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Abstract

A green and sustainable strategy was employed to synthesize aqueous gold nanoparticles using the medicinal plant
Tinospora cordifolia. Phytochemical screening of the plant extract was performed to identify the secondary metabolites
acting as reducing and stabilizing agents for the synthesis of gold nanoparticles from chloroauric acid. The formation of
nanoparticles was evidenced by a distinct colour transition and a Surface Plasmon Resonance (SPR) peak at 535 nm, as
observed via UV-Vis spectroscopy. Physicochemical characterization was further conducted using FTIR, SEM-EDX,
TEM, XRD, DLS, and Zeta potential analysis. The combined results demonstrated that the synthesized gold nanoparticles
were predominantly spherical, uniformly distributed, crystalline, and capped with functional groups derived from plant
metabolites. LC-MS profiling identified four major phytoconstituents: Tinosporide,20-p-hydroxyecdysone, Jatrorrhizine,
and Tetrahydropalmatine. The reduction of ionic gold was facilitated by these naturally occurring phytochemicals.
Overall, the findings indicate that Tinospora cordifolia stem extract serves as an effective green source for producing
stable, biocompatible gold nanoparticles with potential biomedical applications.
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1. INTRODUCTION strong reducing and stabilizing capabilities, making it a
Within traditional Indian medical practices, Tinospora suitable biological source for eco-friendly nanoparticle
cordifolia is regarded as a valuable therapeutic plant due synthesis[2]. In green nanotechnology, plant-based
to its diverse biological and pharmacological extracts are preferred because they contain

properties[1]. The stem of Tinospora cordifolia exhibits
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phytochemicals that can reduce metal ions into stable
nanoparticles without the need for toxic chemicals[3,4].
In this study, the stem-derived extract of Tinospora
cordifolia underwent a qualitative phytochemical
assessment to elucidate the major groups of biologically
active compounds[5]. These phytochemical constituents
act as natural reducing agents, initiating the formation
of gold nanoparticles (AuNPs) in the presence of metal
precursors [6]. Following this preliminary evaluation,
the extract was used to synthesize gold nanoparticles,
which were systematically characterized using
spectroscopic, microscopic, and diffraction techniques
to investigate their optical behaviour, morphology,
surface chemistry, crystallinity, and dispersion
characteristics.

To identify the specific metabolites responsible for
nanoparticle formation, an LC-MS-based analytical
approach was employed[7]. This analysis revealed four
major  phytochemicals- 20-B-Hydroxyecdysone,
Jatrorrhizine, Tetrahydropalmatine, and Tinosporide,
each possessing functional groups capable of reducing
and stabilizing the nanoparticles. The identification of
these metabolites provides molecular-level insight into
how T. cordifolia mediates synthesis[8]. Since these
metabolites are known to exhibit antioxidant, anti-
inflammatory, and cell-growth inhibitory effects, these
gold nanoparticles are being widely investigated for
drug  delivery and targeted therapy[9][10].
Consequently, this work integrates plant chemistry,
particle synthesis, and metabolite profiling to establish
a foundation for exploring 7. cordifolia stem-derived
gold nanoparticles in biomedical and cancer-oriented
research[11].

2. MATERIALS AND METHODS

2.1 Plant Source

Stem samples of Tinospora Cordifolia, collected from
Machilipatnam, Andhra Pradesh, India, were verified
for taxonomic identity by a qualified botanist at Acharya
Nagarjuna University, Guntur. Gold nanoparticle
synthesis was performed using
HAuCla.3H202(hydrogen  tetrachloroaurate  (III)
trihydrate, >99.8% Sigma-Aldrich) as the precursor salt,
while deionised water served as the solvent in all
experimental steps[3,12].

2.2 Tinospora cordifolia Stem Extract

The collected Tinospora cordifolia were cleaned
thoroughly with running tap water to remove soil debris,
then rinsed with deionised water to remove residual
surface impurities. The cleaned stems were shade-dried
under ambient conditions (approximately 28" C) for 10-
12 days until fully dry. The dried stems were then
chopped into small pieces and ground into a powder
using a sterile mechanical grinder. 5% Aqueous
extraction was prepared by heating at 70°C for 30
minutes with continuous magnetic stirring, then
allowing it to cool to ambient temperature. It was passed
through a Whatman No. 1 filter paper and subsequently

centrifuged at 5000 rpm for 10 min to remove insoluble
residues. The result was a clear extract, carefully
collected and preserved at 4°C in sterile amber-coloured
containers for further experimental use.

2.3 Preliminary Phytochemical Screening

The aqueous stem extract underwent qualitative
phytochemical evaluation to identify by standard
procedures were used to detect alkaloids (Wagner test),
flavonoids (alkaline reagent test), phenols (iodine test),
tannins (Gelatin test), saponins (foam test), glycosides
(Borntrager test), terpenoids and steroids (Salkowski
test), amino acids (ninhydrin test), and carbohydrates
(Molisch’s test). Observations were recorded and
interpreted based on colour changes and precipitate
formation[13].

2.4 Gold Nanoparticles (AulNPs) synthesis:

An aqueous solution of Cholo Auric Acid (HAuCl4) ata
concentration of 1mM was freshly prepared using
deionised (DI) water. For nanoparticle synthesis, 50 mL
of the Tinospora cordifolia stem extract was combined
with 50 mL of the 1 mM HAuCl4 solution in a 250 mL
beaker, maintaining a 1:1 (v/v) ratio. The reaction
mixture was continuously stirred at ambient temperature
(approximately 28°C) to facilitate the reduction process.
The reaction was allowed to proceed under ambient
conditions for 2h to ensure complete conversion of Au**
ions into elemental gold. Gold nanoparticles formed in
the reaction mixture were separated by centrifugation at
10,000 rpm for 20 min. The collected nanoparticle pellet
was washed three times with Deionised water to
eliminate loosely bound phytochemical residues. Lastly,
the purified gold nanoparticles were re-suspended in
deionised water and stored at 4°C until further
characterization[12,14].

2.5 Characterisation of Gold Nanoparticles

The synthesised Tinospora cordifolia-mediated gold
nanoparticles were subsequently treated with a series of
physicochemical characterisation techniques to confirm
their formation, structural properties, surface chemistry,
and stability.

2.5.1 Ultra Violet - Visible Spectroscopy

The progression of gold ion reduction and nanoparticle
formation was evaluated using UV-Visible
spectroscopy. Absorption spectra of the colloidal gold
nanoparticle solution were measured across the
wavelength range of 200-800 nm using quartz cuvettes,
with deionised water as the reference.

2.5.2 DLS and Zeta Potential Analysis

The hydrodynamic particle size distribution,
polydispersity index, and surface charge characteristics
of the biosynthesised gold nanoparticles were evaluated
using a Zetasizer Nano ZS (Malvern Instruments),
which operates on the principles of Dynamic Light
Scattering and Electrophoretic Light Scattering.

1JDDT, Volume 16 Issue 2, 2026 Page 375



Green synthesis, Physicochemical Characterisation and LC-MS Based Phytochemical Profiling of Tinospora Cordifolia
stem mediated Gold Nanoparticles

For DLS measurements, the gold nanoparticle
suspension was diluted 10-fold with double-distilled
water to reduce interparticle interactions and minimise
multiple-scattering effects. The measurements were
carried out at 25 °C with a fixed backscattering angle of
173. The mean hydrodynamic diameter and PDI values
were determined based on the mean of three
independent measurements.

Zeta potential analysis was carried out using the same
diluted nanoparticle suspension loaded into a disposable
folded capillary cell (DTS1070). The electrophoretic
mobility of the nanoparticles was determined by laser
Doppler velocimetry, and the corresponding zeta
potential values were automatically computed using the
Smoluchowski model. All experiments were carried out
in triplicate to ensure reliable and reproducible results.

2.5.3 Fourier Transform Infrared Spectroscopy

FTIR analysis was carried out to characterize the
chemical functionalities  associated  with  the
nanoparticles, to examine the functional groups of plant
stem-derived phytochemicals participating in the
reduction process of Au** ions and the surface
stabilisation preventing aggregation of the synthesised
gold nanoparticles[15,16]. The AuNP samples were first
lyophilised, then thoroughly mixed with dry potassium
bromide to form homogeneous pellets. Infrared
spectrum recorded over a spectral window of 4000—400
cm ! using a resolution of 4 cm™ to detect vibrational
bands corresponding to functional groups associated
with phytochemical capping of the gold nanoparticles.

2.5.4. X-ray Diffraction

XRD was performed to investigate the crystalline
characteristics of the synthesised gold nanoparticles
using a Rigaku Mini Flex 600 diffractometer with Cu
Ko radiation (A = 1.5406 A). Diffraction patterns
collected over a 20 range of 10°-80° at a scan speed of
2° min'. The observed diffraction peaks were indexed,
matched with standard reference data from the JCPDS
database (Card No. 04-0784) to verify the formation of
face-centred cubic (fcc) gold[17].

2.5.5 TEM (Transmission Electron Microscopy)
TEM was conducted to examine the particle size,
morphology and crystalline features of the synthesized
gold nanoparticles. One aliquot of the colloidal
nanoparticle dispersion was carefully mounted on a
carbon-coated copper grid and dried naturally under
laboratory conditions before analysis. Then, imaging
was performed at an accelerating voltage of 200 kV. The
acquired Transmission electron microscopy
micrographs enabled direct assessment of nanoparticle
shape and size distribution, revealing predominantly
spherical particles, and the crystalline nature of the gold
nanoparticles was verified using selected area electron
diffraction patterns.

2.5.6. SEM and Energy Dispersive X-ray Analysis

The morphology of the synthesised gold nanoparticles
was examined using scanning electron microscopy, in
which dried samples were secured and mounted on
aluminium stubs using conductive carbon tape, sputter-
coated to improve conductivity, and analysed under
high-vacuum conditions at different magnifications [6].
Elemental composition was analysed using scanning
electron microscopy coupled with energy-dispersive X-
ray spectroscopy to verify the presence of gold and
exclude impurities. A strong characteristic peak around
2.2 keV in the EDX spectrum was used to confirm the
presence of elemental gold.

2.6. LC-MS Analysis

Metabolite analysis was conducted using an Agilent
Ultivo Triple Quadrupole LC-MS platform. Before
analysis, the biosynthesised gold nanoparticle of the
Tinospora cordifolia stem solution was centrifuged, and
the clear supernatant containing the phytochemical-
bound gold nanoparticle fraction was injected into the
LC column to identify the metabolites involved in
nanoparticle formation.

Chromatographic separation of metabolites was carried
out on a C18 reversed-phase column (2.1 x 100 mm, 1.8
pm) maintained at 40°C. The mobile phase system
comprised water containing 0.1% formic acid (Solvent
A) and acetonitrile supplemented with 0.1% formic acid
(Solvent B). Metabolite elution was achieved using a
linear gradient program ranging from 5% to 95%
Solvent B over 20 min, with a constant flow rate of 0.3
mL min. Mass spectra were acquired in positive
electrospray ionisation (ESI*) mode, with data
acquisition carried out over an m/z range of 100-1000.
Instrumental source conditions, including temperature,
gas, nebuliser pressure, and capillary voltage, were
optimised to ensure stable ionisation and sensitive
detection of analytes. Compound identification was
carried out by comparing exact mass, isotope
distribution, and fragmentation spectra, mass by mass,
with  spectral databases, including PubChem,
MassBank, NIST, and the Agilent built-in library.
Structural predictions of matched metabolites were
automatically generated and manually verified with
published literature on  Tinospora  cordifolia
phytochemicals[18,19].

This approach enabled the identification of key
metabolites in the gold nanoparticle-containing
solution, confirming which compounds actively
mediated gold-ion reduction and subsequent
nanoparticle stabilisation.

3. RESULTS AND DISCUSSION

3.1 Stem Extract

The clear aqueous extract obtained from the stem
yielded a brownish filtrate, indicating efficient
solubilisation of phytochemicals Figure 1. The
extraction conditions were optimised to prevent heat-
sensitive bioactive compounds from being lost later,
which contributed to the median of gold reduction
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followed by the nanoparticle stabilization, as confirmed
by subsequent phytochemical screening and gold
nanoparticle preparation[20].

Tinospora Cordifolia Stems Dry Powder

Filtration

Stem Extract

Boiling

Figure. 1: Preparation of Zinospora cordifolia stem extract

3.2 Qualitative Phytochemical Screening

Initial phytochemical evaluation of the Tinospora
cordifolia aqueous stem extract revealed diverse classes
of secondary metabolites that are widely reported to
facilitate the biosynthesis of gold nanoparticles. A
summary of the results was provided in Table 1. The
high abundance of alkaloids and steroids indicated that
the extract contains strong capping and reducing agents.
These phytochemicals possess functional groups such as
O-H (phenols), C=O (alkaloids and proteins), C-N

(alkaloids), and C-O-C (terpenoids and steroids). These
were known to reduce Au*" to Au® and stabilize gold
nanoparticles by surface adsorption. Phytoconstituents
such as Saponins, Flavonoids, and Carbohydrates
contribute to colloidal stabilisation through steric or
electrostatic interactions. This phytochemical richness
of Tinospora cordifolia confirms why the extract
successfully mediates efficient gold nanoparticle
synthesis[21].

Phytochemical

S.NO | Constituents

Test Performed

Observation

Inference

Reference

1 Alkaloids

Wagner’s Test: 1 mL of the filtrate
with Wagner’s reagent, resulting in a
reddish-brown precipitate interface
indicating the presence of alkaloids.

High Presence

[22]

2 Flavonoids

Alkaline reagent Test: 1 mL of the
sample with 2 mL of 2% NaOH
solution, develops a yellow colour,
which disappears upon the addition
of dilute HCI, thereby confirming the
presence of flavonoids

Moderate
presence

(23]

Phenolic
compounds

Todine Test: Treatment of 1 mL of
the extract with a few drops of dilute
iodine solution produced a transient
red colouration, indicating the
presence of phenolic compounds.

High Presence

[24]

4 Tannins

Gelatin Test: 1 mL of the extract,
1% Gelatin and 10% NaCl, leading
to the formation of a white
precipitate.

High Presence

[22]

5 Saponins

Foam Test: Vigorous shaking of 0.5
g of the extract with 2 mL of water
produced foam, which disappeared
after 10 minutes.

Moderate
Presence

[25]
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Glycosides

Borntrager’s test: 2 mL of the
hydrolysed filtrate is mixed with 3
mL of chloroform and shaken
thoroughly. After phase separation,
the chloroform layer was treated
with  10% ammonia solution,
producing a pink colouration
indicative of glycosides.

Traces

[26]

Terpenoids

Salkowski test: ImL of the extract
was mixed with chloroform, filtered,
and then treated with a few drops of
concentrated sulfuric acid; the
appearance of a golden yellow layer
at the bottom confirmed the presence
of triterpenoids

High Presence

[26,27]

Steroids

Salkowski test: 1 mL of the extract
was mixed with chloroform, filtered,
and subsequently treated with
concentrated sulfuric acid; the
appearance of a red-coloured lower
layer indicated the presence of
steroids

High
Presence

[27]

Proteins and
amino acids

Ninhydrin test: 2mL of the filtrate
was treated with two drops of
ninhydrin solution, resulting in the
development of a violet colour,
indicating the presence of proteins
and amino acids.

Moderate
Presence

(28]

10

Carbohydrates

Molisch’s test: 1 mL of the aqueous
extract was treated with alcoholic a-
naphthol, followed by the careful
addition of concentrated sulfuric
acid along the sides of the test tube;
the formation of a violet ring at the
interface confirmed the presence of
carbohydrates.

Moderate
Presence

[29]

Table 1. Phytochemical Analysis of Tinospora cordifolia Stem Extracts

3.3 Visual Observation of gold nanoparticles

The generation of gold nanoparticles using the aqueous
stem extract of Tinospora cordifolia was first confirmed
by visual inspection of the reaction mixture. When the
stem extract is combined with a 1 mM HAuCl4 solution
in a (v/v) ratio, a rapid transition in colour from pale
yellow to ruby was observed within approximately 10
min, as shown in Figure 2. This colour has changed with

well recognized optical signature of gold nanoparticle
generation and is associated with the surface plasmon
resonance phenomenon[30]. The developed ruby-red
colour indicates the effective reduction of Au** ions to
elemental gold (Au°), mediated by bioactive
phytochemicals present in the Tinospora cordifolia stem
extract.

TC Stem Extract

Gold Solution

Dry GNP

Gold Nano Particles

Figure 2: Green Synthesis of gold nanoparticles using Tinospora cordifolia stem extract
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3.4 Characterisation of gold nanoparticles

3.4.1 UV-Visible spectroscopic Analysis

The formation of gold nanoparticles utilising the
aqueous stem extract of Tinospora cordifolia was further
verified by UV-Visible spectroscopic analysis Figure 3.
The recorded UV-Visible spectrum displayed a
prominent  absorption maximum at = 535nm,
characteristic of the surface plasmon resonance of
nanoscale gold nanoparticles. The occurrence of a
surface plasmon resonance absorption band at 535nm
confirmed the effective conversion of Au** ions into
elemental gold Au® facilitated by phytochemical
constituents presented in the Tinospora cordifolia stem
Extract[15]. The location of this absorption maximum
indicates the formation of predominantly spherical gold
nanoparticles in the nanoscale range, consistent with
previously reported plant-mediated gold nanoparticle
systems [12,31,32].
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Figure 3. UV Visible spectrum of Tinospora cordifolia
mediated gold nanoparticles showing a prominent
surface plasmon resonance peak at 535 nm, indicative
of nanoparticle formation.

3.4.2. Dynamic light scattering and zeta analysis
Dynamic light scattering and zeta potential
measurements were carried out to analyse the
hydrodynamic particle size distribution and surface
charge behaviour of gold nanoparticles synthesised
using Tinospora cordifolia stem extract, Figure 4(a).
Dynamic light scattering analysis showed that the
Tinospora cordifolia mediated gold nanoparticles
possessed a narrow and unimodal hydrodynamic size
distribution, with most particles distributed in the range
of ~30—60 nm and an average size around ~40 nm. The
absence of multiple peaks indicates that the
nanoparticles were well-dispersed and monodisperse.
The slightly larger size observed by dynamic light
scattering compared to microscopic techniques can be
attributed to the hydration layer and phytochemical
capping molecules present on the nanoparticle
surface[10].

Zeta potential measurements revealed a single dominant
peak at 5-10 mV, indicating a moderately negative
surface charge, as shown in Figure 4(b). This negative
potential arises from the adsorption of plant-derived
phytochemicals, including alkaloids, diterpenoids and
steroidal compounds at the interface of the gold
nanoparticle surface[15]. Although the absolute zeta
potential value is moderate, and such behaviour is
typical for green synthesising nanoparticles, where
steric stabilisation by biomolecules plays a major role
alongside electrostatic interactions[33].
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Figure 4. (a)DLS size distribution and (b) zeta potential profile of Tinospora cordifolia stem—mediated gold
nanoparticles showing monodisperse particle size and moderate negative surface charge.

3.4.3. Fourier Transform Infrared spectroscopy
Analysis

Fourier Transform Infrared Spectroscopy was employed
to examine the functional groups associated with gold
ion reduction and subsequent nanoparticle stabilisation
of Tinospora cordifolia mediated gold nanoparticles, as
shown in Figure 5. The FTIR spectrum exhibited several
characteristic absorption bands corresponding to

bioactive phytochemicals adsorbed on the AuNP
surface.

A broad absorption feature detected around 3272 cm™ is
assigned to O—H stretching vibrations, indicating the
presence of hydroxyl-bearing phytochemicals such as
phenols, flavonoids, and steroidal constituents[34].
These hydroxyl functionalities are known to facilitate
the reduction of Au** ions and help prevent aggregation
of the resulting gold nanoparticles via surface
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interactions. The absorption bands were observed at
2922 cm™ and 2851 cm™, corresponding to aliphatic C-
H stretching vibrations, indicating the contribution of
terpenoid and alkaloid-related molecular frameworks
present in the Tinospora cordifolia stem extract. The
absorption band at 1625 to 1543 cm™ corresponds to
C=0 stretching and N-H bending vibrations, indicating
the involvement of alkaloids and proteinaceous
components in the nanoparticle capping. The other
additional peaks at 1375 to 1405 cm™ are associated
with C-N stretching and O-H bending, further
supporting the presence of nitrogen-containing

alkaloids such as Jatrorrhizine and Tetrahydro palmatine
identified by LC-MS. And additional bands observed in
the region 1237 to 1021 cm™ correspond to C-O and C-
O-C stretching vibrations, characteristic of Diterpenoids
and steroidal compounds such as Tinosporide and 20-3-
hydroxy ecdysone [16]. This analysis demonstrates that
multiple functional groups in Tinospora Cordifolia
metabolites contribute to gold-ion reduction and
nanoparticle surface capping. The findings correlate
well with LC-MS metabolite profiling and support the
formation of stable, phytochemical-coated Gold Nano
Particles[35].
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Figure 5. FTIR spectrum of Tinospora cordifolia mediated gold nanoparticles showing functional groups associated
with phytochemical reduction and stabilization.

3.4.4. X-Ray Diffraction Analysis

The crystalline features and phase identity of Tinospora
cordifolia mediated gold nanoparticles were evaluated
through X-ray diffraction analysis Figure 6. which
revealed well-defined diffraction peaks indicative of a
crystalline structure. Distinct diffraction peaks were
detected at 20 positions of 31.90°, 33.37°, 35.84°,
41.08°, 45.62°, 49.68°, 54.33°, 62.63°, 64.18°, and
75.46°. The observed reflections corresponded to the
lattice planes of the face-centred cubic structure of gold,
indicating successful crystallisation of elemental Aua.
Among these peaks, the intense peaks observed at
~31.9°, ~35.8°, and ~45.6° indicate high crystallinity,

while the presence of multiple reflections confirms the
polycrystalline nature of the gold nanoparticles. The
relatively sharp peaks indicate good crystalline
formation, whereas minor peak expansion suggests
nanoscale particle size[36]. The absence of additional
impurity peaks related to gold and other crystalline by-
products confirms the high purity of the biosynthesised
gold nanoparticles. Minor background noise observed in
the diffractogram could be attributed to amorphous
phytochemical capping layers derived from Tinospora
cordifolia metabolites coating the gold nanoparticle
surface[37].
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Figure 6. X-ray Diffraction pattern of Tinospora cordifolia stem-mediated gold nanoparticles confirming their
crystalline, face-centred cubic structure.

3.4.5. Scanning Electron Microscopy and Energy
Dispersive X- Ray

Surface morphology of Tinospora cordifolia stem
mediated gold nanoparticles was examined through
scanning electron microscopy, as shown in Figure
7(a),(b),(c). The micrograph revealed well-formed
nanoparticle aggregates embedded in an organic matrix.
The bright contrast observed in the image corresponded
to gold nanoparticles, while the surrounding matrix was

attributed to plant-derived photochemical capping
layers. The observed aggregation is typical of green-
synthesised nanoparticles, in which bioactive
compounds act as stabilising agents and remain
adsorbed on the nanoparticle surface. The morphology
suggests effective nucleation and growth of gold
nanoparticles ~ within ~ the  phytochemical-rich
environment provided by the Tinospora cordifolia stem
extract[30,38].

Figure 7. Scanning electron microscopy micrograph showing the surface morphology of Tinospora cordifolia stem
mediated gold nanoparticles (a),(b),(c) and corresponding Energy Diffraction X-ray spectrum confirming the presence
of elemental gold (d)

Elemental composition of the biosynthesised gold
nanoparticles was confirmed through Energy Dispersive
X-ray analysis, as illustrated in Figure 7 (d). The EDX
spectrum showed a strong and characteristic signal for
gold (Au) with prominent peaks around 2.2 keV and 9—
10 keV, confirming the formation of elemental gold
nanoparticles[32]. In addition to gold, weak signals
attributable to carbon (C) and oxygen (O) were also
observed. These elements originate from the organic
phytochemicals bound to the nanoparticle surface,
further supporting the role of plant metabolites as
natural capping agents. The presence of a weak copper
(Cu) signal can be attributed to the copper sample holder
or grid used during SEM—EDX analysis and does not
indicate ~ contamination of the  synthesised
nanoparticles[39].

3.4.6. Transmission Electron Microscopy Analysis
TEM observations revealed that the biosynthesised gold
nanoparticles exhibited a largely spherical morphology

with particle diameters of approximately 10 nm, 100
nm, and 500 nm, as evidenced by the 10 nm scale bar
shown in Figure 8. The nanoparticles appeared dark and
electron-dense, confirming the formation of metallic
gold cores. A relatively narrow size distribution was
observed, which indicates controlled nucleation and
growth during biosynthesis[27].The particle size
obtained from the transmission electron microscope was
smaller than the hydrodynamic diameter measured by
dynamic light scattering. This was expected, since
transmission electron microscopy measures the actual
core size, whereas dynamic light scattering reflects the
hydrated, phytochemical-capped size of the gold
nanoparticles in solution. The Selected Area Electron
Diffraction (SAED) showed clear concentric diffraction
rings, confirming the polycrystalline character of the
synthesised gold nanoparticles and also supporting the
face-centred cubic structure observed in the X-ray
diffraction results[40,41].
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Figure 8. Transmission Electron Microscopy micrograph of Tinospora cordifolia stem mediated gold nanoparticles
showing spherical particles with sizes in the range of 10 nm at a 10 nm scale, along with the corresponding SAED
pattern confirming their polycrystalline nature.

3.5. LC — MS Metabolite Profiling

LC-MS analysis of the Tinospora cordifolia stem-mediated gold nanoparticle solution showed four main phytochemical
components. Each one had a unique molecular ion peak and retention time, as shown in Figure 9. These metabolites fall
into important bioactive groups like diterpenoid lactones, Ecdysteroids, and Isoquinoline/aporphine alkaloids. Identifying
these compounds in the gold nanoparticle dispersion suggests they play a direct role in reducing gold ions and stabilising
nanoparticles through surface interactions[19].
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Figure 9. Total Ion Chromatogram (TIC) of the gold nanoparticle-containing solution showing major eluted
phytochemical peaks.
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Figure 10. (a—d) Representative MS/MS spectra and proposed chemical structures of the identified bioactive
metabolites:(a) 20-B-Hydroxy ecdysone, (b) Jatrorrhizine, (c) Tetrahydropalmatine and (d) Tinosporide.

Tinosporide, 20-B-hydroxyecdysone, Jatrorrhizine, and
Tetrahydropalmatine were represented by four
prominent peaks on the LC-MS chromatogram.
Alkaloids, terpenoids, and steroidal compounds are
confirmed to be present in the extract and to actively
participate in the biosynthesis of gold nanoparticles by
these metabolites, matching the major phytochemical
classes found during preliminary screening[7,42].

Detected at m/z 481 (Rt 3.24 min), 20-B-
Hydroxyecdysone has several hydroxyl groups that
easily interact with metal ions, which explains how it
contributes to the uniform size distribution and
stabilisation of nanoparticles, as in Figure 10 (a).
Jatrorrhizine showed a protonated molecular ion at m/z
339, with a retention time of 3.38 minutes. Isoquinoline
alkaloids are known for their strong electron-donating

mass-to-charge ratio of 356 and a retention time of 5.52
minutes. It has structural features that make it suitable
for binding metals and coating surfaces. This ensures
that the nanoparticles remain stable over the long term.
Figure 10 (c). A strong molecular ion peak at m/z ~416
was detected for Tinosporide with a retention time of
7.30 min. This finding matches its diterpenoid lactone
structure, Figure 10 (d) [43]. Its abundant hydroxyl and
lactone groups give it reducing power, which explains
its key role in converting Au® to Au?",

Together, these four compounds form a metabolite
system that enhances the reduction, nucleation, and
stabilisation of gold nanoparticles Table 2. Their known
antioxidant, anti-inflammatory, and cytotoxic properties
also show how 7. cordifolia-derived AuNPs could be
important for future cancer treatments. Phytochemical-

properties. These properties aid in the reduction of metal coated nanoparticles may improve therapeutic
ions, as in Figure 10 (b)[31]. Tetrahydropalmatine has a performance [44,45].
Table 2: LC-MS derived metabolite compounds and their biological usage.
S. | Compound Molecular Retenti | Chemical Biological / Pharmacological Usage | Refer
N | Name Formula on Time | Nature ence
o (min)
1 20-p-Hydroxy | C27H«O- 3.24 Ecdysteroid Known for anabolic, adaptogenic, | [18]
ecdysone antioxidant  and  cell-protective
properties; enhances nanoparticle
stability through multiple hydroxyl
groups
2 Jatrorrhizine C20H20NO4" | 3.38 Isoquinoline Exhibits strong antimicrobial, | [46]
alkaloid antioxidant, anticancer and redox-
active properties; promotes reduction
of metal ions
3 Tetrahydropal | C21H2sNOs 5.52 Aporphine Has analgesic, neuroprotective, and | [47]
matine alkaloid antioxidant activities; participates in

1JDDT, Volume 16 Issue 2, 2026

Page 383



Green synthesis, Physicochemical Characterisation and LC-MS Based Phytochemical Profiling of Tinospora Cordifolia
stem mediated Gold Nanoparticles

metal chelation and nanoparticle
stabilisation

4 | Tinosporide C20H2207 7.30

Diterpenoid
lactone

Exhibits antioxidant, anti- | [43]
inflammatory, = immunomodulatory
and cytoprotective activities;
contributes to metal ion reduction and
stabilisation in nanoparticle synthesis.

4. CONCLUSION

The present study demonstrates that phytochemicals in
the Tinospora cordifolia stem extract directly participate
in the green synthesis of gold nanoparticles (AuNPs).
Preliminary phytochemical screening confirmed the
presence of diverse metabolite classes, while LC-MS
analysis identified specific bioactive compounds,
including Tinosporide, 20-B-hydroxyecdysone,
Jatrorrhizine, and Tetrahydropalmatine, as key
molecules driving nanoparticle formation. These
metabolites functioned as natural reducing and capping
agents, facilitating the production of stable, crystalline
gold nanoparticles with precise nanoscale dimensions.
TEM analysis revealed that the synthesized AuNPs were
predominantly spherical, with diameters ranging from
10 to 30 nm, indicating excellent morphological control
during biosynthesis. The favourable physical and
chemical features of the gold nanoparticles, such as their
controlled size, crystallinity, and phytochemical surface
treatment, demonstrate the effectiveness of Tinospora
cordifolia stem-mediated green synthesis. Given the
known biological importance of the identified
metabolites and the clear nanoscale properties of the
synthesised gold nanoparticles, the phytochemical-
coated gold nanoparticles could serve as a promising
platform for future biological and cancer-related studies.
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