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The wide applications of zinc oxide nanoparticles (ZnO NPs) in several biomedical aspects have raised many concerns
about their toxicity effects. This study aimed to explore the cytotoxic effect of different sizes (14 , 30, and 50 nm) of
ZnO NPs on liver cancer cell lines hepatoma G2 (HepG2), HuH7 cells (HuH7 hepatoma cells) versus normal cells

(THLEZ2 cells). Cytotoxicity, oxidative stress, and apoptosis were investigated. The results pointed out that the particle
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size of 14 nm recorded the highest activity, whereas no cytotoxic effect was observed on THLE2. Also, oxidative stress
elicited a reduction in reduced glutathione with an increase in lipid peroxides and caspase-3. In addition, RT-PCR
revealed a significant up-regulation in caspase-3 gene expression. Histopathological investigation confirmed the
biosafety of the same particle size which revealed the least toxic effect on all mice organs (liver, kidney, lung, and
brain). In conclusion, this particle size of ZnO NPs could be useful in future therapeutic applications on liver cancer.

INTRODUCTION

Nanotechnology allows the manipulation of materials at
nanoscale level (1-100 nm), which enables precision engineering
to control physicochemical properties of these nanoparticles
(NPs), as well as their interactions with biological systems (Wang,
2008). Owing to their small size, high number per given mass,
large specific surface area responses (Brown et al., 2002), concern
regarding their fate in biological systems have raised a research in
this field. Previous studies have indicated that NPs can penetrate
cell nuclei and directly interfere with DNA structure, causing
increased oxidative stress, induction of apoptosis, genotoxicity, and
DNA damage (Ma et al., 2009; Wang et al., 2007). Inorganic NPs,
including metal oxides, are promising materials for applications
in medicine, such as cell imaging, biosensing, drug/gene delivery,
and cancer therapy (Wu et al., 2011).

ZnO NPs have at least one dimension in the range of
1-100 nm, a white powder nearly insoluble in water, with a unique
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optical, electrical, and thermal performance has been widely used
in the field of catalysis, sunscreen cosmetics, paint materials, and
food packaging materials (Di Pasqua ez al., 2008). The chemical and
physical properties of nanoparticles have a strong influence on the
way they interact with biological components or the environment
(Dobrovolskaia and McNeil, 2007) and also on the way they move,
accumulate, and clear in the body (Scheringer, 2008). Industrial
food processing is intended to modify flavor, texture, and storage
behavior by mixing with zinc oxide nanoparticles (ZnO NPs).
After ingestion of food containing ZnO NPs, mechanical (chewing
and peristalsis) and chemical (interaction with intestinal enzymes)
processes reduce food into smaller components to maintain
physiological processes. Some previous research has shown that
ZnO NPs may cause cytotoxicity to several types of cells, such
as osteoblast cancer cells (Nair ef al., 2009), human bronchial
epithelial cells (BEAS-2B) (Heng et al., 2011), human alveolar
adenocarcinoma cells (Ahamed et al., 2011a), human hepatocytes,
and embryonic kidney cells (Guan et al., 2012).

ZnO NPs with respect to their specific properties,
such as their relative ease of production, ability to alter their
physiochemical characteristics, their inherent toxicity against
cancerous and bacterial cells, and ability to functionalize them

© 2019 Nahla Nabil Kamel ez al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(https://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.7324/JAPS.2019.S107&domain=pdf
https://creativecommons.org/licenses/by/4.0/

Kamel et al. / Journal of Applied Pharmaceutical Science 9 (S1); 2019: 058-066 059

with chemotherapeutic drugs and cancer targeting molecules,
make them an appealing candidate for biomedical applications
(Goharshadi et al., 2011; Moosavi et al., 2010).

Exposure to ZnO NPs leads to reactive oxygen species
(ROS) generation and activation specific signal transduction
pathways in target cells. Imbalance in the ROS production and
antioxidant defense system of cells results in several different
outcomes leading to cell death (Sharma er al., 2009). The
oxidative stress mechanism of ZnO NPs could be attributed to the
combination of more than one phenomenon, including generation
of ROS on the surface of particles (Park et al., 2011), dissolution
and release of Zn?' ions in the culture media, and physical
interaction of ZnO NPs with the membrane wall leading to the
deformation and rupture of membrane (Li et al., 2008).

The distinct properties of NPs, such as small size, high
number per given mass, large specific surface area, have aroused
global concern regarding their fate in biological systems. Previous
studies have indicated that NPs can penetrate cell nuclei of target cells
and directly interfere with DNA structure, causing several adverse
effects represented in increased production of ROS, induction of
apoptosis, genotoxicity, and DNA damage (Wang et al., 2007).

Nanoparticles can translocate from entry portals into
the lymphatic and circulatory systems and ultimately to body
tissues and organs due to their small size. Some NPs can produce
irreversible damage to cells by oxidative stress or/and organelle
injury due to their composition and size causing severe cytotoxicity
(Chernyshev et al., 2018). The distribution of these NPs to other
organs, such as liver, spleen, brain, heart, and kidney may lead to
dysfunction of these organs.

A previous study by Sharma et al. (2012) demonstrated that
HepQG2 cells exposed to 30 nm ZnO nanoparticles for 12 hours showed
adecrease in cell viability and the mode of cell death induced by ZnO
nanoparticles was apoptosis. Also, Guan et al. (2012) assessed ZnO
NPs cytotoxicity on human hepatocyte (L02) using 50 nm.

Based on the previous information, this study was
designed to demonstrate the impact of different particle sizes of
ZnO NPs on normal and cancer cells to elucidate their cytotoxicity
on target cells and their safety on normal cells which may help in
the future application of ZnO NPs as promising therapeutic agents.

MATERIALS AND METHODS

Preparation and characterization of nanoparticles

Zinc oxide nanoparticles were synthesized using an
aqueous solution of zinc nitrate or zinc acetate and a solution of
potassium hydroxide or sodium hydroxide. The different solutions
were prepared using deionized water while stirring and heating,
respectively. The hydroxide solution was slowly added to the zinc
salt solution at room temperature under vigorous stirring, which
resulted in the formation of a white precipitate. The precipitate
was centrifuged at 6,500 rpm while cooling to —10°C for 20
minutes. The resulted product was washed with distilled water
several times followed by absolute alcohol. The obtained product
was calcined at 500°C in an air atmosphere for 3 hours. The
resulted nanoparticles were tested by TEM in order to evaluate
the particle morphology; shape and size. The nanoparticles of
zinc oxide were then redisposed in deionized water to give the
requested concentrations (Hingorani ef al., 1993).

Experimental design

Cell culture

Cell Line (HepG2, HuH7,and THLE2 cells) was obtained
from American Type Culture Collection, cells were cultured using
DMEM (Invitrogen/Life Technologies) supplemented with 10%
FBS (Hyclone,), 10 pg/ml of insulin (Sigma), and 1% penicillin-
streptomycin. All of the other chemicals and reagents were from
Sigma or Invitrogen. Plate cells (cells density 1.2—— 1.8 x 10,000
cells/well) in a volume of 100 pl complete growth medium + 100
pl of the tested compound per well in a 96-well plate for 24 hours
before the MTT assay.

Cell viability assay

Viability of HepG2, HuH7, and THLE2 cells was
assessed by the MTT assay as described by Mossman with
some modifications (Ahamed et al., 2011b). Briefly, 1 x 104
cells/well were seeded in 96-well plates and exposed to varying
concentrations of ZnO NPs for 24 hours. At the end of the
exposure, the culture medium was removed from each well to
avoid interference of ZnO NPs and replaced with new medium
containing MTT solution (0.5 mg/ml) in an amount equal to 10%
of culture volume and incubated for 3 hours 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 2,300 x g for 5 minutes to settle the
remaining ZnO NPs. Then, a 100 pl supernatant was transferred to
other fresh wells of a 96-well plate, and absorbance was measured
at 570 nm by a microplate reader (FLUOstar Omega, Cary, NC).

Lipid peroxidation assay

The extent of membrane LPO was estimated by
measuring the formation of malondialdehyde (MDA) using the
method of Ohkawa ef al. (1979). MDA is one of the end products
of membrane LPO. Briefly, a mixture of 0.1 ml cell extract and
1.9 ml of 0.1 M sodium phosphate buffer (pH 7.4) was incubated
at 37°C for 1 hour. After the incubation mixture was precipitated
with 5% TCA and centrifuged (2,300 x g for 15 minutes at room
temperature) to collect the supernatant. Then, 1.0 ml of 1% TBA
was added to the supernatant and placed in the boiling water for
15 minutes. After cooling to room temperature, the absorbance
of the mixture was taken at 532 nm and was converted to MDA
and expressed in nmole MDA/mg protein using molar extinction
coefficient of 1.56 x 105 M! cm™'. A reaction mixture devoid of
cell extract served as control.

Glutathione estimation

GSH level was quantified using Ellman’s (1959) method.
Briefly, a mixture of 0.1 ml of cell extract and 0.9 ml of 5% TCA
was centrifuged (2,300 x g for 15 minutes at 4°C). Then, 0.5 ml
of supernatant added into 1.5 ml of 0.01% DTNB and the reaction
was monitored at 412 nm.

Caspase-3 assay enzyme

Activity of caspase-3 enzyme was measured in exposed
and control cells using standard assay kit (BioVision, Inc.). Crude
cell extract was prepared as described above. This assay is based
on the principle that activated caspases in apoptotic cells cleave
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the synthetic substrates to release free chromophore p-nitroanilide
(pNA), which is measured at 405 nm. The pNA was generated after
specific action of caspase-3 on tertrapeptide substrates DEVD-
PNA (Ahamed et al., 2010b; Berasain et al., 2005). The reaction
mixture consisted of 50 pl of cell extract protein (50 pg), 50 ul of
2x reaction buffer (containing 10 mM dithiothreitol) and 5 pl of 4
mM DEVDpNA substrate in a total volume of 105 pl. The reaction
mixture was incubated at 37°C for 1 hour and the absorbance of
the product was measured using microplate reader (Synergy-HT,
BioTek) at 405 nm according to the manufacturer’s instruction.

Total RNA isolation and quantitative real-time PCR analysis
for Caspase-3

Human liver cancer HepG2 cells were cultured in six-
well plates and exposed to 15 pg/ml ZnO NPs for 24 hours. At the
end of the exposure, total RNA was extracted by RNeasy mini Kit
(Qiagen, Valencia, CA) 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 pg 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
Sequence Detection System (Applied Biosystems, Foster City, CA).
Two microliters of template cDNA were added to the final volume of
20 pl 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 caspase-3 (forward: S5-TGGTTCATCCAGTCGCTTTG-3'
reverse: S-CATTCTGTTGCCACCTTTCG-3'), and p-actin
(forward: 5'-CCTTCCTGGGCATGGAGTCCT-3' reverse:
5'-GGAGCAATGATCTTGATCTTC-3") used in this study are given
in our previous publication (Ahamed et al., 2011a). 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.

Histopathological examination

Male albino mice (105), weighing 20-25 g, were obtained
from the animal house of National Research Centre. Animals were
housed in cages kept at standardized conditions (22°C £ 5°C, 55%
+ 5% humidity, and 12 hour light/dark cycle). They were allowed
free access to water and pelleted standard chow diet.

Histopathological examination was performed for
assessment of cytotoxicity of different size of ZnO NPs in different
organs in mice. After careful selection on the basis of health and
inclusion criteria, animals were left for 1 week for acclimatization
and were randomly divided into two main groups according to the
following schedule:

G1: Control group (normal healthy animals) (n = 15).

G2: Animals orally administered different sizes of ZnO-
NP using a dose (150 mg/kg BW) for 14 consecutive days as
described by Sharma et al. (2012) (n = 45).

Organs were kept in 10% formaldehyde and then
embedded in paraffin for histopathological examinations (Van
Herck et al., 2001). After deparaffinization and dehydration,
sections of kidney, lung, spleen, heart, and brain of 4 mm thickness
were stained with Hematoxylin and Eosin (H&E) and examined
under the light microscope (Bancroft and Stevens, 1996). All
histopathologic processing and assessment of specimens were
performed by an experienced observer unaware of the identity of
the sample being examined to avoid any bias.

Ethical procedure

All procedures related to animal care and treatments
strictly adhered to the ethical procedures according to the Guide for
Care and Use of Laboratory published by the US National Institute
of Health policies and approved by Animal Care and Use of the
Committee of National Research Centre (approval no:13-088).

Statistical analysis

All data were expressed as mean + SD (n = 5). Statistical
analysis was carried out by one-way analysis of variance
(ANOVA), version 8, coupled with Costat Software Computer
program, where unshared letters are significant at p < 0.05.

RESULTS AND DISCUSSION

Physical characterization of ZnO NPs

Physical characterization of ZnO NPs with sizes 14, 30,
and 50 nm was examined by transmission electron microscopy
(TEM) to assert their particle size. Results demonstrated the
accuracy of preparation of the selected NPs which showed sizes
(a) relatively close to 14 nm, (b) close to 30 nm, and (c) close to
50 nm (Fig. 1).

Cytotoxicity of ZnO nanoparticles

The cytotoxicity of ZnO NPs in HepG2, HuH7, and
THLE2 cells with different sizes (14, 30, and 50 nm) was
evaluated by MTT. These cells were exposed to ZnO NPs (0.01—
100 pg/ml) for 24 hours. The results for IC, using the different
particle sizes are demonstrated in Table 1. It could be concluded
that the smallest size NPs induced the least toxic effect on
normal cells and the highest effective toxic concentrations on
cancer cells followed by the particle size of 50 nm, while the
highest toxicity on cancer cell lines was demonstrated using a
particle size of 30 nm.

The most important critical features of ZnO NPs are
their selective toxicity toward cancerous cells in comparison
with normal human cells which shows potential benefits of
these NPs as new antitumor drugs. Cytotoxicity results are in
agreement with published studies which reported that ZnO NPs
significantly induce cytotoxicity to human glioma cells, and no
major effect was observed on normal cells (Ostrovsky et al.,
2009). In addition, ZnO NPs exhibited a preferential ability to
kill human myeloblastic leukemia cells (HL ) as compared with
normal peripheral blood mononuclear cells (Premanathan et al.,
2011). Hanley et al. (2008) also observed that ZnO NPs exhibit a
strong preferential ability to kill cancerous T cells compared with
normal cells. Selective killing of cancer cells by ZnO NPs may
be of important clinical interest, as one of the greatest challenges



Kamel et al. / Journal of Applied Pharmaceutical Science 9 (S1); 2019: 058-066 061

ZnO NPs 14 nm
Figure 1. Characterization of ZnO NPs by TEM.

Table 1. Cytotoxic effect of ZnO NPs in HepG2, HuH7, and THLE2 cells as
assessed by a MTT assay for 24 hours.

ZnO NPs 30 nm

IC50 (Ug/ml)
ZnO NPs (nm)
HepG2 HuH7 THLE2
14 0.048 0.17 202.9
30 0.092 1.17 6.9
50 0.1 0.22 12.7

The data are presented as the mean (n = 5).

facing cancer chemotherapy is the inability of anticancer drugs
to effectively distinguish between a normal cell and a cancer cell.

Oxidative stress markers

Lipid peroxidation

Lipid peroxidation was examined by measuring
hydroperoxide concentration. Significant increase in hydroperoxide
formation was observed in all compounds as evident from
Figure 2. Oxidative stress has been suggested to play an important
role in the mechanisms of toxicity of a number of nanoparticles

ZnO NPs 50 nm

whether by the excessive generation of ROS or by depletion of
cellular antioxidant capacity (Ahamed et al., 2010a; Wise et al.,
2010). There has been an increase in biochemical, clinical, and
epidemiological evidence that indicate the involvement of ROS
and oxidative stress in various diseases, including cancer (Jomova
and Valko, 2011). Our previous studies highlight that metal and
metal oxide nanoparticles are able to induce ROS generation and
oxidative stress in different types of cells (Ahamed et al., 2011a).

In the present work, ZnO NPs were found to produce
ROS, which consequently causes cell damage, as previously
shown by Nel ez al. (2006) and Park et al. (2010) that cell toxicity
is induced by different nanoparticles due to oxidative stress.

Glutathione reduced

Cells exposed to ZnO NPs showed significant depletion
in GSH level in all tested groups on both cancer cell lines, while no
depletion was observed on normal cells as evident from Figure 3.
These results were reinforced by the study of Sharma et al. (2009),
who showed GSH level was depleted in human epidermal cells
exposed to ZnO NPs. Furthermore, an increase in the formation
of hydroperoxide compared with control, indicating an increase in

- MDA conc. nM/million cells

®14nm
B 30nm
= 50nm
m Control

HepG-2 HUH7 THLEZ

GSH conc. (ug/ml)
120  1dnm
a

h W 30nm

100
u50nm
80 H Control
60
40
0 h S M hihi
0 G 4 - T I
HepG-2 HUH7 THLE2

Figure 2. ZnO NPs-induced MDA level in different cell lines. Values are
expressed as mean = SD, (n = 5). Statistical analysis is carried out using the
SPSS computer program coupled with Co-Stat computer program (version 8),
where unshared letters between groups are the significance value at p < 0.05.

Figure 3. GSH level in different cell lines. Values are expressed as mean
+ SD, (n = 5). Statistical analysis is carried out using the SPSS computer
program coupled with Co-Stat computer program (version 8), where unshared
letters between groups are the significance value at p < 0.05.
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MDA after exposure to ZnO NPs which coincided with the results
obtained by Sharma et al. (2009).

Caspase-3 enzyme

Cells exposed to ZnO NPs showed a significant increase
in caspase 3 level revealing toxicity on both cancer cell lines with
no effect on normal cell lines. ELIZA data are shown in Figure 4
and are confirmed by RT-PCR (Table 2). This could be explained
by the fact that activated caspase-3 is capable of autocatalysis,
as well as cleaving and activating other members of the caspase
family, which may subsequently cause rapid and irreversible
apoptosis (Sanchez-Pérez et al., 2009). Also, in the same aspect,
Akhtar et al. (2012) and Sharma et al. (2009) demonstrated up-
regulation in mRNA and higher activity of the caspase-3 enzyme
in liver cancer cells treated with ZnO NPs.

Histopathological Findings

Photomicrographs for histopathological study for doses
<150 mg/kg BW were excluded since no significant effects on
organ pattern were detected. Histopathological investigations on
different organs using a dose of 150 mg/kg BW with the different
sizes are shown in Photomicrographs 1-8. The results showed
that the histopathological disorders in liver, kidney, lung, and

Table 2. Effect of ZnO NPs on mRNA expression level of Caspase-3 in
different cell lines.

Caspase-3
ZnO NPs HepG2 HuH7 THLE2
Conc. IU/ml Conc. IU/ml Conc. IU/ml
14 nm 275.6 £2.3* 193.2+2.3% 18.5+0.4"
30 nm 140.6 +2.1¢ 57.1+0.9° 21.0+1.4¢
50 nm 163.1 + 1.4° 82.5+1.7 7.4+0.3!
Control Cells 7.0+04 12.0 £ 0.4 4.0+0.2¢

Values are expressed as mean + SD, (n = 5). Statistical analysis is carried out using SPSS
computer program coupled with Co-Stat computer program (version 8), where unshared
letters between groups are the significance value at p < 0.05.

brain revealed that size 14 nm induced the most promising non-
toxic effect and no cytotoxic effects were observed in heart and
spleen with any of particle sizes or dose used. A systematic study
of the effect of different sizes, doses, and distribution is critical
to the deep understanding of the toxicity mechanism. There are
impacts factors affecting the properties of nanomaterials to differ
significantly from other materials, including increased relative
surface area and quantum confinement effect. This is in agreement
with the report of Ben-Slama et al. (2015) who pointed out that
the histopathological analysis of the kidney showed intratubular
protein deposition but no significant glomerular changes. These
findings were also concurrent with Al Rasheed er al. (2012)
who declared that renal histopathological examination showed
alteration of proteinaceous casts in the tubules and renal tubular
dilatation in the ZnO-NP treated rats. High dose of ZnO-NP showed
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Figure 4. Caspase-3 enzyme in different cells. Values are expressed as mean +
SD, (n =15). Statistical analysis is carried out using the SPSS computer program
coupled with Co-Stat computer program (version 8), where unshared letters
between groups are the significance value at p < 0.05.

Photomicrograph 1. (A) Liver from the group (14 nm, 150 mg/kg) showed hepatic tissue with preserved (intact) lobular hepatic architecture and mild hydropic
degeneration (black arrow) (H&E, x400). (B) Liver section from the group (30 nm, 150 mg/kg) showed preserved (intact) lobular hepatic architecture, hepatocyte with
ballooning (red arrow), hydropic degeneration of hepatocytes (black arrow) and binucleated hepatocytes, congested blood vessels with 10% mild necrosis (H&E, x400).
(C) liver section from the group (50 nm, 150 mg/kg) showed hepatic tissue with binuclear hepatocytes (blue arrow) and sinusoidal dilatations vacuolation of hepatocytes

along with hemorrhageand necrosis (black arrow) (H&E, x400).
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Photomicrograph 3. (A) Kidney section from the group (14 nm, 150 mg/kg) showed most of the corpuscles with high cellularity and obliterated capsular space (black
arrow). Proximal convoluted tubules show destructed epithelial lining (red arrow), destructed epithelial lining of distal convoluted tubules (yellow arrow) (H&E, %200,
x400). (B) Kidney section from the group (30 nm, 150 mg/kg) showed most of the corpuscles with very high cellularity and obliterated capsular space (black arrow).
Proximal convoluted tubules show destructed epithelial lining (red arrow), destructed epithelial lining of distal convoluted tubules (yellow arrow) (H&E, X200, x400).
(C) Kidney section from the group (50 nm, 150 mg/kg) showed most of the corpuscles with very high cellularity and obliterated capsular space (black arrow). Proximal
convoluted tubules show marked destructed epithelial lining (red arrow), destructed epithelial lining of distal convoluted tubules (yellow arrow) (H&E, x200, x400).

Photomicrograph 4. Kidney section from control group showed renal cortex of renal corpuscle with normal glomerulus (black arrow), the juxtaglomerular apparatus,
the normal pattern of proximal convoluted (red arrow) and distal convoluted (blue arrow) tubules (H&E, x200, x400).
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Photomicrograph 5. (A) Lung section from group (14 nm, 150 mg/kg) showing the thick sections, having alveoli with thick intralveolar septum (back arrow), type I
and type II pneumocytes were also clearly seen (red arrow), there is collection of lymphocytes (yellow arrow) (H&E, x200, x400). (B) Lung section from group (30
nm, 150 mg/kg) showing the very thick sections, having alveoli with thick intralveolar septum (back arrow), type I and type II pneumocytes were also clearly seen (red
arrow), there is many collection of lymphocytes (yellow arrow) (H&E, %200, x400). (C) Lung section from the group (50 nm, 150 mg/kg) showing the thin sections of
control having normal alveoli with thin intralveolar septum (back arrow), type I and type II pneumocytes were also clearly seen (red arrow) with scattered interstitial
lymphocyte (H&E, x100, x200).

Photomicrograph 6. Lung section from control group showing the thin sections of control having normal alveoli with thin intralveolar septum (back arrow), type I and
type Il pneumocytes were also clearly seen (red arrow) (H&E, x200, x400).

Photomicrograph 7. (A) Brain section of group (14 nm, 150 mg/kg) of NCR, showed the cerebellum showed an atrophic molecular layer (black arrow), mildly atrophic
and distorted granular layer (red arrow) and Purkinje layer (yellow arrow) and presence of thin closely packed small cells in the granular layer as well a large Purkinje
cells in the Purkinje cell layer (H&E stain, X100, xx200). (B) Brain section of group (30 nm, 150 mg/kg) of NCR, showed the cerebellum showed a moderate size
molecular layer (black arrow), mildly atrophic and distorted granular layer (red arrow) and Purkinje layer (yellow arrow) and presence of moderately closely packed
small cells in the granular layer as well a large Purkinje cells in the Purkinje cell layer (H&E stain, x100, xx200). (C) Brain section of group (50 nm, 150 mg/kg) of
NCR, showed the cerebellum showed well defined molecular (black arrow), granular layer (red arrow) and Purkinje layers (yellow arrow) and presence of numerous
closely packed small cells in the granular layer as well a large Purkinje cells in the Purkinje cell layer (H&E stain, x100, x200).
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Photomicrograph 8. Brain section of a control group, showed the cerebellum of the group a showed normal histological features, illustrating a well defined molecular
(black arrow), granular (red arrow) and Purkinje layers (yellow arrow) and presence of numerous closely packed small cells in the granular layer, as well a large Purkinje
cells in the Purkinje cell layer. Or showing the normal structure of neuronal cells (H&E stain, x200).

massive atrophy and fragmentation of numerous glomeruli, the
renal tubules showed epithelial exfoliation, degeneration, and
necrosis. Some of the renal tubules showed casts in their lumina.
The brain tissue showed neuronal cell degeneration and vacuoles
were observed in the hippocampus, which is indicative of fatty
degeneration in the hippocampus. In the lung tissues, inflammatory
cells, foamy cells, and granulomatous lesions were observed
in TiO2 NPs treated mice (Xu ef al., 2013). Park et al. (2011)
reported that granulomatous lesions were found in the bronchiole
and alveoli of the lung after 14 days TiO, NPs treatment (5, 20,
and 50 mg/kg) in mice.

The observed cytotoxicity of Zinc oxide nanoparticles on
cancer cells is explained by the fact that these NPs typically have
neutral hydroxyl groups attached to their surface, which plays a key
role in their surface charge behavior. In the aqueous medium and at
high pH, the chemisorbed protons (H") move out from the particle
surface leaving a negatively charged surface with partially bonded
oxygen atoms (ZnO"). At lower pH, protons from the environment
are likely transferred to the particle surface, leading to a positive
charge from surface ZnOH," groups. The isoelectric point indicates
that ZnO nanoparticles will have a strong positive surface charge
under physiological conditions. Given that cancer cells frequently
contain a high concentration of anionic phospholipids on their
outer membrane and large membrane potentials, interactions with
positively charged ZnO nanoparticles are expected to be driven
by electrostatic interactions, thereby promoting cellular uptake,
phagocytosis, and ultimate cytotoxicity.

CONCLUSION

It could be concluded that the smallest size NPs (14 nm)
induced the least toxic effect on normal cells and the highest
effective toxic concentrations on cancer cells followed by the
particle size of 50 nm, while the highest toxicity on cancer cell lines
was demonstrated using the particle size of 30 nm. The marked
difference in cytotoxicity between cancer cells and normal cells
suggests an exciting potential for ZnO NPs as novel promising
alternatives to cancer therapy.
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