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This study reports an eco-friendly approach for the synthesis of Garcinia mangostana L. leaf dye-derived magnesium oxide nanoparticles
(GM-MgO NPs) using a natural dye extracted from G. mangostana L. leaves. The synthesized GM-MgO NPs were characterized using
SEM, EDX, XRD, UV-Vis and FTIR to evaluate their morphology and structural properties. Microscopic analysis revealed the rod-like
nanostructures, while elemental and diffraction studies confirmed the formation of crystalline and phase-pure MgO nanorods with an
average crystallite size of 52.2 nm. FTIR analysis indicated that the phytochemical constituents present in the G. mangostana leaf dye
extract played a key role in the GM-MgO NPs formation by acting as reducing and stabilizing agents. The biological potential of the
synthesized GM-MgO NPs was assessed. The GM-MgO NPs exhibited significant anti-inflammatory activity, moderate antioxidant
capacity and measurable cytotoxicity effects, with 1Cso values of 56.44 pug/mL, 287.34 ug/mL and 99.06 pg/mL, respectively. The GM-
MgO NPs showed stronger antifungal activity against C. albicans than antibacterial activity against E. coli, likely due to their nanoscale

properties and surface-bound phytochemicals.
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INTRODUCTION

Green synthesis of nanomaterials using plant-derived
phytochemicals offers an eco-friendly alternative to conven-
tional methods, reducing toxic chemical use while incorpora-
ting bioactive constituents that may enhance their performance
[1,2]. Among metal oxide nanomaterials, magnesium oxide
nanoparticles (MgO NPs) have attracted attention due to their
physico-chemical stability, biocompatibility, low toxicity and
high surface area. These properties support their applications
in antibacterial activity, wound healing, catalysis, environ-
mental remediation and drug delivery. Their biological effects
involve mechanisms such as oxidative stress, membrane dis-
ruption and modulation of cellular signaling pathways [3-6].

The biological activities of MgO NPs are strongly influ-
enced by the particle size, morphology and surface chemistry
[7]. In this context, green synthesis emerged as an effective
strategy, particularly as plant-based extracts have gained notable
interest. These extracts are rich in phytochemicals such as
polyphenols, flavonoids and tannins, which can facilitate nano-
particle formation while simultaneously acting as capping

agents that stabilize the nanostructures and impart additional
biological activity. These naturally derived compounds may also
contribute to antioxidant, anti-inflammatory and antimicrobial
effects [8-11].

Natural plant dyes are underexplored bioresources for
nanoparticle synthesis, as their functional groups can coordi-
nate metal ions and facilitate nanoparticle formation. They
offer a greener approach while enabling control over nano-
particle properties through their chemical composition; how-
ever, their use in metal oxide nanostructure synthesis remains
limited [12,13]. Garcinia mangostana L. commonly known
as mangosteen, is a phytochemically rich plant known for its
diverse bioactive constituents [14,15]. Different parts of the
plant have been widely investigated for therapeutic applica-
tions, including antioxidant, anti-inflammatory and anti-
microbial activities. Extracts of G. mangostana L. have been
frequently employed in nanoparticle synthesis [16]; however,
the use of leaf-derived natural dye as a precursor for MgO
nanoparticle synthesis remains largely unexplored.

In this study, the green synthesis approach for the prep-
aration of GM-MgO NPs using a natural dye derived from G.
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mangostana leaves is reported. The synthesized GM-MgO NPs
were characterized using spectroscopic and microscopic
techniques to assess their structural and morphological prop-
erties. Their antioxidant, anti-inflammatory, cytotoxic and anti-
microbial activities were evaluated for potential biomedical
applications. This study explores a novel plant-based pre-
cursor for MgO nanostructure synthesis and supports the
development of sustainable nanotechnology.

EXPERIMENTAL

All chemicals and solvents including magnesium acetate,
n-hexane and methanol were purchased from Sigma-Aldrich,
India. Deionized distilled water was used for all solutions,
with a methanol-water mixture as the hydro-methanolic solvent
system. Fresh leaves of Garcinia mangostana L. were colle-
cted from Thirpparappu, Kanyakumari District, India. The
leaves were washed thoroughly with running tap water, shade-
dried, powdered and stored in airtight containers until dye
extraction.

Preparation of dye extraction: Dye extraction was per-
formed using a Soxhlet apparatus. The powdered sample was
placed in a thimble and defatted with n-hexane for 6 h at 68 °C.
The defatted material was sun-dried to remove residual
solvent and extracted with methanol at 65 °C. The resulting
yellowish-brown extract was oven-dried at 40 °C for 3 h to
obtain powdered dye, which was used for GM-MgO NPs
synthesis [17,18].

Green synthesis of MgO nanoparticles: For GM-MgO
NPs synthesis, 5 g of dye was dissolved in 50 mL methanol
and filtered. The filtrate (25 mL) was mixed with 50 mL of
0.5 M Mg(Il) acetate solution and allowed to stand for 2 h at
room temperature. A colour change from light brown to deep
brown confirmed the formation of GM-MgO NPs. The mixture
was stirred for 1 h, centrifuged for 30 min and washed with
deionized water and methanol. The purified GM-MgO NPs
were oven-dried at 80 °C for 6 h and calcined at 500 °C [18].

Characterization: FTIR spectra were recorded from
4000-500 cm™ using a Shimadzu FTIR-84005, while UV-Vis
spectra were obtained from 200-800 nm using a Shimadzu
UV-1800 spectrophotometer. XRD analysis was performed
using a Bruker D8 Advance diffractometer with CuKa radia-
tion (A = 1.5406 A) over a 20 range of 10-80°. The crystalline
size was estimated using the Scherrer’s equation [D = KA/Bcos
0], where K =0.9, A is the X-ray wavelength, B is the FWHM
of the diffraction peak and 6 is the Bragg angle. The morpho-
logy and elemental composition of the GM-MgO NPs were
examined using a ZEISS SEM equipped with a Smart EDX
detector. SEM analysis was performed at an accelerating
voltage of 10.00 kV with magnifications ranging from 10 KX
to 100 KX, corresponding to particle dimensions of approxi-
mately 10 um-50 nm.

Cytotoxicity studies (MTT assay)

MCF-7: Human breast cancer cell line (line used in this
study was procured from National Centre for Cell Science
(NCCS), Pune, India. Cells were maintained in Dulbecco’s
modified eagle medium (DMEM), supplemented with 10%
heat-inactivated fetal bovine serum (FBS) and 1% mixture of
antibiotics containing penicillin (100 U/mL), streptomycin

(0.1 mg/mL) and amphotericin B (0.25 pg/mL). The cell-con-
taining tissue culture flask (25 cm?) was incubated for 24 h at
37 °C in a humidified atmosphere with 5% CO; to allow cell
adherence.

For the MTT assay, cells were seeded at a density of
10,000 cells/well in 96-well plates in 100 uL of DMEM and
allowed to acclimatize under the same culture conditions for
24 h under standard conditions (37 °C, 5% CQy). After incub-
ation, the old medium was carefully aspirated and replaced
with fresh DMEM (100 pL) containing the test samples at
final concentrations of 6.25, 12.5, 25, 50 and 100 pg/mL in
the wells. Untreated cells containing 100 uL of DMEM served
as the negative control. All treatments were performed in
triplicate (n = 3) and results were expressed as the mean £
standard deviation. After 24 h of treatment, the culture media
was aspirated and 100 pL of 0.5 mg/mL MTT solution in PBS
was added to each well. The plates were incubated for 2 h to
allow for formazan crystal formation. After incubation, super-
natant (MTT solution) was removed and 100 uL of 100 %
DMSO was added to solubilize the formazan crystals. Absor-
bance was measured at the appropriate wavelength to deter-
mine cell viability. The cell viability was calculated using the
following formula [19,20].

Average absorbance of treated 5
Average absorbance of control

Anti-inflammatory activity (protein denaturation
assay): A mixture of total volume of 0.5 mL was prepared by
combining 3 % bovine serum albumin and 0.1 mL of the test
samples of varying concentrations (6.25 to 100 pg/mL) in
various test tubes and incubated at 37 °C for 20 min. After
incubation, 2.5 mL of phosphate-buffered saline (pH 6.3) was
added to each tube and then heated at 80 °C for 10 min. The
absorbance of each sample was measured at 660 nm using the
spectrophotometer. All experiments were performed in trip-
licate (n = 3) and results were expressed as mean + standard
deviation. The percentage inhibition of protein denaturation
was subsequently calculated using the formula [21,22].

bs Abs,, <100

Viability (%) =

control

Ab Scontrul

Antioxidative activity (DPPH radical scavenging
assay): For the DPPH assay, a stock solution of ascorbic acid
was prepared using distilled water (1 mg/mL, w/v). The 60
uM solution of DPPH in methanol was freshly prepared and
200 pL of this solution was mixed with 50 pL of the test
sample at various concentrations (1.56, 3.12, 6.25, 12.5, 25,
50, 100, 200, 400, 800 and 1000 ug/mL) across multiple test
tubes. These test tubes were kept in the dark for 15 min at
room temperature and the decrease in absorptance was
measured at 515 nm. All experiments were performed in trip-
licate (n = 3) and results were expressed as mean + standard
deviation. The control was prepared using the DPPH solution,
without any extract or ascorbic acid. A 95% methanol solu-
tion was used as a blank and the radical scavenging was cal-
culated using the formula [23,24]:

bs

Inhibition (%) =

AbsleSl X 100

control

Inhibition (%) = 2 yPs
S

control
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Antimicrobial activity: The antimicrobial activity was
evaluated by the agar well diffusion method. For antibacterial
testing, Mueller-Hinton agar (HIMEDIA-M173) was sterilized
and poured into Petri plates. A standardized inoculum of
Escherichia coli (MTCC 443) was spread onto the agar and
four 8 mm wells were prepared. Test samples (50 and 100
uL; 10 mg/mL) were added to wells T1 and T2. Gentamicin
(40 uL; 4 mg/mL) and chloroform served as positive and
negative controls, respectively. Plates were incubated at 37 °C
for 24 h and inhibition zones were measured. Antifungal acti-
vity was assessed using a 1:1 mixture of Mueller-Hinton agar
and potato dextrose agar (HIMEDIA-MHO096) against Candida
albicans (MTCC 227) under similar conditions. Clotrimazole
(40 uL; 300 pL/mL) and chloroform were used as positive
and negative controls, respectively. Plates were incubated at
27 °C for 48 h [25,26]. All assays were performed in triplicate
(n=3), and results were expressed as mean + standard devia-
tion.

The MIC of GM-MgO NPs was determined by broth
microdilution using 96-well microtiter plates. Two-fold serial
dilutions of the NPs (15.625-1000 pg/mL) were prepared in
Mueller-Hinton broth for bacteria and fungal broth for C.
albicans, using DMSO as the solvent. Standardized inocula
were added and the plates were incubated at 37 °C for 24-48 h.
The MIC was recorded as the lowest concentration showing no
visible microbial growth. For MBC determination, 10 uL from
wells without visible growth was plated onto Mueller-Hinton
agar and incubated at 37 °C for 24 h. The MBC was defined
as the lowest concentration producing no visible colony growth.
MFC was determined using the same procedure under appro-
priate fungal culture conditions [26].

RESULTS AND DISCUSSION

The distinct phytochemical profile of G. mangostana
(GM) leaf dye compared with the previously reported conven-
tional leaf extracts supports the novelty of this study [27,28].
The phytochemical screening, HPLC and GC-MS analyses
identified substituted phenols, fatty acid esters and related
derivatives. The phenolic hydroxyl and ester groups may
interact with Mg?* ions, forming intermediate complexes that
facilitate nucleation and Mg(OH). formation. Subsequent
anisotropic growth and thermal transformation of these
nuclei may yield GM-MgO NPs with the observed nanorod
morphology [29,30].

FTIR spectra analysis: The comparison between the
FTIR spectrum of the GM-MgO and the G. mangostana leaf
dye extract revealed the prominent shifts in the bands. The
FTIR spectrum of the GM leaf dye extract showed bands at
3398 cm™ (O—H str.), 2949 and 2835 cm™ (C—H str.), 1411
cm* (C-H bend.), 1658 cm™ (C=0 str.) and 1020 cm™ (C-
O-C str.). In GM-MgO NPs, these bands shifted to 3466,
2919-2918, 1425, 1645 and 1064 cm*, respectively (Fig. 1).
The shifts in O-H, C=0 and C-O-C bands suggest the invol-
vement of hydroxyl, carbonyl and ester-containing phyto-
chemicals in Mg?* complexation and nanoparticle stabiliza-
tion. New bands appear at 534 and 881 cm™* were assigned to
Mg-O vibrations, supporting the formation of GM-MgO NPs
and their interaction with plant-derived functional groups
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Fig. 1. FT-IR spectra of GM MgO NPs

[27-31]. Similar FTIR features have been reported for GM-
MgO NPs synthesized using banana peel extract, with O-H
stretching near 3348 cm, C—H stretching around 2923 cm
and Mg-O vibrations in the 655-594 cm™ region [32]. The
slight differences in band positions may be associated with
the distinct phytochemical composition of the G. mangostana
leaf dye extract.

UV-Visible spectra analysis: The UV-Vis spectrum of
GM-MgO NPs (Fig. 2b) exhibited an absorption peak at 250
nm, which falls within the reported nanoscale absorption
region and may be attributed to the increased band gap and
associated blue shift, supporting the formation of GM-MgO
NPs. In comparison, the G. mangostana leaf dye extract
showed an absorption peak at 276 nm (Fig. 2a), with the shift
from 276 to 250 nm further supporting nanoparticle forma-
tion. Similar blue shifts have been reported for the plant-
mediated MgO NPs synthesis [33]. Green-synthesized GM-
MgO NPs generally exhibit absorption peaks in the 230-330
nm range, with reported values of 271-276 nm [34], 267 and
~270 nm [35] and 290-324 nm [36], depending on the particle
size, morphology and synthesis conditions. The absorption peak
at 250 nm observed for GM-MgO NPs is consistent with these
reports and supports their nanoscale nature.

SEM with EDX analysis: The SEM images (Fig. 3a-c)
of the synthesized GM-MgO NPs revealed predominantly
nanorod-like morphology with relatively uniform distribution
and slight variations in size and shape. Histogram analysis
showed a mean nanorod length of 176.5 £ 77 nm (Fig. 3d).
The observed morphology, together with the XRD results,
supports the crystalline nature of the nanoparticles. The forma-
tion of nanorod-like structures may be influenced by bioactive
compounds in the GM leaf dye extract, which can act as
capping and stabilizing agents during synthesis.

The elemental composition of GM-MgO NPs was deter-
mined by EDX (Fig. 3e), which showed characteristic peaks
corresponding to Mg and O, confirming MgO formation. A
minor C peak may be attributed to residual organic compounds
from the GM leaf extract. SEM-EDX analysis supports the
successful formation and high elemental purity of the GM-
MgO NPs [37,38].

X-ray diffraction analysis: The XRD spectrum of GM-
MgO (Fig. 4) displayed five distinct, significant, intense,
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Fig. 2. UV-Vis spectrum of (a) GM leaf dye extract [27] and (b) GM MgO NPs
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sharp and well-defined diffraction peaks at 26 values of 37.93°, TABLE-1

42.95°,62.4°, 75.61° and 78.63° (Table-1), which corresponded POWDER XRD DATA OF GM-MGO NPS

toI the (111), (200|), (2?10), (311) and (222) cr)éstglloglrlaphiﬁ 20 0 FWHM B D (nm)

planes, respectively. These patterns corresponded well wit 5 5

the face-centred cubic (FCC) periclase structure of GM-MgO 22'220 ;i'io g';gz 8'883522 g;"?g

NPs (JCPDS card no. 4-829 & 45-0946) [39-41]. The absence 62' e : 1' . 0' o 0' ST ) 6' .

of additional impurity peaks confirmed the phase purity of o T ‘ ' :

the GM-MgO NPs [42]. The sharp, well-defined diffraction 7561 37.8 0.137 0.002391 7339
78.63° 39.3° 0.174 0.003036 59.00

peaks confirmed the high crystallinity of GM-MgO NPs and
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well-developed crystal structure. The crystallite size calculated
using Scherrer’s equation ranged from 37.7 to 73.3 nm, with
an average size of 52.2 nm. The nanoscale crystallite size and
high crystallinity may contribute to consistent reactivity in
biomedical and catalytic applications [43,44].
Biological studies

Antioxidant activity: The antioxidant activity of GM-
MgO NPs was evaluated using the DPPH assay, with ascorbic
acid as the standard (1Csp = 28.19 pg/mL) (Fig. 5a; Table-2).
DPPH radical scavenging increased with the concentration,
reaching nearly 25% at 25 pg/mL and 50% between 200 and
400 pg/mL. The ICso value of GM-MgO NPs was 287.34
ng/mL, with 58% inhibition at 1000 pg/mL, which indicate
the moderate antioxidant activity. Compared with the G.
mangostana leaf dye extract (ICso = 337.55 ug/mL) [27], the
GM-MgO NPs showed improved scavenging activity. This
activity may be associated with surface reactivity and phyto-
chemicals retained on the nanoparticle surface. Although
lower than ascorbic acid, the antioxidant activity of GM-MgO
NPs, coupled with their plant-mediated synthesis, supports
their potential for biomedical applications [45-48].
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TABLE-2
ANTIOXIDANT ACTIVITY, ANTI-INFLAMMATORY
ACTIVITY AND CYTOTOXICITY DATA OF GM-MgO NPs

Inhibition (%)

Conc. .. Anti- L.
(ug/mL) Aqt|QX|dant inflammatory Cytotoxicity
activity + SD activity + SD +SD
0 0 0 0
1.56 7.78 £0.12 - -
3.12 9.77 £0.10 - -
6.25 11.75+0.14 6.53+0.20 98.17 £ 0.12
12.5 18.69 £ 0.11 18.94 £ 0.25 89.17 £ 0.09
25 25.67 £0.15 25.86 +0.18 79.17 £ 0.09
50 34.62 £ 0.09 48.97 £0.30 62.34 +0.11
100 4157 £0.12 55.02 £ 0.35 51.11+0.21
200 47.54 +£0.16 — -
400 51.46 £0.11 - =
800 54.36 +0.18 - -
1000 58.05+0.19 - -
1Cso (ng/mL) 287.34 56.44 99.06

Anti-inflammatory activity: The synthesized GM-
MgO NPs were evaluated for anti-inflammatory activity
using a protein denaturation inhibition assay with diclofenac
(ICs0 = 49.68 ug/mL) as the reference standard (Fig. 5b). The
results showed that as the concentration increases from 6.25
to 100 pg/mL, the inhibition of protein denaturation increases
steadily from 6.53% to 55.01% (Table-2). The calculated
ICso value of 56.44 ug/mL indicates significant inhibition
efficacy, closely approaching that of the standard drug diclo-
fenac. In comparison to G. mangostana leaf dye extract (ICso
= 68.50 ug/mL), GM-MgO NPs exhibited enhanced anti-
inflammatory activity, potentially arising from the combined
effects of MgO and phytochemical capping agents that may
reduce protein denaturation under thermal stress [49-51].

Cytotoxicity effect: The cytotoxicity effect of GM-MgO
NPs was evaluated using an MTT assay against MCF-7
(human breast cancer cell line) at concentrations of 6.25,
12.5, 25, 50 and 100 pg/mL (Table-2). The results revealed
that GM-MgO NPs exhibited a dose-dependent cytotoxic
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Fig. 5. (a) Antioxidant activity and (b) anti-inflammatory activity of GM-MgO NPs
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TABLE-3
ANTIMICROBIAL ACTIVITY DATA OF GM-MgO NPs

Triplicate (mm)

Microorganisms Sample 1 2 3 Zone (average) mm = standard deviation
T1 (500 pg) 7.0 6.0 7.0 7.0+£0.5
Escherichia coli T2 (1000 pg) 13.0 13.0 12.4 13.0+0.7
Gentamycin (160 ug) 19.1 20.0 20.0 20.0+0.3
T1 (500 pg) 12.7 14.0 14.0 14.0+£04
Candida albicans T2 (1000 pg) 18.0 17.9 18.0 18.0+0.6
Clotrimazole (120 ng) 21.9 22.0 22.0 220+05

impact on MCF-7 cell lines (Fig. 6a). Low concentrations of
6.25 and 12.5 pug/mL exhibited minimal cytotoxicity, with
high cell viability of 98.17% and 89.17%, respectively.
However, as the concentration increased, cell viability pro-
gressively decreased to 76.17% at 25 pg/mL, 62.34% at 50
ug/mL (Fig. 6b) and 51.1% at 100 pg/mL, respectively (Fig
6¢). The 1Cs value was 99.06 ug/mL, with significant cyto-
toxicity observed only at higher concentrations.

In the comparison with G. mangostana leaf dye extract
(1Cs0 = >100 ug/mL), GM-MgO NPs showed enhanced cyto-
toxicity effect, likely due to the combined effects of MgO and
phytochemical capping agents [52,53]. Although the cyto-
toxic effect was moderate, the biocompatibility and eco-friendly
synthesis of the GM-MgO NPs highlight their potential for
safe application in therapeutic optimization [54-56].

Antimicrobial activity: The GM-MgO NPs was asse-
ssed for its antimicrobial potential against E. coli and C.
albicans in two different concentrations (500 pg and 1000
ug) using the well diffusion method. The results were com-
pared with the positive controls (gentamicin/clotrimazole)
and a negative control (DMSQ). The results revealed that
GM-MgO NPs showed an enhanced antifungal effect (14 mm
at 500 pg and 18 mm at 1000 ng) compared to the anti-
bacterial effect (7 mm at 500 pg and 13 mm at 1000 ng). The
activity was dose-dependent and increased concentration led
to increased activity (Table-3). However, GM-MgO NPs
exhibited moderate activity compared to the standard, while
nanoparticles exhibited significant activity relative to the
GM-leaf dye extract. The observed selectivity, with enhanced
activity against C. albicans, may be attributed to the struct-

ural differences between fungal and bacterial membranes, as
well as the electrostatic interactions between MgO NPs and
microbial surfaces [24,57-60].

The minimum inhibitory concentration (MIC), minimum
bactericidal concentration (MBC) and minimum fungicidal
concentration of the synthesized GM-MgO NPs were further
evaluated (Table-4). The MIC data indicated 500 pg/mL
against E. coli and 250 pg/mL against C. albicans. The MBC
(1000 pg/mL) and MFC (500 ug/mL) data showed that a
higher concentration was required for the bactericidal and
fungicidal effects [61].

TABLE-4
MIC, MBC AND MFC DATA OF GM-MgO NPs
Microorganisms Ll 29 Ll
(ng/mL) (ng/mL) (ng/mL)
E. coli 500 1000 -
C. albicans 250 - 500
Conclusion

This study demonstrated a green synthesis route for the
formation of GM-MgO NPs using a Garcinia mangostana L.
leaves derived dye. The phytochemical constituents present
in the extract played a significant role in facilitating nanopart-
icle formation and stabilization, resulting in well-defined
nanorod structures. The structural and spectroscopic analyses
confirmed the successful formation of crystalline MgO nano-
rods. The synthesized GM-MgO NPs exhibited antioxidant,
anti-inflammatory, cytotoxic and antimicrobial activities, with
anti-inflammatory activity being the most pronounced. The
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antioxidant and cytotoxic effects were moderate and concen-
tration dependent, while stronger antimicrobial activity was
observed against C. albicans than E. coli. These biological
responses may arise from the nanoscale MgO structure and
surface-associated phytochemicals from the G. mangostana
leaf dye extract.
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