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Abstract: Malnutrition is a growing global health concern
that contributes to obesity. This study presents the green
synthesis of chromium oxide nanoparticles (Cr₂O₃ NPs)
using pomegranate husk aqueous extract as both reducing
and capping agents via a microwave-assisted method. The
synthesized MA-Cr₂O₃ NPs were characterized using UV-Vis,
FTIR, field emission scanning electron microscope, energy
dispersive X-ray (EDX), HR-transmission electron microscopy
(TEM), and X-ray diffraction methods. TEM analysis revealed
an average particle size of 11.69 nm, and EDX confirmed
nanoparticle (NP) purity. Antioxidant activity was assessed
through 2,2′-diphenyl-1-picrylhydrazyl and ABTS assays,
showing strong free radical scavenging abilities of 80.4%
and 65.8% at 1 and 5mg·mL−1, respectively. The NPs also
contained notable levels of phenolics (10.14mg GAE·g−1) and
flavonoids (33.28mg QE·g−1). In enzyme inhibition assays, NPs
exhibited potent activity against pancreatic lipase (91.7%) and
α-amylase (90.5%), with EC₅₀ values of 0.16 ± 0.002mg·mL−1

and 0.15 ± 0.003mg·mL−1 at 0.25mg·mL−1. Cytotoxicity testing

on Vero cells showed 55.5% viability at 0.25mg·mL−1, indi-
cating acceptable biocompatibility. These results highlight
the potential of MA-Cr₂O₃NPs for antioxidant and anti-obesity
applications, offering a sustainable and eco-friendly solution
for managing health issues related to malnutrition.
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enzyme inhibition, biocompatibility

1 Introduction

Obesity is recognized as a chronic condition marked by an
imbalance between energy intake and expenditure, resulting
in excessive fat accumulation [1]. The global prevalence of
obesity has increased substantially, with the World Health
Organization indicating that by 2022, 60% of the European
population will be classified as overweight or obese [2]. Obe-
sity is a significant risk factor for various metabolic disorders,
such as cardiovascular disease (CVD), hypertension, and dia-
betes mellitus [3,4]. Traditional anti-obesity interventions,
including lifestyle changes, pharmacological treatments, and
surgical procedures, often have limitations due to potential
side effects, invasiveness, or issues with long-term sustain-
ability [5]. Pharmacological treatments commonly lead to
adverse reactions, including nausea, vomiting, fecal urgency,
and oily stools, while surgical approaches like liposuction and
bariatric surgery are often followed by the risk of weight
regain [6,7]. These challenges have driven researchers to
explore alternative approaches, such as enzyme inhibition,
which targets metabolic processes directly related to obesity,
for potentially safer and more effective treatment options.

In recent years, metal nanoparticles (NPs) have emerged
as promising agents in obesity research due to their unique
physicochemical properties, such as high surface area, cata-
lytic potential, and bioavailability. NPs, typically defined as
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particles smaller than 100 nm, have become prominent in
nanotechnology due to their distinctive physicochemical prop-
erties and promising applications in biomedicine [8,9]. Metal
oxide NPs, chromium oxide nanoparticles (Cr₂O₃ NPs), stand
out among variousmetal oxides due to their unique properties,
including exceptional thermal stability, magnetic behavior, bio-
compatibility, and diverse biological activities, including anti-
oxidant, anti-inflammatory, and enzyme-inhibitory properties.
These characteristics make Cr₂O₃NPs promising candidates for
diverse applications, such as in catalysis, environmental reme-
diation, antimicrobial activity, and therapeutic treatments [10].

The synthesis of Cr2O3 NPs through green approaches
offers an eco-friendly alternative to conventional chemical
processes, which often involve hazardous chemicals and
generate harmful by-products [11,12]. Pomegranate husk
(Punica granatum), an agricultural byproduct, contains a
rich composition of polyphenols, flavonoids, tannins, and
other bioactive compounds that exhibit reducing and sta-
bilizing properties, making it an excellent choice for NP
synthesis. The utilization of pomegranate husk not only
aligns with principles of waste valorization but also pro-
motes a circular economy by repurposing waste materials
for valuable applications. Moreover, pomegranate husk
extracts (PHEs) are known for their antioxidant, antimicrobial,
and anti-inflammatory activities, further enhancing the multi-
functional properties of the synthesized NPs. In this study,
pomegranate husk is utilized as a natural reducing and stabi-
lizing agent for synthesizing Cr₂O₃ NPs through a microwave-
assisted technique [13]. This technique provides fast and even
heating, enabling the production of uniform NPs more effec-
tively than traditional heating methods [14]. The synthesized
NPs were thoroughly characterized to assess their structural,
chemical, and morphological properties. Additionally, their
antioxidant activity, enzyme inhibition potential, and cytotoxi-
city were evaluated to explore their suitability for use in com-
bating obesity and its associated health risks.

Chromium (Cr) plays an essential role in glucose meta-
bolism and lipid processing, with its trivalent form (Cr³⁺)
being the most stable and least toxic [15–17]. This study
examines the antioxidant potential and inhibitory effects
of Cr₂O₃ NPs on pancreatic lipase and α-amylase. Pan-
creatic lipase is a critical enzyme in fat digestion, respon-
sible for converting 50–70% of dietary lipids into fatty acids
and glycerols, while α-amylase facilitates the breakdown of
complex polysaccharides into simpler carbohydrates in the
small intestine [18–20]. High sugar intake can increase glu-
cose and fructose levels in the bloodstream, stimulating lipo-
genesis and causing lipid storage in white adipose tissue,
which may contribute to obesity [21,22]. Furthermore, oxida-
tive stress – an imbalance between reactive oxygen species
(ROS) and antioxidants – has been associated with obesity

through processes like mitochondrial dysfunction, lipid sto-
rage, insulin resistance, and inflammation [23–25].

This study explores Cr2O3 NPs synthesized using PHEs,
which show promise in tackling obesity due to their anti-
oxidant effects and potential to inhibit enzymes. The cyto-
toxicity of these NPs is evaluated on Vero cells, a cell line
from the African green monkey kidney, to ensure their
safety and biocompatibility for therapeutic use. The study
aims to investigate the multifunctional bioactivity of the
green-synthesized Cr2O3 NPs, providing a sustainable and
effective strategy for addressing obesity and its associated
complications.

2 Materials and methods

2.1 Materials

The pomegranate husk was collected from Kampar, Malaysia.
Chromium(III) nitrate nonahydrate [Cr(NO3)3·9H2O], sodium
carbonate, sodium hydroxide, 95% ethanol, gallic acid, ascorbic
acid, and quercetin hydrate were purchased from Synertec
Enterprise (Malaysia). The chemicals and consumables used
for MTT assay, such as Dulbecco’s modified Eagle’s medium
(DMEM), were purchased from Medigene (Malaysia). Lipase
from porcine pancreas, α-amylase from porcine pancreas,
4-nitrophenyl palmitate (p-NPP), ABTS, DPPH (2,2-diphenyl-1-
picrylhydrazyl), Orlistat, and Acarbose were purchased from
Medigene (Malaysia). All chemicals used were of analytical or
reagent grade.

2.2 Preparation of PHE

The extraction started with separating the pomegranate
husk from the seed. Then, the pomegranate husk was
cleaned and cut into pieces. Then, 100 g of cut pomegranate
husk was added to 150mL of deionized water and heated at
70°C for 30min. The PHE was filtered using Whatman No. 1
filter paper thrice to obtain a clear PHE solution. The PHE
was stored at 4°C until further use.

2.3 Microwave-assisted green synthesis of
Cr2O3 NPs (MA-Cr2O3 NPs)

Figure 1 illustrates the microwave-assisted green synthesis
of Cr2O3 NPs. First, 3 g of chromium(III) nitrate nonahydrate
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salt was mixed with 50 mL of PHE under stirring conditions
at room temperature for 5 min. Then, a microwave synthe-
sizer (CEM Corporator) was used for the synthesizing pro-
cess at 60°C in high stirring mode for 30min. After that,
rotary evaporation (Heidolph 5 L) was applied until a dark
green paste was obtained. The dark green paste was calci-
nated at 450°C for 2 h, and a dark green powder was
obtained. Finally, the dark green Cr2O3 powder was ground
using a pestle and mortar and stored in an airtight con-
tainer for further use [26].

2.4 Characterizations

The absorption peaks were measured in the ultraviolet and
visible regions using a UV-VIS Spectrophotometer (Genesys 10 S
UV-VIS), which ranged from 200 to 800nm in scanning mode.
The surface morphology, size, and elemental compositions were
determined using a field emission scanning electronmicroscope
(FE-SEM) (JOEL JSM 6701-F) with energy dispersive X-ray ana-
lysis (EDX) (X-max, 150-Oxford Instruments) and transmission
electron microscope (HR-TEM, JOEL JEM-2100F). Besides, the
functional groups were determined using FTIR spectroscopy
(Perkin Elmer Spectrum EX1) using the KBr pellet method in
the range of 4,000–400 cm−1. X-ray diffraction (XRD) (Shidmazu
6000) characterization was carried out to determine the crystal-
linity of the NPs in the range of 20–80°.

2.5 Antioxidant capacity

2.5.1 Total phenolic content (TPC)

The TPC of the microwave-assisted green-synthesized Cr2O3

NPs and PHE was determined using the Folin–Ciocalteu
method. To begin, 0.1mL of each sample was combined
with 0.75mL of 10-fold diluted Folin–Ciocalteu reagent. The
mixture was incubated in the dark for 5min, after which
0.75mL of 6% sodium carbonate solution was added. The
mixture was then incubated again in the dark for 90min.
Finally, the absorbance was measured at 725 nm using a
UV-Vis spectrophotometer (Genesys 10 S UV-VIS), with gallic
acid (0–0.2mg·mL−1) serving as the standard reference [27].

2.5.2 Total flavonoid content (TFC)

The TFC of the microwave-assisted green-synthesized Cr2O3

NPs and PHE was determined using the aluminum colorimetric
method. Initially, 0.2mL of each sample was mixed with 5%
sodium nitrite and incubated for 6min. Following this, 0.15mL
of 10% aluminum chloride was added and incubated for 6min.
Subsequently, 10% sodium hydroxide was added, followed by a
final incubation for 15min. The absorbance was then recorded
at 510 nm using a UV-Vis spectrophotometer (Genesys 10 S UV-
VIS), with quercetin hydrate (99%) at concentrations ranging
from 0 to 0.2mg·mL−1 serving as the standard reference [27].

Figure 1: Green synthesis of Cr2O3 NPs using a microwave-assisted method.
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2.6 Free radical scavenging activity

2.6.1 DPPH assay

DPPH assay was performed, as described in the referenced
method, to evaluate the free radical scavenging activity of MA-
Cr2O3 NPs and PHE. A stock solution of DPPH was initially
prepared by dissolving DPPH powder in 95% ethanol. The stock
solution was then diluted with ethanol to achieve a working
solution with an absorbance of 0.98 ± 0.02 Au. For the assay,
0.2mL of each sample (0–1mg·mL−1) was mixed with 1mL of
the DPPH working solution and incubated in the dark for 30
and 60min. Absorbance was measured at 517 nm using a UV-
Vis spectrophotometer (Genesys 10 S UV-VIS), with ascorbic
acid (0–0.12mg·mL−1) used as the reference standard [28].

2.6.2 ABTS (2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid)) assay

The ABTS assay was performed according to established pro-
tocols [29]. To prepare the ABTS stock solution, ABTS was
mixed with potassium persulfate at concentrations of 7.4mM
and 2.4mM, respectively, and allowed to incubate in the dark
for 12–16 h. The stock solution was then diluted to create the
ABTS working solution, adjusted to an absorbance of 0.70 ±

0.02 Au. For the assay, 0.2mL of each sample (0–5mg·mL−1)
was combined with 1mL of the ABTS working solution and
incubated in the dark for 10, 20, and 30min. Absorbance was
subsequently measured at 734 nm using a UV-Vis spectrophot-
ometer (Genesys 10 S UV-VIS), with butylated hydroxytoluene
(0–0.12mg·mL−1) serving as the reference standard.

The percentage of free radical scavenging activities
was calculated using the following equation:

= ×−
Free radical scavenging 100%

Abs of control Abs of sample

Abs of control

where Abs of control represents the absorbance value of the
control (DPPH or ABTS solution only), and Abs of the test
sample represents the absorbance value of the test sample.

2.7 Enzyme inhibition

2.7.1 Pancreatic lipase inhibition

The pancreatic lipase inhibitory activity of MA-Cr2O3 NPs
and PHE was evaluated using a slightly modified version of
the method outlined in the study of Cam-Van et al. [30]. First,
0.3mL of each sample (0.00–0.30mg·mL−1) was mixed with
1mL of pancreatic lipase (prepared in 0.1M buffer) and

incubated at 37°C for 15min. Following this, 0.3mL of
p-NPP solution (dissolved in isopropanol) was added to the mix-
ture. The reaction was then incubated for an additional 15min
at 37°C. Absorbance was measured at 405nm using a UV-Vis
spectrophotometer (Genesys 10 S UV-VIS), with Orlistat
(0.00–0.12mg·mL−1) used as the reference standard [30].

2.7.2 α-Amylase inhibition

The α-amylase inhibition assay was conducted using the
dinitrosalicylic acid method, as described by Akhter et al.
[31], with minor modifications. Initially, 0.2 mL of each
sample (0.00–0.30 mg·mL−1) was combined with 1 mL of
α-amylase solution (prepared in phosphate-buffered saline
[PBS]) and incubated at 37°C for 10 min. After incubation,
0.2 mL of a 1% starch solution was added to the mixture,
followed by a second incubation period. To terminate the
reaction, 0.5 mL of 3,5-dinitrosalicylic acid solution was
added, and the mixture was heated in a boiling water
bath for 5 min. Finally, the absorbance was recorded at
540 nm using a UV-Vis spectrophotometer (Genesys 10 S
UV-VIS), with acarbose (0.00–0.12 mg·mL−1·mL−1) serving
as the reference standard [31].

The percentage of enzymatic inhibition was calculated
using the following equation:

= ×−
Enzymatic inhibition 100%

Abs of sample Abs of control

Abs of sample

where Abs of sample represents the absorbance value of
the test sample, and Abs of control represents the absorbance
value of enzymatic control (enzyme and substrate only).

2.8 Cytotoxicity test

2.8.1 Cell culture

Vero cells (ATCC CCL-81) were passaged and prepared
for the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. All procedures were performed in a
laminar flow hood. To sub-culture the cells, the medium
was discarded from the culture flask, and 5 mL of PBS was
pipetted in to wash away any impurities. Then, 3 mL of
trypsin-EDTA was added to the flask and incubated
for 15 min at 37°C. After the incubation, the reaction was
terminated by adding 3 mL of complete growth medium
(CGM). The cell suspension was then centrifuged at
1,000 rpm for 10 min at room temperature. Finally, 2 mL
of CGM was added to two separate new culture flasks,
respectively [32].
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2.8.2 MTT assay

The seedling process was similar to the sub-culture procedure
described earlier. After centrifugation, 2mL of DMEM) was
added to a centrifuge tube, gently mixed, and transferred to a
reservoir pre-loaded with DMEM. Then, 0.1 mL of the solution

was added to the 96-well plate according to the experimental
design, with DMEMused for the blankwells. The 96-well plate
was incubated at 37°C for 24 h.

To prepare the stock solution of NPs, 1mg·mL−1 NPs was
dissolved in PBS andfiltered. This stock solutionwas then diluted
to 0.25mg·mL−1 and topped upwith DMEM. Afterward, 100 μL of

Figure 2: UV-Vis spectra of (a) Cr2O3 NPs, (b) chromium nitrate salt solution, and (c) PHE. (b) Energy bandgap of Cr2O3 NPs.

Figure 3: FE-SEM spectrum for MA-Cr2O3 NPs with the magnification at (a) 12,000×, scale bar = 1 µm; (b) 30,000×, scale bar = 100 nm. (c) EDX spectrum
of MA-Cr2O3 NPs.
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the NP solution was added to each well of the 96-well plate
according to the experiment design, and the plate was incubated
at 37°C for 24h. DMSO was used as the reference standard.

The MTT reagent was prepared in PBS under dark
conditions and placed in a 37°C water bath for 15 min.
Then, 0.02 mL of MTT reagent was added to each well,
and the plate was incubated for 4 h. After incubation, the
solution in each well was discarded, and 100 μL of DMSO
was added to each well. The absorbance was measured at
570 nm using UV-Vis (Genesys 10 S UV-VIS) [33].

The percentage of cell viability was calculated using
the following equation:

= ×−
−Cell viability 100

Abs of sample Abs of blank

Abs of control Abs of blank

where Abs of sample represents the absorbance value of
the test sample, Abs of blank represents the absorbance
value of the blank (only DMEM solution), and Abs of con-
trol represents the absorbance value of the control.

Figure 4: HR-TEM images of MA-Cr2O3 NPs at (a) scale bar = 100 nm and (b) scale bar = 100 nm. (c) Particle distribution of MA-Cr2O3 NPs.

Figure 5: FTIR spectra of (a) MA-Cr2O3 NPs and (b) PHE.

6  Shi-Yan Cheah et al.



2.9 Statistical analysis

All data were collected in triplicate (n = 3), and the results are
presented as mean ± standard error. Statistical differences
were analyzed using one-way ANOVA followed by a t-test,
with p < 0.05 considered significant.

3 Results and discussion

3.1 Characterizations

UV-VIS characterization was performed using 0.1 mg·mL−1

MA-Cr2O3 NPs, PHE, and a chromium nitrate(III) nonahy-
drate salt solution. Figure 2(a) displays the UV-VIS spec-
trum for the microwave-assisted green synthesis of Cr2O3

NPs. The MA-Cr2O3 NPs exhibited absorption peaks at 258
and 354 nm, which align with previously reported findings
[34]. The energy bandgap in Figure 2(b) from the UV-VIS
analysis was determined to be 3.51 eV. The two observed
absorption peaks corresponding to the 4A2g → 4T1g and
4A2g → 4T2g transitions confirm the successful formation
of Cr2O3 NPs [35]. Figure 3 shows the UV-VIS spectrum for
PHE, with absorption peaks at 257 and 373 nm. These peaks
are associated with the presence of secondary metabolites
like polyphenolic compounds, anthocyanins, and tannins
[36]. The shifting of absorption peaks and the color change
from PHE and chromium(III) nitrate nonahydrate to Cr2O3

NPs are attributed to surface plasmon resonance [37].
The surface morphology and size of MA-Cr2O3 NPs

were analyzed using FE-SEM. Figure 3(a) and (b) presents
SEM images of MA-Cr2O3 NPs, which indicate that Cr2O3

NPs are densely agglomerated and nearly spherical. This
can be attributed to the high viscosity of the plant extract,
the strong forces of attraction, oxidation of nanomaterials,
and isotropic aggregation occurring at the isoelectric point
[38,39]. The size of MA-Cr2O3 NPs is observed to range from
68 to 97 nm. Figure 3(c) displays the EDX spectrum of MA-
Cr2O3 NPs, revealing the presence of chromium (Cr)
(48.91%), oxygen (O) (44.52%), and potassium (K) (6.57%),
indicating the high purity of the synthesized Cr2O3 NPs. The
presence of potassium is likely due to the phytochemicals
in the pomegranate husk, as suggested in the literature
[40]. Figure 4(a) and (b) presents the HR-transmission elec-
tron microscopy (TEM) images of MA-Cr2O3 NPs, and the
TEM histogram in Figure 4(c) indicates that the average
size of the MA-Cr2O3 NPs is approximately 11.69 nm with
the standard deviation of 8.88 and a size distribution range
of 3–28 nm as observed from TEM analysis. The size of the

Figure 6: XRD spectrum of MA-Cr2O3 NPs.

Figure 7: TPC for (a) gallic acid standard and TFC for (b) quercetin standard.
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distribution is smaller as compared to the study using the
conventional heating method, which shows that the sizes
range from 35 to 60 nm [34]. Additionally, Cr2O3 NPs appear
spherical and agglomerated, which is consistent with the
FE-SEM observations.

Figure 5 displays the FTIR spectra for both MA-Cr2O3

NPs and PHE. The bands at 411, 443, 569, 624, 902, 924, 954,
1,045, and 1,077 cm−1 in the Cr2O3 NP spectrum correspond to
the v(Cr–O) stretching vibrations [41–44]. The peaks at 776
and 879 cm−1 in PHE shifted to 766 and 884 cm−1 in Cr2O3 NPs,

which are associated with v(C–H) bending modes [45]. Addi-
tionally, the bands at 1,629 cm−1 for PHE and 1,634 cm−1 for
Cr2O3 NPs indicate moisture absorption on the surface, while
the bands at 2,943 and 2,978 cm−1 correspond to sp3 v(C–H)
vibration modes from PHE [46]. The bands at 3,429 and
3,435 cm−1 indicate the presence of the O–H functional group
due to moisture [47]. Some bands in PHE, such as those at
1,069, 1,147, 1,230, and 1,350 cm−1, are absent in Cr2O3 NPs,
possibly due to their removal during the calcination process
at high temperatures [48]. Finally, weak peaks at 796, 2,345,
and 2,370 cm−1 were observed in Cr2O3 NPs, while peaks at
1,718 and 2,371 cm−1 were observed for PHE.

Figure 6 presents the XRD spectrum for MA-Cr2O3 NPs.
The diffraction peaks observed at 22.08°, 24.50°, 33.62°,
36.25°, 41.53°, 50.21°, 54.88°, 58.61°, 63.52°, 65.21°, 73.12°,
76.91°, and 79.2° are attributed to the (0 1 2), (0 1 2), (1 0
4), (1 1 0), (1 1 3), (0 2 4), (1 1 6), (1 2 2), (2 1 4), (3 0 0), (1 1 9), (2 2
0), and (3 0 6) lattice planes, as referenced in the ICDD
database, entry number 01-084-1616 [49]. The XRD data
indicate that MA-Cr2O3 NPs exhibit a trigonal (hexagonal
axes) crystal structure, with unit cell dimensions of
a = 4.9516 Å and c = 13.5987 Å. Additionally, the purity of

Figure 8: DPPH scavenging activity of (a) MA-Cr2O3 NPs, (b) PHE, and (c) ascorbic acid.

Table 1: EC50 values for DPPH assays of MA-CR2O3 NPs, PHE, and
standards

DPPH EC50 ± SE (mg·mL−1)
(30 min)

EC50 ± SE (mg·mL−1)
(60min)

MA-Cr2O3 NPs 0.66 ± 0.001 0.57 ± 0.002
PHE 0.01 ± 0.0003 0.099 ± 0.0005
Ascorbic acid 0.069 ± 0.0004 0.065 ± 0.0002

*This study was conducted in triplicate, with 30 and 60 min incubation.
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MA-Cr2O3 NPs is found to be 95.2%, with a degree of crystal-
linity of 10.68%. The crystalline size (D) of MA-Cr2O3 NPs
was calculated using the Debye–Scherrer equation [50].

3.2 Antioxidant capacity

Phenolic and flavonoid contents found in the plant extracts
are secondary metabolites produced by plants to defend
themselves in their natural environment [51]. The hydroxyl
groups present in phenolic compounds contribute to their
free radical scavenging activity [52]. Flavonoids, which are

derivatives of phenolic compounds, exhibit strong biome-
dical properties and are highly effective in antioxidant
activities [53]. The TPC and TFC of MA-Cr2O3 NPs and
PHE were assessed using the Folin–Ciocalteu and alu-
minum chloride calorimetry methods. Figure 7 shows the
TPC and TFC graphs for the standards. PHE demonstrated
high TPC and TFC values of 71.54 mg GAE·g−1 and 100.76 mg
QE·g−1, respectively, followed by MA-Cr2O3 NPs with
10.14 mg GAE·g−1 and 33.28 mg QE·g−1. Studies have indi-
cated that the lower TPC and TFC values in NPs compared
to the plant extract are due to the removal of secondary
metabolites and phytochemicals during the calcination

Figure 9: ABTS scavenging activity of (a) MA-Cr2O3 NPs, (b) PHE, and (c) BHT.

Table 2: EC50 values for ABTS assays of MA-CR2O3 NPs, PHE, and standards

ABTS EC50 ± SE (mg·mL−1) (10 min) EC50 ± SE (mg·mL−1) (20min) EC50 ± SE (mg·mL−1) (30min)

MA-Cr2O3 NPs 4.20 ± 0.04 3.67 ± 0.02 3.39 ± 0.008
PHE 0.09 ± 0.0002 0.087 ± 0.0002 0.084 ± 0.0002
BHT 0.074 ± 0.0001 0.071 ± 0.0002 0.066 ± 0.0001

*This study was conducted in triplicate, with 10, 20, and 30 min of incubation.
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process while synthesizing the NPs [54]. Furthermore, the
formation of NPs may alter or mask the phytochemicals,
affecting the TPC and TFC values [55].

3.3 Free radical scavenging activities

Oxidative stress arises from an imbalance between ROS
and antioxidants [56]. This imbalance can lead to various
metabolic disorders, including cancer, aging, CVDs, diabetes,
obesity, and cell death [57]. Antioxidants are molecules that

slow down the oxidation process and neutralize free radicals
by donating electrons [58]. DPPH and ABTS are two common
methods used to assess antioxidant properties in samples.
The DPPH solution is purple, and its decolorization depends
on the degree of free radical scavenging activity. This process
involves reducing the N-atoms of hydrazine through the
transfer of hydrogen atoms from antioxidants [59]. Figure 8
and Table 1 present graphs and data on the percentage and
EC50 values of DPPH scavenging activities. Ascorbic acid
showed the lowest EC50 at 60min, with a value of 0.065 ±

0.0002mg·mL−1, followed by PHE and MA-Cr2O3 NPs. The
percentage of DPPH scavenging activity for all samples
increased from 30 to 60min. ABTS+ is a stable free radical
chromophore formed by mixing ABTS solution with potas-
sium persulfate. When potassium persulfate oxidizes the
ABTS solution, it generates ABTS+, which results in a dark
blueish-green chromophore. This chromophore turns light
green when reduced by antioxidants [60].

Figure 9 and Table 2 present the graphs and data on the
percentage and EC50 values of ABTS scavenging activities.
Ascorbic acid demonstrated the lowest EC50 at 30min, with a
value of 0.066 ± 0.0001 mg·mL−1, followed by PHE and MA-
Cr2O3 NPs. The percentage of ABTS scavenging activities for
all samples increased from 10 to 30min. Research has
shown that metal oxide NPs exhibit antioxidant properties
due to the presence of secondary metabolites, such as phe-
nolic compounds, flavonoids, alkaloids, and tannins, which
are capped onto the NPs during the synthesis process [61].
Additionally, metal oxide NPs possess free radical scaven-
ging capabilities owing to their inherent physicochemical
properties [62].

Figure 10: Percentage of inhibition for pancreatic lipase assay and α-amylase assay.

Table 3: EC50 values for pancreatic lipase inhibition assay

Pancreatic lipase inhibition EC50 ± SE (mg·mL−1) p-Value

MA-Cr2O3 NPs 0.16 ± 0.002 >0.05
PHE 0.25 ± 0.01 <0.05
Orlistat 0.16 ± 0.003 —

*This study was conducted in triplicate, with a p-value >0.05 for
MA-Cr2O3 NPs.

Table 4: EC50 values for α-amylase inhibition assay

α-amylase inhibition EC50 ± SE (mg·mL−1) p-Value

MA-Cr2O3 NPs 0.15 ± 0.003 >0.05
PHE 0.21 ± 0.005 <0.05
Acarbose 0.16 ± 0.003 —

*This study was conducted in triplicate, with p-value >0.05 for
MA-Cr2O3 NPs.
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3.4 Enzyme inhibitions

Pancreatic lipase is an enzyme responsible for breaking
down more than 50% of triglycerides in dietary foods into
free fatty acids and glycerols. Additionally, α-amylase is
another enzyme that helps digest dietary starch into disac-
charides and monosaccharides [63]. Both of these processes
can eventually contribute to obesity through mechanisms
such as adipocyte hypertrophy, hyperplasia, and lipogenesis
[64]. Figure 10 presents the inhibition graphs for pancreatic
lipase and α-amylase. Tables 3 and 4 show the EC50 values for
both pancreatic lipase and α-amylase inhibition assays. For
pancreatic lipase inhibition, the EC50 of MA-Cr2O3 NPs is com-
parable to the standard Orlistat, at 0.16 ± 0.002 and 0.16 ±

0.003mg·mL−1, respectively. Furthermore, the EC50 of MA-
Cr2O3 NPs for α-amylase inhibition is lower than the standard,
acarbose, with values of 0.15 ± 0.003 and 0.16 ± 0.003mg·mL−1,
respectively. In both assays, PHE exhibited the lowest EC50
compared to MA-Cr2O3 NPs and the standards. MA-Cr2O3 NPs
showed 91.67% inhibition of pancreatic lipase at 0.2mg·mL−1,
slightly higher than the chemogenic Cr2O3 NPs at 0.6mg·mL−1,
which achieved 89.48% inhibition [65]. In the α-amylase
assay, MA-Cr2O3 NPs demonstrated 90.48% inhibition at
0.2mg·mL−1, much higher than the reported 26% inhibition
at 1mg·mL−1 [35]. The results for MA-Cr2O3 NPs show no sig-
nificant difference compared to the standards, Orlistat, and
acarbose, in both pancreatic lipase and α-amylase inhibition
assays. This is a positive outcome, as it suggests that MA-Cr2O3

NPs are highly comparable to commercial drugs in terms of
enzyme inhibition effectiveness and hold promise for future
development into potential therapeutic agents.

3.5 MTT assay

Some studies have raised concerns about the toxicity of
metal oxide NPs, noting that they can induce toxicity
throughmechanisms such as oxidative stress and genotoxi-
city. Additionally, certain metal oxide NPs may have low
stability, leading to dissociation and the release of metal ions,
which in turn can cause oxidative stress in living organisms
[66–68]. In this study, the green synthesis method used to
produce NPs aimed to create biocompatible and low-toxicity
metal oxide NPs by reducing the use of chemicals and repla-
cing them with phytochemicals derived from pomegranate
husk. The results from the MTT assay indicated that the cell
viability after treatment with MA-Cr2O3 NPs was 55.54 ±

0.003% at a concentration of 0.25mg·mL−1, while for PHE,
the cell viability was 70.32 ± 0.004%. The cytotoxicity of MA-
Cr2O3 NPs in this study is lower than that reported in other

studies, where cell viability was around 50% at a concentra-
tion of 0.1mg·mL−1 [69].

4 Conclusions

The successful synthesis of Cr2O3 NPs using a microwave-
assisted method with PHEs serving as both reducing and
capping agents has been demonstrated. Characterization
via TEM and scanning electron microscopy (SEM) con-
firmed that MA-Cr2O3 NPs are within the NP size range
(<100 nm), fulfilling the criteria for NP classification. Our
study revealed significant antioxidant properties of MA-
Cr2O3 NPs, as shown by DPPH and ABTS assays, high-
lighting their potential as effective free radical scavengers.
Additionally, MA-Cr2O3 NPs demonstrated strong inhibition
of pancreatic lipase and α-amylase activities, with effec-
tiveness comparable to established standards such as orli-
stat and acarbose. This suggests that these NPs hold pro-
mise for managing lipid and carbohydrate metabolism-
related conditions. The cytotoxicity evaluation on Vero
cells indicated a cell viability rate exceeding 50% after
exposure to the green-synthesized MA-Cr2O3 NPs, sur-
passing values reported in the literature. These findings
collectively emphasize the diverse bioactivities of MA-
Cr2O3 NPs, suggesting their potential as versatile thera-
peutic agents or functional materials in biomedical
applications.

Further investigation into their mechanisms of action
and in vivo efficacy is necessary to fully explore their clin-
ical and industrial potential. Future research should focus
on gaining deeper mechanistic insights and assessing the in
vivo effects of these NPs to determine their safety and
efficacy profiles for potential therapeutic use.
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