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Zinc oxide nanomaterial is a potential material in the field of cancer therapy. In

this study, zinc oxide nanospheres (ZnO-NS) were synthesized by Sol-gel

method using yeast extract as a non-toxic bio-template and investigated

their physicochemical properties through various techniques such as FTIR,

XR, DLS, and TEM. Furthermore, free zinc ions released from the zinc oxide

nanosphere suspended medium were evaluated by using the ICP-AS

technique. Therefore, the cytotoxicity of ZnO nanospheres and released Zn

ions on both HuH7 and Vero cells was studied using the MTT assay. The data

demonstrated that the effectiveness of ZnO nanospheres on HuH7 was better

than free Zn ions. Similarly, ZnO-Ns were significantly more toxic to HuH7 cell

lines than Vero cells in a concentration-dependent manner. The cell cycle of

ZnO-Ns against Huh7 and Vero cell lines was arrested at G2/M. Also, the

apoptosis assay using Annexin-V/PI showed that apoptosis of HuH7 and Vero

cell lines by ZnO nanospheres was concentration and time-dependent.

Caspase 3 assay results showed that the apoptosis mechanism may be

intrinsic and extrinsic pathways. The mechanism of apoptosis was
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determined by applying the RT-PCR technique. The results revealed

significantly up-regulated Bax, P53, and Cytochrome C, while the Bcl2
results displayed significant down-regulation and the western blot data

confirmed the RT-PCR data. There is oxidative stress of the ZnO

nanospheres and free Zn+2 ions. Results indicated that the ZnO

nanospheres and free Zn+2 ions induced oxidative stress through increasing

reactive oxygen species (ROS) and lipid peroxidation. The morphology of the

HuH7 cell line after exposure to ZnO nanospheres at different time intervals

revealed the presence of the chromatin condensation of the nuclear

periphery fragmentation. Interestingly, the appearance of canonical

ultrastructure features of apoptotic morphology of Huh7, Furthermore,

many vacuoles existed in the cytoplasm, the majority of which were lipid

droplets, which were like foamy cells. Also, there are vesicles intact with

membranes that are recognized as swollen mitochondria.
KEYWORDS

zinc oxide nanosphere, reactive oxygen species, Zn+2 ion, G2/M transition,
apoptotic morphology, P53, Bax
Introduction

Hepatocellular carcinoma is an aggressive malignancy and

is ranked as the third most common cause of cancer-related

death globally (1). Annually, more than 600,000 people die due

to liver cancer (2). Generally, hepatocellular carcinoma (HCC)

is diagnosed at end-stage after metastas iz ing (3) .

Hepatocel lular carcinoma (HCC) is defined as the

progressive development of pre-neoplastic and neoplastic

lesions and the acquisition of multiple genetic and epigenetic

events contributing to the biochemical and molecular

heterogeneity of the disease (4, 5). Hepatic cancer is widely

spread in Asian countries because of the increasing number of

patients suffering from chronic viral hepatitis. HuH7 is a

hepatocyte cell line established in 1982 from a 57-year-old

Japanese male with well-differentiated hepatocellular

carcinoma (6). It’s available in the Japan Health Science

Research Resources Bank (catalog number JCRB0403) (7).

Currently, there are many strategies for HCC therapy, like

surgery, radiotherapy, or chemotherapy. Unfortunately, HCC

is more resistant to chemotherapy (8–11). Sorafenib is the only

drug that is effective against HCC (12). Recently, there has been

progress in the treatment of HCC. Only 14% of hepatic cancer

patients survived after treatment (13). Chemotherapy is

inactive in clinical trials against hepatic cancer due to its

adverse effects (14). Therefore, modern therapeutic agents

advance with better efficiency against HCC such as

Atezolizumab and Beacizumab (15). Scientists are now

working on allowing malignant cells to undergo apoptosis

after identifying biochemical and morphological markers of
02
apoptotic cells (16, 17). P53 is a tumor suppressor protein that

has a powerful caretaker to protect cells from malignant

transformation by transcriptional up-regulation of pro-

apoptotic DNA repair and cell cycle arrest-related proteins

(18). Therefore, nanobiotechnology is considered the

preferable approach to identify a novel, sophisticated therapy

(19). In the last decade, nanomaterials have played a central

role in medical applications such as tumor diagnosis and

therapy. It can be classified as a noble metal or a metal oxide

material. Also, it is classified into one dimension and two

dimensions (19). Nanomedicine is a novel field have utilize the

path for novel targeted cancer therapies by allowing

therapeutic compounds to be encapsulated in nanoparticulate

materials and delivered selectively to tumors via passive

permeation and active internalization mechanisms.

Employing nanoparticles for therapeutic purposes has also

been found to minimize resistance, addressing one of the

most significant obstacles to conventional therapy (20). Metal

oxide nanoparticle such as ZnO NPs and Fe3O4 NPs have

shown a promising anticancer behaviour besides its

therapeutic activity against other diseases such as diabetes

(20), microbial infections (21), inflammations (22), and

wound healing (17) and environmental (23). ZnO-NPs have

received considerable attention in various fields due to their

excellent physicochemical properties, safety, biodegradability

(24), and their fast delivery to different tissues and organs in

addition to various biological purposes including drug delivery

and immune-modulatory agent (Kalpana et al., 2018 (25, 26);).

Zinc oxide nanoparticles have been applied in biomedical and

preclinical research especially in cellular imaging and drug
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delivery. Fujihara and colleagues reported that intravenous

administration of ZnO nanoparticles can be accumulate in

several tissues, particularly lung tissues, and elicit ROS-related

phenomena using healthy mice (27, 28). In addition, ZnO-NPs

can also be approved to have a potential molecular effect

including a reduction in cellular viability, loss of membrane

integrity, and activation of the programmed cell death

(apoptosis) (29). Also, zinc oxide is approved by the US Food

and Drug Administration (FDA) for its properties like stability,

safety, and the intrinsic potential to neutralize UV radiation.

Based upon the unique properties of zinc oxide nanoparticles,

here, zinc oxide nanospheres were synthesized by a green

chemistry technology using yeast as a bio-template. Then, the

cytotoxicity, apoptotic mechanisms, and antioxidant biomarkers

of zinc oxide nanospheres were determined against Hepatoma

HuH7 and green kidney monkey cell lines (Vero). Furthermore,

the ultrastructure analysis of HuH7 cells was carried out to

observe apoptosis stages in the human hepatotome.
Materials and methods

Preparation of ZnO nanosphere

Zinc oxide nanospheres were synthesized by using a

modified sol-gel method (30). Briefly, three grams of yeast

extract were nurtured in 100 mL of ultrapure water and left

for one hour. Then, 25 mM of zinc acetate solution were added

and mixed it with 50 ml of yeast extract solution under vigorous

stirring at 1400 rpm for one hour, followed by thermal treatment

at 500 °C for two hour. The resulting white precipitate has been

dried and powdered and is ready to be characterized.
Characterization of ZnO nanosphere

ZnO nanospheres spectra were assayed by ultraviolet-visible

(UV-VIS) spectrometry (JASCO V-630 spectrophotometer,

Japan). A Fourier transformed infrared (FT-IR) spectrum of the

ZnO nanospheres was characterized via the Nicolet 6700

apparatus (Thermo Scientific Inc., USA). The crystalline nature

and grain size were analyzed by X-ray powder diffraction (XRD)

at a temperature of 25–28 °C using a D8 Advance X-ray

diffractometer (Bruker, Germany) with a nickel (Ni) filter and

CuKa (l= 1.54184 A0) radiation as an X-ray source. The average

size of ZnO nanospheres in cell culture medium was determined

by dynamic light scattering (DLS) (Nano-ZetaSizer-HT, Malvern

Instruments, Malvern, UK) (30). The morphology of zinc nano-

spheres was examined by Field Emission Transmission Electron
Frontiers in Oncology 03
Microscopy (FETEM) (JSM 2100F, Joel Inc., Tokyo, Japan) at 15

and 200 kV accelerator voltages, respectively.
Measurement of Zn (II) released from
ZnO nanospheres

Following quantification of the final concentration of released

zinc ions from suspended ZnO-NS, the following products

occurred: Firstly, dilution the stock suspension of a

concentration of 100 mg/ml ZnO nanospheres by Dulbecco’s

Modified Eagle’s Medium (DMEM) to a final volume of 15 ml.

Then, incubate all samples at 37 C in a humidified atmosphere

(with 5%CO2) at different times (0, 3, 6, 18, and 24 h). followed by

centrifugation for 20 min at 10,000 x g, and then transferring the

supernatant (10 ml) into a test tube containing 0.5 ml of Conc

HNO3. The solution was filled with up to 50 ml of water and the

Zn+2 ions were quantified with inductively coupled plasma atomic

emission spectroscopy (ICP-AES) (Perkin-Elmer, USA) (31).
Cell lines

Human hepatocellular carcinoma (HuH7) cells (catalog

number JCRB0403) were obtained from the Japan Health

Science-Research Resources Bank. The Green Kidney Monkey

(Vero cells) was purchased from ATCC (American Type Culture

Collection) (Clone CCL-81). The cells were maintained in a 95%

air and 5% CO2 humidified atmosphere at 37°C. DMEM and

MEM-E medium supplemented with 10% FBS and 1% PS were

used for routine sub-culturing and all experiments.
Cell viability assays

The viability of HuH7 and Vero cell lines was assessed by the

MTT assay as described by Mossman (32) with some

modifications. Briefly, 1 × 104 cells/well were seeded in 96-well

plates and exposed to Zinc Oxide Nanosphere and ZnCl2 at the

concentrations of 100mg/ml, 50mg/mL, 25mg/mL, 12.5mg/mL

and 6.25 mg/mL for 24 hour. At the end of exposure, culture

medium was removed from each well to avoid interference of

ZnO NPs and ZnCl2, then replaced with new medium

containing MTT solution (0.5 mg/mL) in an amount equal to

10% of the culture volume and incubated for 4 hour at 37°C until

a purple-colored formazan product developed. The resulting

formazan product was dissolved in acidified isopropanol.

Further, the 96-well plate was centrifuged at 2300 × g for 5

minutes to settle the remaining ZnONPs and ZnCl2. Then, a 100

mL supernatant was transferred to the other fresh wells of a 96-

well plate, and absorbance was measured at 570 nm by a

microplate reader (ELX-800 n, Biotek, USA).
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DNA content analysis

HuH7 cells (1 × 106) were seeded in T25 flasks and at 70–

80% con-fluence the cells were treated with suspended ZnO

nanospheres at different concentrations. After 24 h, media was

aspirated and cells were harvested with 0.25% trypsin and fixed

in70% ice cold ethanol at −20°C for 30 min. Cell pellets were

washed with PBS and re-suspended in 500 µl PBS containing 20

µl RNAse (5 mg/ml) and stained with 10 µl PI (1 mg/ml) for

30 min at 37°C. Data acquisition was performed with a

fluorescence-activated cell sorter (FACS Canto, Becton-

Dickinson, Franklin Lakes, NJ). For each sample, 10,000

events were acquired and the analysis was carried out using

BD FACS Diva software (Becton-Dickinson, Franklin Lakes,NJ-

USA) (33).
Apoptosis assay with Annexin V-FITC/PI
staining

Huh7 and Vero cells (1x104/well) were seeded in T25 flasks

and treated different concentrations of ZnO nanospheres at

different times. Cells were then harvested and washed twice

with PBS, resuspended in 0.5 ml binding buffer containing

FITC-Annexin V and PI and kept at room temperature in the

dark for 30 min. The fluorescence of the cells was then analyzed

by flow cytometer (Becton-Dickinson, Franklin Lakes, NJ

-USA). For each sample, 10,000 events were acquired and the

analysis was carried out using BD FACS Diva software (Becton-

Dickinson, Franklin Lakes, NJ-USA) (33).
Cell apoptotic mechanisms for RNA
extraction and quantitative RT-PCR

The HuH7 cells were cultured in six-well plates and exposed

to ZnO nanospheres (100 mg/ml) for 24 hour. At the end of the

exposure process, according to the manufacturer’s protocol, total

RNA was extracted by RNeasy mini Kit (Qiagen,Valencia, CA,

USA) according to the manufacturer ’s instructions.

Concentration of the extracted RNA was determined using

Nanodrop 8000 spectrophotometer (Thermo-Scientific,

Wilmington, DE), and the integrity of RNA was visualized on

a 1% agarose gel using a gel documentation system (Universal

Hood II, BioRad, Hercules, CA). The first strand of cDNA was

synthesized from 1 µg of total RNA by reverse transcriptase

using M-MLV (Promega, Madison, WI) and oligo (dT) primers

(Promega) according to the manufacturer’s protocol.

Quantitative real-time PCR was performed by QuantiTect

SYBR Green PCR kit (Qiagen) using an ABI PRISM 7900HT
Frontiers in Oncology 04
Sequence Detection System (Applied Biosystems, Foster City,

CA). Two microliters of template cDNA were added to the final

volume of 20 µL of reaction mixture. Real-time PCR cycle

parameters included 10 minutes at 95°C followed by 40 cycles

involving denaturation at 95°C for 15 seconds, annealing at 60°C

for 20 seconds, and elongation at 72°C for 20 seconds. The

sequences of the specific sets of primer for p53, bax, bcl-2,

cytochrome C, and b-actin. Expressions of selected genes were

normalized to the b-actin gene, which was used as an internal

housekeeping control. All the real-time PCR experiments were

performed in triplicate, and data were expressed as the mean of

at least three independent experiments (34–36).
Gene expression by flow cytometry

All flow cytometric analyses were performed on a FACS

Calibur flow cytometer (BD, Biosciences, CA, USA). The

instrument was aligned and calibrated daily with the use of a

4-color mixture of CaliBRITE beads (BD, Biosciences) and

FACS Comp Software (BD, Biosciences), according to the

manufacturer’s instructions (35). The flow cytometry

technique evaluated the Bcl2, Bax, P53, and Cytochrome C

oncoproteins. After HuH7 cells were treated with ZnO

nanospheres (100 mg/ml) for 24 h. Cells were collected by cold

centrifugation at approximately 5000 x g for 10 min, then

washed twice and re-suspended in 500 µl of cold (+4 °C) 1X

PBS buffer containing Triton X-100 (permeabilization step).

After centrifugation as previously described, the supernatant

was removed, and the pellet was re-suspended again in PBS

containing 1% BSA and diluted primary antibody rabbit

monoclonal antibody (1:100) (Oncogene, Cambridge, MA,

USA) for P53, Bax, Bcl2, and cytochrome C, followed by

incubation at room temperature for 1 hr. After centrifugation,

the pellet was washed three times using PBS, and the cells were

incubated with secondary antibodies, anti-rabbit (all from Santa

Cruz Biotechnology, USA) in a dilution of 1:100, followed by

incubation in the dark for 30 min at RT. Finally, the cells were

centrifuged, and the supernatant was removed. The cells had

been washed as previously described. The pellet was finally re-

suspended in 500 µl PBS. The cells were immediately analyzed

by flow cytometry (BD FASC Calibur-USA) (37).
Western analysis

After treatment with various concentrations of ZnO-NPs,

cells were collected by centrifuging at 100 x g and washed twice

with ice-cold PBS (pH 7.4) and lysed in 1 ml lysis buffer (2 mM

Tris-HCl, pH 8.0, 1% Nonident P-40, 13.7 mM NaCl, 10%
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glycerol, 1 mM sodium orthovanadate (NaVO3), 1 mM

phenylmethyl-sulfonyl fluoride and 10 µg/ml Aprotinin) for

20 min on ice. Lysates were centrifuged at19 000 x g for

15 min at 4°C, and aliquots of the supernatants were used to

determine protein concentration using the BCA assay (Pierce,

Rockford, USA). Aliquots containing equal amounts of proteins

(20 - 30 µg) were boiled in 2 x sodium dodecyl sulfate (SDS)

sample loading buffer (125 mMTris-HCl, 4% (w/v) SDS, 20% (v/

v) glycerol, 10% (v/v) 2-mercaptoethanol, pH 6.8) before being

resolved on a 12% sodium dodecyl sulfate-polyacrylamide gel

(SDS-PAGE). Proteins on the gels were then electro-blotted onto

Immobilon-P transfer membrane (Millipore Corporation,

Bedford, USA) using a blotting buffer (10% methanol, 10 mM

CAPS, pH 11.0) at 200 mA for 2 h at 4°C. Following electro-

blotting, the membranes were blocked with 0.05% TBS-Tween

(20 mM Tris-HCl, 200 mM NaCl, pH 7.4) containing 5% non-

fat dry milk for 1 h at room temperature. After blocking, the

membranes were washed three times for 10 min each with wash

buffer (0.05% TBS-Tween without milk), and then incubated

with specific primary goat anti mouse Bcl-2 antibody (1: 1000),

goat anti-mouse Bax antibody (1: 500), goat anti-mouse p53

antibody (1: 1000) and goat anti-mouse anti- cytochrome c

(1:2000) for overnight at 4°C. After washing three times with

washing buffer for 10 min each, membranes were further

incubated for 1 h in the presence of a peroxidase (HRP)-

conjugated secondary antibody (1: 10 000) diluted with

blocking buffer. The membranes were washed again as

described above and immunoreactive proteins were then

detected using the Western blotting luminol reagent (Santa-

Cruz Biotechnology Inc., Santa-Cruz, CA, USA) following the

manufacturer’s protocol (38).
Caspase-3 assay

The Activity of caspase-3 enzyme was determined by the

standard fluorometric microplate assay (33). Briefly, HuH7 cells

(1×104 cells/well) were cultured in a 96-well plate and exposed to

ZnO nanospheres at concentrations of 50, 100, 150, and 200 mg/
mL for 24 hour. After the exposure was completed, the cells were

harvested in ice-cold phosphate buffer saline for preparing the

cell lysate. Further, a reaction mixture containing 30 mL of cell

lysate, 20 mL of (Ac-DEVD-pNA) (caspase-3 substrate), and 150

mL of protease reaction buffer (50 mM Hepes, 1 mM EDTA, and

1 mM DTT) (pH 7.2) was incubated for 15 min. Fluorescence of

the reaction mixture was measured at 5-minute intervals for 15

minutes at excitation and emission wavelengths of 430/535 nm

using an ELISA reader apparatus (ELX-800n, Biotek, USA). A 7-

amido-4-tri-fluoromethyl coumarin (AFC) standard ranging

from 5m to 15 mM was prepared, and its fluorescence was

recorded to calculate caspase-3 activity in terms of pmol AFC

released/minute/mg protein.
Frontiers in Oncology 05
Oxidative stress biomarkers

ROS measurement
ROS was measured using 2, 7-dichlorofluorescein diacetate

(DCFH-DA). The DCFHDA passively enters the cell, where it

reacts with ROS to form the highly fluorescent compound

dichlorofluorescein (DCF). In brief, 10 mM DCFH-DA stock

solution (in methanol) was diluted in culture medium without

serum or another additive to yield a 100 mM working solution.

HuH7 cells were treated with ZnO NPs at a concentration of 100

mg/mL for 24 hour. At the end of exposure, cells were washed

twice with HBSS and then incubated in 1 mL of working solution

of DCFH-DA at 37°C for 30 minutes. Cells were lysed in an

alkaline solution and centrifuged at 2300 × g for 10 minutes. A

200 mL supernatant was transferred to a 96-well plate, and

fluorescence was measured at 485 nm excitation and 520 nm

emissions using a microplate reader (ELX-800n, Biotek, USA).

The values were expressed as a percent of fluorescence intensity

relative to control wells (33).

Lipid peroxidation measurement
HuH7 cells were exposed to different ZnO nanospheres and

free Zn+2 ions (released from 100 mg/ml ZnO-nanospheres) for

24 h. After the exposure, the cells were washed and harvested in

cold PBS at 4°C. The harvested cell pellets were lysed using a cell

lysis buffer (20 mM Tris-HCl [pH 7.5], 150 mM NaCl, 1 mM

Na2EDTA, 1% Triton X 100, and 2.5-mM sodium

pyrophosphate). After cold centrifugation at 15,000 g for

10 min, the supernatant (cell extract) was maintained on ice

until assayed for oxidative-stress biomarkers. The extent of

membrane lipid peroxidation (LPO) was estimated by

quantifying malondialdehyde (MDA) (39). MDA is one of the

final products of membrane LPO. In brief, 0.1 ml of cell extract

was mixed with 1.9 ml of 0.1 M sodium phosphate buffer (pH

7.4) and incubated at a temperature of 37°C for 1 hour. After

precipitation with trichloroacetic acid (TCA) (5% v/v), the

incubated mixture was centrifuged (2500 g for 15 min at room

temperature). The supernatant was collected and to which 1 ml

of TBA (1% v/v) was added and placed in boiling water for

15 min. After cooling to room temperature, the absorbance of

the mixture was taken at a wavelength of 532 nm and converted

to nmol/mg protein using the molar extinction coefficient of

1.56×105 M-1 Cm-1 (40).
Antioxidant biomarkers

Assay for reduced glutathione (GSH)
The level of the reduced glutathione (GSH) was estimated

using Ellman’s reagent (41). Based on the development of yellow

color when DTNB (5, 5’ dithiobis-(2-nitrobenzoic acid) is added

to compounds containing sulfhydryl groups. In brief, mixed with
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100 µg of ZnO nanospheres and Zn+2 ions (released from 100 µg

of ZnO nanospheres) after treatment with Huh7 cell line for 24

hr. was added to 0.3 ml of 0.25% sulfosalycylic acid, and then

tubes were centrifuged at 2500 ×g for 15 min. Supernatant

(0.5 ml) was mixed with 0.025ml of 0.01 M DTNB and 1 ml

phosphate buffer (0.1 M, pH = 7.4). The absorbance at 412 nm

was recorded. Finally, total GSH content was expressed as nmol

GSH/mg protein.

Assay for nitric oxide (NO)
Nitric oxide (NO) radical scavenging assay was carried out

oxide radical scavenging activity was carried out as per the

method of Green et al. (1982) (42). NO radicals were generated

from sodium nitroprusside solution. 0.6 mL of 10 mM sodium

nitroprusside was mixed with 100 µg of ZnO nanospheres and

Zn +2 ions (released from 100 µg of ZnO nanospheres) after

exposure to Huh7 cell line for 24 hr. The mixture was incubated

at 25°C for 150 min, followed by mixing with 1.0 mL of pre-

prepared Griess reagent (1% sulfanilamide, 0.1% naphthyl

ethylenediamine dichloride, and 2% phosphoric acid).

Ascorbic acid and trolox were used as standards. The

absorbance was measured at 546 nm. The inhibition was

calculated by the following equation:

% Inhibition of NO radical 

=   A0 − A1½ �=A0 � 100

Where, A0 is the absorbance before the reaction and A1 is the

absorbance after the reaction has taken place with Griess

reagent. The decreasing absorbance indicates a high NO

scavenging activity.

Assay for superoxide dismutase (SOD)
Superoxide dismutase (SOD) assay is a mixture containing

sodium pyrophosphate buffer, nitro blue tetrazolium (NBT),

phenazine methosulphate (PMS), reduced nicotinamide adenine

dinucleotide (NADH), and the required volume of cell extract.

Superoxide dismutase enzyme activity is defined as the amount

of enzyme required to inhibit chromogen production (optical

density at 560 nm) by 50% in 1 minute under assay conditions

and is expressed as specific activity in units/mg protein (33).
Ultrastructure of HuH7 using a
transmission electron microscope

HuH7 cells were remedied with ZnO nanospheres at a

concentration of 100 mg/ml at different time intervals. After

the exposure, cells were collected and washed with PBS, then

fixed in ice-cold glutaraldehyde (2.5%) for one hour. The cells

were washed with PBS three times for 15 min and post-fixed in
Frontiers in Oncology 06
OsO4 (1%) for one hour, then stained with uranyl acetate (2%)

for 30 min at room temperature. The cells were dehydrated by

serial dilutions of ethanol (50, 70, and 90%) for 15 minutes each,

followed by 20 minutes in ethanol (100%) and 20 minutes in

acetone (100%), respectively. Consequently, the cells were

embedded in Epon812. Ultrathin sections (120 nm) were

obtained and stained with uranyl acetate (2%) for 20 min, and

lead citrate for 5 min, then examined using Field Emission

Transmission Electron Microscopy (FETEM) (JSM 2100F, Joel

Inc., Tokyo, Japan) at accelerating voltages of 15 kV and 200 kV,

respectively (43).
Statistical analysis

Statistical analysis was expressed as the mean ± standard

deviation of triplicate (independent) experiments. Two sample

comparisons of means were carried out using Student’s t-test

analysis. All analyses were conducted using SPSS 17.0 software

(SPSS Inc., Chicago, IL, USA). P <0.05 was considered a

statistically significant difference.
Result and discussion

Characterization of ZnO nanospheres

As shown in Figure 1A, the FT-IR spectra of the ZnO

nanospheres, there is a band at 3,429 cm-1 corresponding to the

hydroxyl group of a water molecule on the surface of ZnO

nanospheres that occurred because of the ZnO-nanosphere’s

thermal treatment at 500°C. The band at 1,628 cm-1 is related

to the OH bend in ZnO. Also, a strong band at 418 cm-1 was

attributed to ZnO. As illustrated in Figure 1B, the XRD

patterns of ZnO nanospheres showed that the peaks at 2 q =

31.746°, 34.395°, 47.526°, 56.549°, 62.832°, 67.893° and 69.028°

were assigned to (100), (002), (101), (110), (103), (200), (112),

and (201) of ZnO nanospheres. All peaks are consistent with a

polycrystalline Wurtzite structure (Zincite, JCPDS no. 89-

1397). There are no characteristic peaks of any impurities,

and this indicates a high ZnO nanospheres quality. Scherer’s

equation estimated the average crystallite size (d) of ZnO

nanospheres to be approximately 20 nm. DLS determined the

average hydrodynamic size of the ZnO nanospheres in cell

culture media, and it was about 20 nm, as revealed in

Figure 1C.

d  =  klb Cos q

As Figure 1D showed, TEM images confirmed that the

morphological shape of the nanosphere with approximately

size of 20 nm. Also, it was like the data obtained by XRD.
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Measurement of Zn (II) released from
ZnO nanospheres

ICP-AES measured the quantity of the Zn (II) ions released

in the supernatant of the dispersed ZnO nanospheres (100 mg/
ml). As presented in Figure 2, the total amount of ZnO

nanospheres varied within different intervals of time. Free

Zn+2 ions were 20ppm after 24 h, 15 ppm after 18 h, 10 ppm

after 12 hr, 6.5 ppm after 6 h, 3.5 ppm after 3 h, and 1.0 ppm

after 1 hr.
Cell viability by MTT assay

MTT assay is the best technique to measure the cytotoxicity

of ZnO nanospheres and ZnCl2 against human hepatocellular

carcinoma (HuH7) and green kidney monkey cell lines (Vero).

As shown in Figure 3A, the viability of HuH7 cells was reduced

from 100% at 0.5 µg to less than 10% and 15% (for ZnO–Ns and

ZnCl2, respectively) after being treated with 100 µg (ZnO
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nanospheres and ZnCl2) for 24 hour. Similarly, as shown in

Figure 3B, the viability of HuH7 cells after 48 hour of treatment

was reduced from 100% to 20% and 15% for ZnO–Ns and

ZnCl2, respectively.

The viability of Vero cells was less affected than that of

HuH7. As Figure 3C displays, after treatment of Vero cells by

ZnO nanospheres and ZnCl2, for 24 hour, the viability of Vero

cells decreased from 100 percent at 0.25 µg to less than 15 and 10

percent at 250 µg of ZnO nanospheres and ZnCl2, respectively.

Similarly, the viability of Vero cells after 48 hour of exposure to

ZnO-Ns and ZnCl2 was reduced from 100 percent to 20 and 15

percent. As Figure 3D shows, the results changed gradually after

exposure of Vero cells to ZnO nanospheres and ZnCl2 for

48 hour.
DNA content analysis

Due to extensive ROS generation and DNA damage, cells

may arrest at different phases of the cell cycle. After 24 h
B

C D

A

FIGURE 1

Physicochemical characterization of Zinc Oxide nanospheres. (A) FT-IR spectra (B) XRD patterns of ZnO nanospheres (C) DLS of ZnO
nanospheres (D) HR-TEM of ZnO nanospheres.
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FIGURE 2

Released Zn+2 ions from ZnO nanospheres by ICP-AES.
B

C D

A

FIGURE 3

Cytotoxicity effect of ZnO nanospheres and released Zn ion different concentrations on HuH7 cell line with concentrations using MTT assay.
(A) Cytotoxicity effect of ZnO nanospheres and released Zn ion different concentrations on HuH7 cell lines with concentrations using MTT assay
after 24 hour. (B) Cytotoxicity effect of ZnO nanospheres and released Zn ion different concentrations on HuH7 cell line with concentrations
using MTT assay after 48 hour. (C) Cytotoxicity effect of ZnO nanospheres and released Zn ion different concentrations on Vero cell line with
concentrations using MTT assay after 24 hour. (D) Cytotoxicity effect of ZnO nanospheres and released Zn ion different concentrations on Vero
cell line with concentrations using MTT assay after 48 hour.
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treatment Huh7 were analyzed for the distribution of cell cycle

phases. Measurement of the cell cycle phase ratio using flow

cytometry with propidium iodide (PI) staining to investigate the

anti-proliferative effect of zinc oxide nanospheres was triggered

by cell cycle arrest. As shown in Figure 4, ZnO nanospheres

treatment enhanced the accumulation of the HuH7 cells at the

G2/M phase significantly (P<0.05) compared with the control.

The percentage of the cells at G2/M increased significantly

(P<0.05) with increasing ZnO nanospheres concentration. The

growth of the HuH7 treated with 200 µg/ml ZnO nanospheres

was about 55.73, 4.13, and 40.14% at G0/1, G2/M, and S,

respectively, compared to the non-treated cells, in which the
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growth was about 40.1, 30.4, and 29.6% at G0/1, G2/M, and S,

respectively, which indicated that the cell cycle arrest at G2/m

phase is activated by Cyclin-A (CDK1).
Huh7 cells are induced to apoptosis by
zinc oxide nanospheres

As a result, Figure 5 revealed a flow cytometric analysis of

zinc oxide nanospheres-induced apoptosis in Huh7 cells using

Annexin V-FITC/PI staining. The percentage of the apoptotic

cells (including early and late apoptotic cells) increased with the
FIGURE 5

Apoptosis Assay with Annexin V-FITC/PI staining of HuH7 cell line. LL, Viable cells (Annexin V −/PI −), LR, early apoptotic cells (Annexin V +/PI −),
UL, late necrotic cells (Annexin V −/PI +) and UR, late apoptotic/necrotic cells (Annexin V +/PI +).
FIGURE 4

DNA content analysis HuH7 cell line treated with of ZnO nanospheres.
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increasing concentration of ZnO nanospheres from 8.3 to 39.3%,

respectively. Also, as the time of treatment increased, the

apoptotic percentage increased from 6.8 to 38.8%.

Also, zinc oxide nanosphere has less effect on Vero cells than

on HuH7. As Figure 6 displayed, the percentage of apoptotic

cells (including early and late apoptotic cells) increased with the

increasing concentration of ZnO nanospheres from 1.02 to

13.25%, respectively. Also, as the time of exposure increased,

the apoptotic percentage increased with time from 3 to 15%,

respectively. Our data indicated the zinc oxide nanospheres are

safer for normal cells.
Quantitative RT-PCR

The levels of apoptotic genes (p53, Bax, Bcl2, and

cytochrome C) in the HuH7 cell were studied by treating the

cell with ZnO nanospheres at a concentration 100 mg/ml for

24 h. The result revealed that ZnO nanospheres altered the

expression of genes in HuH7 cells. The mRNA expression

levels of tumor suppressor gene p53 (Figure 7A), pro-
Frontiers in Oncology 10
apoptotic gene Bax (Figures 7B, D) were significantly

unregulated, while the expression of antiapoptotic gene

BCL-2 (Figure 7C) was significantly down-regulated in ZnO

NSs-treated cells as compared with the untreated control cells

(P, 0.05 for each). Bax/Bcl2 ratio displayed the activity of ZnO-

NSs show a good anticancer activity against HuH7 cell as S1

Figure displayed.
Gene expression by flow cytometry

The relative expression of P53, Bax, and Bcl2 has been

detected in all treated cells. Treatment of the HuH7 cells with

ZnO nanospheres enhanced the relative expression of P53

significantly (P<0.05) by 85% (Figure 8B). Similarly, it

increased the relative expression of Bax and Bcl2 to 65 and

10%, respectively (Figure 8C). Also, the relative expression of

cytochrome C increased in the HuH7 cells treated with ZnO

nanospheres by 55% (Figure 8D) compared to control cells

treated with DMSO (Figure 8A). These findings indicated that

ZnO nanospheres regulated cell cycles via stimulating the
FIGURE 6

Apoptosis Assay with Annexin V-FITC/PI staining of Vero cell line.
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expression of P53 and Bax genes. Bcl2 was less detected than P53

and Bax.
Western analysis

As shown in Figure 9, the western blot of the expressed

protein demonstrated that P53, Bax, and cytochrome C were up-

regulated as compared with control. While Bcl2 was down-

regulated as compared with control, Zinc oxide nanosphere

induces caspase-dependent apoptosis.
Caspase-3 assay

Caspase-3 is one of the executioner caspase members. As

Figure 10 displayed, as the concentration of zinc oxide increased,

the caspase 3 enzyme activity increased from 0.75 at a

concentration of 50 µg to 2 at a concentration of 200 µg/ml.
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The data confirmed that zinc oxide nanospheres activated

caspase-3 cleavage in a concentration-dependent manner.
Oxidative stress and
antioxidant biomarkers

The primary pathway required to trigger apoptosis

mechanistically in a cancerous cell was to induce oxidant

generation and antioxidant depletion. Therefore, the oxidants

(ROS, LPO, and NO) and antioxidants (GSH and SOD) were

studied in the HuH7 cells treated with 100 µg of ZnO nanospheres

and Zn +2 ions (released from 100 µg of ZnO nanospheres) after

exposure to 24 hr. The results illustrated in Figures 11A, B showed

that markers of oxidative stress (ROS and LPO) levels were

significantly (P<0.05) higher in the HuH7 cells treated with

ZnO nanospheres. As Figures 12A-C revealed, all the

antioxidant indicators were increased due to the exposure to

ZnO nanospheres and released Zn+2 ions. Nevertheless, the

released Zn +2 ions were less than ZnO nanospheres.
B

C D

A

FIGURE 7

Quantitative real-time PCR measure mRNA levels of HuH7 exposed to 100 mg/ml of ZnO nanospheres (ZnO-NS) for 24 hour. *Statistically
significant difference as compared with the controls (P, 0.05 for each). (A) P53 (B) Bax (C) Bcl2 (D) Cytochrome C.
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FIGURE 8

Immunoflorescent images of HuH7 exposed to 100 mg/ml of ZnO nanospheres (ZnO-NS) for 24 hour for up-regulation of P53, Bax, Bcl2 and
Cytochrome C. (A) The immunoflorescent of huh7 remedied with DMSO (B) The immunoflorescent of P53 (C) The immunoflorescent of Bax
and BcL2 (D) The immunoflorescent of Cytochrome C.
FIGURE 9

Western blot of P53, Bax, Cytochrome C and BcL2.
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Ultrastructure of HuH7 using a
transmission electron microscope

TEM analysis of Huh7 cells remedied with zinc oxide

nanospheres at different times demonstrated the typical

features of apoptotic cell stages: To begin with, as shown in

Figure 13B, the cells rounded up with the disappearance of

cytoplasmic Secondly, as time increased, there were many

changes in appearance because of chromatin condensation at

the nuclear periphery, as Figures 13C, D revealed. Finally, as

shown in Figures 13E, there is nuclear fragmentation (a vescicle

budded from the nucleus) as compared with the control cell. As
Frontiers in Oncology 13
in Figure 13A. The control cell (untreated cell) displayed the

morphology of regular cells with hyperchromatic nuclei and

nuclear pleomorphism. As Figure 13A displayed, at high

magnification, the cytoplasmic vacuoles were droplets.

Similarly, other vacuoles with a double membrane existed, as

Figure 13E showed. Consequently, chromatin condensation, as

Figure 13E displays, Also, during the apoptosis process,

mitochondria tend to be conserved till secondary necrosis is

carried out during treatment of a Hepatoma cell model treated

with zinc oxide nanosphere. The number of swollen

mitochondria transfers to an apoptotic nuclear morphology

within an intact plasma membrane.
BA

FIGURE 11

Oxidative stress and of human Hepatoma (HuH7) cells after treated with 100 mg/mL ZnO NPs and released Zn ion for 24 hour. *Statistically
significant difference as compared with the controls (P > 0.05 for each). (A) ROS (B) MDA.
FIGURE 10

Caspase-3 measurement of ZnO nanospheres. *Statistically significant difference as compared with the controls (P> 0.05 for each).
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Discussion

Cancer therapy concerns the challenging aim of creating

selective, effective, and safe therapy (44). MTX is the best

antitumor chemotherapeutic drug (antineoplastic or cytotoxic)

when used at high doses. However, those doses cause an adverse
Frontiers in Oncology 14
effect. Hence, scientists are working to find a novel drug with

high performance and safety (45). Sorafenib is categorized as the

most successful anticancer drug against hepatocellular

carcinoma. Sorafenib, an oral multiple kinase inhibitor,

significantly induces apoptosis in cancer model processes as

well as inhibits tumor angiogenesis and cell proliferation to exert
B C

D E

A

FIGURE 13

Transmission electron microscope of HuH7 exposed to 100 mg/ml of ZnO nanospheres (ZnO-NS) for 24 hour. (A) Control cell (B) Treated cell
with to 100 mg/ml of ZnO nanospheres (ZnO-NS) for 3 hour. (C) Treated cell with to 100 mg/ml of ZnO nanospheres (ZnO-NS) for 6 hour. (D)
Treated cell with to 100 mg/ml of ZnO nanospheres (ZnO-NS) for 12 hour. (E) Treated cell with to 100 mg/ml of ZnO nanospheres (ZnO-NS) for
24 hour.
B CA

FIGURE 12

Antioxidant assay of human Hepatoma (HuH7) cells after treated with 100 mg/mL ZnO NSs and released Zn ion for 24 hour. *Statistically significant
difference as compared with the controls (P > 0.05 for each). (A) Glutathione (GSH) (B) Superoxide dismutase (SOD) (C) Nitric oxide (NO).
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its anticancer activity, but it has severe cytotoxicity and may lead

to adverse events (46). Previous research suggested that zinc

oxide nanoparticles could be used as an anticancer drug agent by

targeting cancerous cells and increasing cytotoxicity and cell

death (47). Due to their less toxic nature toward normal cells,

zinc oxide nanoparticles haven’t had any adverse effects on liver

and renal tissues. Basically, the positive charge of a nanoparticle

has more affinity to be engulfed by cells than neutral or negative

nanoparticles. It is supposedly due to favorable electrostatic

interactions with the negatively charged cell membrane (48).

The surface of zinc oxide nanoparticles has a neutral hydroxyl

group, which plays a central role in nanoparticle charging

behavior (49). In an acidic medium, the proton more likely to

bind to the surface of a nanoparticle may cause a positively

charged surface (ZnOH2+). However, in an alkaline medium,

protons moved away from the metal surface, inducing a

negatively charged surface partly bonded oxygen atom (ZnO−).

Under physiological conditions (acidic medium of tumor cells),

the isoelectric point value ranges from 9 to 10, indicating that

zinc oxide nanoparticles have a strongly positive-charged surface

(50). Cancer cell outer layer membranes are characterized by the

presence of a large number of anionic phospholipids (48). As a

result, ZnO-NPs may be attracted electrostatically to tumor

tissues, increasing nanoparticle cellular uptake (51). In

contrast, normal healthy cells are either charge-neutral or

slightly positive, which shows insignificant binding to the NPs

(52). Also, the circulation of nanoparticles with a size less than

100 nm takes a longer time with the ability to avoid clearance by

the reticuloendothelial system, also increasing intratumor

concentrations (53, 54).
Mechanism of preparation of zinc oxide
nanosphere

The preparation of zinc oxide nanospheres meets the

concept of green chemistry. Green synthesis of nanomaterials

is an interesting topic of material science research (55). This

study was focused on the construction of zinc oxide nanospheres

based on the accumulation of zinc ions on yeast extract, which

was used as a bio-template (29). The plausible mechanism to

explain the formation of zinc oxide nanospheres is that the

dissolution of zinc acetate in distilled water released zinc ions

that accumulated on the outer surface of yeast extract. Then, zinc

ions formed on a spherical yeast extract. Afterwards, gradual

thermal treatment leads to the formation of zinc oxide

nanospheres and the removal of any yeast extract residuals.

The physicochemical techniques such as FTIR, XR, DLS, and

TEM emphasized the formation of ZnO nanoparticles in a

spherical shape of 20 nm. ICP-AS is the routine method to
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evaluate the amount of zinc ions released from suspended

ZnO nanospheres.
Cytotoxicity and apoptosis of zinc oxide
nanospheres against HuH7 and Vero
cells

The antiproliferative effect of ZnO-NS and Zn+2 ions was

determined using the MTT assay, which links directly to the

mitochondrial enzymes (25). Our results showed a significant

reduction in HuH7 viability in the treated groups compared with

the nontreated group. Therefore, the ZnO nanospheres are more

selective for cancerous cells than normal cells. The cell cycle is

controlled by numerous mechanisms that ensure correct cell

division. It is a transition between various phases mediated by

different cellular proteins. It divides the cell into two consecutive

processes, the majority of which are characterized by DNA

replication and the segregation of replication chromosomes

into two separate cells. Our findings show that ZnO

nanospheres induced cell cycle arrest at the G2/M phase and

aided in the inhibition of HuH7 cell proliferation. The cells can

be able to initialize a cell cycle arrest in the presence or absence

of P53. Interestingly, maintenance of CDK1 in its inhibitory

phosphorylation state prevents cell cycle entry into mitosis. Also,

P53 may play a central role in the regulation of the G2/M

checkpoint and DNA damage-dependent increases in p53 (53).

The Annexin V-FITC/PI double-staining assay indicates the

occurrence of apoptosis. Treatment of HuH7 and Vero cells

with different concentrations as well as different times confirmed

that the ZnO nanospheres have a less adverse effect on normal

cells. Importantly, the apoptosis process depends on the

activation of caspase, which is considered a hallmark of

apoptosis (56). Indeed, caspase results emphasized that caspase

induces the apoptotic mechanism.
Molecular mechanism of zinc oxide
nanospheres against HuH7 and Vero
cells

Generally, zinc oxide nanoparticles may promote

micropinocytosis. Hence, ROS toxicity after ZnO NPs uptake

led to ZnO genotoxicity in vitro and in vivo. In particular,

lacking normal TP53, which is the typical feature of small-cell

lung cancer, should be taken into account for the use of ZnO

treatment for small-cell lung cancer (27). Setyawati and

colleagues reported that DLD1 and SW480 cells that have

mutant TP53 produce more ROS by ZnO nanoparticles, and

those cells were more susceptible to the cytotoxicity than
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NCM460 and HCT116 cells that have functional TP53 (57). Lee

and colleagues reported that the ATM protein reacts to ROS and

is necessary to phosphorylate TP53 (Ser 15) under ROS-induced

oxidative stress. The loss of normal ATM protein results in

deficiencies in mitochondrial function, autophagy, and

intracellular protein aggregation (58). In addition, damaged

mitochondria also produce intracellular ROS (27). RT-PCR,

flowcytometry, and immunoblotting are common techniques

to study the molecular mechanisms of apoptosis like P53, Bax,

Bcl2, and cytochrome C. As Figure 14 shows, there are a couple

of mechanisms that meet the concept of apoptosis. The first one

is the extrinsic pathway, which depends on ligation of the death

receptor family, followed by the formation of the death-inducing

signaling complex that leads to the activation of caspase (55).

The second mechanism is the intrinsic pathway that depends on

the pro and anti-apoptotic pathways of Bcl-2 family proteins.

Furthermore, the mitochondrial cytochrome C release facilitates

the formation of the apoptosome complex that cleaves and

activates the effector caspase (56, 59). Also, there is another

approach to inducing apoptosis by activating P53 to engage the

mitochondria and release cytochrome C. Caspase 3 assay

displayed that the mechanism of zinc oxide nanosphere is an

extrinsic pathway that depends on ligation of the death receptor

family, followed by the formation of the death-inducing

signaling complex that leads to the activation of caspase (59).
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Oxidative stress of zinc oxide
nanospheres

Oxidative stress, including H2O2,
· OH, and. O2 −, may react

with nucleophilic centers, leading to DNA fragmentation and

apoptosis upregulation, ultimately leading to carcinoma cell

death (25). Our findings agree with Bai et al. (60) who

reported a significant increase in the DNA damage in the

ZnO-NP-treated group compared with the nontreated SEC

group. Treatment of HuH7 cells with ZnO nanospheres

caused an increase in pro-oxidants (ROS and LPO). According

to Finucane et al. (1999), ZnO nanoparticles generate reactive

oxygen species that activate the peroxidation reactions (55).

Also, as Figure 14 shows, the elevated ROS level can inflict direct

damage to lipids (61, 62). Because of its reaction with

thiobarbituric acid (TBA), MDA is regarded as a useful

biomarker for the peroxidation of omega-3 and omega-6 fatty

acids. Similarly, excessive Zn2+ ions trigger harmful oxidative

stress. According to Lee et al. (2018), zinc deficiency or excess

can cause cellular oxidative stress (63, 64). Hence, liberated zinc

ions released from suspended zinc oxide nanospheres medium

indirectly contributed to stimulating the oxidative stress on

HuH7 cells. Moreover, GSH, SOD, and NO attenuated the

deleterious effect of ROS. GSH was an important ROS

scavenger. An enzyme catalyses the transformation of the
FIGURE 14

Schematic diagram of the probable mechanism of synergy of ZnO-NS. ZnO-NS are involved in reactive oxygen species (ROS) generation and
increased cell wall lipid peroxidation (LPO) leading to cytotoxic and genotoxic effects.
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highly reactive O-2 to H2O2. Also, NO is a special scavenger

against ROS (61). Our findings support the findings of Xia et al.

(65), who found that ZnO-NPs increase cancer cytotoxicity and

cell death. Other studies have shown that increased ROS levels

cause oxidative damage to cellular structures and decrease

antioxidant enzymes SOD and CAT activity in tumor tissue

compared to the SEC group, as SOD catalyzes the dismutation of

superoxide anion (O2) to H2O2 and O2, and the CAT enzyme

reduces H2O2 to H2O. Interestingly, treatment with ZnO-NPs

revealed a marked increase in MDA levels, which indicates lipid

peroxidation and depletion of GSH in ESC tissues (25). Also,

some studies have reported that both solid ZnO-NPs as well as

dissolved Zn ions are responsible for the toxic responses of

exposed cells (62). Heim et al. (66) found higher values of Zn2+

in the nucleus compared to the cytoplasm, indicating the

enrichment of dissolved Zn2+. However, contrary to this

observation, Sharma et al. (67) also addressed the Zn2+

contribution towards the ZnO-NPs toxicity These authors

observed that toxic responses from exposure to ZnO-NPs are

due to the NPs per se rather than the Zn2+ released from them.
Ultrastructural analysis of zinc oxide
nanospheres against hepatoma

The transmission electron microscope (TEM) has become a

standard method for describing and analyzing the ultrastructure

of inner cells and organelles in physiological and pathological

conditions (68). TEM is the most powerful morphological

method to describe apoptosis and necrosis. Its images are

qualitative and static. As a result, the best method for studying

apoptotic and necrotic phenomena should be carried out at

different times, beginning with their early-stage appearance

(69). Apoptosis is a regulated process that controls many

morphological and physiological pathways in an active

manner. It’s characterized by various biochemical processes

with cascades that respond to the change in the morphology of

the cell that may lead to the death of the cell. Multi-factors

control the type of cell termination. The main role of apoptosis is

caspase activation, which influences the level of intracellular

ATP. As a result, mitochondria are concerned with this type of

cell death. During the apoptosis process, the cell size shrinks and

loses connectivity with adjacent cells. The cells miss their surface

elements such as microvilli and cell-to-cell linkage. Because of

the liberation of the cell fluid, the cytoplasm will condensate,

leading to a change in the cell volume. Therefore, the convolution

of the nuclear and cellular outlines Initially, condensed

chromatin tends toward the formation of cup-shaped masses

beneath the nuclear envelope to fill thymocyte cells that occupy

most of the nuclear volume (56). Finally, the apoptosis process

will undergo progressive fragmentation, leading to the formation
Frontiers in Oncology 17
of several plasma membrane-bound apoptotic bodies, including

nuclear and/or cytoplasmic elements (70). On the other hand,

necrosis is another form of cell deletion. In the necrosis process,

the plasma membrane will be permeable rapidly. Generally, cell

hydration and swelling, as well as organelle disruption, appear.

Inflammation is caused by the release of cytosolic components

into the extracellular space (71–74). In contrast to the apoptosis

process, the nucleus shape appears well in the early stages.

Transmission electron microscopy analysis of HuH7 cells

exposed to zinc oxide nanospheres demonstrated the stages of

apoptosis. However, vacuolization was also demonstrated. Some

of these vacuoles were double membrane bound vesicles, as

shown in Figure 14. These vacuoles include residual cristae

structure and may be due to mitochondrial swelling. As Harris

and Ralph (1985) (75) reported, the apoptotic condition can

induce a cell to differentiate. That can transfer the cell to a partial

differentiation state (75–80).
Conclusion

We conclude empirical evidence of the genotoxic anticancer

effects of ZnO in hepatic cancer cells, which may be executed

safer and more effective antitumor activity, leading to SEC

growth reduction as shown in Figure 14, with a low cytotoxic

effect on normal cells. Therefore, new therapeutic strategies for

cancer treatment, including ZnO-NS, could be developed.

Moreover, long-term toxicity studies are required to rule out

any long-term side effects. Overall, the data showed that ZnO

nanospheres might have a good choice as a potential candidate

as an anti-tumor agent.
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