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ABSTRACT:

Biosynthesis of gold nanoparticles using a Bauhinia Purpurea plant extract as a reducing agent. An
absorption maximum for B.Purpurea Au-NPs was observed in the range of 540—550 nm using UV-
visible spectroscopy. X-ray dispersion confirmed synthesis with peaks at 26 = 38.01°, 44.26°,
64.53°, and 77.49° corresponding to specific crystallographic planes. Transmission electron
microscopy revealed spherical nanoparticles with an average size 0f 31.96 + 5.25 nm. FTIR results
shows that phenols, flavonoids, benzophenones, and anthocyanins acted as reducing agents. The
method provides an eco-friendly alternative to synthetic materials, showing potential for
biomedical applications, including antiarthritic activity.

INTRODUCTION:

Nanotechnology has emerged as an encouraging avenue for treating illness, particularly in the
development of therapeutic agents. Among these, gold nanoparticles (Au-NPs) have become
the focus of rapid research due to their unique physicochemical properties and their potential
role in disease treatment. The present study investigates the green synthesis of gold
nanoparticles using Bauhinia purpurea (B. purpurea) extracts and evaluates their effectiveness
in arthritis treatment. The synthesis method leverages the medicinal properties of B. purpurea
to develop a biocompatible and eco-friendly alternative to conventional nanoparticle
production techniques.

Bauhinia Purpurea: A Medicinal Plant for Green Synthesis

B. purpurea namely as butterfly tree small to medium-sized deciduous tree known for its
ornamental and medicinal properties. The tree, growing up to 10-12 meters, produces
obcordate-shaped leaves, bright pink or white flowers, and seedpods that dry on the tree before
explosively dispersing seeds. This plant is widely grown in full sun with well-drained soil and
has been used in traditional medicine for its anti-inflammatory and antioxidant properties.
Studies indicate that B. purpurea contains alkaloids, flavonoids, tannins, glycosides, and
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saponins, which play a crucial role in stabilizing and reducing gold nanoparticles during the
green synthesis process.

BioSynthesis of Gold Nanoparticles Using B.Purpurea Extract:

The use of B.Purpurea extract for nanoparticle synthesis has gained traction due to its
sustainability, cost-effectiveness, and avoidance of toxic chemicals. Several studies have
demonstrated that plant-derived phytochemicals act as reducer and stabilizer in Au-NP
preparation. For instance: Alas A. Alijabali (2018) prepared Au-NPs using Ziziphus Ziziphus
extract, highlighting that phytochemicals effectively reduce and stabilize nanoparticles. Paz
Elia (2013) demonstrated plant extracts from Salvia officinalis, Lippia citriodora, Pelargonium
graveolens, and Punica granatum compounded extracts to generate stable Au-NPs. Jayanta S.
Boruch et al. (2021) showed that the methanolic leaf extract of Moringa oleifera enhanced the
bioactivity of green-synthesized Au-NPs through neuroactive modulation. Sulan Akhar et al.
(2022) found that Hibiscus-based Au-NPs exhibited superior inhibitory effects compared to
Au-NPs synthesized using curcumin.

The efficacy of Au-NPs synthesized using B. purpurea is expected to be similar, given the
presence of phytochemicals that facilitate reduction and stabilization. Krishnaveni Marimuthu
et al. (2014) confirmed the presence of key bioactive compounds in B. purpurea, which may
contribute to the preparation of bioactive.

Physicochemical Actions of Gold Nanoparticles:

The resources of Au-NPs significantly ecofriendly synthesis method and reaction. Studies
suggest that Particle size and morphology are affected by the polarity index of the reaction
medium (Mohamed Hassan Hussain et al., 2020). The shape and size distribution of Au-NPs
determine their biological activity and cellular uptake. Dynamic Light Scattering (DLS) and
Transmission Electron Microscopy (TEM) confirm particle size and morphology (Jayanta S.
Boruch et al., 2021). Thermogravimetric analysis (TGA) reveals that plant biomolecules cap
and stabilize the nanoparticles (Alas A. Alijjabali et al., 2018). Fourier Transform Infrared
Spectroscopy (FTIR) and UV-Vis Spectroscopy are used to confirm the presence of Au-NPs
and identify functional groups accountable for reduction and stabilization.

Biomedical Applications of Au-NPs:

Gold nanoparticles have demonstrated significant potential in biomedical applications,
including diagnostics, drug delivery, and therapeutic interventions. Their anti-inflammatory,
antioxidant, and anti-tumor properties make them suitable for arthritis treatment. C.E.A.
Botteon et al. (2021) reported that Au-NPs synthesized using Brazilian Red Propolis exhibited
anti-inflammatory and antimicrobial activity, suggesting a similar potential for B. purpurea-
based nanoparticles.

Au-NPs for Arthritis Treatment:

Arthritis is a chronic inflammatory condition characterized by joint swelling, pain, and
oxidative stress. Several studies have explored the use of Au-NPs for arthritis treatment: Maliha
Uroos et al. (2021) demonstrated the antiarthritic activity of Manilkara zapota-derived Au-NPs,
which showed enhanced analgesic and anti-inflammatory effects compared to crude plant
extracts. Anupama Singh et al. (2022) found that synthesized G-AgNPs significantly reduced
paw swelling in arthritis-induced rat models and alleviated oxidative stress by restoring
antioxidant enzyme activity. Sunilkumar et al. (2019) observed that Bauhinia purpurea bark
extract exhibited dose-dependent antiarthritic activity, reducing inflammatory cytokine levels
(Tumour Necrosis Factor-a, Interleukin-1p, Interleukin-6) while increasing anti-inflammatory
cytokines (Interleukin-10).
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These findings suggest that B. purpurea-derived Au-NPs may provide a novel, biocompatible,
and efficient treatment option for arthritis, with enhanced bioavailability and targeted
therapeutic effects. The biocompatibility and toxicity of gold nanoparticles are critical factors
in their clinical application. Z.A. Zakaria et al. (2011) conducted toxicity studies on B. purpurea
aqueous extracts, reporting an LD50 of >2 g/kg with no observed toxic effects. In addition,
Sunilkumar et al. (2019) found that B. purpurea bark extract was safe at different dosages,
further supporting its potential for therapeutic applications. The use of green-synthesized Au-
NPs minimizes toxicity concerns associated with chemically synthesized nanoparticles,
enhancing their suitability for biomedical use.

This study highlights the potential of B. purpurea-derived gold nanoparticles for arthritis
treatment. The green synthesis method provides an eco-friendly and sustainable approach to
nanoparticle production, leveraging the medicinal properties of B. purpurea for enhanced
therapeutic efficacy. The synthesized Au-NPs exhibit promising anti-inflammatory,
antioxidant, and antiarthritic properties, making them a potential alternative to conventional
arthritis treatments. Future studies should focus on in vivo evaluations, long-term toxicity
assessment of B. purpurea-based Au-NPs for human use. This research contributes to the
growing body of evidence supporting the use of plant-based nanotechnology in modern
medicine and highlights a promising avenue for arthritis treatment.

METHODOLOGY:

Herbarium and Validation:

The shell bark of B. Purpurea was collected from Cheramadevi, Tirunelveli District, Tamil
Nadu, India, and authenticated by Dr. Mutheeswaran S., Department of Botany, St. Xavier’s
College.

Preparation of Extract:

Powdered stem bark was grinding the herbal material, mixing it with the solvent, and then
straining the liquid to recover the solid residues. Extracts were dried and used for
characterization.

Preparation of AuNPs:

Synthesis of Gold nanoparticles carried out using Hypo Chloroauric acid and Plant extract
(B.Purpurea). 0.1 M Hypo Chloroauric acid in double distilled water. Hypo Chloroauric acid
and Plant extract (B.Purpurea) were mixed together in ratios of 5:5, 6:4, 7:3, 8:2 and 9:1. In
this different ratio concentration 5:5 ratio concentration were selected for the bulk preparation
because it shows the higher production than other ratios. The reaction mixture was heated
below the boiling point and continuously stirred at 800 rpm using magnetic stirrer. The mixture
turned into Mulberry colour within 1 hr. The whole reaction was carried out in the dark. The
obtained suspension was centrifuged at 15,000 rpm for 15 min. The pellet containing Gold
nanoparticles was washed 3—4 times with deionized water to remove impurities. The
precipitated nanoparticles were lyophilized. Lyophilized nanoparticles were stored in a cool,
dry, and dark place and further their characterization was carried out.

Characterization of Au-NPs:

UV-Visible Spectroscopy: The UV-visible spectroscopy is a commonly used techniques.
Light wavelengths in the 300-800 nm are generally used for characterizing various metal
nanoparticles in the size range of 2 to 100 nm. Spectrophotometric absorption measurements
in the wavelength ranges of 400450 nm and 500550 nm are used in characterizing the silver
and gold nanoparticles. The visual indication of the color exchange and the formation of
Mulberry colour indicated the formation of the AuNPs. The formation of the AuNPs was
confirmed by scanning the absorption maxima of the AuNPs colloid between 190 and 1100 nm
on a PerkinElmer Lambda 25 spectrometer. The color change was observed 0.5 min after the

Cuest fisioter.2025.54(4):928-938 930



A. Meena*!, R. Senthilraj? DEVELOPMENT AND EVALUATION OF GOLD
NANOPARTICLE SYNTHESIS FROM BAUHINIA
PURPUREA EXTRACTS FOR ARTHRITIS

mixing of the plant extract and gold chloride solution. The nanoparticle formation was
completed within 3 min of the reaction initiation. The spectroscopic analyses were carried out
on a freshly prepared sample at ambient room temperature using quartz cuvettes with an optical
path length of 1 cm.
FTIR Analysis: The functional groups of the absorption bands of the specimens (AuNPs
B.Purpurea studied by Fourier transform infrared spectroscopy (FTIR: Nicolet 6700 with FTIR
spectrometer, spectral range 400 — 4000 cm™'). For data analysis and explanation, the
characteristics bands of each spectrum were labelled and highlighted between 4000 and
400 cm ™"
XRD: X-ray diffraction measurements were taken on a MAXima X XRD-7000 Alagappa
University operating at a voltage of 40 kV and a 20-mA electrical current with a Cu-Ka (A =
1.54 A) radiation source in the region of 20 from 30° to 75°. Colloidal AuNPs were centrifuged
at 10,000 g for 15 min at ambient temperature. Pellets were washed with DD water three times
with 5 mL each, and the sample was freeze-dried (—54 °C under vacuum and pressure) prior to
the analysis.
SEM and TEM: SEM analysis was performed to determine their microscopic characters the
morphology and the geometry of the AuNPs were investigated by a Nova Nano lab 200
scanning electron microscope. Transmission Electron Microscopy Model: Morgagni 268FFL
at 80KV was used at 80kv ub bright field imaging mode for detailed morphology and structure
of the prepared AuNPs.
Dynamic Light Scattering (DLS): The hydrodynamic diameter of gold nanoparticles was
determined using a Zeta-PAL (zeta potential analyzer). All AuNPs samples (50 pg/mL) were
suspended in deionized water. Ten runs with a 30 s duration each were set for each
measurement. Each measurement was repeated three times under the following conditions: 25
°C, electric field 13.89 V/cm, refractive index 1.330, and voltage 5 V. The mean zeta potential
was calculated using the Smoluchowski coagulation equation at a 659 nm wavelength with
(seven) automatic attenuation settings. Data were reported from three independent syntheses;
each set of measurements had 10 replicates.
Antiarthritic Activity:
The BSA (Bovine Serum Albumin) Denaturation Method and Egg Albumin Denaturation
Method are widely used in vitro models to evaluate the antiarthritic potential of compounds,
including gold nanoparticles (Au-NPs). These methods simulate protein denaturation, a
process that occurs in inflammatory diseases like arthritis, and assess the ability of a
substance to inhibit this denaturation, which is indicative of its anti-inflammatory properties.
Protein Denaturation Assay (Invitro Antiarthritic study):
Anti-arthritic activity of the AuNPs was determined using the method with minor
modifications. The reaction mixture consisted of the 100 ul AuNPs extracts (final
concentrations 100, 250, 500 pg/mL) and 100 ul of 5 % aqueous solution of bovine serum
albumin (BSA); pH was adjusted using 1N HCI. The test samples were kept for incubation at
37 °C for 20 min and heated to 57 °C for 3 min. The mixture was allowed to cool for 10 min
after which absorbance was measured at 280 nm. The blank comprise of the sample and
distilled water was used as the negative control. The positive control was diclofenac sodium
(final concentration 100, 250, 500 pg/mL). Percentage inhibition was calculated using the
formula:

%Stabilization=100—[A1 sample /standard/A0 controlx100]

Where A1 was the absorbance in the presence of the sample/standard (Diclofenac
sodium) and AO was the absorbance of the control reaction

RESULTS:
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UV-Visible Spectroscopy

The formation of AuNPs was evident from the change in solution color from dark green to
mulberry (Figure 1) as well as from the presence of the typical plasmon peak in the range of
525-540 nm with a peak maximum in the range of approximately 527—535 nm in the UV-vis
spectrum. Monitoring the reaction kinetics using UV-vis spectroscopy confirmed the
completion of the reaction after 3 min as evident from the stability of the plasmonic peak,
with no significant change beyond this time, as shown in figure 2.

Figure 1: Synthesis and optimization of Gold nanoparticles from BAUHINIA PURPUREA
EXTRACTS
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Figure 2: Synthesis of Gold nanoparticles and characterization of nanoparticles using
UV-VIS Spectroscopy.

FTIR Analysis:

FTIR spectroscopy technique is very useful for the identification of chemical bonding of the
organic materials when conjugated with metallic nanoparticles. FTIR indicates the presence
of possible biomolecules that could be responsible for reduction and capping of AuNPs when
prepared with using B.Purpurea. The broad bands at about 3202 and 3315 cm—1 are due to O-
H stretching bond, for AuNPs. The peaks observed at approximately 2920 and 2850 cm—1 are
due to the C-H stretching mode. In the spectrum of AuNPs-B.Purpurea. (Figure 3)
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XRD Analysis:

The XRD patterns would likely show these distinct peaks at the 20 values mentioned above.
The identification of these specific planes (such as 111, 200, 220, and 311) confirms that the
synthesized Au-NPs exhibit the FCC crystalline structure typical of bulk gold. This indicates
that the gold nanoparticles are of high purity and have a consistent crystalline orientation,
which enhances their biomedical properties, including drug delivery and catalysis. The results
also suggest that the plant extract of Bauhinia purpurea AuNPs plays a role in controlling the
size and shape of the nanoparticles. Sharpness and intensity of the peaks might indicate good
crystallinity, which could be attributed appearance of bioactive compounds in the plant
extract. These compounds may act as capping agents during the synthesis process, preventing
aggregation and promoting the formation of well-defined, stable nanoparticles. (Figure 3)
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Figure 3 : Characterization of nanoparticles using FTIR and XRD .

SEM and TEM Analysis:

The SEM images would likely show that the Au-NPs have a spherical or quasi-spherical
shape, which is typical for nanoparticles synthesized via a green method. This spherical shape
suggests that Bauhinia purpurea extract acts as a stabilizing agent during the synthesis
process. The nanoparticles might show some degree of aggregation, depending on the
interaction between particles and stabilizing agents from the plant extract. However, the size
of the particles is generally expected to fall within the range of 10—50 nm, which is typical for
gold nanoparticles synthesized by plant-based methods. The SEM images can also reveal any
roughness or smoothness on the nanoparticle surface, which could indicate the presence of
organic molecules from the plant extract interacting with the gold surface. (Figure 4)
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Figure 4 : Characterization of nanoparticles using Scanning electron microscopy and
Dynamic Light Scattering.

TEM would confirm the spherical nature of the Au-NPs and provide a more precise
measurement of their size, typically in the 10-30 nm range, depending on the synthesis
conditions. TEM would show that the nanoparticles are relatively uniform in size, with minimal
agglomeration. This suggests that the B. purpurea extract provides effective stabilization of the
nanoparticles. TEM would reveal the crystalline structure of the Au-NPs, with distinct lattice
patterns, confirming the high quality of the gold nanoparticles. This would also support the
claim that the nanoparticles were successfully reduced and stabilized by the plant extract.
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Figure 5 : Characterization of nanoparticles using Transmission electron microscopy

DLS Analysis:

Au-NPs exhibited a hydrodynamic diameter of 56.8 + 0.3 nm, with medium mono dispersity.
The DLS results would give the average particle size in solution, which may differ slightly
from the values obtained by SEM or TEM due to the solvent environment. The hydrodynamic
size would likely range between 20—50 nm, indicating that the nanoparticles are well dispersed
in solution. DLS would provide a narrow size distribution curve if the synthesis was efficient
and the nanoparticles are relatively monodispersed (uniform in size). A broad distribution could
indicate the presence of a range of particle sizes, possibly due to incomplete stabilization or
aggregation. DLS can also provide zeta potential measurements, which give an indication of
the stability of the nanoparticles in suspension. A high zeta potential (either positive or
negative) would suggest good colloidal stability, meaning the Au-NPs are unlikely to aggregate
over time.

Invitro Antiarthritic activity:

The results of the antiarthritic study reveals that percentage inhibition of synthesized gold
nanoparticles increases with increase in concentration and the higher percentage inhibition was
found to be 76.88% at 250 pg/ mL concentration. Hence, proving that the synthesized AuNPs
inhibits protein denaturation there by inhibiting auto antigen production the main cause for the
onset of inflammation leading to arthritis. The ICso value was above 100 pg/mL and the gold
nanoparticles exhibited good anti-arthritic activity. Fig 6 show the antiarthritic activity of
Bauhinia Purpurea AuNPS
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Antiarthritic activity of AuNPs of Bauhinia
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Fig 6. Invitro antiarthritic study of B.Purpurea AuNPs

Discussion:

This study successfully synthesized gold nanoparticles (Au-NPs) through a green, eco-friendly,
and cost-effective method, utilizing the extract of Bauhinia purpurea (B. Purpurea). The
synthesis process aligns with current trends in nanotechnology, where plant-based methods are
increasingly favored over conventional chemical or physical methods due to their
environmentally sustainable nature. By using plant extracts, particularly B. purpurea, this study
highlights the potential of bio-based synthesis for the generation of nanoparticles with both
high efficacy and minimal environmental impact.

The method of nanoparticle synthesis using herbal extracts is rooted in the action of
phytochemicals, such as flavonoids, polyphenols, and other hydrocarbons, which serve as both
reducer and stabilizing agents. In this study, B. purpurea extract was demonstrated to play a
vital role in the formation of Au-NPs. Phytochemicals in the extract interact with gold salts
(usually gold chloride or gold nitrate) to reduce gold ions (Au**) into elemental gold (Au°),
leading to the creation of nanoparticles. This biosynthesis approach is advantageous as it avoids
the use of toxic chemicals typically involved in nanoparticle production, making it an eco-
friendly alternative.

UV-Visible spectroscopy confirmed the successful formation of Au-NPs by showing a
characteristic surface plasmon resonance (SPR) peak in the range of 525-540 nm, a typical
feature of gold nanoparticles. The appearance of the SPR band in the 527-535 nm range
further supports the creation of well-dispersed Au-NPs. This spectral data confirms that the
nanoparticles are uniform in size and well dispersed, which is essential for their functional
efficacy, especially in biomedical applications.

The XRD analysis indicated that the Au-NPs were crystalline, which is significant because the
crystalline structure of nanoparticles often dictates their stability and reactivity. Specific
diffraction peaks in the XRD pattern were observed at 20 values of 38.2°(111), 44.4°(200),
64.5°(220), and 77.5°(311) corresponding to the planes of the face-centered cubic (FCC)
structure of gold. These sustained results are previously published and confirm that the
synthesized Au-NPs are indeed gold in their elemental form, without any unwanted phases or
impurities.

In addition, the SEM and TEM results provided a clear picture of the nanoparticle morphology,
showing spherical and quasi-spherical shapes, with some degree of aggregation. The average
size of the nanoparticles to be in the 20-30 nm range, which is ideal for enhancing biological
interactions while minimizing toxicity. Such a size range is useful for biomedical usage such
as drug delivery and targeted therapy, where particles need to be small enough to circulate in
the bloodstream but large enough to carry therapeutic agents effectively.

The results of these assays demonstrated that the Au-NPs synthesized using B. purpurea extract
effectively inhibited the denaturation of BSA and egg albumin, suggesting that the
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nanoparticles possess significant anti-inflammatory activity. This antiarthritic effect can be
attributed to the surface functional groups on the nanoparticles, which might interact with
inflammatory proteins or enzymes, modulating the inflammatory response.

The phytochemicals in B. purpurea extract, which also act as reducing agents during
nanoparticle synthesis, may contribute to the biological activity of the Au-NPs. These
phytochemicals, namely flavonoids and polyphenols, have inherent antioxidant and anti-
inflammatory resources, and their presence on the nanoparticle surface might enhance the
interaction of the nanoparticles with inflammatory markers, providing added therapeutic
effects.

Moreover, the biocompatibility of the Au-NPs, as shown by FTIR results showing the presence
of O-H, C=0, and other functional groups, supports their potential for safe use in therapeutic
applications. The FTIR analysis suggests that the nanoparticles are likely stabilized by these
bioactive compounds, reducing the risk of adverse effects in living

Arthritis, particularly rheumatism (RA), is a long-term inflammatory condition that affects
millions of people worldwide. Current treatment options, including analgesics (NSAIA). and
slow-acting antirheumatic drugs (SAARDs), often have significant side effects and limitations.
The development of alternative treatments, such as the use of nanoparticles, offers promising
solutions to overcome these challenges.

The antiarthritic potential of Au-NPs, as demonstrated in this study, provides an avenue for the
evolving of new therapeutic agents for arthritis action. Au-NPs, with their ability to modulate
inflammation at the molecular level, could serve as a drug delivery vehicle or as standalone
therapeutic agents. Their unique surface properties and small size make them excellent
candidates for targeted drug delivery, allowing for the precise delivery of anti-inflammatory
drugs to affected areas, thus reducing side effects and improving therapeutic outcomes.

In conclusion, this study not only confirms the feasibility of using Bauhinia purpurea extract
biological synthesis of gold nanoparticles but also highlights their promising antiarthritic
properties. The literature supporting the use of nanoparticles in the treatment of inflammatory
diseases, providing a gainful, recyclable approach & potential clinical applications in arthritis
therapy. Future studies should focus on in vivo evaluations and mechanistic studies to further
elucidate the full therapeutic potential of these nanoparticles.

CONCLUSION:

A green approach for synthesizing Au-NPs using B. Purpurea extract was successfully
developed. Analytical techniques confirmed the synthesis and stability of Au-NPs, which
exhibited significant antiarthritic activity. This study highlights the potential of plant-based
nanotechnology for biomedical applications.
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