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Biosynthetic of Green Zinc Oxide Nanoparticles with Effect on Cancer 
Cell Line Hela
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Abstract: The cytotoxic impact of biosynthetic zinc oxide nanoparticles (ZnONPs) was investigated using Vitex agnus-
castus, which has been shown to have Effective compounds that suppress cancer cell proliferation. Zinc oxide nanoparticles 
were biosynthesized in the laboratories of the Biology department /College of Education for the Pure Sciences /University of 
Diyala. The phenotypic and structural characteristics of biosynthetic nanoparticles were identified using scanning electron 
microscopy (SEM). The majority of ZnONPs are dense and spherical in shape, with diameters ranging from (20-61) nm, 
and were discovered on the cervical cancer cell line Hela and compared to the normal line Human Foreskin Fibroblast 
cells (HFF) using the MTT stain test (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium ). Cytotoxicity experiments were 
conducted at the Iraqi Center for Cancer Research / Al-Mustansiriya University. This study showed inhibitory activity on 
Hela cervical cancer cells, where the highest inhibition rate reached 93.6% at a concentration of 200 µg/ml. This raises the 
prospect of finding a viable therapy for cervical cancer (Hela) or any other malignancy using nanoparticle manufacturing 
technologies.
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Introduction
Cervical cancer is the fourth most frequent disease and 

the top cause of death among women worldwide, despite 
being highly preventable. Cervical cancer is frequently the 
primary cause of cancer-related sickness and mortality in 
low-income nations1,2.

Green nanoparticle synthesis using biological systems, 
mainly plant extracts, is an emerging subject in nanotech-
nology. Biosynthetic nanoparticles have piqued attention 
owing to intrinsic benefits such as speed, environmental 
friendliness, and cost-effectiveness3. Nanobiotechnology 
represents the integration of biotechnology and nanote-
chnology to develop green, synthetic and environmentally 
friendly technology for nanomaterials formulations4,5. Ad-
vances in using metal oxide nanoparticles in environmental 
applications have stimulated the need to synthesize them 
using green chemistry techniques across ecologically sen-
sitive biological systems6,7.

Synthesis of ZnONPs nanoparticles from biological pa-
thways is preferred due to the natural bio-reducing property 
that reduces the use of toxic chemicals and their exposure 
to the environment when compared with physical and che-
mical methods8. Among the various inorganic nanoparticles, 
ZnONPs are attracting more and more attention due to their 
large bandwidth, high excitation binding energy, simplicity, 
easy manufacturing, biologically safe, non-toxic, biocompa-
tible, eco-friendly and eco-friendly. Zinc oxide nanoparticles 
are readily soluble in biological fluids and assemble quickly 
under different physiological conditions9.

The effectiveness of biosynthesized ZnONPs as an 
anticancer agent is dose-dependent, which means that in-
creasing the concentration of ZnONPs increases its efficacy 

against cancer cells it does not affect normal cells. Using 
nanoparticles for targeted drug delivery has been an ex-
citing research opportunity for effective cancer treatment. 
Targeted drug delivery to cancer cells will reduce drug dose 
for treatment and its other side effects10. Nanotechnology 
in this field aims to develop the therapeutic effect of drug 
molecules, where drug delivery methods are of great im-
portance in medicine because it achieves more significant 
success in influencing the biological activity of the cell and 
the genetic material as well as gene expression11-13.

Materials and methods 

Extract preparation
Vitex agnus-castus was prepared from Krayat nur-

series in Baghdad governorate and planted in the house 
garden. The species was confirmed by classifying it by the 
botanical herbarium at the College of Science / University of 
Baghdad, based on the book Flora of Iraq. The leaves were 
collected and washed with distilled water to remove particu-
late matter, then dried at room temperature for a week. The 
dried leaves were ground into a fine powder, and the extract 
was prepared by boiling 25 g of the powder in 250 ml of 
distilled water for 15 minutes. Then the extract was filtered 
using NO: 0.1 filter paper. The filtered extract was stored 
in a refrigerator at 4°C for later use in the biosynthesis of 
ZnONPs. Also, an alcoholic extract of the plant was prepa-
red for the detection of the active compounds by using a gas 
chromatography-integrated mass spectrometer (GC-MS) 
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device for the alcoholic extract of leaves. The leaves were 
extracted using the saxolith system and using hexane and 
methanol as solvents, respectively, according to method14 

with some modifications. 100 g of leaf powder was placed 
in a filter paper made in the form of a funnel and closed to 
avoid the exit of the vegetable powder. Then it is placed in 
a saxolithic apparatus, and 500 ml of solvent is placed on it 
for 24 hours. Then the solution was concentrated by a rotary 
evaporator, and the solvent was separated, as a dark brown 
oil was produced.

Biosynthesis of (ZnONPs)
According to a method described by Pillai et al. (2020), 

modifications were made to 100 ml of the previously pre-
pared plant extract heated to 60-70°C on a magnetic sti-
rrer. When the temperature reaches 60 degrees Celsius, 10 
grams of zinc nitrate Zn(NO3)2 is added. It is boiled until 
it turns into a creamy white paste. After that, the dough is 
washed with distilled water and placed in a hot oven at 400 
° C for two hours. Then a white powder will be formed from 
ZnONPs loaded with active compounds from the plant ex-
tract15, as shown in Figure (1).

Scanning Electron Microscope (SEM)
The biosynthetic ZnONPs assays were carried out to 

show the phenotypic and structural properties of the biosyn-
thetic particles using scanning electron microscopy (SEM) 
at Kashan University - Iran. The device works on imaging 
samples with a magnification of 25-250000 times and scans 
samples with very high accuracy. The focused beam inte-
racts with the samples by means of electrons that collide 
with the sample atoms and transmit signals that evaluate 
the topography. The detectors turn the electron intensity 
into a digital voltage that is stored. Three-dimensional ima-
ges are composed of a size that can measure 1 to 5 nano-
meters17.

Cytotoxicity Assays
The cell lines were placed in a tissue culture vessel of 

25 cm3 in size. The container includes Roswell Park Memo-
rial Institute (RPMI-1640) culture medium and 10% calf fetal 
serum. The container was placed on the cell suspension 
and culture medium in a 5% CO2 incubator at 37 °C for 24 

hours. After that, the container with the cell suspension is 
taken out of the incubation, and it is confirmed that there 
is no contamination in the cell culture through an inverted 
microscope. Secondary cultures are formed and left in the 
incubator for 24 hours, after which they are examined again 
with an inverted microscope to ensure their growth and the 
absence of contamination in the medium. Then the cells 
were transferred to the growth cabin, the used culture me-
dium was emptied, and the cells were washed using Phos-
phate Buffer Saline. The washing process was repeated 
twice for 10 minutes each time. A sufficient amount of Tryp-
sin/Versine enzyme was added to cover the cells and pla-
ced in the incubator for 30-60 seconds at a temperature of 
37°C. Then it is noticed that it has transformed from a group 
of cells compact in one layer to single cells that are not com-
pact after disengaging them with the tissue culture vessel. 
The action of the Trypsin/Versine enzyme is stopped by ad-
ding a fresh culture medium containing 10% serum. The test 
was performed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) dye18. using 96-hole Cell culture 
plates, each line was cultured at 10,000 cells/pit using an 
automatic Micotiter plat for tissue culture.

After 24 hours, the monolayer cells were confirmed. 
Biosynthetic ZnONPs nanoparticles were added at various 
concentrations for 72 hours. After exposure, the cells were 
washed three times with phosphate buffer saline after the 
culture medium was taken out. The culture plate was then 
incubated at 37 °C after 30 l of MTT dye was added at a 
concentration of 2 mg/ml. For 3 hours, then 25 μl of DMSO 
(Dimethyl Sulphoxide) solution was added to each pit for 
10 minutes. The culture plate was incubated again at 37°C, 
after which the absorbance was measured on a microplate 
reader (ELISA) at 492 nm. Then the percentage of cytotoxi-
city was calculated after that, the rate of cytotoxicity was 
calculated using the following equation.

Cytotoxicity killing % = CO.O mean – txO.Omean / 
CO.O mean x 100

where :
CO.O mean: Optical density of cells that are not treated 

with nanomaterial
txO.Omean: Optical density of cells which are treated 

with nanomaterial
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Figure 1. Biosynthesis of 
zinc oxide nanoparticles16.
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Statistical Analysis
The data attained by using the unpaired t-test were 

analyzed using the statistical software (Graphpad Prism 6). 
The values   were estimated as (arithmetic mean ± standard 
error) for the three replicates with a significant difference at 
the significance level P < 0.05 according to the statistical 
package used in19.

Results

GC-Mass assay results for essential oils
The individual components of the leaf extract were 

identified by computer matching with the commercial Wiley 
GC/MS mass spectral libraries, the Mass Finder 3 library, 
and the Baser library for the essential oil components which 
includes more than 3,200 authentic compounds with mass 
spectra and retention data of pure oil. The results appea-
red in the presence of active compounds in the extract as 
shown in Table (1).

(SEM) Scanning Electron Microscope
The surface morphology of the biosynthesized ZnONPs 

was characterized using (SEM) as in Fig. (2). The image 
has a magnification power (150 KX). It can be seen that 
most of the ZnONPs are dense and spherical in shape, their 
sizes range between (20-61) nm.

Biosynthetic of Green Zinc Oxide Nanoparticles with Effect on Cancer Cell Line Hela

Table 1. Shows the active compounds of Vitex agnus-castus leaf extract in the GC-Mass system.

Figure 2. SEM image showing biosynthesized ZnONPs.
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Cytotoxicity Experiments
The cytotoxicity of cervical cancer Hela was investi-

gated by comparison with the normal cell line HFF using 
various concentrations of biosynthetic zinc oxide nanoparti-
cles. The cytotoxicity was investigated by reading the inten-
sity of cell uptake using an ELISA device at wavelength 492 
nm and calculating the percentage change in cell growth 
according to the following equation:

The results in Table (2) showed a decrease in the vita-
lity of the cells, and this decrease is inversely related to the 
concentration. The higher the engagement, the lower the 
vitality of the cells. The first decrease in the viability of can-
cer cells started at a concentration of 6.25 µg/ml on cervical 
cancer cells. Cell viability decreased to 92.86% in cervical 
cancer. Cell viability continues to decline as the concentra-
tion of biosynthetic ZnONPs increases. As the cell viability 

Percentage change in growth = x 100
The toxicological effect of various concentrations of 

biosynthetic ZnONPs on the growth of cervical cancer Hela 
cells was investigated and compared with the normal HFF 
line by calculating the optical density (0.D) values   of cell 
growth after an exposure period of 72 hours and at a tem-
perature of 37 °C in three replicates with eight various con-
centrations: (6.25), (12.5), (25), (50), (100), (200), (400), 
and (800) µg/ml. Cytotoxicity test was performed using MTT 
stain. Depending on the results of the average percentage 
inhibition as well as the percentage of cell vitality as shown 
in Figure (3), the inhibition in the vitality of cervical Hela cells 
increases as the percentage of inhibition increases with the 
increase in the concentration of biosynthetic ZnONPs. The 
results are shown in Figure (4), indicating shallow inhibi-
tion values   for the viability of HFF cells when treated with 
biosynthetic ZnONPs. Table (2) shows the percentage of 
cell viability inhibition at each cervical cancer Hela cell con-
centration and its comparison with the regular HFF line.

The IC50 half-lethal dose of biosynthetic ZnONPs on 
cervical cancer cells was 35.74 µg/ml as shown in Figure 
(5). In the cells of the normal line, half of the lethal dose 
IC50 was 655.7 µg/ml as shown in Figure (6).

Discussion
GC-Mass assay results for essential oils were Vitex 

agnus - castus possesses a wide range of active chemical 
ingredients, including essential oils, flavonoids, iridoid gly-
cosides, diterpenoids and phenolic compounds20.

The results of (the SEM) Scanning Electron Micros-
cope are most of the ZnONPs are dense and spherical in 
shape ranging in size from (20-61) nanometers; in another 
study, ZnO nanoparticles were synthesized using plant ex-
tracts, the researchers observed that the SEM images at 
room temperature and 90 °C had 50 nm and 40 nm size and 
spherical morphology21,22.

reaches 10.99% in cervical cancer cells at a concentra-
tion of 800 µg/ml. In normal cells, the cell viability reached 
92.22% at a concentration of 800 µg/ml. This confirms that 
the biosynthetic zinc oxide nanoparticles have a toxic effect 
on cancer cells with low impact on normal cells. This is 
identical to what was stated in the results of the research 
by Latif and Alzubaidy (2021)23. Nanoparticles are used in 
nanomedicine that contribute to diagnosing and treating va-
rious diseases including cancer. The unique property of na-
nomedicine, that is, their high surface-to-volume ratio ena-
bles them to bind, absorb and transport small biomolecule 
such as DNA, RNA, drugs, proteins, and other molecules. 
to the target site, thus enhancing the efficacy of therapeutic 
agents24.

The results proved that the biosynthesized ZnONPs 
can cause phenotypic changes in the shape, size and num-
ber of cancer cells. Still, these changes occurred at concen-
trations lower than the concentrations used for the physica-
lly prepared ZnONPs, as well as a higher rate of inhibition 
in using the biosynthetic ZnONPs. Cells after exposure to 
biosynthetic ZnONPs became non-adherent single cells 
after they were compact cells. The differentiation of these 
cells is due to the death of many cells and their loss of adhe-
sion to each other, which leads to the death of many cancer 
cells, as shown in Figure (7). These results prove that the 
biosynthetic ZnONPs are more effective and inhibiting on 
cancer cell lines and safer, less expensive and easier to 
prepare than other methods (physical or chemical). These 
results are consistent with the findings of studies22-26. The 
cytotoxicity of biosynthetic ZnONPs may be due to the re-
lease of dissolved zinc ions within cells and the induction of 
reactive oxygen species (ROS). The increase in zinc ions 
also led to an imbalance in the activity of proteins and oxida-
tive stress, thus killing the cell27. The cytotoxicity of biosyn-
thetic ZnONPs is also due to the ability of these particles to 
slip into the nucleus, bind to the genetic material, and cause 
a disruption in cell functions, leading to cell death28. 

Table 2. Shows 
the percenta-
ge of decrease 
in cell viabili-
ty in each cell 
line at different 
concentrations 
of biosynthetic 
ZnONPs.
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Conclusions
The process of using plant extracts in the biosynthesis 

of nanoparticles had high activity in inhibiting cancer cells 
because of its unique properties represented by conside-
ring the active substances in the plant as a reducing agent. 
It can be considered as one of the most environmentally 
friendly methods. Biosynthesis is safer for normal, uninfec-
ted cells. This gives hope to discover a successful treatment 
to eliminate the most common types of cancer, including 
cervical cancer (Hela).
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