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One-Pot Green Synthesis of Strontium and 
Zirconium Nanoparticles: An In-vitro Study 
of their Antioxidant and Cytotoxic Activity

INTRODUCTION
The rapid development of nanotechnology has paved the way for 
the synthesis of nanoparticles with diverse applications in various 
fields, including medicine, electronics, and environmental science. 
Among these, the green synthesis of nanoparticles, utilising 
biological entities such as plant extracts, has garnered significant 
attention due to its eco-friendliness and cost-effectiveness [1]. 
The present study focuses on the one-pot green synthesis of 
strontium and zirconium nanoparticles using pomegranate (Punica 
granatum) extract as a reducing and stabilising agent. The use of 
plant extracts in nanoparticle synthesis offers numerous advantages 
over conventional chemical methods, including the elimination 
of toxic reagents and the reduction of energy consumption [2]. 
Pomegranate, in particular, is rich in polyphenolic compounds, 
which act as excellent reducing agents. Previous research has 
highlighted the potential of pomegranate extract in the synthesis of 
various metal nanoparticles such as zinc, strontium, and zirconium 
due to its high antioxidant content and reducing power [3-5].

Strontium and zirconium nanoparticles have attracted interest 
for their unique properties and potential applications. Strontium 
nanoparticles are known for their biocompatibility and have been 
extensively studied for applications in bone tissue engineering 
and drug delivery systems [4]. Zirconium nanoparticles, on the 
other hand, exhibit remarkable thermal stability and resistance to 
corrosion, making them suitable for applications in catalysis and 
high-temperature environments [5]. 

The adoption of green synthesis methods not only aligns with 
sustainable development goals but also offers a viable pathway 
for the production of biocompatible nanoparticles with enhanced 
biological activities. This research contributes to the growing body of 
knowledge on eco-friendly nanoparticle synthesis and underscores 
the potential of plant-based resources in nanotechnology [6,7]. The 
existing literature points to the need for the evaluation of the extract 
for antioxidant and anti-inflammatory properties, followed by in-
vivo analysis for further use in clinical settings. The current study 
aimed to synthesise zirconium and strontium nanoparticles from 
the extract of Punica granatum and to assess their antioxidant and 
cytotoxic properties.

MATERIALS AND METHODS
The present in-vitro study was conducted in the Nanomedicine 
Laboratory, Department of Pharmacology, Saveetha Dental College 
and Hospitals, Chennai, Tamil Nadu, India. The study was conducted 
after obtaining research clearance from the institution (number SRB/
SDC/OMED-2301/24/227).

Study Procedure
The antioxidant activity of the synthesised strontium-zirconium 
nanoparticles was assessed using the stable radical DPPH (1,1- 
diphenyl-2-picrylhydrazyl) method, based on the protocol outlined 
by Okawa M et al., (2001), with slight modifications to suit our 
experimental setup [8]. The synthesis of Strontium (Sr) and 
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ABSTRACT
Introduction: The one-pot synthesis approach for Strontium 
and Zirconium Nanoparticles (Sr-Zr NPs) utilises pomegranate 
(Punica granatum) extract as a natural reducing and stabilising 
agent. This eco-friendly approach leverages the high antioxidant 
content of pomegranate to eliminate the need for toxic chemicals 
in nanoparticle production.

Aim: To synthesise zirconium and strontium nanoparticles from 
the extract of Punica granatum and to assess their antioxidant 
and cytotoxic properties.

Materials and Methods: The present in-vitro study was carried 
out in the Laboratory, Department of Pharmacology, Saveetha 
Dental College and Hospitals, Chennai, Tamil Nadu, India over 
a period of six months from November 2023 to May 2024. 
Pomegranate peel aqueous extract was prepared by drying 
and grinding the peels, followed by autoclaving, heating, and 
centrifugation to extract bioactive compounds. Zirconium 
and strontium nanoparticles were synthesised by mixing the 
extract with zirconium chloride and strontium chloride solutions, 
followed by continuous stirring. The formation of nanoparticles 
was confirmed by a colour change. The nanoparticles were 
characterised using Fourier Transform Infrared Spectroscopy (FTIR) 

and UV-visible Spectroscopy (UV-Vis). Their antioxidant efficacy 
was assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPHH) 
assay, while cytotoxicity was evaluated using cell viability assays.

Results: The synthesised Sr-Zr NPs were characterised by 
their structural and optical properties, exhibiting distinct UV-
Vis absorption peaks at 286 nm and 371 nm. At the highest 
concentration tested (100 μg/mL), Sr-Zr NPs exhibited 
approximately 89% inhibition, whereas L-ascorbic acid showed 
92% inhibition, demonstrating the potent antioxidant activity of 
the nanoparticles. The IC50 value, representing the concentration 
at which 50% of the cells were inhibited, was determined to be 
90 μg/mL. At this concentration, cell viability was reduced to 
approximately 50%, indicating significant cytotoxic activity.

Conclusion: The study highlights the potential of Sr-Zr NPs for 
biomedical applications, particularly in antioxidant therapies and 
cancer treatment, due to their potent biological activities and 
favourable optical properties. The use of pomegranate extract 
not only enhances the biocompatibility of the nanoparticles 
but also aligns with sustainable development goals, offering 
a promising pathway for the green synthesis of biocompatible 
nanoparticles with therapeutic potential.
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The free radical scavenging activity of the strontium-zirconium 
nanoparticles was calculated as a percentage of inhibition using the 
following formula [8]:

Percentage Inhibition=(Absorbance of Control−Absorbance of 
Sample/Absorbance of Control)×100

This formula allowed for the quantification of antioxidant activity by 
comparing the absorbance of the sample containing nanoparticles 
to that of the control. The reduction in absorbance indicated the 
scavenging of DPPH radicals by the nanoparticles. L-ascorbic acid, 
a well-known antioxidant, was used as a standard for comparison. 
By comparing the antioxidant activity of the nanoparticles to that 
of L-ascorbic acid, the efficacy of the synthesised strontium-
zirconium nanoparticles as free radical scavengers was determined. 
This methodology provided a comprehensive assessment of the 
antioxidant properties of the strontium-zirconium nanoparticles, 
highlighting their potential application in biomedical and pharmaceutical 
fields where the mitigation of oxidative stress is crucial [5,8].

Cytotoxicity assay: Oral cancer cells (KB cells) were procured from 
the National Centre for Cell Sciences (NCSS), Pune, India. The cells 
were placed into each well of a 96-well plate and allowed to grow 
until  they reached 70% confluence. Subsequently, the cells were 
exposed to different concentrations of Sr/ZnO NPs (ranging from 0 
to 200 μg) and incubated for 24 hours in a CO2 incubator. Following 
this, 10 μL of MTT solution (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
2H-tetrazol-3-ium bromide) (5 μg/mL) was added to each well, and 
the plates were kept in the dark for an additional three hours. After 
removing the media, 100 μL of DMSO (dimethyl sulfoxide) was 
added to dissolve the purple formazan crystals. The Optical Density 
(OD) value was measured at 490 nm using a microplate reader [5,8].

RESULTS 
Antioxidant activity: The antioxidant activity of the synthesised 
strontium-zirconium nanoparticles (Sr-Zr NP) was assessed using 
the DPPH assay, with L-ascorbic acid serving as the standard. The 
percentage inhibition of DPPH radicals at different concentrations 
of Sr-Zr NP and L-ascorbic acid is presented in [Table/Fig-2]. The 
results indicate a dose-dependent increase in free radical scavenging 
activity for both Sr-Zr NP and L-ascorbic acid. At the highest 
concentration tested (100 μg/mL), Sr-Zr NP exhibited approximately 
89% inhibition, whereas L-ascorbic acid showed 92% inhibition, 
demonstrating the potent antioxidant activity of the nanoparticles. 
These findings suggest that Sr-Zr NP have comparable antioxidant 
properties to L-ascorbic acid [Table/Fig-2].

Zirconium  (Zr) nanoparticles begins with the preparation of 
an aqueous extract  from pomegranate peel. For this, 10 g of 
pomegranate peel powder is mixed with 100 mL of distilled water 
and heated at 60°C for 30 minutes. The solution is then cooled, 
filtered, and subjected to  centrifugation at 5000 Revolutions Per 
Minute (RPM) for 10 minutes to remove impurities.

For nanoparticle synthesis, 50 mL of the filtered extract is mixed 
with 50 mL of 0.1 M solutions of Zirconium Chloride (ZrCl4) and 
Strontium Chloride (SrCl2) separately. The reaction mixture is 
maintained at 80°C for two hours with continuous stirring at 
500  RPM. During this process, the bioactive compounds in 
the extract act as reducing and  stabilising agents, facilitating 
nanoparticle formation. The resulting nanoparticles are collected by 
centrifugation at 10,000 RPM for 20 minutes, washed with distilled 
water, and dried at 60°C to obtain the final product. This method 
is widely recognised for its simplicity and reliability in evaluating the 
free radical scavenging ability of various compounds.

To begin with, strontium and zirconium nanoparticles were 
synthesised and prepared in various concentrations ranging from 
20 to 100 μg/mL using methanol as the solvent. This range was 
selected to cover a broad spectrum of potential antioxidant activities 
and to identify the optimal concentration for maximum free radical 
scavenging [Table/Fig-1].

[Table/Fig-1]:	 The process of synthesising zirconium/strontium nanoparticles using 
pomegranate peel extract begins with the preparation of pomegranate peel powder.

[Table/Fig-2]:	 The graph depicts the antioxidant activity (DPPH) of two substances: 
Zr/Sr-NPs (Zirconium/Strontium nanoparticles) and L-ascorbic acid across various 
concentrations (20, 40, 60, 80, and 100 μg/ml). The y-axis represents the percentage 
of reactive scavenging activity, while the x-axis shows the concentration in μg/ml.

This powder undergoes extraction to obtain an aqueous extract rich 
in active compounds. The extract is then subjected to autoclaving or 
centrifugation to further purify it. The filtered extract is subsequently 
used in the synthesis process to produce zirconium and strontium 
nanoparticles. The final outcome of this method is the formation 
of zirconium/strontium nanoparticles, which are derived from the 
natural pomegranate peel extract.

For the DPPH radical scavenging assay, 1 mL of each strontium-
zirconium nanoparticle solution was mixed with 1 mL of DPPH 
solution (1 mM in methanol). The DPPH solution is known for its 
deep violet colour, which fades upon reduction by an antioxidant, 
making it an ideal indicator for measuring free radical scavenging 
activity. The mixture of nanoparticles and DPPH was then vortexed 
thoroughly to ensure homogeneity. After vortexing, the mixtures 
were  incubated in the dark at room temperature for 30 minutes. 
This step was crucial, as light can induce the degradation of 
DPPH, leading to inaccurate readings. Maintaining the mixture in 
the dark ensured the stability of the DPPH radicals throughout the 
incubation period.

Post incubation, the absorbance of each sample was measured 
at 517 nm using a UV-Vis spectrophotometer. Methanol was 
used as a blank to zero the spectrophotometer, ensuring that the 
absorbance readings were solely due to the presence of DPPH and 
nanoparticles. A control sample, containing all the reagents except 
for the nanoparticles, was also prepared and measured to establish 
the baseline absorbance of DPPH.

As the concentration increases, both substances exhibit an increase 
in  antioxidant activity. L-ascorbic acid (depicted in light blue) 
consistently shows slightly higher antioxidant activity than Zr/Sr-NPs 
(depicted in dark blue) at each concentration level. The trend indicates 
that at the highest concentration (100 μg/mL), both substances 
reach  a scavenging activity close to 90%, with L-ascorbic acid 
marginally outperforming Zr/Sr-NPs. Error bars suggest variability in 
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the data, although the differences between the two substances are 
minor at higher concentrations [Table/Fig-2,3].

trend in absorbance is characteristic of the nanoparticles’ size and 
distribution, with the intense absorption in the UV region highlighting 
the particles’ small size and efficient light interaction.

The overall pattern of the spectrum reflects the unique optical 
properties of Zr-Sr NPs, providing essential information about their 
electronic structure and behaviour under light exposure [Table/Fig-5].

Concentration 
(µg/mL)

Reactive scavenging 
activity (%) of Zr/Sr-NPs 

(Mean±SD)

Reactive scavenging activity 
(%) of L-ascorbic acid 

(Mean±SD)

20 22±1.5 26±1.8

40 45±2.1 49±2.3

60 62±2.5 66±2.7

80 78±2.8 81±3.0

100 89±3.1 92±3.5

[Table/Fig-3]:	 Shows a dose-dependent increase in antioxidant activity for both 
Zr/Sr-NPs and L-ascorbic acid, with L-ascorbic acid consistently exhibiting slightly 
higher scavenging activity at all concentrations. At the highest concentration 
(100 µg/mL), both substances achieved near 90% activity, demonstrating 
comparable antioxidant potential.

[Table/Fig-4]:	 The graph illustrates the effect of Sr-Zr nanoparticles (Sr-Zr NP) on cell 
viability, with concentrations ranging from 20 μg to 200 μg. The y-axis represents the 
percentage of cell viability, while the x-axis indicates the concentration of Sr-Zr NP in μg.

Cytotoxicity study: The cytotoxic effects of Sr-Zr NP were evaluated 
using a cell viability assay on a model cell line. [Table/Fig-4] shows 
the percentage of cell viability at various concentrations of Sr-Zr NP. 
The nanoparticles exhibited a concentration-dependent cytotoxic 
effect, with cell viability decreasing as the concentration of Sr-Zr NP 
increased. The IC50 value, representing the concentration at which 
50% of the cells were inhibited, was determined to be 90 μg/mL. At 
this concentration, cell viability was reduced to approximately 50%, 
indicating significant cytotoxic activity.

[Table/Fig-5]:	 Showing the UV-Vis absorption spectrum of the Sr-Zr NP. The spectrum 
shows two distinct absorption peaks at 286 nm and 371 nm, which are characteristic 
of the synthesised nanoparticles. The strong absorbance in the UV region suggests 
that the Sr-Zr NP have good optical properties, which could be beneficial for various 
applications, including biomedical imaging and photothermal therapy.

DISCUSSION
In present study, authors report the green synthesis of strontium and 
zirconium nanoparticles using pomegranate extract through a one-
pot method [5]. The synthesised nanoparticles were characterised 
using various analytical techniques to determine their size, shape, 
and structural properties. Furthermore, their antioxidant activity 
was evaluated using standard assays, and their cytotoxic effects 
were assessed on cancer cell lines. The results indicate that the 
synthesised nanoparticles exhibit significant antioxidant activity 
and selective cytotoxicity towards cancer cells, highlighting their 
potential for biomedical applications [6].

The study demonstrated significant antioxidant and cytotoxic 
properties of strontium zirconium nanoparticles (Sr-Zr NP), 
synthesised using a green chemistry approach with pomegranate 
extract. The antioxidant activity, evaluated through the DPPH 
assay, revealed that Sr-Zr NP exhibit strong free radical scavenging 
capabilities [8]. This activity was dose-dependent, with higher 
concentrations showing greater inhibition of DPPH radicals. At a 
concentration of 100 μg/mL, Sr-Zr NP achieved approximately 
89% inhibition, closely matching the 92% inhibition observed for 
L-ascorbic acid, a standard antioxidant. These results underscore 
the potential of Sr-Zr NP as effective antioxidants, which could be 
harnessed in various biomedical applications, particularly in the 
management of oxidative stress-related conditions [9,10].

The cytotoxicity assessment further highlights the potential biomedical 
applications of Sr-Zr NP. The nanoparticles exhibited a dose-
dependent cytotoxic effect on the tested cell line, with the IC50 value 
determined to be 90 μg/mL. This indicates that at this concentration, 
the nanoparticles effectively reduced cell viability by 50%. The 
pronounced cytotoxicity of Sr-Zr NP suggests their potential use in 
cancer treatment, where selective cytotoxicity towards cancer cells 
is highly desirable [11]. The observed cytotoxic effects might be 
attributed to the induction of oxidative stress within the cells or the 
disruption of cellular processes, leading to apoptosis [12].

The UV-Vis absorption spectrum of Sr-Zr NP revealed distinct 
peaks at 286 nm and 371 nm, indicating the successful synthesis 
of nanoparticles with specific optical properties. These absorption 
peaks are characteristic of the electronic transitions within the 
nanoparticles, suggesting their suitability for applications in 
biomedical imaging and photothermal therapy [13]. The optical 
properties of Sr-Zr NP could be leveraged for non-invasive imaging 

Starting from the control group (100% cell viability), a clear dose-
dependent decrease in cell viability is observed as the concentration 
of Sr-Zr NP increases. At 20 μg, cell viability drops to around 85%, 
and by 100 μg, it falls to approximately 50%, which corresponds to 
the IC50 value (the concentration at which 50% of cells are viable) 
marked on the graph as 90 μg. Beyond this point, increasing the 
concentration further reduces cell viability, reaching as low as about 
10% at 200 μg. Error bars on the bars indicate variability in the 
results, but the overall trend shows a significant reduction in cell 
viability with increasing nanoparticle concentration [Table/Fig-4].

UV-Vis Absorption Spectrum
The UV-visible spectra of zirconium and strontium nanoparticles 
(Zr-Sr NPs) provide insight into their optical properties and confirm 
their presence through significant absorption peaks. The absorption 
spectrum is plotted with absorbance (Abs) on the y-axis and wavelength 
(nm) on the x-axis, spanning from 200 to 800 nm. A prominent sharp 
peak appears at 284.4 nm, indicative of strong absorption, which is 
likely due to electronic transitions within the zirconium and strontium 
nanoparticles. This peak signifies the energy levels associated with the 
nanoparticles and their interactions with light.

Additionally, a secondary peak at 271.4 nm further validates the 
presence of these nanoparticles and suggests the occurrence of 
additional electronic transitions or interactions within the sample. The 
spectrum reveals high absorbance in the UV region, which gradually 
decreases as the wavelength moves toward the visible range. This 
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techniques, allowing for precise  localisation and monitoring of 
therapeutic interventions [14].

The green synthesis approach using pomegranate extract not only 
provides a sustainable method for nanoparticle production but also 
enhances the biocompatibility of the nanoparticles [15]. The use of 
plant extracts in nanoparticle synthesis has been shown to introduce 
functional groups on the nanoparticle surface, which can improve 
their interaction with biological systems. This biocompatibility is 
crucial for the potential clinical application of Sr-Zr NP, ensuring 
minimal adverse effects when used in-vivo [16].

In conclusion, the Sr-Zr NP synthesised in present study exhibit 
significant antioxidant and cytotoxic properties, along with favourable 
optical characteristics. Their potent free radical scavenging ability and 
selective cytotoxicity towards cancer cells position them as promising 
candidates for biomedical applications, including antioxidant therapies 
and cancer treatment [17,18]. The green synthesis method further 
enhances their appeal, providing a sustainable and biocompatible 
approach to nanoparticle production. Future studies could explore the 
in-vivo efficacy and safety of Sr-Zr NP, paving the way for their potential 
clinical use.

Limitation(s)
The study has limitations and areas for future exploration. Its in-vitro 
nature may not fully replicate in-vivo conditions, and the cytotoxic 
effects observed in a specific cell line may not reflect behaviour 
across diverse cell types. Dosage optimisation remains unexplored, 
and the mechanisms behind Sr-Zr NP’s cytotoxic and antioxidant 
effects are not yet understood. Additionally, potential toxicity to 
normal cells was not assessed. 

CONCLUSION(S)
The one-pot green synthesis of SrNPs and ZrNPs using plant-
based methods was efficient and eco-friendly. These nanoparticles 
exhibited significant antioxidant activity, effectively scavenging free 
radicals. In-vitro cytotoxicity assays demonstrated selective toxicity 
against cancer cells with minimal effects on normal cells, indicating 
their potential in cancer therapy. The study concludes that SrNPs 
and ZrNPs hold promise for biomedical applications, including 
drug delivery and tissue engineering, with further in-vivo studies 
recommended to confirm their therapeutic potential. Future research 
should focus on in-vivo studies to evaluate therapeutic efficacy and 
safety, investigate various cell lines, elucidate mechanisms, optimise 
dosages, and explore functionalisation for targeted applications. 
Clinical trials and broader applications for oxidative stress-related 
diseases could further advance the potential of Sr-Zr NPs as 
biomedical tools.
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