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The unique characteristics and extraordinary features of nanotechnology and nanoscience are making them the next big, 
rapidly expanding fields. Nowadays, there is a lot of interest in bio-assisted synthesis as a way to get beyond the limits of 
physical and chemical methods. In the present work, we synthesized the zinc oxide nanorods (ZnONRs) using a methanolic 
extract of the seed coats of Prunus domestica L., which are regarded as PDMeOH-ZnONRs. Standard characterization 
techniques (UV-Vis, FTIR, XRD and FE-SEM) were used to examine the morphological properties of the synthesized 
PDMeOH-ZnONRs. The UV-Vis spectrum has shown the SPR peak between 311 – 351 nm confirming the synthesis of 
PDMeOH-ZnONRs. The fourier transform infrared spectroscopy (FTIR) spectrum revealed the presence of different 
functional groups like hydroxyl, amine, nitrile, nitro, carboxyl, esters etc. in the fabricated PDMeOH-ZnONRs. The X-ray 
diffraction (XRD) analysis confirmed the wurtzite hexagonal structure. The diameter of PDMeOH-ZnONRs ranged from 
42.373 ± 9.109 nm, which is confirmed by the field emission scanning electron microscope (FE-SEM) technique. The 
PDMeOH-ZnONRs exhibited excellent 2,2-diphenyl-1-picrylhydrazyl (DPPH) inhibitory activity with an IC50 value of 
31.700 ± 1.239 µg/mL. The PDMeOH-ZnONRs have shown outstanding hydrogen peroxide (H2O2) scavenging activity 
with an IC50 value of 33.126 ± 0.717 µg/mL. Further, the cytotoxicity of the PDMeOH-ZnONRs was checked by brine 
shrimp lethality assay (BSLA) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, which 
showed LC50 value of 91.336 ± 3.784 mg/L and IC50 value of 174.240 ± 0.460 µg/mL, respectively. Overall findings 
indicate that the PDMeOH-ZnONRs synthesized via green route have good biological potentials and might be employed in 
future biomedical applications. 
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Nanotechnology has grown tremendously during the 
last few decades because of its applications in the 
field of medicine, chemistry and biotechnology. 
Progress in this field has created intriguing 
possibilities in nanoscience, notably in drug delivery, 
gene delivery, nanomedicine and biosensing1. 
Nanoparticles (NPs) are tiny, multipurpose particles 
ranging from 1 to 100 nm in diameter2. Owing to their 
high surface area-to-volume ratio and unique 
physicochemical characteristics, including colour, 
dispersion and thermodynamics, the NPs exhibit size-
related characteristics that set them apart from bulk 
materials and give them distinctive features when 
compared to their macroscale counterparts3. 

Zinc is an essential trace element that is present in 
muscle, bone, skin and hard tissues of the teeth4. The 
Zinc oxide (ZnO) is being utilized in sunscreens and 

other personal care products due to its strong UV 
absorption capabilities5.  

With a molecular weight of 81.38 g/mol, zinc oxide 
nanoparticles (ZnONPs) are a colourless, odourless 
white powder. It is regarded by the FDA as a 
generally recognized as safe (GRAS) material4. The 
ZnONPs have undergone extensive research due to 
their appealing characteristics such as 
biocompatibility, eco-friendliness, low cost, ease of 
fabrication, high photosensitivity, large excitation 
binding energy, high thermal conductivity and 
stability under harsh environmental conditions6. Due 
to the distinct useful characteristics, the ZnONPs are 
widely employed in a variety of disciplines, including 
electronics, optics, food packaging, cosmetic goods, 
petroleum industries, medicines and agriculture. 
Aside from these uses, the ZnONPs are frequently 
used in biological applications such as anticancer, 
antibacterial, antioxidant, anti-inflammatory, wound 
healing and drug delivery7. Furthermore, the ZnONPs 
are well-known as an excellent photocatalyst agent, 
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providing a potential option for waste water 
treatment8. 

Multifunctional properties of the ZnO enable it to 
grow into a variety of morphologies, such as 1-D 
(rods, tubes, wires, etc.), 2-D (disks, sheets, plates, 
etc.) and 3-D (particles, flowers, etc.) nanostructures. 
These morphologies are primarily dependent on 
chemical precursors, supplementary usage of capping 
(i.e., stabilizing) agent (such as plant extract), high 
temperature and pressure conditions9. The crystal 
structure of zinc oxide nanorods (ZnONRs) is 
wurtzite, formed by hexagonal sub-lattices of one 
particular kind of atom interpenetrating each other 
tightly. The ZnONRs have a binding energy of 60 eV 
and a band-gap of around 3.3 eV. The higher 
mechanical and chemical stability of the ZnO is due 
to its wurtzite structure10.  

Recently, plant extract-derived formulated metal 
and metal oxide NPs have been investigated as 
potential substitute of bio-control agents2. Numerous 
studies on the production of plant-mediated metal-
based NPs have been published as a result of 
widespread distribution the phytochemicals in various 
plant parts, including flowers, fruits, stems, leaves and 
roots11,12. Several variables are known to influence the 
synthesis and characteristics of the NPs, such as the 
kind of plant extract utilized, pH of the medium, 
degree of concentration of metal salt, interaction time 
and temperature13.  

Prunus domestica L. (also known as plum) is an 
important medicinal plant of Rosaceae family. Its fruit 
is used as food and medicine, which is eaten either 
fresh or dried. Consumption of the fruit of P. domestica 
is associated with many therapeutic benefits such as 
improvement blood circulation, measles and digestive 
disorders14. The primary polyphenolic components in 
P. domestica are chlorogenic acids, anthocyanins, 
flavanols, flavonols and coumarins. Many studies 
reveals that the fruit of P. domestica exhibits several 
remarkable pharmacological activities such as 
antioxidant, antihyperlipidemic, anticancer, anti-
osteoporosis, anxiolytic, antibacterial and memory 
enhancing properties15.  

Since the fruit of P. domestica is juicy and fleshy 
that people often consume fresh, the seeds and seed 
coats are thrown away. Thus, keeping the above 
advantages of P. domestica in view, the current study 
is mainly focused on the green synthesis of ZnONRs 
using the methanolic extract of the seed coats. The 
antioxidant activity (by DPPH and H2O2 scavenging 
assays) and cytotoxic activity (by brine shrimp 

lethality and MTT assays) of ZnONRs are also 
studied in the present work. Additionally, there  
could be a host of health advantages linked to the  
seed coats. 
 
Materials and Methods 
 

Sample collection and authentication  
The fruits of P. domestica were bought from the 

neighbourhood orchards situated in Haridwar, 
Uttarakhand (India). The plant was identified and 
authenticated by Botanical Survey of India (BSI), 
Dehradun. 

 
Chemicals and reagents 
Petroleumether (SD fine), diethyl ether (SD fine), 
ethyl acetate (SD fine), methanol (CDH), 2,2-
diphenyl-1-picrylhydrazyl (DPPH) (Alpha acer), 
ascorbic acid (Merck), zinc acetate dihydrate 
(Fisher), DMSO (CDH), KH2PO4 (CDH) and 
K2HPO4 (CDH). All other reagents which were 
used in this study were of analytical grade. 
 
Extract preparation 

The extraction was performed according to  
Mohan et al., (2021) with a few alterations16. Briefly, 
200 g of the powder of the seed coats was placed into 
the thimble of Soxhlet extractor. Approximately 
72 cycles of the siphoning were conducted with 
methanol (after petroleum ether, diethyl ether and ethyl 
acetate, respectively) or the procedure was continued 
till the siphoning tube appeared colourless. Particulate 
material was eliminated via filtering the extract. 
Using a rotary evaporator, under reduced pressure, the 
extract was concentrated and the concentrated extracts 
were kept refrigerated till further analysis. 

 

Zinc oxide nanorods using the methanolic extract of seed coats 
of P. domestica (i.e., PDMeOH-ZnONRs) 

The synthesis of PDMeOH-ZnONRs was 
performed as described by Kumar et al., (2024) with 
some modifications17. Zinc acetate dihydrate 
[Zn(OAc)2.2H2O] was employed as the precursor for 
the synthesis of PDMeOH-ZnONRs. In brief, 13 g of 
Zn(OAc)2.2H2O was dissolved in 100 mL of 0.6 M 
MeOH. To this, 400 mg of methanolic extract of the 
seed coats of P. domestica was incorporated and 
stirred for 3 h. The resultant solution was filtered 
through Whatmann filter paper number 40 and the 
filtrate was titrated with 10% NH3 solution till the 
precipitation was over. To get rid of the excess 
ammonia, the precipitates were filtered and then 
washed with hot water. The precipitates were baked at 
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105°C for a whole night to dry them out. Then, the 
dried precipitates were calcined for 4 h at 400°C. 
 

Characterization of synthesized PDMeOH-ZnONRs 
The synthesis of PDMeOH-ZnONRs was 

confirmed by recording the absorption spectrum using 
a UV-Vis-NIR spectrophotometer (Shimadzu,  
UV-3600) at resolution of 0.5 nm. The presence of the 
various functional groups of the plant extract was 
revealed by recording the FTIR spectrum in a range of 
400-4000 cm-1 (Perkin Elmer, FTIR spectrum version 
10.4.00) by KBr pellet method. The crystal structural 
analysis of the PDMeOH-ZnONRs was done by the 
powder X-ray diffraction (p-XRD) pattern recorded 
on X-ray diffractometer (Panalytical X-Pert Pro) in 
continuous scan type mode from 5° to 100° of 2θ. The 
size morphology of the PDMeOH-ZnONRs was 
characterized by field emission-scanning electron 
microscopy (FE-SEM Supra 55, Karl Zeiss). 

 
Antioxidant Activity 
 

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging 
assay 

The PDMeOH-ZnONRs were evaluated for their 
antioxidant potential as describe by Brand-
William et al., (1995) and Ali et al., (2021) by the 
DPPH method with some modifications10,18. 
Briefly, 1mL of the PDMeOH-ZnONRs at different 
concentrations (5, 10, 15, 20, 25, 50 and  
100 µg/mL in DMSO) was mixed with 3 mL of 
DPPH (0.004% w/v solution in methanol) and 
incubated at room temperature for 30 min. After 
30 min, the resultant mixture was centrifuged at 
12000 rpm for 3 min and the absorbance of 
supernatant was measured at 517 nm using a 
double beam UV-Vis spectrophotometer 
(Systronics - 2205). The colour shift from pink to 
yellow signifies that the sample under examination 
has been scavenging the DPPH free radicals. Ascorbic 
acid was used as standard. 1 mL of solvent and  
3 mL of DPPH solution served as blank. The % 
inhibition of DPPH was calculated by the 
following equation: 

 
% inhibition

=
Absorbance of the blank − Absorbance of the sample

Absorbance of the blank
 × 100 

 
Hydrogen peroxide (H2O2) scavenging activity 

The antioxidant activity of the PDMeOH-ZnONRs 
was tested by hydrogen peroxide scavenging assay 
(i.e.,H2O2method) also19. A solution of H2O2 (40 mM) 

was freshly prepared in 0.05 M KH2PO4-K2HPO4 
phosphate buffer (pH = 7.4). The PDMeOH-ZnONRs 
at various concentrations (5, 10, 15, 20, 25 and  
50 µg/mL) were mixed with 1.4 mL phosphate buffer 
and 0.6 mL 40 mM H2O2 and vortexed. After 10 min, 
the resulting solution was centrifuged and 
concentration of the H2O2 in the supernatant was 
determined at 230 nm by a UV-Vis spectrophotometer 
(Systronics - 2205). Ascorbic acid was used as the 
positive control. In a similar manner, the blank 
experiment was also conducted. All the tests were 
performed in triplicate. The % H2O2 scavenging was 
calculated by the following formula: 

 

% H2O2 scavenging

=
Absorbance of the blank − Absorbance of the sample 

Absorbance of the blank
 × 100 

 

Cytotoxic activity  
 

Brine shrimp lethality assay (BSLA)  
The BSLA was performed as described by  

Khan et al., (2021) with some modifications20. To 
hatch the shrimp eggs, 36 g of sea salt was dissolved 
in 1 L of distilled water in order to make artificial 
seawater. A hatching chamber, a little plastic 
container with a lid to separate the sections for light 
and dark, was filled with seawater. Shrimp eggs were 
put in the dark side of the chamber and the lamp 
above the side that had been lit will draw the shrimp 
that have hatched. For two days, the shrimp were left 
to hatch and develop into nauplii (or larvae). When 
the shrimp larvae were ready (two days later), 15 
brine shrimps were placed into the test tube 
containing 5 mL of artificial seawater along with  
5 mL of the PDMeOH-ZnONRs solution (10, 50 and 
100 mg/L). In the same manner, control experiment 
was also performed using 1% DMSO in artificial sea 
water for negative control experiment and 
doxorubicin for positive control experiment. After  
24 h, the number of shrimps that survived was 
counted. The % mortality was calculated by the 
following formula: 

 

% mortality =
Number of the dead nauplii

Total number of the nauplii
 × 100 

 

This is to make sure that whether the substances in 
the nanorods (NRs) are the cause of the nauplii's death 
(mortality) or not. 
 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay 

The cytotoxicity of the PDMeOH-ZnONRs was 
determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
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diphenyltetrazolium bromide (MTT) assay as 
described by Alam et al., (2024) against lever  
(HepG-2) cell line with some modifications21.  
HepG-2 cells were grown in 96 well plates and 
incubated for 24 h in a humified environment at 37°C. 
Then, the cells were treated with the PDMeOH-
ZnONRs at various concentration (10, 50, 100, 150 
and 200 µg/mL) containing a final volume of  
100 µL/well. After 24 h of incubation the cells were 
labelled with 10 µL MTT solution and again 
incubated at 37°C for 24 h. Finally, the absorbance 
was recorded using micro-plate reader after dissolving 
the formazan crystals in 120 µL of DMSO at 570 nm. 
DMSO was used as negative control and doxorubicin 
was used as positive control. The cell viability was 
calculated by the following formula:  

 

% cell viability =
Absorbance of treated cells

Absorbance of control cells
 × 100 

 

Results and Discussion 
 

Characterization of synthesized PDMeOH-ZnONRs 
 

Ultra violet-visible (UV-Vis) spectroscopy 
The colour of the reaction mixture altered from 

brown to pale yellow during the synthesis process, 
suggesting the formation of PDMeOH-ZnONRs. The 
UV-Vis spectrum of the PDMeOH-ZnONRs was 
recorded between 200-800 nm. (Fig. 1) shows the 
UV-Vis spectrum of the biosynthesized PDMeOH-
ZnONRs. The UV-Vis spectrum showed the surface 
plasmon resonance (SPR) peak of the ZnO between 
311-351 nm and has shown the absorption maxima at 
350.5 nm. Which is consistent with the previously 
reported study reporting the SPR peak between 360-

380 nm22. The methanolic extract from the seed coat 
of P. domestica comprising the bioactive compounds, 
first converted the Zn2+ ions to zero-valent Zn atoms. 
The residual Zn2+ ions are then reduced to the ZnO by 
the zero-valent Zn atoms, a cluster structure is 
eventually produced, resulting in the production of the 
PDMeOH-ZnONRs. For the synthesis of stable 
nanomaterials, the phytochemicals serve as capping 
and stabilizing agents23. The strong UV absorbance of 
the biosynthesised ZnONPs indicates their suitability 
for UV protection applications24. The energy band gap 
(Ebg) of the PDMeOH-ZnONRs is found to be  
3.54 eV, which was determined using the equation25: 

 

𝐸𝑏𝑔 =
ଵଶସ଴


 (eV) 

 

Where, represents wavelength (nm) at which the 
maximum absorption occurred. The Ebg of the 
ZnONPs using Sambucus ebulus extract is reported to 
be 3.3 eV24. In another study, the ZnONPs 
synthesized using Cassisa fistula and Peltophorum 
pterocarpum leaf extract reported the Ebg to be 3.33 
and 3.39 eV, respectively26,27. Therefore, the obtained 
results of UV-Vis spectroscopy are in good agreement 
with the previously reported studies. 
 

Fourier transformation infrared (FTIR) spectroscopy 
The different functional groups of plant extract 

involved in the synthesis (i.e., stabilizing and 
reduction) of the PDMeOH-ZnONRs were observed 
using the FTIR method. The FTIR spectrum of the 
PDMeOH-ZnONRs is shown in (Fig. 2). Various 
band at 3431.84 cm-1 (O-H stretching of carboxylic 
acid or phenol), 2924.65 (C-H stretching of alkyl 
group), 2341.81 (CN stretching nitrile), 1709.86 

 
Fig. 1 — UV-Vis spectrum of PDMeOH-ZnONRs 

 
Fig. 2 — FTIR spectrum of PDMeOH-ZnONRs 
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(C=O of stretching), 1622.00 (N-H bending of amide 
or amines), 1366.86 (N-O stretch of nitro compound 
or weak C-H rocking of alkane), 1228.05 (C-N  
stretch of amine), 1021.68 (C-O stretch of alcohol,  
carboxyl or ether), 877.34 (out of plane N-H bending  
vibrations amine), 628.84, 539.31 500.14 and 431.72  
(metal oxide or Zn-O vibrations) are evident in the 
FTIR spectrum of the PDMeOH-ZnONRs2,24,27-30. 
Consequently, these distinct bands suggest that an 
array of biomolecules present in the extract of seed 
coats of P. domestica were crucial in the reduction 
and stability of the PDMeOH-ZnONRs 31. 

The use of natural plant extract in the synthesis of the 
NPs has several benefits. One such benefit is that the 
NPs may be coated with various pharmacological 
entities (such as phenolic and polyphenolic 
phytochemicals) on the metal oxide layer24. Carboxylic, 
amino and phenolic acids play a crucial role in bio-
capping during the synthesis and interact with the 
surface of the ZnONPs and contribute to the stability of 

the generated ZnONPs2. Which helps the NPs to link 
with their recipients on bacterial membranes24. 
 
X-ray diffractometry (XRD) 

The XRD pattern of the PDMeOH-ZnONRs is 
demonstrated in (Fig. 3) and provides a strong insight 
of their crystalline structure. Table 1 demonstrates the 
miller indices (hkl), full width half maxima (FWHM), 
peak position, relative peak area and crystallite size  
of the PDMeOH-ZnONRs. There are distinct 
diffraction peaks at 2θ values of 32.015, 34.655, 
36.485, 47.795, 56.825, 63.095, 66.635, 68.195, 
69.305, 72.815, 77.195, 81.635 and 89.915 degrees. 
The corresponding miller indices of these peaks i.e., 
diffraction lattice planes are (100), (002), (101), 
(102), (110), (103), (200), (112), (201), (004), (202), 
(104) and (203), respectively. Which confirms the 
hexagonal wurtzite structure of the bio synthesized 
PDMeOH-ZnONRs. The XRD pattern matches with 
the Joint Committee on Powder Diffraction Standards 
(JCPDS) card no. 96-210-7060. Using the Debye–
Scherer equation, the average crystallite size of the 
PDMeOH-ZnONRs was determined as following17,32: 

 

𝐷 =
K

𝛽𝐶𝑜𝑠𝜃
 

 

Where, D = Crystallite size, λ = X-ray wavelength 
coming from Cu-Kα (0.1540560 nm), θ = Bragg’s 
diffraction angle, K = Shape factor or Scherrer 
constant (0.89), β = full width at half maxima of the 
diffraction peak in radians. 

 
Field emission-scanning electron microscopy (FE-SEM) 

Figure 4 represents the two FE-SEM images (A 
and B) of the PDMeOH-ZnONRs. It is apparent from 

Table 1 — Miller indices, FWHM, relative peak area and average crystallite size of PDMeOH-ZnONRs 
Miller indices (hkl) FWHM Peak position (2θ in degrees) Relative peak area Crystallite size (nm) 

100 0.464 32.015 310.96 17.619 
002 0.431 34.655 280.35 19.105 
101 0.478 36.485 475.75 17.326 
102 0.542 47.795 105.70 15.852 
110 0.537 56.825 125.57 16.648 
103 0.551 63.095 103.31 16.722 
200 0.909 66.635 25.92 10.349 
112 0.608 68.195 66.71 15.621 
201 0.603 69.305 38.61 15.843 
004 0.747 72.815 8.97 13.073 
202 0.610 77.195 9.80 16.492 
104 0.658 81.635 4.90 15.773 
203 0.761 89.915 20.00 14.597 

Average crystallite size 15.771 ± 2.184 nm 

 

Fig. 3 — XRD pattern of PDMeOH-ZnONRs 



KISHAN et al.: ZINC OXIDE NANORODS FROM PRUNUS DOMESTICA L. 
 
 

83

the (Fig. 4) that the PDMeOH-ZnONRs have the rod 
like shape. The average diameter of the PDMeOH-
ZnONRs by FE-SEM is measured to be 42.373 ± 
9.109 nm with the help of ImageJ software. The XRD 
analysis clarifies the overall morphology of the 
PDMeOH-ZnONRs to be hexagonal wurtzite 
nanorods. Shape plays a vital role in the pathogenicity 
of the NPs. In a previous study for oral drug delivery, 
it has been demonstrated that, in comparison to 
spherical particles, rod-shaped particles have greater 
cellular absorption and transit across intestinal cells 
indicating that the effectiveness of the NPs in oral 
drugs administration may be potentially enhanced by 
the rod-shaped NPs33. In addition to this, due to its 
remarkable applicability in a wide range of sectors, 
including solar cells, sensors, photodetectors, 
photocatalysts, sensors and spatial microchip 
technology, the ZnONRs have been the subject of 
substantial research34. 

 

Antioxidant activity 
 

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging 
assay 

One of the simplest and most used methods for 
determining antioxidant activity is the DPPH method. 
The hydrogen atom from the antioxidant molecule 
reduces the unpaired valence electron on the nitrogen 

atom in the DPPH radical. Consequently, DPPH-H 
hydrazine is generated35. The amount of quenched 
DPPH radicals can be estimated by 
spectrophotometric measurements by examining  
the absorbance drop between 515 and 520 nm36. The 
results of the DPPH free radical scavenging assay are 
depicted in (Table 2). Figure 5 depicts the variation of 
% inhibition of DPPH against the concentration. The 
PDMeOH-ZnONRs and standard (i.e., ascorbic acid), 
both have shown a dose dependant response. The 
results of the DPPH assay are demonstrated in terms 
of IC50 value (i.e., concentration for the 50% 
scavenging of DPPH free radicals)37. The IC50 value 
of the PDMeOH-ZnONRs is found to be 31.700 ± 
1.239 µg/mL, while the IC50 value of ascorbic acid is 
found to be 14.035 ± 0.043 µg/mL. In a previous 
study, the ZnONPs fabricated via aqueous extract of 
the seeds of Caesalpinia crista demonstrated 
concentration-dependent antioxidant activity by the 
DPPH method, which is consistent with our 

 
 

Fig. 4 — FE-SEM images of PDMeOH-ZnONRs 

Table 2 — DPPH scavenging assay of PDMeOH-ZnONRs 
Sample IC50 (µg/mL) 

PDMeOH-ZnONRs 31.700 ± 1.239 
Ascorbic acid (standard) 14.035 ± 0.043 

Each experiment was performed in triplicate. Values are 
represented as mean ± SD. 
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findings38. The PDMeOH-ZnONRs exhibit 
remarkable results because of their high surface area 
and colloidal behavior10. 

 
Hydrogen peroxide (H2O2) scavenging assay 

Hydrogen peroxide scavenging is one of the most 
important method to assess the antioxidant activity. 
Although hydrogen peroxide is not very reactive by 
itself, it occasionally poses a hazard to cells due to its 
potential to produce hydroxyl radicals within the 
cells39. Therefore, H2O2 removal is critical for 
antioxidant defence in dietary or cell systems40. The 
results of the H2O2 free radical scavenging assay are 
depicted in (Table 3). The variation of % scavenging 
of H2O2 against the concentration is shown in (Fig. 6). 
The results of H2O2 scavenging activity are again 
expressed in terms of IC50 value. The IC50 value of the 
PDMeOH-ZnONRs is 33.126 ± 0.717 µg/mL, 
whereas the IC50 value of the ascorbic acid is found to 
be 25.352 ± 0.138 µg/mL. From the Figure 6, it can 
be clearly seen that the PDMeOH-ZnONRs have 
shown the dose dependant response along with the 
ascorbic acid. 

 
Cytotoxic activity  
 

Brine shrimp lethality assay (BSLA)  
The lethality concentrations of the PDMeOH-

ZnONRs used were 10, 50 and 100 mg/L. The 
lethality was directly proportional to the sample 

concentration. The lowest lethality was observed at a 
concentration of 10 mg/L which was 11.11 ± 3.85%. 
The BSLA results are depicted in (Table 4). 
Figure 7 depicts the variation of % mortality against 
the concentration. The LC50 value of the PDMeOH-
ZnONRs is found to be 91.336 ± 3.784 mg/L, while 
the LC50 of doxorubicin (standard) is found to be 
30.152 ± 0.755 mg/L. The BSLA results are generally 
reported using several criteria, as follows: A material 
is considered extremely hazardous if its LC50 value is 
less than 1.0 mg/L; it is considered toxic if its LC50 
value is between 1.0 and 10.0 mg/L; moderately toxic 
compounds have an LC50 value between 10.0 and  
30.0 mg/L; mildly toxic compounds have an LC50 
value between 30.0 and 100.0 mg/L; and non-toxic 
compounds have an LC50 > 100.0 mg/L41. Thus, the 
results indicate that the PDMeOH-ZnONRs and 
doxorubicin, both have shown the mild toxicity 
towards brine shrimp larvae, however, PDMeOH-
ZnONRs are less toxic than doxorubicin. In a 
previously published report, the lethality of the 
ZnONPs was also dose dependant, which is consistent 
with present study22. 

 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay 

The MTT test is based on measuring mitochondrial 
activity by forming formazan crystals from MTT 
using live cells. This test is frequently employed to 

 
 

Fig. 5 — Variation of % inhibition of DPPH against concentration 
 

Table 3 — H2O2scavenging assay of PDMeOH-ZnONRs 
Sample IC50 (µg/mL) 

PDMeOH-ZnONRs 33.126 ± 0.717 
Ascorbic acid (standard) 25.352 ± 0.138 

Each experiment was performed in triplicate. Values are 
represented as mean ± SD 

 
 

Fig. 6 — Variation of % scavenging of hydrogen peroxide against 
concentration 
 

Table 4 — Brine shrimp lethality assay of PDMeOH-ZnONRs 
Sample IC50 (mg/L) 

PDMeOH-ZnONRs 91.336 ± 3.784 
Doxorubicin (standard) 30.152 ± 0.755 

Each experiment was performed in triplicate. Values are 
represented as mean ± SD 
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evaluate the cytotoxic effects of medicines/cancer 
drugs on cell lines. Since the number of viable cells is 
associated with overall mitochondrial activity in the 
vast majority of cell populations42. The results of 
MTT assay are depicted in (Table 5). The results of 
MTT assay demonstrate the PDMeOH-ZnONRs as 
potent inhibitor of HepG-2 cell proliferation. Here 
again the results are expressed in terms of IC50.  
Figure 8 represents the % cell viability against the 
concentration. The PDMeOH-ZnONRs have shown 
an IC50 value of 174.240 ± 0.460 µg/mL, while the 
doxorubicin has shown the IC50 value of 148.450 ± 
0.924 µg/mL. In this study, the PDMeOH-ZnONRs 
have shown a dose dependent response, i.e., HepG-2 
cell proliferation decreased as the concentration of the 

PDMeOH-ZnONRs increased. In a previous MTT 
study carried on MCF-7 cell lines, the cell 
proliferation decreased as the dose of the ZnONPs 
increase, which is consistent with our srudy43. When 
employed to deliver and load hydrophobic anti-cancer 
medicines, the ZnONPs demonstrates extraordinary 
behaviour due to their low toxicity towards 3T3 
fibroblast cells. In addition to this, higher uptake of the 
ZnONPs by the cancerous cells is responsible for the 
greater cytotoxicity towards the cancerous cells44,45. 
Thus, the results of the present study demonstrated the 
importance of synthesized PDMeOH-ZnONRs in drug 
delivery applications also. 

 
Conclusion 

Researchers are currently concentrating on 
developing environmentally sustainable methods for 
producing the ZnONPs for a range of therapeutic 
applications. Green synthesized ZnONPs are widely 
appreciated since they are less expensive, 
biocompatible and have less of an adverse influence 
on the environment than those made by chemical and 
physical means. A good source for the sustainable 
production of the ZnONPs is the diversity of 
phytochemicals found in plant extracts, including 
flavonoids, polyphenols, terpenoids, alkaloids and 
tannins. By using this process, the stability of the 
ZnONPs is increased and novel physicochemical 
features may be explored. The current study has 
demonstrated that the NPs synthesized using the 
methanolic extract of the seed coats of P. domestica 
have acquired the rod like shape, which have high 
intestinal absorption capacity in comparison to sphere 
like nano materials. The PDMeOH-ZnONRs are 
found to be excellent antioxidant agents because they 
have shown strong DPPH radical scavenging activity 
along with good H2O2 scavenging activity. The 
PDMeOH-ZnONRs have also shown the amazing 
results of cytotoxic activity by BSLA and MTT 
methods. Therefore, it is a hot topic of research 
because of great potential for application in the 
biological and pharmacological domains. Hence, we 
believe that the pharmacological and biological 
domains may make use of the PDMeOH-ZnONRs. 
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