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ABSTRACT

This research investigates the green synthesis of silver nanoparticles (AgNPs) using Wrightia tinctoria pod extracts and evaluate
their anti-adipogenic activity in 3T3-L1 cells. Formation of AgNPs was initially confirmed by the appearance of dark brown colour
and was later confirmed by UV-Visible spectroscopy of the sample. FTIR studyconfirmed localization of functional groups from the
plant that participated in the reduction, stabilization and formation of the AgNPs. XRD analysis showed crystalline nature of
nanoparticles and the characteristic reflections of face centered cubic silver crystallite size was 93 nm in average. The EDX analysis
revealed the major element to be silver, and the SEM analysis indicated aggregation of particles. The TEM results showed spherical
to quasi-spherical in shape with 30.4 nm average size. The particle size ranges from 19.97 to 43.89 nm. MTT assay showed that it
was concentration-dependent and showed an estimated ICsy 0f 119.7 ug/mL. AgNPs at the concentration lower than ICs,caused a
reduced intracellular lipid accumulation in differentiated 3T3-L1 adipocytes. The 57.17%, 45.18% and 42.00% relative lipid
accumulation at 80, 100 and 120 ug/mL, respectively, was observed using an Oil Red O staining method compared with the
untreated control. The results prove that the extract from W. tinctoria pods can act as a plant derived reducing and stabilizing
agent for AgNP synthesis, and the obtained AgNPs have initial anti-adipogenic activity which reduces the accumulation of lipids in

3T3-L1 cells.
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Introduction

Obesity is ametabolic disorder which is caused by the
deposition of excess fat tissue in the body and is relatedto
various complexities such as diabetes mellitus type 2,
cardiovascular diseases and hypertension [1]. The expansion of
adipose tissue is achieved by adipocyte hypertrophy,
hyperplasia, and adipogenesis, the process of converting
preadipocytes to mature adipocytes, is essential for the
accumulation oflipids and occurrence of obesity[2].Peroxisome
proliferator-activated receptor gamma (PPARy), and
CCAAT/enhancer-binding protein alpha (C/EBPa)
transcription factors are activated in adipogenesis, a process
that involves adipocyte differentiation and lipid storage [3]. The
3T3-L1 preadipocyte cell line are widely used as cell model for
adipogenesis which serves as an ideal platform for screening of
antiadipogenic substances [4, 5]. Silver nanoparticles (AgNPs),
owing to theirunique physico-chemical and biological activities,
have gained the interest of many researchers.

They are small in size, with a large surface to volume ratio that,
allows their efficient interaction with biological systems. This
ability makes them very useful in biomedical research [6].
Besides their well-documented antimicrobial activity[7,8,9,10],
AgNPs may also alter the processes involved in lipid metabolism
and adipocyte differentiation [11]. The green synthesis using
extracts of bioactive/medicinal plants is an alternative in the
nanoparticle biosynthesis, which is also an eco-friendly process
[12]. Plant secondary metabolites like phenolics, flavonoids and
other reducing compounds can help reduce Ag* to Ag®, and they
can also serve as capping and stabilizing agents [13,14,15]. This
is a simple, economic and eco-friendly method of nanoparticle
production. AgNPs produced from plants can have biological
properties because of silver and phytochemicals that are
attached to the surface of AgNPs[16]. These biomolecules have
the potential to affect the stability of the nanoparticles, surface
properties and cell interactions. Hence, the choice of
appropriate medicinal plant can be critical for developing
biologically active AgNPs.

Volume 5, Issue 2, 2026 | 235 to 243.

DOI: https://doi.org/10.51470/J0D.2026.5.2.235


https://diversity.researchfloor.org/
https://www.crossref.org/services/crossmark/
https://diversity.researchfloor.org/article-archive/volume-5-issue-2-2026/
https://diversity.researchfloor.org/article-archive/volume-5-issue-2-2026/
https://diversity.researchfloor.org/article-archive/volume-5-issue-2-2026/
https://diversity.researchfloor.org/article-archive/volume-5-issue-2-2026/
https://portal.issn.org/resource/ISSN/3041-5357
https://portal.issn.org/resource/ISSN/3041-5357
https://portal.issn.org/resource/ISSN/3041-5357
https://diversity.researchfloor.org/
https://diversity.researchfloor.org/
https://orcid.org/0000-0003-1199-0022
https://orcid.org/0000-0002-6836-7170
https://orcid.org/0000-0002-9132-1488

Arpana Ashokrao Durge et al, / Journal of Diversity Studies (2026)

Wrightia tinctoriaor Dye's oleander is a medicinal flowering
plant known to possess various phytochemicals such as
alkaloids, flavonoids, terpenoids and glycosides[17]. These
constituents have shown antioxidant, anti-inflammatory and
antimicrobial properties, and could also provide important
biological properties to plant-derived nanoparticles.The
application of W. tinctoria pod extract for synthesis of AgNP is of
special relevance as the phytochemicals of W. tinctoria can be
involved in the biosynthesis of AgNP. These can act as electron
donors to silver ions and then stay attached to the surface of the
nanoparticle as capping molecules in plant mediated
synthesis.Intracellular accumulation of neutral lipids in
differentiated adipocytes has been widely evaluated by Oil Red
O staining[18]. Anti-adipogenic or anti-lipogenic activity can be
suggested by the decrease in the formation of lipid droplets as a
result of treatment. Most importantly, cytotoxicity needs to be
analysed to differentiate true anti-adipogenic activities from
non-specific effects resulting from decreased cell viability [19].
MTT assay is a preliminary evaluation method to study the
metabolic state of the cellswhich identifies safe concentrations
ofthe drug for further biological evaluation[20,21,22]. Different
concentrations of AgNPs were then evaluated to study the
cytotoxicity before examining their effect on lipid
accumulation.Biogenic AgNPs are gaining more and more
popularity for their biological activity, but W. tinctoria-mediated
AgNPs' anti-adipogenic activity has been insufficiently studied.
Additional studies are needed to determine if a specific
adipogenic pathway is affected by these nanoparticles and if
they affect adipocyte differentiation and lipid storage.Thus, this
work aims at synthesizing AgNPs using the extract of the W,
tinctoria pods, characterize the synthesized nanoparticles,
assess the cytotoxicity of the synthesized AgNPs in 3T3-L1 cells
and evaluate the anti-adipogenic activity by evaluating lipid
accumulation within the cells by Oil Red O staining.

Materials and Methods

Plant extract preparation and biogenesis of AgNPs

The protocol was performed according to [7] with some
modifications. Fresh pods of W, tinctoria were picked, washed
with tap water followed by distilled water to wash away dust
and impurities that stick to the pods. Shade drying of the cleaned
pods was done for about 7 days at 30-35°C. The pods were then
completely dried, divided into small pieces and appropriately
weighed according to requirements. To prepare methanolic
extract, 100 g of crushed and dried W. tinctoria pods were placed
in 100 mL beaker containing methanol and distilled water
(80:20). A stepwise temperature variation was employed for
obtaining the extracts. At first, the mixture was keptat 50°C for 1
h and then heated at 100°C for 30 min. The temperature was
then raised to 130°C and the heating was carried out until the
volume of the extract was about half of the original. An extract
was obtained and analysed by extracting it into a dark colour.
The pods were extracted in the presence of methanol as
explained above and the methanolic extract was incubated
overnight. The extract was then centrifuged at 10000 x g for 10
min to remove suspended particles and filtered through a filter
paper to remove coarse debris. About 25 mL of clear brown
coloured filtrate was obtained for AgNPs synthesis. About, 1.698
g of silver nitrate crystals were dissolved in 100 mL of distilled
water to make a 100 mM AgNO; solution. The filtered W.
tinctoria pod extract (25 mL) and freshly prepared AgNO;
solution (100 mL)were mixed and stirred for a few minutes.

The colour change was noticed (brown), which indicated the
AgNPs formation. After the incubation, turbidity increase and
formation of dark precipitate was noted at the bottom of the
flask followed by centrifugation for 5 min at 10000 x g.
Synthesized nanoparticles were collected as a pellet after
discarding supernatant. The nanoparticle pellet was cleaned
with acetone to get rid of any contaminants and then sprinkled
up in the round bottom centrifuge tubes. The purified pellet was
poured inawatch glassand leftto dry overnight.

Characterization of green synthesised AgNPs

Silver nanoparticles (AgNPs) biosynthesized using extract from
pods of Wrightia tinctoria were characterized by UV-Visible
spectroscopy, Fourier-transform infrared spectroscopy (FTIR),
X-ray diffraction (XRD), scanning electron microscopy coupled
with energy-dispersive X-ray analysis (SEM-EDX) and high-
resolution transmission electron microscopy (HRTEM). The
monitoring AgNPs synthesis was done by measuring the optical
density (400-800 nm) of the solution in the UV-Visible
spectrophotometer (UV-1780, Shimadzu, Japan). FTIR
spectroscopy was done using Thermo Scientific Nicolet iS50
FTIR spectrometer with ATR-diamond crystal accessory in the
spectral range of 4000-400 cm™. The crystalline structure of
AgNPs is studied by a powder X-ray diffractometer, Bruker D8
Advance, Germany using Cu Ka radiation (A = 1.5406 A) with 20
range of 10-80°. The surface morphology and the presence of
elements of the synthesized nanoparticles were studied using
by the scanning electron microscope (SEM) (JEOL JSM-6390LA,
Japan) equipped with the EDX detector (Oxford X-MaxN, United
Kingdom) at an appropriate accelerating voltage. The
morphology, particle size and distribution of the AgNPs were
further examined by a JEOL JEM-2100, Japan high resolution
transmission electron microscope (HRTEM) at 200 kV. Powder
diffraction was employed to investigate the crystallographic
properties of the nanoparticles. Particle size was determined
directly from the TEM images.

MTT assay and IC,, determination

The cytotoxic properties of the biosynthesized AgNPs of
Wrightia tinctoria pod was studiedby performing MTT assay on
3T3-L1 cells. Briefly, cells were seeded in the 96-well microtitre
plates with culture medium (250 mL) at the density of 2 x 10*
cells/well and then cultured at at 37°C overnight for 24 h to
reach about 60-70% confluency. Fresh medium with different
AgNPs concentration was then used for the cell growth, and the
control cells were grown in fresh culture medium. At least three
wells of each treatment/control were retained and exposed for
the established time period. After treatment, 100 pl of MTT
solution (5 mg/mL, PBS) and fresh medium (100 mL) were
poured into each well. The plates were then incubated 37°C for 4
h in the incubator where formazan crystals were formed by
metabolically active cells. Next, the medium was removed
carefully and 200 pL of the solvent dimethyl sulfoxide (DMSO)
was placed in each well to dissolve the formazan crystals. The
absorbance was measured within 30 min after the addition of
the DMSO after the incubation at room temperature for 10 min
by using a microplate reader at 540-570 nm. Viability of cells
was represented as comparative percentage of the control
(untreated) and the IC,, value was finalized from the
concentration-response curve by calculations.
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Differentiation of 3T3-L1 cells to adipocytes and Oil red O
staining

The protocol describes the process of chemically inducing
preadipocytes (3T3-L1) to differentiate into adipocyte-like cells
using IBMX, (3-isobutyl-1-methylxanthine), dexamethasone
and insulin. The method is widely used in metabolic and obesity
research to model adipogenesis in vitro, and is adapted from
[23]. Differentiated 3T3-L1 cells were used to assess the anti-
adipogenic effect of the Wrightia tinctoria pod-mediated silver
nanoparticles (AgNPs). Stock solutions of 3-isobutyl-1-
methylxanthine (IBMX, 10 mM in DMSO) and dexamethasone
(20 pM in distilled water) were made and insulin was prepared
freshly. The differentiation induction medium (MDI medium)
consisted of DMEM containing IBMX, dexamethasone and
insulin at final concentrations of 0.5 mM, 1 uM and 10 pg/mL,
respectively. The 3T3-L1 cells were transferred in a six-well
plate at 3 x 107 cells/cm?and grown in DMEM for approximately
70% confluency by, changing the medium every 2-3 days until
then. The growth media was replaced by 1 mL of MDI induction
media per well (Day 0) to start adipogenic differentiation.
Appropriate untreated cells were kept as controls and various
concentrations of the synthesized AgNPs were simultaneously
treated on the cells. On day 3 MDI medium was changed to
insulin medium. The cells which underwent differentiation
were microscopically analysed on day 5 to observe the
morphologic changes and formation of droplets of lipids. The
culture was then continued and on day 7, fresh culture medium
(500uL/well) was added. For the Day 8 experiment, the degree
of lipid accumulation was determined by staining both the
treated and untreated differentiated cells by the staining
procedure of Oil Red O and then visualizing under the
microscope. After staining, the stained cells were fixed by
employing the isopropanol followed by quantitative analysis of
lipid accumulation in a 96-well plate.

Results and Discussion

Production of Silver Nanoparticles (AgNPs) Using Wrightia
tinctoria pod extracts and UV-Visible Spectroscopic
Confirmation

A visible change of the colour of the solution was initially
observed as a preliminary indicator for AgNPs synthesis using
the pod extract of Wrightia tinctoria. When silver nitrate
solution was added to the plant extract the reaction mixture
turned initially light brown which further turned to dark brown
with silver grey appearance (Fig. 1).

== =3 i == — =
1. Silver nitrate solution 2. Extract of Wrightia tinctoria pods 3. Formation of AgNPs

(AgNO,) (color change)

6. Final nanoparticles 5. Washing and drying

4, Centrifugation )
i

.

Figure 1: The experimental procedure involved in the green synthesis of Wrightia
tinctoria mediated silver nanoparticles (AgNPs).

This visible colour change indicated preliminary evidence of the
reduction of silver ions (Ag") to silver (Ag") and the subsequent
formation of AgNPs. Nanoparticles can be synthesized using
plant-mediated methods where the phytochemicals present in
the plant extract can serve as reducing as well as stabilizing
agents. Phenolics, flavonoids, terpenoids, and other reducing
biomolecules may donate electrons to the silverions, which may
cause the change of silver ions into nanosized metallic silver
[24]. Phytochemical screening of the methanolic extract of the
pods of Wrightia tinctoria indicated the presence of alkaloids
terpenoids, phenols and saponins. The positive Dragendorff's
test suggested the presence of alkaloid constituents, but these
were not identified individually by the present qualitative
screening. Meanwhile, biomolecules found on the surface of the
nanoparticles can also help to stabilize them and inhibit over-
aggregation. The formation of AgNPs was further investigated
by UV-visible spectroscopy in the range of 400-800 nm. The
UV-visible spectrum of the reaction mixture revealed a sharp
peak at around 425 nm [7]. This absorption band is a well-
known characteristic of the surface plasmon resonance (SPR)
attributed to AgNPs and therefore the appearance of this band is
a spectroscopic confirmation of AgNPs formation. But the
UV-visible spectroscopy alone does not give the complete
information about the size, morphology, crystallinity, surface
chemistry, and colloidal stability of the synthesized
nanoparticles. Thus, the colour change and typical SPR band at
425 nm strongly suggest the formation of AgNPs, which requires
more characterization studies to comprehensively determine
the physicochemical properties of the AgNPs. The synthesized
W. tinctoria pod-mediated AgNPs were then subjected to further
characterization by suitable analytical techniques to determine
functional groups, crystalline nature, morphology, particle size
and surface characteristics of the synthesized AgNPs.

FTIR Characterization of Wrightia tinctoria Pod-Mediated
AgNPs

FTIR analysis was conducted to identify the functional groups
that are involved in the biosynthesized AgNPs and to
understand the possible involvement of phytochemicals
present in the Wrightia tinctoria pod extract that could be
responsible for the reduction and stabilization process of
AgNPs. As demonstrated from the FTIR spectrum, the
nanoparticles exhibited a number of absorption bands, which
correspond to the presence of various biomolecular functional
groups attached to or associated with the synthesized
nanoparticles. A wide absorption band was seen between about
3200 and 3600 cm™, possibly related to the stretching of the
0-H bond [24]. These wide bands are typical for plants
containing hydroxyl groups such as phenolics, alkaloids,
alcohols and other plant metabolism products. In particular, the
presence of biomolecules containing hydroxyl groups is
especially relevant in the synthesis of green nanoparticles as the
biomolecules can be involved in the reduction of Ag” ions to
metallic Ag’. Furthermore, biomolecules with hydroxyl groups
could still be chemically bound to the surface of the
nanoparticles and help to stabilize the nanoparticles. The band
at 2913.99 cm™ is related to stretching vibration mode of
aliphatic C-H bonds especially C-CH, and C-CHs bonds [25].
These functional groups can be from different organic
components of the pod extract of W. tinctoria. The occurrence of
them in the spectrum indicates that biomolecules obtained from
plants are related to the synthesized nanoparticles. There was a
strongband around 1568.45cm™.
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Depending on the composition of the sample, this region can be
linked to vibrations of the C = C groups, carbonyl-containing
compounds, N-H bending vibrations [26]. During the process of
forming nanoparticles in plant extract, biomolecules can
interact with silver ions and the resulting mixture of phenolic
compounds, alkaloids, proteins, and other secondary
metabolites might be different for each extraction. Thus, the
bands in this region could be attributed to the presence of these
compounds in the reduction process and/or to capping of the
nanoparticles' surface. The absorption band at 1349.32 cm-1
could be assigned to C-N or C-O stretching vibrations for
organic molecules derived from the plants [27]. This finding also
adds to the biomolecules found on the surface of the AgNPs from
the pod extract. These compounds have surface activity and may
act as natural stabilizers and prevent the nanoparticles from
excessive aggregation. The band at 981.62 cm-1 is located in the
fingerprint region of the FTIR spectrum and could correspond
to the vibrations of C-0O, C-H deformation, or any other type of
vibration in organic compounds [28]. This band also shows that
the phytochemical components in the pod extract of W. tinctoria
are not separated from the NP preparation. In general, the
overall FTIR spectrum indicates the presence of different
functional groups of biomolecules of plants (Fig. 2).

e
=] == T R'J'N\ 7 |'\ T I’
g [POS%R e b VY
ad (> \ / | | 'Y

% / | | | |
] 4 \ / [ F |
\ / [ Al |

= \ [ IV |

£ 81 \ { | | | I

® \ / || Al

g o \ f [ | Mo

g% \ / Wl | I

E v Vi \ [\

o T R

£ : (| |

[ | J
o o
i "‘ | \I o
|
w | V || '
© | | I
= \ ]
@ \
| [
E 5 53 % 2 8 .4 b
o e g [ o e b i
g E 28 8 B3 sypscy
T T T -
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Figure 2: FTIR analysis of the functional groups which show the reduction and
stabilization of nanoparticles in Wrightia tinctoria mediated silver nanoparticles

The results corroborate the role of phytochemicals present in
the pods of Wrightia tinctoria in the green synthesis of AgNPs.
The biomolecules such as phenolics and other reducing
biomolecules could help to convert silver ions to metallic silver
while organic molecules that remain on the surface of the
nanoparticle could actas capping agents and stabilizers.

XRD analysis of green synthesised AgNPs

The crystal structure of the AgNPs prepared using the extract of
Wrightia tinctoria pods was studied by X-ray diffraction (XRD).
The diffractogram showed several distinct and sharp diffraction
peaks, demonstrating the crystalline nature of the synthesized
nanoparticles. The major diffraction peaks were observed at 20
values of 28.378° 38.154°, 40.558° 44.339°, 64.486° and
77.437°. Of these, the strongest diffraction peak was measured
at 38.154° having a relative intensity of 100%, which suggests
that this was the main crystalline reflection present in the
sample [29]. Additional prominent peaks were observed at
44.339°, 64.486° and 77.437°, with relative intensities of
35.3%, 17.7%, and 13.4%, respectively. The Cu radiation with a
wavelength of 1.54060 A was used for the XRD scan in the 26
range of 10-80°.

The characteristic reflections seen at around 38.15°, 44.34°,
64.49° and 77.44° are characteristic reflections that are
ordinarily observed for a crystalline metallic silver, and are
characteristic reflections of face-centred cubic (FCC) silver. The
38.154° reflection intensity is very high, which is a sign of high
crystallinity of the synthesized AgNPs. The presence of sharp
and well-defined peaks further implies that the green synthesis
mediated by the extract of W, tinctoria pods did not produce an
amorphous silver containing material, instead, crystalline silver
nanostructures were formed. The d-spacing values
corresponding to the major peaks were 2.35681 A at 38.154°,
2.04135 A at 44.339°, 1.44383 A at 64.486°, and 1.23151 A at
77.437°. The values also help to confirm the crystalline nature of
the synthesized material. A small peak was also detected at
28.378 and a weak peak at 40.558. Small additional peaks might
be due to residual phytochemicals from the plant extract, minor
crystalline species or other phase associated with the sample.
These minor peaks must therefore be taken with a grain of salt
and can be identified as metallic silver only, if at all, when
compared with an appropriate standard diffraction data base.
The crystallite sizes calculated using the peak broadening of
XRD was found to be about 99.9 nm, 84.5 nm and 94.2 nm at the
reflections at approximately 38.155°, 44.339° and 64.483°,
respectively, indicating an average crystallite size of about 93
nm (Fig. 3).
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Figure 3: X-ray Diffraction (XRD) pattern of biosynthesized silvernanoparticles
prepared by using Wrightia tinctoria pod extract

The results show that the synthesized material had been
nanocrystalline. The crystallite size measured by XRD is to be
noted as the size of coherently diffracting crystalline domains
and could be different from the particle size measured by SEM,
TEM or dynamic light scattering analysis. Thus, XRD results
indicate that the extract from the Wrightia tinctoria pods used in
this synthesis method yielded mainly crystalline AgNPs. The
sharp reflections and the dominant peak at 38.154° are good
indicators of the crystallinity of the AgNPs synthesized. The pod
extract might have acted in two ways, allowing reduction of the
silver ions, and also, stabilizing the crystalline nanoparticles
[30].

3.4 EDX Analysis of Wrightia tinctoria-Mediated AgNPs

The elemental composition of the AgNPs prepared by the
extraction of the pods of Wrightia tinctoria was investigated by
energy-dispersive X-ray spectroscopy (EDX).
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The EDX spectra from various selected sites revealed a strong
and consistent peakin the region of 3 keV, which corresponds to
silver (Ag) indicating that silver is the major elemental
component of the synthesized nanoparticles [31]. In all
analysed spectra, a strong Ag peak is observed, which further
confirms the successful reduction of the Ag ions and formation
of AgNPs. A few small peaks were also seen corresponding to
oxygen (0) and carbon (C) (Fig4).

Atomic %

Element Line Type Wt%

Figure 4: The energy-dispersive X-ray (EDX) spectrum of biosynthesized silver
nanoparticle prepared using the extract of the pods of Wrightia tinctoria.

The presence of these elements could be linked to
phytochemicals found in W. tinctoria pod extract which were
adsorbed on the surface of the nanoparticles which indicates
their potential role as reducing and capping agents [32]. Some of
these detections of weak signals for potassium (K) and
phosphorus (P) can be from naturally occurring mineral in the
plant extract or residual from sample preparation [33]. The
abundance of the Ag signal at all of the sites analyzed suggests
that the synthesized material contained a high concentration of
silver. In conclusion, the EDX results along with UV-visible, FTIR
and XRD analyses, is an additional proof of the green synthesis of
AgNPsusing Wrightia tinctoria pods.

Scanning electron microscopy of synthesized AgNPs

The surface morphology and particle properties of the AgNPs
synthesized using the extract of the Wrightia tinctoria pod was
investigated by scanning electron microscopy (SEM) at different
magnifications (x500, x10,000). The SEM images showed that a
heterogeneous particulate material comprised of irregular
particles with rough and irregular surface morphology was
formed. Synthesized material at lower magnifications (x500 to
x1,500) was seen as dense clusters and aggregated masses that
were distributed throughout the observed field. The
synthesized AgNPs tended to cluster together into a number of
the smaller particulate structures forming these aggregates. The
morphology of synthesized particles became more obvious at
the intermediate magnifications of x3,500 and x7,000. The
particle shapes were mostly irregular, granular and quasi-
spherical, but a completely uniform particle shape could not be
identified in the entire sample. The particles were very compact
and clustered in various sizes. This isa common phenomenon in
the synthesis of nanoparticles using plants. Variations in
reducing and capping biomolecules can affect the process of
nucleation, growth, and aggregation of nanoparticles in the
plant [34]. The phytochemicals in the W. tinctoria pod extract
thus could have participated in both the reduction of silver ions,
aswell as the stabilization of the resultant nanoparticles [35].

A SEM image was obtained at 10,000 magnification which gave
a better image of the particle aggregates. From the
measurements indicated on the micrograph, the dimensions
measured ranged from about 240.83 to 541.48 nm, with
intermediate dimensions of 325.58 nmand 428.02 nm (Fig. 5).

20kV  X7,000 20kV  X10,000 1pm

X1,500 10pm 0094 13 52 SEI

Suym 0094 13 52 SEI 20kV

Figure 5: High resolution scanning electron microscopy (SEM) images of Wrightia
tinctoria mediated silver nanoparticles at various magnifications revealed particle
aggregation and heterogeneous morphology of the particles. Scale bars are shown in
eachmicrograph

The values show that the structures observed by SEM were
mainly submicron sized aggregates, not individual
nanoparticles, the mean dimensions of the four marked
structures were ~384 nm. The strong aggregation in the SEM
images could be due to the synthesis, centrifugation, drying or
preparation process [36]. Interparticle interactions can bring
the nanoparticles close to one another during drying, and result
in larger aggregates [37]. Moreover, biomolecules from W.
tinctoria pod extracts and associated with the surface of a
nanoparticle can also play arole in the creation of more complex
agglomerated structures. Thus, the particle sizes obtained from
SEM cannot automatically be taken as the size of the individual
primary nanoparticles.

Transmission electron microscopy of green synthesized
AgNPs

Transmission electron microscopy (TEM) was also used to
investigate the morphology, size and distribution of the AgNPs
synthesized by the extract of Wrightia tinctoria pods. The TEM
micrographs showed clearly the formation of nanosized
particles with a morphology mostly spherical to quasi-
spherical. Most of the particles appeared almost spherical, but
there were also some irregularly shaped particles observed
reflecting some morphological heterogeneity. The
nanoparticles looked like dark electron-dense particles
scattered across a relatively light background at different
magnifications. The darker contrast is consistent with the
presence of electron-dense silver-containing nanoparticles. The
particles were found in both as individual and small clusters that
meant moderate aggregation. The presence of much smaller
primary nanoparticles was observed using TEM, but not larger
agglomerated structures observed in SEM [38]. The particle size
analysis was carried out on the TEM micrographs and the
synthesized nanoparticles were found to be in the range of
around 19.97-43.89 nm.
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The measured particles included sizes of approximately 19.97,
20.69, 21.43, 23.52, 27.78, 29.92, 32.54, 32.93, 33.14, 34.87,
35.36, 39.26, and 43.89 nm. From these measurements, the
average particle size measured is about 30.4 nm. The results
thus, validate the synthesis of nanoparticles in the nanoscale
range using the extract of the pod of W. tinctoria. The relatively
large structures (from about 240 nm to 541 nm) observed by
SEM were found to be considerably smaller than the primary
nanoparticles (mainly 20 to 44 nm) revealed by TEM (Fig 6).

Figure 6: The silver nanoparticles were synthesized using Wrightia tinctoria pod and
characterized by transmission electron microscopy (TEM) micrographs. Scale bars are
givenin eachmicrograph

This difference indicates that the bigger size structures seen
under SEM do not seem to be single particles, but rather
aggregates or agglomerates of several smaller nano-size
particles. This can be due to aggregation during centrifugation,
during drying, or during sample preparation [39]. The average
crystallite size, obtained from the XRD was also higher than the
nanoscale dimensions observed by TEM, which indicates that
the two characterization techniques measure different
structural features and hence may not yield the same size
values. TEM allows for the direct identification of individual
particles, while XRD can be used to estimate the size of coherent
crystalline domains and SEM can primarily give information on
the morphology of particle aggregates [40].

Cytotoxicity Assessment of Wrightia tinctoria-Mediated
AgNPsby MTT Assay

The 3T3-L1 cell line was used for a MTT assay to determine the
cytotoxic effect of the green synthesized AgNPs at different
concentrations [41]. The assay showed to be concentration-
dependent and resulted in a decrease in cell viability, especially
at high concentrations of synthesized nanoparticles. The
calculated ICso value was 119.7ug/mL while the calculated
dose-response analysis showed that approximately 50%
inhibition of cellular viability was achieved around this
concentration (Fig 7).

The cells maintained relatively high viability at lower
concentration of the nanoparticles (10 - 40 pg/mL), which
indicates comparatively lower cytotoxic effects at these
concentrations. The viability of the cells decreased as the
concentration of the nanoparticles increased, with a significant
decrease in cell viability above about 40-60 pg/mL. The cell
viability at the treatment concentrations of 60, 120, and 180
ng/mL was still significantly lower than that at the lower doses
implying the strong effect of exposure of nanoparticles on the
metabolicactivities of cells [42].

The MTT results were also confirmed by microscopic
examination of treated 3T3-L1 cells (Fig 8). The cells showed
mostly normal morphology and distribution at low
concentrations of AgNPs. But as the concentration of the
nanoparticles increased, changes in the cell density and
morphology were also clearly observed. Cell density decreased,
and cellular stress and/or damage were seen at higher
concentrations (240,300 and 400 pg/mL) (Fig 8).

Effect of AgNPs on 3T3L1 cell viability (MTT Assay)
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Figure 7: Calculation of ICs, value using MTT assay. Experimental values were based on
three timesrepetition and arerepresented as mean + S.D

Figure 8: Dose-dependent effect of Wrightia tinctoria pod-mediated silver
nanoparticles on the viability of 3T3-L1 cells

The morphological changes were in line with the decrease in
metabolic activity observed using the MTT assay [43]. The
reduction of MTT is areflection of the reduction of the metabolic
activity of live cells after being exposed to the synthesized
nanoparticles. The cytotoxic response can be correlated with
the interactions between AgNPs and the cellular environment,
such as possible oxidative stress and change in mitochondrial
activity [44]. The synthesized particles are in the nano-scale, as
determined by TEM analysis (most of the particles are in the
range of about 20-44 nm), which can enhance their interaction
with cells and affect their biological activity [45]. Interestingly,
the viability values at intermediate and higher concentrations
were not completely linear according to dose.

240.

https://diversity.researchfloor.org/


https://diversity.researchfloor.org/
https://diversity.researchfloor.org/

Arpana Ashokrao Durge et al, / Journal of Diversity Studies (2026)

This variability can be due to variations in the
aggregation/sedimentation of nanoparticles, cellular
adaptation, or experimental variation [46]. Thus, it is
recommended to use a non-linear dose-response regression
model, not a linear trendline, to determine the ICs,. Overall, the
MTT assay showed that the AgNPs loaded in Wrightia tinctoria
pods have concentration-dependent cytostatic effects on 3T3-
L1 cells, with an ICso of 119.7 pg/mL. Considering the results,
concentrations lower than the ICso can be used for further
experiments to study the biological effects of the nanoparticles,
such as their effects on adipocyte differentiation and lipid
accumulation.

Anti-adipogenic Activity of Wrightia tinctoria-Mediated
AgNPs Assessed by Oil Red O Staining

Anti-adipogenic activity of Wrightia tinctoria pod mediated
AgNPs was assessed in differentiated 3T3-L1 adipocytes with
0il Red O staining. Oil Red O is a lipid-soluble dye that can be
used to stain intracellular neutral lipids and lipid droplets to
help visualize the level of lipid accumulation in adipocytes [47].
Intracellular lipid accumulation was evident in the untreated
control cells, which were indicative of successful adipogenic
differentiation and lipid droplet formation. However, there was
visible decrease in lipid accumulation in the AgNPs treated
group at 80,100 and 120 pg/mL. The synthesized nanoparticles
were shown to have a significant effect on the reduction of lipid
accumulation through spectrophotometric quantification of Oil
Red O staining. Relative lipid accumulation was 57.17%, 45.18%
and 42.00% in the 80, 100 and 120 pg treatments, respectively,
compared with the untreated treatment (normalized to 100%).

Control

ey

The lowest level of lipid accumulation was at a dose of 120 pg,
which resulted in the maximum reduction in intracellular lipid
deposition. The results overall confirm the anti-lipogenic effect
of the synthesized nanoparticles in a dose-dependent manner,
with the highest inhibitory effect observed at a dose of 120 pg
(Table 1).

Table 1: Relative intracellular accumulation of lipid in 3T3-L1 cells following the
treatment with biosynthesized silver ticles as d by 0il Red O staining.
Allvalues arereported as meanvalues +S.D

Sr. No. Treatment Relative Lipid Accumulation (%)
1 Control 100
2 80 5717 +2.4
3 100 45.18 + 0.4
4 120 42+03

As the concentration of the nanoparticles increased, the extent
of reduction in Oil Red O staining increased, indicating that the
effect of nanoparticles on the inhibition of the deposition of
lipids into the cells was concentration dependent. Similar trend
was observed with the gold nanoparticles on adipogenic
differentiation of human mesenchymal stem cell [48]. These
were supported by microscopic examination. Lipid droplet
accumulation and changes in the normal lipid-rich
characteristic morphology of differentiated adipocytes were
observed to be decreased in AgNPs-treated cells when
compared to the control. It was more pronounced at 100 and
120 pg/mL, in which the intensity and distribution of
intracellular lipid staining seemed to be smaller than in the
untreated control (Fig 9).

100 pg AgNPs
: 1]

-

Control (MDI induced) 100 pg AgNPs (MDI induced)

80 pg AgNPs (MDI induced) 120 pg AgNPs (MDI induced)

Figure 9. Differentiated 3T3-L1 adipocytes treated with different concentrations of oil red O-stained Wrightia tinctoria pod mediated silver nanoparticles and its intracellular lipid
accumulation compared with untreated differentiated control. MDI stands for Differentiation induction medium.
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The decreased lipid accumulation could suggest that the W.
tinctoria-mediated AgNPs affect the differentiation of
adipocytes and/or lipid storage in the cells. The synthesized
AgNPs and the bioactive phytochemicals attached to the surface
of AgNPs may be linked with this anti-adipogenic effect [49].
This anti-adipogenic effect may be attributed to the nanosized
properties of the prepared AgNPs and the attached bioactive
phytochemicals [49].

Conclusion

Green synthesis of silver nanoparticles (AgNPs) was achieved
using an extract of Wrightia tinctoria pods, and preliminary
biological activity studies were conducted in 3T3-L1 cells. The
visible colour change from light brown to dark brown colour
and characteristic UV-vis absorption peak at ~425nm
highlighted the formation of AgNPs. FTIR analysis also indicated
possible involvement of functional groups from the plants in the
preparation of silver nanoparticles: The prescription method of
the preparation of silver nanoparticles involved the use of plant
phytochemicals, which were suggested by FTIR analysis. The
synthesized material was confirmed to be crystalline by XRD
analysis, showing characteristic reflections of crystalline
metallic silver with an average crystallite size of ~93nm. Strong
silver signal was observed around 3 keV, revealed by EDX
analysis, indicating that silver is the primary elemental
component. SEM showed that the particulate structures were
heterogeneous and aggregated while TEM showed the presence
of a quasi-spherical to spherical primary particulate structures
with an average size of 30.4 nm (with a range of 19.97 to 43.89
nm). The difference between SEM and TEM measurements
suggests that the larger structure seen in SEM may have been
aggregates of smaller nanoparticles. The synthesized AgNPs
were found to have an inhibitory effect on 3T3-L1 cell viability in
a concentration-dependent manner, through the biological
evaluation with estimated 1Cso value of 119.7 pg/mL.
Importantly, concentrations below the ICs, resulted in a visible
decrease in intracellular lipid accumulation in differentiated
3T3-L1 adipocytes as assessed by Oil Red O staining. This
reduction was more striking at 100 and 120 pg/mL, which could
indicate possible inhibitory effects on adipocyte differentiation
and/orlipid storage. In general, the pods extract of W tinctoria is
a potential plant-based reducing and stabilizing agent for the
synthesis of AgNPs with a biological activity. The synthesized
nanoparticles had appropriate physicochemical properties, and
had some preliminary anti-adipogenic activity in 3T3-L1 cell
model. To prove the mechanism of the anti-adipogenic
properties observed, however, further quantitative analysis of
lipid accumulation and molecular studies on adipogenic
regulators such as PPARy, adiponectin, C/EBPa, SREBP-1c and
FAS should be performed [50].
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