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ABSTRACT:

Introduction: Silver nanoparticles are recognized for their antimicrobial and anti-inflammatory
properties, making them valuable in biomedical applications. Green synthesis methods using plant
extracts, such as arrowroot, provide an eco-friendly alternative for nanoparticle production. Arrowroot
has traditionally been used for its medicinal benefits, and this study explores its potential in synthesizing
silver nanoparticles with anti-inflammatory properties. This study aimed to evaluate the anti-
inflammatory effects of silver nanoparticles (AgNPs) synthesized using arrowroot (Maranta arundinacea)
extract in an in vitro model.

Materials and Methods: Arrow Root Extract Silver Nanoparticles (AR-AgNPs) were synthesized using
arrow root extract and silver nitrate solution. The anti-inflammatory activity was evaluated using the
Bovine Serum Albumin (BSA) Denaturation Assay, Egg Albumin Denaturation Assay, and Membrane
Stabilization Assay. For BSA and egg albumin assays, protein denaturation was induced by heat (70°C
for 10 min), and inhibition was measured spectrophotometrically at 660 nm. In the membrane stabilization
assay, human red blood cells were exposed to hypotonic stress, and lysis was measured by recording
absorbance at 560 nm. Different concentrations of AR-AgNPs (10-50 pg/mL) were tested in all assays.

Results: The synthesized Arrow Root Extract Silver Nanoparticles (AR-AgNPs) demonstrated significant
anti-inflammatory activity in all three assays. In the BSA and egg albumin denaturation assays, AR-
AgNPs showed a dose-dependent inhibition of protein denaturation, with the highest inhibition observed
at 50 pg/mL. The membrane stabilization assay also showed a notable reduction in hemolysis, confirming
the membrane-protective effect of AR-AgNPs. Across all assays, the nanoparticles exhibited a consistent
anti-inflammatory response, with inhibition percentages comparable to standard anti-inflammatory drugs.

Conclusion: Arrowroot extract-synthesized silver nanoparticles showed promising anti-inflammatory
properties in vitro, suggesting their potential use in treating inflammation-related conditions. Further
research is necessary to evaluate their clinical application and ensure their safety for therapeutic use.

1. Introduction

when used long-term [2]. Therefore, there is a growing
need for safer, more sustainable alternatives.

Inflammation is a vital biological response that helps
protect the body from infections, injuries, and harmful
stimuli. While acute inflammation is essential for
healing, chronic inflammation can lead to various
discases, including cardiovascular disorders,
neurodegenerative diseases, autoimmune conditions, and
cancer [1]. Current treatments for inflammation, such as
non-steroidal anti-inflammatory drugs (NSAIDs) and

corticosteroids, are effective but often cause side effects
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Nanotechnology, particularly silver nanoparticles
(AgNPs), has emerged as a promising field in biomedical
research. Silver nanoparticles are valued for their
antibacterial, antifungal, and anti-inflammatory
properties [3]. Their unique physical and chemical
characteristics, such as a high surface area-to-volume
ratio, make them ideal candidates for treating

inflammation and related conditions [4]. However,
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conventional synthesis methods for AgNPs often use
toxic chemicals and energy-intensive processes, raising
environmental and health concerns. To overcome these
issues, green synthesis approaches that utilize biological
materials like plant extracts have gained attention.

Green synthesis offers an eco-friendly and biocompatible
alternative for producing nanoparticles. Plant-based
extracts, rich in bioactive compounds, can serve as
reducing and stabilizing agents in nanoparticle synthesis,
leading to enhanced bioactivity in the final product [5].
Arrowroot (Maranta arundinacea), a tropical plant
traditionally used for medicinal purposes, is a prime
candidate for this process. Known for its anti-
inflammatory, antioxidant, and antimicrobial properties,
arrowroot contains bioactive compounds like flavonoids,
polyphenols, and saponins, which may further enhance
the therapeutic properties of silver nanoparticles [6]. In
the green synthesis process, bioactive compounds in
arrowroot extract reduce silver ions (Ag+) to silver
nanoparticles (AgNPs), while also stabilizing them to
prevent aggregation. This method creates arrowroot-
silver nanoparticles (AR-AgNPs), which are expected to
exhibit potent anti-inflammatory properties [7]. The
combination of silver’s inherent bioactivity with
arrowroot’s medicinal compounds suggests that AR-
AgNPs could provide a safer, biocompatible alternative
to conventional treatments.

Inflammation is mediated by complex signaling
molecules such as cytokines, chemokines, and enzymes
like cyclooxygenase (COX) and lipoxygenase (LOX).
These molecules play critical roles in regulating the
inflammatory response [8]. Excessive production of pro-
inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-a), interleukin-1 beta (IL-1fB), and
interleukin-6 (IL-6) can lead to tissue damage and the
progression of chronic inflammatory diseases. The COX
and LOX enzymes contribute to the production of
inflammatory mediators like prostaglandins and
leukotrienes. Therefore, inhibiting these enzymes and
downregulating pro-inflammatory cytokines are key
strategies for controlling inflammation [9]. Macrophages
are a crucial component of the immune system and play
a central role in the inflammatory response. Upon
activation by stimuli such as LPS (a component of
bacterial cell walls), macrophages release large amounts
of pro-inflammatory cytokines and mediators, which
contribute to inflammation [10]. Using LPS-stimulated
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macrophages as an in vitro model allows researchers to
assess the anti-inflammatory effects of AR-AgNPs and
determine their potential therapeutic benefits.

Recent studies suggest that silver nanoparticles can
modulate the inflammatory response by inhibiting the
production of pro-inflammatory cytokines and enzymes
[6-8]. However, the specific anti-inflammatory potential
of silver nanoparticles synthesized using arrowroot
extract remains underexplored. This study aims to fill
this gap by evaluating the in vitro anti-inflammatory
properties of arrowroot-silver nanoparticles (AR-
AgNPs).

2. Materials and Methods
Bovine serum albumin denaturation assay

In this method, 0.45mL of bovine serum albumin was
mixed with 0.05 mL of different concentrations (10-50
pg/mL) of Arrow root-mediated silver nanoparticles.
The pH was adjusted to 6.3. Then it was kept at room
temperature for 10 minutes followed by incubation in a
water bath at 55°C in a water bath for 30 min. Diclofenac
sodium was used as the standard group while dimethyl
sulphoxide was used as control. Then, the samples were
measured spectrophotometrically at 660nm.

Percentage of protein denaturation was measured using
the following equation, % inhibition = Absorbance of
control- Absorbance of samplex100 Absorbance of
control.

Egg Albumin Denaturation Assay

To perform the egg albumin denaturation assay, 0.2mL
of fresh egg albumin was mixed with 2.8 mL of
phosphate buffer. Different concentrations (10-50
ug/mL) of Arrow root-mediated silver nanoparticles
were added to the reaction mixture. The pH was adjusted
to 6.3. Then it was kept at room temperature for 10
minutes followed by incubation in a water bath at 55°C
in a water bath for 30 min. Diclofenac sodium was used
as the standard group while dimethyl sulphoxide was
used as control. Then, the samples were measured
spectrophotometrically at 660nm.

Percentage of protein denaturation was measured using
the following equation, % inhibition= Absorbance of
control- Absorbance of samplex100 Absorbance of
control.
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Membrane Stabilization Assay

The in vitro membrane stabilization assay is a widely
used technique for evaluating the membrane stabilizing
properties of natural and synthetic compounds. This
assay measures the ability of a compound to stabilize the
cell membrane by preventing its disruption and
subsequent release of intracellular contents. The
materials include Human red blood cells (RBCs),
Phosphate-buffered saline (PBS), Tris-HCI buffer (50
mM, pH 7.4), Different concentrations of silver
nanoparticles (10-50 pg/mL), Centrifuge tube, UV-Vis
spectrophotometer.

Preparation of RBC suspension - Collect fresh human
blood in a sterile tube containing anticoagulant.
Centrifuge the blood at 1000 g for 10 minutes at room
temperature to separate the RBCs from other blood
components. Remove the supernatant and wash the
RBCs three times with PBS. Resuspend the RBCs in
Tris-HCI buffer to obtain a 10% (v/v) RBC suspension.

3. Results
Bovine Serum Assay (BSA)

The BSA was conducted to evaluate the percentage
inhibition of Arrowroot (Ag/NPs) in comparison with a
Standard across varying concentrations (10-50 pg/mL)
as depicted in the Figure /. The results demonstrate a
concentration-dependent increase in the percentage of
inhibition for both samples. At the lowest concentration
(10 pg/mL), (Ag/NPs)  exhibited
approximately 42% inhibition, whereas the Standard
showed a slightly higher inhibition of around 50%. As
the concentration increased to 20 ng/mL, 30 ug/mL, 40
pg/mL, and 50 pg/mL, the inhibition for both samples
steadily rose, with the Standard consistently
outperforming the Arrowroot (Ag/NPs). At the highest
concentration (50 pg/mL), the inhibition for Arrowroot
(Ag/NPs) reached approximately 75%, while the
Standard achieved around 80% inhibition. The error bars
indicate low variability in the results, suggesting
consistent inhibition across multiple trials.

Arrowroot
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Figure 1. Depicting the percentage of inhibition of
bovine serum assay at various concentrations.

These findings suggest that both Arrowroot (Ag/NPs)
and the Standard demonstrate effective inhibition, with
the Standard consistently producing higher inhibition
percentages at all concentrations tested. This pattern
highlights the potential of Arrowroot (Ag/NPs) for
significant inhibition, albeit slightly less effective than
the Standard at similar concentrations.

Egg Albumin Denaturation Assay (EADA)

The EADA was performed to measure the percentage
inhibition of Arrowroot (Ag/NPs) compared to a
Standard across concentrations ranging from 10 pg/mL
to 50 ug/mL. The results depicted in the Figure 2 reveal
a dose-dependent increase in the inhibition for both the
Arrowroot (Ag/NPs) and the Standard. At 10 pg/mL,
Arrowroot (Ag/NPs) demonstrated approximately 50%
inhibition, which was slightly lower than the Standard,
which achieved about 55%. As the concentration
increased, both Arrowroot (Ag/NPs) and the Standard
showed a consistent increase in the percentage of
inhibition. At 20 pg/mL and 30 pg/mL, inhibition for
both the Arrowroot and the Standard was around 65%
and 70%, respectively, with the Standard maintaining a
slight advantage. At the highest concentration of 50
pg/mL, Arrowroot (Ag/NPs) achieved around 80%
inhibition, while the Standard exhibited slightly higher
inhibition at about 85%. The error bars reflect low
variability in the results, indicating that the inhibition
values are consistent and reproducible across trials.
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Figure 2. Depicting the egg albumin serum assay at
various concentrations.

These findings suggest that both Arrowroot (Ag/NPs)
and the Standard possess strong inhibitory effects, with
the Standard marginally outperforming Arrowroot
(Ag/NPs) at all tested concentrations. However, the
Arrowroot (Ag/NPs) still demonstrates potent inhibition,
indicating its potential effectiveness in this assay.

Membrane Stabilization Assay:

The bar graph in the Figure 3 depicts the membrane-
stabilizing effects of Arrowroot AgNPs with a Standard
across a range of concentrations (10 to 50 pg/mL). The
y-axis shows the percentage of inhibition, which
correlates with the ability to stabilize the membrane.
Both Arrowroot (AgNPs) and the Standard exhibit a
concentration-dependent  increase in = membrane
stabilization. As the concentration increases, the
percentage of inhibition also rises for - At lower
concentrations (10-20 pg/mL), Arrowroot AgNPs show
slightly lower membrane stabilization compared to the
Standard. At higher concentrations (30-50 pg/mL), the
difference between Arrowroot and Standard diminishes,
with Arrowroot AgNPs displaying inhibition levels
almost equal to or slightly exceeding the Standard.

Membrane Stabilization Assay
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Figure 3. Depiction the Membrane stabilisation assay
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4. Discussion

This study aimed to investigate the anti-inflammatory
properties of Arrow Root Extract Silver Nanoparticles
(AR-AgNPs) using different in vitro models, including
the Bovine Serum Albumin (BSA) Denaturation Assay,
Egg Albumin Denaturation Assay, and Membrane
Stabilization Assay. These assays are commonly utilized
to screen potential anti-inflammatory agents, as they
replicate  processes involved in inflammation,
particularly protein denaturation and membrane
stabilization.

The BSA denaturation assay relies on the concept that
inflammation leads to protein denaturation, a key event
in the inflammatory process [11]. Heat-induced
denaturation of proteins is a major pathway for
inflammation, and BSA is often used as a model protein
to measure the anti-inflammatory activity of compounds
based on their ability to prevent denaturation [12]. In this
study, AR-AgNPs demonstrated a dose-dependent
reduction in BSA denaturation. This stabilization effect
may be due to interactions between the silver
nanoparticles and BSA, possibly forming a protective
barrier around the protein molecules. These findings
suggest that AR-AgNPs exhibit significant anti-
inflammatory  properties by preventing protein
denaturation, a central feature of inflammation.

The egg albumin denaturation assay, similar to the BSA
assay, evaluates the inhibition of protein denaturation.
Inflammation-like conditions cause denaturation of egg
albumin proteins when exposed to heat or stress. Anti-
inflammatory agents are expected to prevent this process
[13]. The results of this study show that AR-AgNPs
effectively inhibited egg albumin denaturation in a dose-
dependent manner. This finding confirms that the
nanoparticles possess the ability to stabilize proteins
against denaturation, reinforcing their anti-inflammatory
potential. The substantial inhibition of egg albumin
denaturation further supports the claim that AR-AgNPs
can protect proteins from inflammation-induced damage.
The membrane stabilization assay assesses the ability of
a compound to prevent red blood cell (RBC) lysis under
stress conditions [14]. Inflammation often triggers the
release of lysosomal enzymes and other pro-
inflammatory mediators that destabilize cell membranes,
leading to cell lysis and tissue injury [15]. Compounds
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that prevent cell membrane disruption and stabilize the
membrane are considered anti-inflammatory agents.

In this study, AR-AgNPs were found to stabilize RBC
membranes against hypotonic-induced lysis in a dose-
dependent manner. This membrane-protective effect
suggests that the nanoparticles can help reduce tissue
damage by preventing the release of inflammatory
mediators [16]. The membrane stabilization observed in
this assay is comparable to that of standard NSAIDs,
highlighting the potential of AR-AgNPs to protect cells
during inflammation. All three assays consistently
demonstrated that AR-AgNPs have strong anti-
inflammatory activity. The nanoparticles effectively
inhibited protein denaturation and stabilized cellular
membranes, both of which are key processes in
inflammation. The results from the BSA and egg albumin
assays highlight the role of AR-AgNPs in maintaining
protein integrity, while the membrane stabilization assay
indicates their potential to protect cell membranes from
inflammation-induced damage.

However, a study done by Chi NT et al., using AgNPs
with Azadirachta indica kernel aqueous extract, showed
an anti-inflammatory potential of 69.77% against the
standard with potency of 81.15% [17]. The dose-
dependent inhibition observed in these assays suggests
that the anti-inflammatory activity of AR-AgNPs is
closely related to their concentration and their interaction
with  biological
nanoparticles likely interact with proteins and
membranes at a molecular level, blocking the pathways
that trigger inflammation [18]. Similar types of results
were also noted in the study conducted by the Dharman
et al., where turmeric silver nanoparticles were used to
evaluate the anti-inflammatory properties [19]. Tharani
et al., in their study has shown the significant activity of
silver nanoparticles in reducing the inflammation [20].
Roy et al., in their study has shown potent anti-
inflammatory effects of neem and aloe vera extract silver
nanoparticles [21].

macromolecules. The  silver

Given their ability to inhibit protein denaturation and
stabilize cell membranes, AR-AgNPs hold promise for
therapeutic applications in treating inflammatory
conditions that involve protein degradation and cell lysis.
They may serve as an alternative or complementary
therapy to conventional anti-inflammatory drugs,
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especially in cases where synthetic drugs are less
effective or cause adverse effects.

5. Conclusion

In conclusion, this study demonstrates that Arrow Root
Extract Silver Nanoparticles (AR-AgNPs) possess
significant anti-inflammatory activity, as evidenced by
their performance in the BSA denaturation, egg albumin
denaturation, and membrane stabilization assays. These
findings offer a strong foundation for the therapeutic
potential of AR-AgNPs in managing inflammation-
related disorders. Further research, including in vivo
studies and deeper investigations into the underlying
mechanisms, is necessary to fully explore the clinical
applications of AR-AgNPs as an anti-inflammatory
treatment.
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