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ABSTRACT 

Objective: This study aimed to design naringin-loaded zinc oxide nanoparticles (Nar-ZnO NPs) and evaluate the formulated nanoparticles (NPs) for 
their antioxidant and anticancer potential. 

Methods: Naringin-loaded zinc oxide nanoparticles (Nar-ZnO NPs) were prepared using a modified sol-gel method with ethylenediaminetetraacetic 
acid (EDTA) as a capping agent. Subsequently, were characterized using dynamic light scattering (DLS), powder X-ray diffraction (PW-XRD), Fourier 
transform infrared spectroscopy (FT-IR), high-resolution scanning electron microscopy (HR-SEM), and Energy Dispersive X-ray analysis (EDX). 
Furthermore, the naringin-loaded zinc oxide nanoparticles (Nar-ZnO NPs) were evaluated for their in vitro free radical scavenging activity using 
antioxidant assays and inhibition of lipid peroxidation potential using the altered thiobarbituric acid-reactive species (TBARS) test. The cytotoxic 
effect of naringin-loaded zinc oxide nanoparticles (Nar-ZnO NPs) on the non-transformed Vero cell line and lung cancer A549 cell line was 
investigated using the (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) MTT assay. Apoptosis study was conducted using the 
Acridine orange/Ethidium bromide (AO/EB) double staining assay, while propidium iodide (PI) stain was utilized to observe apoptotic 
morphological changes. 

Results: The prepared naringin-loaded zinc oxide nanoparticles (Nar-ZnO NPs) were smooth and hexagonal, with an average particle size of 500 
nm. The antioxidant assays demonstrated that the naringin-loaded zinc oxide nanoparticles (Nar-ZnO NPs) and ascorbic acid exhibited comparable 
free radical scavenging and inhibition of lipid peroxidation activity. In MTT assay, the naringin-loaded zinc oxide nanoparticles (Nar-ZnO NPs) 
displayed IC₅₀ values of 1014.05 µg/ml for Vero cell lines and 317.51 µg/ml for A549 cells, highlighting their influence on cell viability. Remarkably, 
treatment of A549 cells with the Nar-ZnO NPs resulted in dose-dependent apoptotic morphological changes, as observed through (AO/EB) double 
staining assay and propidium iodide (PI) stain. 

Conclusion: The study findings revealed that the naringin-loaded zinc oxide nanoparticles (Nar-ZnO NPs) displayed dose-dependent free radical 
scavenging activity, significant inhibition of lipid peroxidation, and notable anticancer properties against A549 cells. 
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INTRODUCTION 

Cancer is the second leading cause of death, claiming about 20 million 
lives annually [1]. Lung cancer is a predominant type and the leading 
cause of cancer-related deaths worldwide, as it is typically diagnosed 
at an untreatable stage. Smoking is the primary cause, affecting 90% of 
lung cancer patients. Non-small-cell lung cancer (NSCLC) and small-
cell lung cancer (SCLC) are the two well-known types, with NSCLC 
being more prevalent globally [2]. Employing various treatments such 
as chemotherapy, radiotherapy, stem cell therapy, and surgical 
removal has improved the health and well-being of cancer patients [3]. 
Despite considering chemotherapy successful and widely used, it can 
lead to drug resistance, resulting in an increase in dosage and causing 
detrimental effects on healthy cells [4]. 

Researchers have recently explored nanotechnology to enhance the 
efficacy of phytochemicals as anticancer agents. Nanoparticles (NPs) 
offer a platform for encapsulating and delivering drugs, thereby 
increasing bioavailability and absorption in biological systems. 
Anticancer nano-phytochemicals are gaining importance due to their 
ability to improve drug delivery and reduce toxicity compared to 
traditional chemical drugs [5]. Organic nano-delivery systems 
include lipid-based carriers (liposomes and micelles), polymeric 
NPs, polymeric conjugates, and dendrimers. Inorganic NPs like 
ceramic NPs, carbon nanotubes, quantum dots, magnetic NPs, and 
metallic NPs (e. g., gold, silver, copper, and zinc NPs) are being 
widely used for delivering bioactive compounds [6]. 

In previous research, Curcumin-loaded zinc oxide nanoparticles 
showed good anticancer activity against rhabdomyosarcoma (RD) 
cells [7]. Silibinin-conjugated gold nanoparticles demonstrated 
excellent anticancer effects on the A549 cell line [8]. Curcumin-

loaded nanoparticles also exhibited effective anticancer activity 
against lung cancer cell lines compared to curcumin alone [9]. 
Syringic acid-loaded zinc oxide nanoparticles revealed anticancer 
activity against lung cancer both in vitro and in vivo [10].  

Naringin [4′,5,7 -trihydroxyflavanone-7—D—L-rhamnosyl[1→2]—
D-glucoside] is a natural flavanone glycoside that is abundant in 
citrus fruits, primarily grapefruit and sour orange, as well as in 
tomatoes and other fruits. Naringin is described as having 
antioxidant, antibacterial, anti-inflammatory, anti-apoptotic, and 
antimutagenic properties [11]. Despite its pharmacological 
properties, naringin has low oral bioavailability, limiting its 
therapeutic applications. Therefore, to increase its bioavailability, in 
this study, we described the Naringin-encapsulated nanoparticle. To 
enhance bioavailability, we developed naringin-encapsulated zinc 
oxide (ZnO) nanoparticles. ZnO nanoparticles are preferred due to 
low toxicity, biodegradability, and affordability. Additionally, they 
exhibit targeted anticancer potential [12, 13]. 

According to the literature review, naringin-loaded zinc oxide 
nanoparticles are not yet been developed. In this study, our focus 
was on fabricating and characterizing naringin-loaded zinc oxide 
nanoparticles (Nar-ZnO NPs) while investigating in vitro free radical 
scavenging activity, lipid peroxidation inhibition, as well as 
examining their cytotoxic effects and apoptotic induction on Vero 
and A549 cells. 

MATERIALS AND METHODS 

Chemicals  

We procured naringin from Sigma Aldrich in the United States. The other 
compounds utilized in the investigation were all of analytical quality. 
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Cell line and culture 

A549 (human lung cancer cell) and VERO (normal monkey kidney 
cell) were procured from the National Centre for Cell Science, Pune, 
India (NCSS) and were used to assess the anticancer cell activity and 
cytotoxicity against synthesized Nar-ZnO NPs. The cells were 
maintained in Minimal Essential Media supplemented with 10% FBS, 
100 U/ml of penicillin, and 100 µg/ml of streptomycin at 37 °C in a 
humidified environment with 5% CO2. 

Preparation of naringin-loaded zinc oxide nanoparticles  

To modify the sol-gel method [14] for producing ZnO NPs, we utilized 
ethylenediaminetetraacetic acid (EDTA) as a capping agent. The 
process included dissolving 200 mg naringin in 100 ml of ethanol and 
stirring the solution to achieving even mixing. A mixture of Zinc 
acetate dihydrate and NaOH, heated to 60-80 °C and constantly stirred, 
slowly received the addition of this solution. Subsequently, we 
introduced 0.04 M EDTA and dropwise added 100 ml of ethanol over 
90 min while vigorously stirring the mixture, resulting in the 
formation of a gel-like substance. The mixture was incubated 
overnight at 60 °C and then calcined for 4 h at 150 °C. The 
nanoparticles (NPs) that resulted were washed with ethanol, 
decanted, and calcined once more for an hour to obtain a fine powder. 

Physical and physico-chemical characterization 

Particle size analysis and polydispersity Index measurement 

The Nanotrac Wave II Particle Size Analyzer was utilized to ascertain 
the particle size of ZnO NP samples. Prior to the analysis, the samples 
were diluted by ten times with Milli-Q water. The samples were also 
examined for hydrodynamic radius, Polydispersity Index (PDI), and 
zeta potential. The particles were suspended in water as a dispersion 
medium and normal saline with a pH of 7.4. To ensure sample 
homogeneity, it is vital to assess the Polydispersity Index (PDI) of NPs. 

Powder X-ray diffraction 

The interfacial properties, size, and crystal structure of ZnO NPs 
were examined using an X-ray diffractometer (PAN analytical X'Pert 
PRO). A diffraction pattern was obtained using CuKα radiation with 
a wavelength of 1.541 A°. To produce a thin film of the sample for 
XRD analysis, a small amount was spread onto a glass plate. The 
scanning was performed within the 2θ value range of 4° to 80°, with 
a time constant of 0.02 min-1 and 1 sec. The instrument was set to 
run at 40 kV Voltage and 30 mA current. Scherrer's equation was 
utilized to determine the median grain size of the synthetic 
nanoparticles, as shown below. 

Dp = 0.9λ
βCosθ

 

Where D defines the size of the crystallite, λ denotes the wavelength 
(1.5406 for Cu Kα), FWHM represents the primary intensity peak's 
full width at half maximum (FWHM) after subtracting equipment 
broadening and θ serves as a diffraction angle in radians. 

Fourier transmission Infrared Spectroscopy (FT-IR) 

The surface chemistry of NPs was examined using FT-IR 
spectroscopy, which revealed the functional groups attached to the 
NP surfaces in the 4000-400 cm⁻¹ range. The samples were 
prepared by uniformly dispersing ZnO nanoparticles in a dry KBr 
matrix and crushing it to form a clear disc. 

Scanning electron microscopy (SEM) with energy-dispersive x-
ray analysis (EDX) 

The morphological evaluation of the naringin–loaded Zinc oxide 
nanoparticles (Nar-ZnO NPs) samples was conducted using a field 
emission scanning electron microscope (JEOL, Model: JSM-7600F) in 
the range of 0.1 nm to 10,000 nm. The data collected from all 
approaches were analysed using Origin software version 9.1. 

Determination of free radical scavenging activity 

1, 1-Diphenyl-2-picrylhydrazyl [DPPH] free radical-scavenging 
activity 

The radical scavenging capacity of Nar-ZnO NPs at different 
concentrations was assessed using the DPPH assay [15]. A 0.1 mmol 

DPPH solution was prepared by dissolving 4 mg of DPPH in 100 ml 
of ethanol. Nar-ZnO NPs extracts of various volumes (2-20 ml) were 
prepared using DMSO and added to 2.96 ml of the DPPH solution. 
The mixture was then incubated in the dark at room temperature for 
20 min, and the absorbance was measured at 517 nm to determine 
the scavenging effect percentage. In control, the sample's volume 
was substituted with the same amount of solvent. A graph of the 
scavenging effect percentage versus sample concentrations was 
used to determine the IC50 (the sample concentration that provides 
50% inhibition). The samples' radical scavenging activity (% RSA) 
was estimated using the formula below:  

% RSA =  
[Abs control– Abs sample]

Abs control 
×  100 

Where Abs control is the absorbance of DPPH radical+ethanol, 

Abs sample is the absorbance of DPPH radical+sample. 

The sample concentration that provides 50% inhibition (IC50) was 
calculated from that graph. 

2,2'-Azino-bis[3-ethylbenzothiazoline-6-sulphonic acid [ABTS] 
radical scavenging assay 

The ABTS radical cation decolorization assay was performed to 
evaluate the synthesized NPs' ability to scavenge free radicals [15]. 
To generate the ABTS cation radical, 7 mmol ABTS was mixed with 
2.45 mmol potassium persulfate [1:1] in water and incubated in the 
dark at room temperature for 12 to 16 h. The resulting ABTS+ 

solution was then diluted with methanol to achieve an absorbance of 
0.700 at 734 nm. Next, 3.995 ml of the diluted ABTS+ solution was 
mixed with 5 µl of the sample, and the absorbance was measured 30 
min later. The percentage inhibition of absorbance at 734 nm was 
calculated using the formula. 

ABTS + RSA % =
[Abs control– Abs sample]

Abs control
 ×  100 

Where Abs control is the absorbance of ABTS+radical+ethanol, Abs 
sample is the absorbance of ABTS+radical+sample. 

IC50 value was determined from that graph as described in the DPPH 
method. 

Phosphomolybdenum assay 

The formation of the green phosphomolybdenum complex was used 
to measure the antioxidant activity of the samples [16]. To create the 
phosphomolybdate reagent, 0.588 ml of sulphuric acid, 0.049 g of 
ammonium molybdate, and 0.036 g of sodium phosphate were 
combined and made up to a final volume of 10 ml using distilled 
water. Then, 1 ml of the Nar-ZnO DMSO solution was mixed with 1 
ml of the phosphomolybdate reagent, and the mixture was incubated 
at 95 °C for 90 min in a boiling water bath. The absorbance was then 
measured at 695 nm. Ascorbic acid (10 mg/ml DMSO) was used as a 
standard, and the IC50 value was determined graphically. 

PRP% =
[Abs control– Abs sample]

Abs control
 ×  100 

Ferric reducing antioxidant power (FRAP) 

To determine the FRAP percentage, the bluish-colored complex was 
measured colorimetrically using Oyaizu's method with slight 
modifications [17]. A 0.2 M phosphate buffer with a pH of 6.6 was 
prepared using monobasic sodium phosphate and dibasic sodium 
phosphate. In addition, 0.1% ferric chloride, 10% trichloroacetic 
acid [TCA], and 1% potassium ferricyanide were also prepared. 
Further, 2.5 ml of the ferricyanide solution was mixed with 1 ml of 
the sample solution and 2.5 ml of the phosphate buffer and then 
incubated at 50 °C for 20 min. After centrifuging the mixture and 
removing the upper 2.5 ml of the supernatant, 2.5 ml of 10% TCA 
was added and mixed. Finally, the remaining 2.5 ml supernatant was 
mixed with 0.5 ml of FeCl3, and the absorbance was measured at 700 
nm. A higher absorption indicates stronger antioxidant activity. 

% FRAP =  
[Abs control– Abs sample]

Abs control 
×  100 

IC50 value was determined graphically as reported in the DPPH method.  



L. Ravilla et al. 
Int J App Pharm, Vol 15, Issue 6, 2023, 315-325 

317 

Lipid peroxidation assay 

The extent of lipid peroxidation was measured using an altered 
thiobarbituric acid-reactive species (TBARS) test [18] with egg yolk 
homogenates as a lipid-rich medium. Malondialdehyde and two 
molecules of TBA were added to the test, producing a pinkish-red 
chromogen with maximum absorbance at 532 nm. A mixture of 1.0 ml 
of distilled water, 50 µl of the sample, and 250 µl of egg homogenate 
(10%, v/v in distilled water) was placed in a test tube. Then, 25 µl of 
FeSO4 (0.075 M) was added, and the mixture was incubated for 30 
min to cause lipid peroxidation. After that, 750 ml of 0.8% TBA (w/v) 
produced in 1.1% sodium dodecyl sulfate and 25 ml of 20% acetic acid 
(pH 3.5) was added to the 20% TCA and mixed thoroughly. The 
mixture was boiled for 60 min in a water bath. Each tube was filled 
with 3.0 ml of butanol and allowed to cool before centrifugation at 
3000 rpm for 10 min. The absorbance of the organic top layer was 
measured at 532 nm against 3 ml of butanol. The blank was 
substituted with 50 µl of distilled water. The inhibition of lipid 
peroxidation was calculated using the following equation:  

% Inhibition =
[Abs control– Abs sample]

Abs control  ×  100 

The concentration of sample inhibiting 50 % lipid peroxidation was 
calculated graphically as described in the DPPH method. 

Determination of anticancer activity against VERO and A549 
cell lines 

Cytotoxicity by (3-[4,5-dimethylthiazol-2]-2,5-
diphenyltetrazolium bromide) MTT assay  

A live cell's ability to convert (3-[4,5-dimethylthiazol-2]-2,5-
diphenyltetrazolium bromide) MTT into formazan dyes served as the 
basis for the experiment [19]. A colorimetric approach was used in the 
assay to quantify cell viability. At 37 °C in 5% CO2 incubator, 96-well 
microplates with 1 x 106 cells per well were seeded with the VERO and 
A549 cell lines. After reaching 90% confluence, the medium was then 
changed, and the cell lines were treated with samples of various 
concentrations (50, 100, 200, 400, and 500 µg) and incubated for 24 h. 
After washing the cells with phosphate buffer saline (PBS, pH 7.4), 20 
µl of the MTT solution (5 mg/ml) was added. The plates were then 
positioned in the dark at 37 °C for 4 h. After the formazan crystals 
were dissolved in 100 ml DMSO, the absorbance was measured 
spectrophotometrically at 570 nm. The following equation was used to 
express the percentage of cell viability:  

% cell viability =  Absorbance of treated cells
Absorbance of control cells

×  100 

The IC50 value is commonly used as a criterion in cytotoxicity studies 
and is defined as the concentration at which 50% of cell growth is 
inhibited. After 24 h, the morphologies of both the untreated 
(control) and treated cells were examined and photographed under 
a bright field microscope. 

Determination of apoptosis 

Propidium Iodide (PI) staining was used to detect apoptosis in A549 
cells. PI binds to nucleic acids by intercalating between the 
nitrogenous bases. PI is a fluorescent molecule that stains apoptotic 
nuclear modifications. Acridine orange/Ethidium bromide (AO/EB) 
dual labelling was used to examine the effects of apoptosis-related 
changes induced by Nar-ZnO NPs in A549 cells [20]. In contrast to 
EB stain, which has only been absorbed by nonviable cells and 
causes them to lose the stability of their membrane, AO stain is 
absorbed by both viable and nonviable cells and emits green 
fluorescence. The IC50 concentration of Nar-ZnO NPs was applied to 
A549 Cells, which were grown in a 6-well plate (1× 105 cells per 
well), for 24 h. Cells left untreated served as the control. The treated 
cells were rinsed with PBS before being stained for 5 min with 10 µl 
of PI stain and 20 μl of an AO/EB staining solution (100 g/ml AO and 
100 g/ml EB). Stained cells were observed using a fluorescent 
microscope with 40x magnification. 

Statistical analysis 

Statistical analysis was performed using Microsoft Excel 
spreadsheet. The calculation of standard deviation was carried out 
using the formula STDEV. S. 

RESULTS AND DISCUSSION 

In the current study, Nar-ZnO nanoparticles were prepared using a 
sol-gel process with slight modifications. To improve the stability of 
the nanoparticles, limit their size and prevent their growth, we used 
EDTA as the capping agent. We combined Zinc oxide capped with 
EDTA with naringin in an ethanol solvent to enhance the antioxidant 
and anticancer properties of naringin in the prepared Nar-ZnO 
nanoparticles. 

Synthesis and character ization of nar ingin-loaded ZnO 
nanoparticles 

Various techniques have been described in the scientific literature 
for synthesizing Zinc oxide nanoparticles, including hydrothermal 
treatment, microwave synthesis, ultrasound, and the sol-gel method. 
Among these methods, the sol-gel method has garnered significant 
interest due to its advantages in terms of accessibility for biological 
activity and quantification. It is favoured for its simplicity, reliability, 
reproducibility, and cost-effectiveness compared to other synthesis 
methods. Naringin-loaded zinc oxide nanoparticles were 
successfully synthesized and demonstrated remarkable stability 
even when stored at room temperature (fig. 1). The synthesized 
nanoparticles exhibited excellent stability over extended periods, 
retaining their structural integrity and desired properties. This 
stability at ambient conditions is highly advantageous for their 
practical applications, as it ensures the long-term viability and 
efficacy of the nanoparticles. The robust stability observed at room 
temperature further highlights the potential of these Nar-ZnO NPs 
for various biomedical, pharmaceutical, and industrial applications, 
where stability is a critical factor. 

 

 

Fig. 1: Naringin-loaded ZnO nanoparticles 

 

 

Fig. 2: Particle size analysis by dynamic light scattering 
technique 

 

Particle size analysis and polydispersity index (PDI) 
measurement 

The particle size of the synthesized nanoparticle is presented in 
(fig. 2). The Nar-ZnO NPs exhibited a zeta potential of +200mV 
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and a particle size ranging from 200 to 800 nm, with a 
polydispersity index (PDI) of 0.59. In a 2016 study by K. Pate 
[21], it was reported that a zeta potential stability range greater 
than 60 demonstrated excellent stability. Therefore, the zeta 
potential provides valuable information on the stability of the 
synthesized NPs. The higher the zeta potential, irrespective of 
charge, the more stable the NPs. The positive zeta potential of 
200 mV aids in the chemical stability of products with low water 
solubility by preventing negatively charged ions from being 
adsorbed onto their surface and interfering [22]. The 
synthesized NPs have varying sizes due to their high PDI and 
outstanding stability at room temperature. 

Powder XRD 

The X-ray diffraction analysis allowed for the determination of 
crystal lattices and particle sizes. Prominent diffraction peaks were 
observed for lattice planes [1 0 0], [0 0 2], [1 0 1], [1 0 2], [1 0 0], [1 0 
3], [2 0 0], [1 1 2], and [2 0 1] at corresponding 2θ values of 31.962°, 
34.586°, 36.414°, 47.620°, 51.754°, 62.982 °, and 68.06° (fig. 3). 
These peaks were attributed to the hexagonal phase of ZnO, 
consistent with previous research [23] and matching the JCPDS file: 
36-1451. The mean crystallite size of zinc was determined to be 
15.22 nm using Scherrer's equation, based on the full width at half 
maximum (FWHM) of the peak corresponding to the 101 planes at 
36.26°, which exhibited higher intensity. 

 

 

Fig. 3: XRD pattern depicting d values varying with 2θ range from 0∘  to 80∘  

 

 

Fig. 4: FT-IR spectrum of naringin-loaded ZnO NPs 
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FT-IR analysis  

Fig. 4 illustrates the FT-IR absorption spectra of synthesized Nar-
ZnO NPs. The peaks in the region of 550 cm-1 and 400 cm-1 contain 
the unique peaks of ZnO-NPs [24], while several sharp peaks 
between 1700 cm-1 and 1000 cm-1 represent naringin. The spectra 
indicated the existence of bonds due to O–H stretching around 3,430 
cm-1, the large peak from 3500–3000 cm-1 and aldehydic C–H 
stretching around 2,920 cm-1 [24]. These findings align with those of 
M. M. AbdElhady (2012) [25], who reported the presence of zinc 
oxide nanoparticles at a stretching peak of 465 cm-1 in chitosan/zinc 
oxide nanoparticles. Therefore, the FTIR study suggests that the OH 

group of naringin binds to the zinc oxide group of synthesized 
nanoparticles. 

HR-SEM and EDX  

The hexagonal structure of the Nar-ZnO NPs was observed using HR-
SEM images at a magnification of 60,000x as shown in fig. 5. This is 
consistent with the findings of a previous study by P. K. Giri et al., 
(2012) [26], which also showed the hexagonal shape of zinc oxide 
nanoparticles. The EDX spectral analysis confirmed the presence of 
zinc and oxygen in the synthesized nanoparticle. The result of the 
EDX study indicating a zinc content of 5.28% and an oxygen content 
of 42.0% in the Nar-ZnO NPs (fig. 7A, 7B). 

 

 

Fig. 5: HR-SEM images of naringin-loaded ZnO NPs at 60,000 X magnification 
 

 

Fig. 6: EDX image of naringin-loaded ZnO NPs 
 

 

Fig. 7A: EDX elemental analysis of the naringin-loaded ZnO NPs 
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Fig. 7B: EDX elemental analysis of the naringin-loaded ZnO NPs 

 

Free radical scavenging activity 

Free radical chain reactions are a major factor in the pathogenesis of 
many diseases. These highly reactive and electrophilic moieties can 
cause oxidative damage by reacting with lipids, proteins, and nucleic 
acids, leading to the manifestation of their toxic effects [27]. Cancer 
and cardiovascular diseases are strongly associated with increased 
free radical production. Free radical chain reactions initiating lipid 
peroxidation are associated with the damage of biomembranes in 
cells. Several studies have demonstrated that protecting against free 
radical damage to cellular DNA, lipids, and proteins, as well as 
supplementing with dietary antioxidants, can reduce oxidative 
stress and prevent or delay the development of disease-related 
complications [28, 29]. In the current study, the scavenging abilities 
of synthesized Nar-ZnO NPs against DPPH free radicals, ABTS+free 
radicals, PRP, FRAP, and lipid peroxidation (table 1). Our findings 

indicated an increasing concentration-dependent antioxidant 
potential. The IC50 values for the assays mentioned above were 
calculated using a graphical technique. Results revealed that 
naringin–loaded Zinc oxide nanoparticles (Nar-ZnO NPs) exhibited 
significant lipid peroxidation inhibition at low concentrations. The 
produced NPs showed improved antioxidant and lipid peroxidation 
inhibitory properties in a dose-dependent manner. The higher 
concentrations of Nar-ZnO NPs are found to be more potent 
antioxidants. When compared to the same concentrations of standard 
ascorbic acid, Nar-ZnO NPs showed significant antioxidant activity. 
Additionally, these NPs inhibited lipid peroxidation to a significant 
extent. Similar antioxidative action has been observed for naringin 
[30] and zinc oxide nanoparticles from Luffa acutangula peel extract 
[31]. Therefore, we conclude that NAR-ZnO nanoparticles have great 
potential for therapeutic use in combatting oxidative stress due to 
their ability to scavenge free radicals effectively. 

 

Table 1: In vitro antioxidant analysis of Nar-ZnO NPs 

Concentration 
[μg/ml] 

DPPH RSA % ABTS RSA %  % PRP % FRAP % Inhibition of lipid 
peroxidation 

Sample Standard Sample Standard Sample Standard Sample Standard Sample Standard 
20 25.12±0.87 27.71±1.12 23.73±0.73 24.32±1.26 24.84±1.74 21.12±1.63 23.73±2.34 27.12±1.93 26.12±0.33 27.32±1.25 
 40 54.27±1.37 46.23±1.1 46.53±2.13 47.13±1.92 38.68±1.43 41.63±1.22 48.57±1.13 49.83±0.75 44.53±1.84 48.14±1.12 
60 66.63±1.84 76.18±1.45 67.34±2.53 78.16±2.54 59.51±1.88 67.32±1.46 74.74±2.67 79.32±2.47 76.32±2.13 80.26±2.64 
80 82.63±3.92 89.34±3.32 83.33±2.61 92.32±2.31 71.48±2.32 83.14±2.12 87.61±2.64 93.15±2.14 93.21±3.13 94.14±3.94 
IC50 value [μg/ml] 42.24 40.81 44.75 41.07 51.70 46.87 42.04 39.14 41.37 39.28 

Note: Results are expressed as mean±SD (n=5) 

 

 

Fig. 8: (DPPH) free radical-scavenging activity of different concentrations of synthesized NPs in comparison with ascorbic acid 
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Fig. 9: ABTS+radical-scavenging activity of different concentrations of synthesized NPs in comparison with ascorbic acid 
 

 

Fig. 10: Phosphomolybdenum reduction potential (PRP) of different concentrations of synthesized NPs in comparison with ascorbic acid 
 

 

Fig. 11: Ferric reducing antioxidant power (FRAP) of different concentrations of synthesized NPs in comparison with ascorbic acid 
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Fig. 12: Inhibition of lipid peroxidation by different concentrations of synthesized NPs in comparison with ascorbic acid 
 

Cell viability and anticancer activity against cell lines 

The determination of cell viability is a crucial parameter for 
monitoring the response to cytotoxic drugs. The results of the MTT 
assay showed a dose-dependent reduction in cell viability in A549 
cells, becoming significant at concentrations of 100 µg/ml and higher 
(table 2), while having little effect on Vero cells at the same 
concentration. The IC50 values of Nar-ZnO NPs on non-transformed 
Vero cell lines and cancerous A549 cell lines showed a significant 
difference, indicating its potential as an anticancer drug. The reduction 
of tetrazolium salts to formazan dyes could contribute to the decrease 
in mitochondrial dehydrogenase activity. This decrease in the ability of 
tetrazolium salts to be reduced into formazan dyes might result in a 
decline in mitochondrial dehydrogenase activity [32]. The cytotoxic 
effects on A549 cells were analyzed using Acridine orange/Ethidium 
bromide (AO/EB) double staining assay. Both A549 and Vero cells 
were exposed to naringin-loaded ZnO NPs at various concentrations 
ranging from 100 to 1000 µg/ml for 24 h to determine its cytotoxicity 
effect on the cells. Nar-ZnO NPs did not show a cytotoxic effect on Vero 
cells (fig. 14), as per the results of the cytotoxicity assay. However, 
A549 cells were found to be sensitive at a concentration 500 µg/ml 
(table 2). The results (fig. 16) revealed a significant decrease in A549 
cell viability, as indicated by LDH release in the Nar-ZnO NPs group 
compared to the control group. Furthermore, the appearance of 
apoptotic cells and the release of LDH enzymes were dose-dependent. 
Continuous exposure of A549 cells to the IC50 concentration of 
naringin-loaded zinc oxide nanoparticles led to increased LDH release, 
resulting in cell death (fig. 16c). Cell death can be categorized into 

apoptosis and necrosis. Apoptosis is the orderly dismantling and 
removal of damaged cells, while necrosis is an uncontrolled 
breakdown of cells where the leaked cellular debris leads to an 
inflammatory reaction [33]. During apoptosis, the cell membrane 
remains intact, but the cytoplasm condenses, and the nucleus breaks 
up into DNA fragments. Cells undergoing necrosis possess damaged 
membranes and consequently bind to the propidium iodide dye, 
resulting in a red-pink appearance (fig. 16e). A549 cells treated with 
naringin-loaded zinc oxide (Nar-ZnO NPs) nanoparticles showed an 
increased absorption of the dye propidium iodide, which was 
concentration-dependent. The nanoparticles could adhere to cellular 
protrusions and fuse with the plasma membrane. The results also 
showed an increase in early apoptotic cells stained with fluorescent 
green and late apoptotic cells with bright orange patches of condensed 
chromatin in the nucleus that distinguished them from necrotic cells 
with orange-reddish fluorescence (fig. 16f). The results discussed above 
were consistent with earlier research, which demonstrated that biogenic 
ZnO NPs had potent cytotoxic effects on the A549 lung cancer cell line 
[34]. Jolita Stabrauskiene et al., (2022) reported that naringin exerted its 
cytotoxic effects by inducing oxidative stress (ROS) in cancer cells, which 
disrupts mitochondrial membrane potential and ultimately leads to cell 
death/apoptosis [35]. In the current study, it was found that naringin-
loaded zinc oxide nanoparticles increased the number of apoptotic cells 
and LDH release in A549 cells, demonstrating cytotoxic effects on human 
lung cells. The effect was found to be dose-dependent. The unique 
physicochemical properties and high specific surface area-to-volume 
ratios of nanoparticles are primarily responsible for their diverse 
antioxidant and anticancer capabilities. 

 

 

Fig. 13: MTT assay of VERO and A549 cell lines treated with different concentrations of naringin-loaded ZnO NPs 
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Table 2: % cell viability of vero and A549 cell lines after treating with Nar-ZnO NPs 

Concentration μg/ml % cell viability of non-transformed Vero cell lines % cell viability of transformed A549 cell lines 
Control 100 100 
50 97.38±0.58 92.86±1.09 
100 93.41±0.52 78.22±0.84 
200 89.63±0.65 59.53±0.15 
400 80.48±1.15 44.56±0.23 
500 74.49±0.13 22.23±0.10 
IC50 value [μg/ml] 1014.05 317.51 

Note: Results are expressed as mean±SD (n=3) 
 

 

Fig. 14: MTT assay images of Vero cell lines treated with different concentration of naringin-loaded ZnO NPs: (a) Vero cell line control (b) 
Treated with 50 µg Nar-ZnO NPs (c) Treated with 100 µg Nar-ZnO NPs (d) Treated with 200 µg Nar-ZnO NPs (e) Treated with 400 µg Nar-

ZnO NPs (f) Treated with 500 µg Nar-ZnO NPs 
 

 

Fig. 15: MTT assay images of A549 cell lines treated with different concentration of naringin-loaded ZnO NPs (a) A549 cell line control (b) 
Treated with 50 µg Nar-ZnO NPs (c) Treated with 100 µg Nar-ZnO NPs (d) Treated with 200 µg Nar-ZnO NPs (e) Treated with 400 µg Nar-

ZnO NPs (f) Treated with 500 µg Nar-ZnO NPs 
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Fig. 16: AO/EB staining and PI staining to study apoptosis 

 

CONCLUSION 

The synthesized naringin-zinc oxide nanoparticle has an effective 
antioxidant potential. The naringin-zinc oxide nanoparticle, when 
exposed to the A549 lung cancer cell line, exhibited a dose-dependent 
cytotoxic effect, demonstrating its excellent anticancer potential. 
Therefore, the study concluded that encapsulating naringin with Zinc 
oxide nanoparticles enhances its anticancer potential. This study 
represents the first exploration of the anticancer potential of naringin-
loaded zinc oxide nanoparticles. In the future, the research could 
extend to in vivo experiments, aiming to determine their effectiveness 
in enhancing the quality of life for cancer patients. 
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