%) was achieved using 5 ppm MB, 8% AgNPs, and a 30 s contact
time under 450 W microwave irradiation. The superior efficiency and
extremely short reaction time further confirm the synergistic influence
of microwave irradiation and AgNP catalysis in promoting rapid and
sustainable pollutant degradation.

Anti-Inflammatory Activity

The anti-inflammatory potential of the synthesized AgNPs was
evaluated using the bovine serum albumin (BSA) denaturation assay,
with sodium diclofenac serving as the positive control. Diclofenac, a
well-established non-steroidal anti-inflammatory drug (NSAID),
significantly inhibited protein denaturation even at 3.13 ppm, exhibiting
21.86% inhibition, surpassing the minimum activity threshold of 20%.
These results are consistent with previous reports highlighting

diclofenac’s ability to stabilize protein structures under thermal stress.
39
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Inhibition of protein denaturation is a widely accepted in vitro model
for assessing anti-inflammatory activity in both synthetic drugs and
bioactive natural products.

Figure 14 illustrates the anti-inflammatory performance of the
bioreductant-mediated ~ AgNPs.  The  AgNPs  demonstrated
concentration-dependent inhibition of protein denaturation, reaching
38.99% at 400 ppm, while the 200 ppm sample showed only 14.94%
inhibition. The calculated ICso value for AgNPs was 673.75 ppm,
compared with 9.10 ppm for diclofenac sodium, indicating moderate
but significant anti-inflammatory potential.
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Figure 11: Photodegradation of methylene blue with various
methylene blue concentrations
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Figure 12: Effect of AgNPs volume on photocatalytic
degradation. The highest degradation was observed at 8% (v/v)
AgNPs. Error bars indicate standard deviation (n = 3).

The observed effect was attributed to the interaction between AgNPs
and BSA molecules, where nanoparticles bind to polar amino acid
residues, thereby preventing heat-induced unfolding and aggregation.
The relatively small particle size and large surface area of AgNPs
enhance these molecular interactions, contributing to the inhibitory
activity. Although less potent than diclofenac, the AgNPs synthesized
using A. champeden bark extract exhibited biologically relevant anti-
inflammatory effects. The activity may stem from residual
phytochemicals—such as flavonoids and phenolics—adsorbed on the
nanoparticle surface, which can synergistically stabilize protein
structures and suppress denaturation. These results highlight the
multifunctional potential of the biosynthesized AgNPs, combining
environmental remediation and moderate anti-inflammatory properties.
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Figure 14: The results of the anti-inflammatory activity of
AgNPs

Conclusion

This research successfully reported the rapid and eco-friendly synthesis
of silver nanoparticles (AgNPs) using Artocarpus champeden bark
extract as a natural bioreductant. The phytochemical constituents,
particularly flavonoids and phenolics, played a crucial role as reducing
and capping agents to obtain stable, spherical AgNPs with an average
diameter of 68 nm. The microwave-assisted method significantly
enhanced reaction efficiency, enabling nanoparticle formation within
22 minutes under mild conditions. The biosynthesized AgNPs exhibited
excellent photocatalytic performance, achieving up to 93.62%
degradation of methylene blue within only 30 second under 450 W
microwave irradiation. Optimal conditions were observed at 5 ppm dye
concentration, 8% AgNPs loading, and a 30-second exposure,
confirming the synergistic effect between microwaves and the catalytic
surface of AgNPs in generating reactive hydroxyl radicals.
Furthermore, the nanoparticles displayed moderate anti-inflammatory
activity, with an ICso value of 673.75 ppm, attributed to the ability to
stabilize protein conformation and the synergistic contribution of
bioactive phytochemicals adsorbed on the nanoparticle surface.
Overall, this work highlights the potential of A. champeden-derived
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ISSN 2616-0692 (Electronic)

AgNPs as sustainable, biocompatible, and multifunctional
nanomaterials for environmental and biomedical applications. The
integration of green synthesis and microwave-assisted catalysis
provides a promising method for developing efficient and
environmentally responsible nanotechnologies.
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