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A B S T R A C T   

Zinc oxide nanoparticles have attracted considerable attention as promising candidates in various fields, espe
cially in the realm of medical science. In the present experimental study, the co-precipitation method was used to 
synthesize chemical and green ZnO NPs. Zinc nitrate Zn (NO3)2 served as the main precursor, while sodium 
hydroxide (NaOH) and Nigella sativa extract were used to synthesize chemical and green Zinc Oxide nanoparticle, 
respectively. Then, the chemical and green fabricated Zinc Oxide nanoparticles were subjected to annealing at 
400 ◦C and 550 ◦C temperature for a period of 2 hours respectively. After final product obtained, various 
characterization techniques were employed to validate the crystal structure, morphology, optical properties, and 
functional groups (e.g., –OH stretching group, Zn–O mode, etc.) via XRD, SEM, UV–Vis, and FTIR analysis. The 
Scherer formula was applied to calculate the average crystalline size of green and chemical fabricated Zinc Oxide 
nanoparticles, which confirmed the presence of the hexagonal wurtzite phase. Moreover, the fabricated products 
were finally tested for anticancer activity using MTT assay by optimizing cellular absorption against concen
tration. The MTT assay confirmed significant antitumor/anticancer efficacy against HepG2 cancer cells for both 
green actively and chemical fabricated Zinc Oxide nanoparticles superficial. The current development of this 
novel experimental strategy is anticipated to make a substantial contribution in the field of biomedical sciences, 
particularly in anticancer activity.   

1. Introduction 

Green nanotechnology has developed an attractive focus due to its 
tremendous advantages such as environment-friendly, cost-effective and 
easily scale-up nature. Plants have been identified as an ideal source of 
materials among the different options accessible due to their bio- 
reducing and stabilization capabilities. A variety of nanomaterials in 
pure and hybrid forms with important properties, such as physical, 
chemical and biological effect and their optical behavior, make them 
suitable for biomedical applications. There are many physical, chemical 
and biological methods for the fabrication of nanoparticles. The most 
suitable and well-known methods are hydrothermal, sol–gel and co- 
precipitation [1–6]. 

In recent years, nanoparticles have gained much popularity [7–11] 
and have been effectively used in the delivery of therapeutic agents. In 

the last two decades, several NPs have been developed for the diagnosis 
and treatment of various diseases such as allergy, fever, diabetes, 
inflammation, cough, etc [12,13]. Zinc oxide nanoparticles (ZnO NPs) 
have a versatile property (like wide band gap, important physiochemical 
and biological), play an important role in biomedical application as well 
as in every field of life, for example, water purification systems such as 
degradation of organic impurities and removal of heavy metals, rubbers, 
cosmetics, inks, soaps, batteries, textiles and medicines [14–21]. ZnO 
NPs are excellent candidates due to their appealing characteristics, 
particularly in biomedical applications such as photodynamic therapy, 
drug delivery and nano-biosensors. In view of the importance of ZnO 
NPs, various attempts are made for synthesis, for which green synthesis 
is the most prominent method due to its eco-friendly nature and non- 
toxic approach [22–28]. 

In this study, green ZnO NPs were synthesized using the leaves of the 
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Nigella sativa seed extract, which has been reported in a number of 
medicinal properties, because it contains bioactive agents. Different 
research on this plant has shown that Nigella sativa is an effective anti- 
cancer, anti-inflammatory and anti-viral agent with significant thera
peutic efficacy for a wide range of diseases. The research also supported 
that leaf extract of Nigella sativa have significant antioxidant activity. 
Nigella sativa seed is the most potent source of antioxidant property and 
antitumor which shows its ability to treat many health disorders 
including anti-cancer, anti-viral, anti-inflammatory as Nigella sativa 
extract has the maximum total flavonoid content and phenolic, highest 
ABTS assay activity, highest DPPH radical scavenging activity and 
highest antitumor capacity among four different crude methanolic ex
tracts [29–34]. 

2. Experimental procedure 

2.1. Materials 

Nigella sativa seeds, Zn(NO3)2.6H2O (zinc nitrate hexahydrate), 
NaOH (sodium hydroxide), double distilled water, DMSO (dimethyl 
sulfoxide), FBS (fetal bovine serum) and DMEM (Dulbecco’s Modified 
Eagle Medium) and antibiotics (penicillin + streptomycin) was pur
chased from Merck (US). 

2.2. Green synthesis approach 

Frist of all took 400 g of Nigella sativa seed, then grinded into fine 
powder and 400 g powder of Nigella sativa seed dissolved into the 600 
mL of ethanol at 100 ◦C for 24 h. After 24 h, removed the solution from 
hot plate, stabilized and then filtered it by using filter paper. A dark 
green extract of Nigella sativa seeds was obtained. The Green synthesis 
method was used to fabricate the zinc oxide nanoparticles (ZnO NPs). 
Frist of all, 0.1 M of Zn(NO2)3.6H2O were mixed in 100 mL of double 
distilled water and stirred for 30 min. In the next step, the extract of of 
Nigella sativa seeds were added dropwise into the zinc nitrate hexahy
drate solution to get (11to12) pH and stirring continuously at 90 ◦C for 2 
h. Finally, the dark green precipitates were obtained then centrifuge at 
5000 rpm for 10 min, dried and grinded to make fine powder. At the end, 
the fine powder was annealed in muffle furnace at 400 ◦C for 2 h 
[35,36]. 

2.3. Chemical synthesis approach 

A chemical method was used to fabricated the ZnO NPs in which 0.1 
mL of Zn(NO2)3.6H2O was taken and dissolved in 100 mL double 
distilled water and continuous stirring for 30 min to obtained the ho
mogeneous solution. After that, The NaOH (0.05 M) was added to the 50 
mL of double distilled water and get the NaOH solution. In the next step, 
NaOH solution was added dropwise into the zinc nitrate hexahydrate 
solution to attained the (11–12) pH and continuous stirring at 90 ◦C for 
2 h. Finally, the milky white precipitates were attained, centrifuge, dried 
and grinded to make fine powder. After getting fine powder was 
annealed in muffle furnace at 550 ◦C for 2 h [37]. 

2.4. Characterization of ZnO nanoparticles 

The crystal structure and miller indices were investigated by using 
XRD (“D8 Advance Bruker, Germany” with λ = 0.154 nm of Cu Kα ra
diation). The SEM (“NOVA NANO SEM 30”) was used to examined the 
surface morphology. The vibrational and stretching groups were iden
tified by FTIR spectrometer (“Spectrum 2, Perkin Elmer”). The UV–Vi
sible spectrometer (“Bio base double beam, China”) was used to analyze 
the optical properties [27]. 

2.5. Bioassay 

2.5.1. Cell culturing 
Human liver cancer (HepG-2) cells line was gifted from the Molec

ular and cell Biology laboratory at the Department of Zoology, Gov
ernment college university Faisalabad. The HepG-2 cells (Liver cancer 
cell line) were seeded in 96 well plate in DMEM added with 10 %FBS, 
antibiotics and cells were incubated at 37◦ humidified environments 
with 5 % CO2 and standard protocol were followed as per recommen
dation of laboratory of animal’s/cells ethics committee, Department of 
microbiology, faculty of life sciences, GC University Faisalabad Pakistan 
[37]. 

2.5.2. Cell labeling with ZnO-NPs 
The HepG-2 cells were treated with chemical and green ZnO NPs at 

various absorption ranging from 0 to 150 µg/mL for 24 h at 37 ◦C also 
added/maintained with 10 % FBS and 5 % CO2. In the current study, 96 
plates with 4 each well were organized in 10 columns. The last two 
columns were treated DMSO as a control/standard, while the first eight 
columns were filled with chemical and green ZnO NPs dispersion solu
tion at various absorption ranging from 0 to 150 µg/mL. This cell line 
was treated to ZnO nanoparticles using the vitality of the cells was tested 
after 24 hours of incubation. The standard experimental procedures 
were used. 

2.5.4. MTT assay 
The 3-[4,5-dimethylthiazole-2-yl]-2,5 diphenyl tetrazolium bromide 

(MTT) assay was used to evaluate/examine the in-vitro cytotoxicity of 
chemical and green ZnO NPs on liver cancer (HepG-2) cell lines. HepG-2 
cells were grown/cultivated in 96 well plates and more incubated for 24 
h in a humidified environment (37 ◦C). after that, cells were treated at 
various concentration nanoparticles (0–150 µg/mL) for 24 h to be 
treated. For further incubation at a humid environment (37 ◦C), 10 µL 
MTT reagent was added after 24 hours. Finally, the absorbance was 
calculated using micro-plate reader after added the DMSO (120 µL) to 
dissolve the formazan crystal [38–40]. 

The cell viability was measured by given formula. 

%Cell Viability =
Mean Absorbance of treated cells

Mean Absorbance of controal cells
× 100% (1)  

Fig. 1. Shows the XRD pattern of (a) Green synthesized Zinc Oxide nano
particles at annealed temperature 400 ◦C (b) Chemical synthesized ZnO NPs at 
annealed temperature 550 ◦C. 
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2.6. Statistical analysis 

Using Graph Pad Prism software (version 8.0), we performed sta
tistical analysis. Results of all experiments are presented as mean ± SD 
with *P < 0.05 considered statistically significant and **P < 0.01 
considered highly statistically significant. 

3. Results and discussion 

3.1. X-ray diffraction (XRD) analysis 

The crystal structure of green and chemical developed Zinc Oxide 
nanoparticles was investigated using X-ray diffraction (XRD). Fig. 1 
depicted the XRD spectra of (a) Green ZnO NPs and (b) Chemical ZnO 
NPs. XRD analysis of green synthesized Zinc Oxide nanoparticles 
showed a hexagonal wurtzite structure, as well as chemical synthesized 

ZnO NPs which matched well with JCPDS Card No: 36-1451. The same 
pattern was observed in both conditions (green and chemical synthesis 
process), and some additional/extra peaks due to laboratory environ
ment or air contamination are shown. In the green and chemical syn
thesis process, peaks appeared at (2θ) = 31.74◦, 34.40◦, 35.91◦, 36.21◦, 
47.51◦, 56.45◦, 62.77◦, and 67.97◦ with matching miller indices (1 0 0), 
(0 0 2), (1 0 1), (1 0 2), (1 1 0), (1 0 3) and (1 1 2). The average crys
talline size calculated from the all peaks of green and chemical syn
thesized Zinc Oxide nanoparticles pattern is 43 nm and 60 nm 
respectively [41]. 

By using the “Debye Scherrer formula” to calculate the crystalline 
size of NPs: 

C.S =
kλ

βCosθ
(2) 

Here, the crystalline size is represented by “C.S”, the Scherrer con
stant is represented by “k = 0.9”, the X-ray wavelength is given as “λ =
0.154 nm”, and the Full width half maximum is denoted by “β”. 

Tables 1 and 2. Describe the 2θ (degree), intensity (a. u) and crys
talline size (nm) of green and chemical synthesized Zinc Oxide nano
particles samples. After data analysis it was inspected that the crystalline 
size of the green and chemical synthesized Zinc Oxide nanoparticles is 
43 nm and 60 nm, respectively. 

3.2. Fourier transformation infrared (FTIR) analysis 

The various functional groups associated with the produced green 
and chemical ZnO NPs were determined using FTIR analysis. Fig. 2(a) 
depicted the FTIR spectra of green synthesized ZnO NPs. The –OH 
stretching vibrations, C–H stretching mode, OH bending in carboxylic 
acid, C––C band in aromatic ring, C––O mode in polyphenol, and C–N 
stretching in amide -I protein, C–O stretching of amino acid and met
al–oxygen (Zn–O) vibration mode attached at wavelength 3511 cm− 1, 
3052 cm− 1, 2922 cm− 1, 1491 cm− 1, 1520 cm− 1, 1077 cm− 1, 660 cm− 1 

respectively. The Zn–O stretching mode, as confirmed by the FTIR 
spectra of the chemical synthesized ZnO NPs, is indicated by a band 
found between 441 and 665 cm− 1, which is illustrated in Fig. 2(b). The 
peak at 1064 cm− 1 is attributed to the stretching mode of the C–N bond 
of the amine group or the stretching vibration of the C–O bond of the 
alcohol group. The peaks at 1172 cm− 1, 1352 cm− 1, and 1375 cm− 1 are 

Table 1 
Data about 2θ◦, intensity, FWHM and Crystalline size of green ZnO NPs.  

Sr# 2θ (degree) Intensity (a. u.) Crystalline size 
(nm) 

1 31.74//0.033  135 37.214 

2 34.40 110 31.9202 
3 36.21 190 42.6134 
4 47.51 60 38.8764 
5 56.45 72 35.412 
6 62.77 63 32.9461 
7 67.97 52 80.4989  

Table 2 
Data about 2θ◦, intensity, FWHM and crystalline size of Chemical ZnO NPs.  

Sr# 2θ (degree) Intensity (a. u.) Crystalline size (nm) 

1 31.74 460 69.9567 
2 34.40 350 72.6723 
3 36.21 770 57.7427 
4 47.51 140 55.6148 
5 56.45 240 53.7665 
6 62.77 170 46.0406 
7 67.97 150 64.6157  

Fig. 2. Shows the FTIR Spectra of (a) Green synthesized ZnO NPs at annealed temperature 400 ◦C (b) Chemical synthesized ZnO NPs at annealed temperature 550 ◦C.  
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attributed to bending or vibration within the primary and secondary 
alcohol planes, respectively. The vibrational modes of aromatic nitric 
compound and alkyls are identified at a peak at 1531 cm− 1. The peaks at 
2999 cm− 1 and 3375 cm− 1 are attributed to the stretching vibration of 
hydroxyl group [42–44]. 

3.3. Scanning electron microscopy 

The surface morphology of green and chemical produced ZnO NPs 
was studied using SEM analysis. which are shown in Fig. 3(a, b). A 
significant difference was observed between both green and chemical 
synthesized Zinc Oxide nanoparticles due to the difference in annealing 
temperature at 400 and 550 ◦C. SEM micrographs showed aggregates, 
irregular small and large grains, smooth, uniform and non-uniform 
surface morphology. Morphology of green and chemical zinc oxide 
powders, producing the same image at 5 µm magnification level. Finally, 
the grain size of green is smaller than that of chemical ZnO NPs [45]. 

3.4. UV–Visible spectroscopy 

UV–Visible spectra of the green and chemical synthesized ZnO NPs, 
are illustrated in Fig. 4(a, b). There are some variations in the UV–vi
sible spectra of green and chemical synthesized Zinc Oxide nanoparticles 
but the absorption peaks of both samples were found at similar wave
length 390 nm. This analysis was performed at room temperature, green 
and chemical synthesized ZnO NPs showed significant absorption due to 
high exciton binding energy. The obtained spectra were non-ideal geo
metric. This error graph is caused by contamination or lack of in
struments [46]. 

3.5. Antitumor/anticancer activity 

The results of the cytotoxicity analysis revealed that both chemical 
and green ZnO nanoparticles (NPs) exhibited toxicity towards HepG-2 
cells, which is shown in the Fig. 5. The HepG-2 cells were treated at 
varying concentrations (0, 20, 40, 60, 80, 100 and 120 µg/mL) of 

Fig. 3. Shows the SEM analysis of (a) Green synthesized ZnO NPs at annealed temperature 400 ◦C (b) Chemical synthesized ZnO NPs at annealed tempera
ture 550 ◦C. 

Fig. 4. Shows the UV–Visible analysis of (a) Green synthesized ZnO NPs at annealed temperature 400 ◦C (b) Chemical synthesized ZnO NPs at annealed temper
ature 550 ◦C. 
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chemical and green ZnO NPs. After 24 hours of treatment, it was noticed 
that the green ZnO NPs shown a higher % cell viability in HepG-2 cells 
compared to the chemical ZnO NPs. Moreover, the maximum % cell 
viability loss was observed in the case of green Zinc Oxide nanoparticles 
(ZnO NPs) at 120 µg/mL concentration [35,36]. 

It can also be noted that in the green ZnO NPs, Healthy cells exhibit 
persistent behavior, maintaining at least 80 % cell viability even with 
increased green synthesis of ZnO NPs [47]. Similarly, the % cell viability 
of HepG-2 cells decreased to less than 15 %. This distinctive behavior 
clearly exhibits that healthy cells will persist unaffected, while HepG-2 
cells are significantly affected. Chemical ZnO NPS showed a signifi
cant decrease in %cell viability for both normal healthy cells and HepG- 
2 cells. 

4. Conclusion 

Zinc Oxide nanoparticles (ZnO NPs) were fabricated via co precipi
tation method by considering green and chemical routs procedure. XRD 
results revealed hexagonal wurtzite phase structure and the 43 nm and 
60 nm crystalline size of green and chemical fabricated Zinc Oxide 
nanoparticles. The presence of various functional groups was analyzed 
using FTIR analysis, which are attached to spectra of ZnO NPs. Surface 
morphology was studied by SEM analysis and UV–Visible spectroscopy 
results give significant absorption peaks at 390 nm wavelength of green 
and chemical fabricated ZnO NPs. In vitro MTT assay of green and 
chemical fabricated ZnO NPs showed significant antitumor/anticancer 
activity towards HepG-2 cells. These results exposed that green fabri
cated ZnO NPs showed better, safer and much facile than chemical 
fabricated Zinc Oxide nanoparticles against tumor. Hence, ZnO NPs 
were synthesized using Nigella sativa seeds extract could be therapeutic 
source for treatment of tumor/cancer. This study could play a dynamic 
role in nanotechnology, nanoscience especially in Nano medicine in 
near future. Primarily level toxicity related study towards cancerous 
model experiment has been conducted but further examination by 
multiple analytic techniques will be down before in vivo study and 
applied based work. To the best of our knowledge, the novelty of the 
research is that this is the first study to demonstrate the antitumor/ 
anticancer efficacy of Nigella Sativa ZnO NPs. We further recommend in 
vivo anticancer studies of Nigella Sativa ZnO NPs. 
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