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ABSTRACT

INTRODUCTION: Nanotechnology is the technology of diagnosing, treating, and preventing diseases using nanoscale structured materials.
Zinc oxide nanoparticles (ZnO NPs) have useful effects for their less environmental hazards and for their application usages: tooth pastes,
biomedicine and food as zinc supplements. On the other hand, ZnO NPs have toxic effect due to their tissue accumulation ability. Quercetin
(Qc) is an antioxidant, categorized as a flavonol. Its beneficial effects are attributed to its phenolic hydroxyl groups. It has antioxidant and anti-
inflammatory activities.

OBJECTIVES: To evaluate the effect of ZnO NPs on rat parotid salivary glands and to investigate the possible protective role of Qc.
MATERIALS AND METHODS: Twenty-four adult male albino rats were divided into three equal groups: group (I) control, group (II)
received ZnO NPs 300 mg/kg and group (III) received ZnO NPs 300 mg/kg + Qc 200 mg/kg for 28 days. At the end of the experiment, animals
were euthanized and the parotid glands were dissected out. The effect of ZnO NPs on the parotid glands as well as the protective role of Qc
were assessed by transmission electron microscopy.

RESULTS: In group(Il) the acinar cells showed signs of toxicity as apoptotic nuclei, degenerated mitochondria, dilated rough endoplasmic
reticulum and vacuolization in the cytoplasm. Group (III) parotid glands exhibited remarkable improvement in the ultrastructure of their acinar
cells and duct system. This appearance was near to that of control group.

CONCLUSIONS: The study proved ZnO NPs toxicity and revealed that oral administration of Qc effectively prevented the toxicity associated

with ZnO NPs administration in rat models. Thus, Qc might be used as a prophylactic treatment to prevent ZnO NPs toxicity.
KEYWORDS: Zinc Oxide Nanoparticles, Quercetin, Parotid Salivary Glands.
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INTRODUCTION

The rapid growth of nanotechnology and the increased
production, consumption and disposal of many engineered
nanoparticles (ENPs), created an increasing concern that
human exposure to them - accidentally or incidentally - can
lead to significant adverse health effects, especially that the
study of their toxicological effects has lagged behind the
speed of their mass production (1).

Zinc oxide (ZnO) is an inorganic compound, that is
widely used in the everyday applications. In 2013 it was
listed as a Generally Recognized as Safe material (GRAS)
by the Food and Drug Administration agency, and it is
currently used as a food additive (2).

Zinc oxide nanoparticles (ZnO NPs) are one of the most
important ENPs, whose production is increasing every year.
They are utilized in diverse industrial fields such as dyes,
paints, pigments, tooth pastes, rubber, cigarettes, ceramics,
chemical fibers, electronics, catalysts, antibiotics, medical
diagnosis, sunscreens, cosmetics, food products as breakfast
cereals and personal care products (3).

It has been reported that ZnO in the nanoscale has
antimicrobial, antifungal and anticorrosive properties and
potential application in food preservation, thus they are
incorporated in polymeric matrices to provide antimicrobial
activity (4).

However, it is controversial whether ZnO NPs are safe or
hazardous. Some studies considered that generally, Zn is a
material with low toxicity, as it is an essential trace element
in the human body and is commonly added as a nutritional
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supplement (5). On the other hand, others demonstrated the
hazardous effect of ZnO NPs in the form of cytotoxicity and
genotoxicity in cultured human cells and experimental
animals (6). Thus, Nanoparticle Technology is a double-
edged sword on living cells (7).

The primary means by which inadvertent nanoparticle
exposure in humans can occur is via inhalation, ingestion,
or dermal contact. After gaining access to the circulatory
system, nanoparticles can be distributed throughout the
body and to specific organs (8), and taken up by cells
through phagocytic or endocytic mechanisms (9).

The mechanisms of cytotoxicity from ZnO nanoparticles
are not completely understood. However, oxidative stress is
thought to be the key mechanism responsible for ZnO -
adverse effects, as it induces production of reactive oxygen
species (ROS) and other oxidative agents (10). If ROS
production exceeds the antioxidative defensive capacity of
the cell, it results in oxidative damage of biomolecules
which can lead to cell death and apoptosis (11).

The liver, heart, spleen, pancreas, bone and salivary
glands all appear to be targeted sites of ZnO nanoparticles
(12).

Quercetin (3, 3\, 4\, 5, 7- pentahydroxyflavone) is an
antioxidant, that is categorized as a flavonol; one of the six
subclasses of flavonoid compounds. It is the most abundant
flavonoid molecule, that is widely distributed in the plant
kingdom. They are found in a variety of foods including
apples, berries, brassica vegetables, grapes, onions, shallots,
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tea and tomatoes, as well as many seeds, nuts, flowers, barks
and leaves (13).

The beneficial effects of quercetin are primarily
attributed to its phenolic hydroxyl groups. It has antioxidant
and anti - inflammatory activities (14).

Thus the aim of this study was to evaluate the effect of
ZnO NPs on the rat parotid salivary glands and to
investigate the possible protective role of Qc.

MATERIALS AND METHODS

Twenty-four male albino rats weighing about 150-200
grams and their age ranged from 3-6 months were used in
this study. The guidelines for the care and use of
experimental animals were followed according to the
Institute of Medical Research, Alexandria University from
where the animals were obtained and the work was done.
Rats were randomly divided into 3 equal groups 8 rats each.
Group (I): rats were used as controls, and received daily
10 ml/kg distilled water (15) orally for 28 days (16).
Group (II): rats were treated with daily oral administration
of 300 mg / kg body weight Zinc oxide nanoparticles
(Sigma - Aldrich Chemical Company (St. Louis, MO, USA)
for 28 days (16).

Group (III): rats were treated with daily oral
administration of 300 mg / kg body weight Zinc oxide
nanoparticles and simultaneously received oral Quercetin
(Nanotech - Egypt Chemical Company) at a dose of 200
mg/kg/day (17) for 28 days (16).

The dose volume of the distilled water, was maintained
for both ZnO NPs and Quercetin, and was 10 ml / kg / day,
(14,15). Animals were clinically evaluated every week for
general health, activity and body weight throughout the
experimental period. One day after the last administration,
the animals of each group were euthanized, and the right
and left parotid salivary glands were dissected out and
immersed in 2.5 % glutaraldehyde in phosphate buffer to be
prepared for transmission electron microscopy (18).

The NPs were characterized using the transmission
electron microscope (TEM) (16) {Electron Microscopy
Unit, Faculty of Science, University of Alexandria} A small
drop of the ZnO NPs’ suspension was placed onto the TEM
grids, coated with a thin carbon film and allowed to
evaporate. Then, electron micrographs of several locations
on the grid were taken. (19) The morphology and size of
ZnO NPs in the present study showed that the individual
particles had a diameter <50 nm. These particles were
mostly spherical in shape and electron dense forming
aggregates of different sizes, as shown by transmission
electron micrographs (Fig.1).

STATISTICAL ANALYSIS

Statistical analysis of the body weight was done using IBM
SPSS software package version 20.0. ANOV A was used for
comparing the three studied groups for normally distributed
quantitative variables (20).

RESULTS
1. Effects of ZnO nanoparticles on body weight changes
and general health:

During the experimental period, one rat died at the second
week in the ZnO nanoparticles-treated group and was
replaced by another one. Comparing the readings of the
mean body weights in grams for each group in successive
four weeks showed that there was no statistically significant
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difference in the mean body weight between the controls
and the groups receiving ZnO nanoparticles nor the group
receiving ZnO nanoparticles with Quercetin (Table 1).
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Figl;re (1): Transmission electron micrograph (TEM) of ZnO
NPs' suspension showing that most of the nanoparticles are
spherical in shape with diameter < 50 nm. (X1000)

Ultrastructural results:
The observations of the transmission electron microscope
of the parotid salivary glands showed differences among the
different groups. However, all specimens of the same group
showed similar results.

Group I (control):

The serous acinar cells of the gland showed, normal
euochromatic nuclei at the base of the cell. The cytoplasm
accommodated abundant amount of well-organized rough
endoplasmic reticulum. Also they contained numerous well
organized golgi complex, numerous mitochondrial figures
and plenty spherical secretory zymogen granules with
different degrees of electron density in the part of the cell
adjacent to the lumen. (Fig.2).
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Figure (2): TEM, group (I), showing: Serous acinus with normal
nucleus (n), abundant rough endoplasmic reticulum (rER),
extensive well developed golgi complex (G), numerous normal
mitochondria (m) and profound amount of spherical electron dense
and electron lucent secretory zymogen granules (ZG) (X4000).
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Table (1): Comparison between the different studied groups

according to mean Body weight.

Body weight in grams
Reading per Mean (SD) ANOVA
week P1
Group I Group II Group III
1% reading
(at the start 169-173 169-178 170-177 0.68
of 170.9+¢1.2 | 171.843.4 173.3+2.9 0.499
experiment)
2nd
reading(at 173-179.0 | 172-180.0 170-184.0 0.74
the 1% 177.1£1.81 | 174.3£2.60 | 177.914.76 0.39
week)
3rd
reading(at 184-193 177-200 180-200 1.01
the 2" 186.4+3.1 | 185.148.0 188.616.8 0.29
week)
4th
reading(at 195-205 182-205 185-205 0.79
the 31 199.543.3 | 191.647.8 193.846.0 0.33
week)
th .
fat iﬁzd;?ti 205-227.0 | 190-219.0 | 190-219.0 1.22
215.3+8.12 | 199.849.22 | 202.1£10.80 0.107

week)
ANOVA 12.05 10.3 8.96
P2 0.001* 0.006* 0.013*

P1 comparison between the three groups. At the same time
P2 comparison between interval times in the same group.

Group II (ZnO NPs 300 mg/kg):

The serous acinar cells exhibited, numerous dilated rough
endoplasmic reticulum, lysosomes and vacuolation of the
cytoplasm. The cells also showed, apoptotic nuclei with
heterogenic chromatin, and autophagocytosed
mitochondria. The cytoplasm showed extensive
degeneration (Fig.3). The cellular lining of the intercalated
ducts exhibited degenerative changes which included
altered mitochondria, vacuolization of the cytoplasm and
widening of the lumen (Fig. 4).

Group III (ZnO NPs 300 mg/kg with QE 200 mg/kg):
The cells of the serous acini showed, normal nuclei with
normal figures of chromatin distribution and numerous
secretory zymogen granules with intermediate degree of
electron density. The cytoplasm exhibited, few
vacuolization, slight dilatation of the rough endoplasmic
reticulum with normal mitochondria and well developed
golgi complex (Fig.5). The Intercalated duct had normal
cell lining with normal euchromatic nuclei, normal electron
dense secretory granules, well oriented golgi complex, well
organized rough endoplasmic reticulum and narrow lumen
(Fig.6

DISCUSSION

Among the numerous engineered nanoparticles (ENPs),
ZnO ones are considered to be promising candidates for
many scientific and industrial applications, due to their
interesting electrical, chemical, thermal and optical
properties. However, lately there has been a campaign in
some countries that share in the organization for economic
cooperation and development (OECD), to alert the public of
ZnO NPs’ potential toxicity. This campaign has aimed to
raise the awareness about the possible hazards of these NPs,
considering that they are not totally inert, and even if they
were, they would not be of value in many of their current
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applications which rely upon a degree of their chemical
reactivity. In such a context, their cytotoxicity has become
one of the most significant threats that should be primarily
evaluated, before extending their applications in practice
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Figure (3): TEM, group (II), showing: Serous acinus with
extensive and drastic changes in both of the nuclei (n) and
cytoplasm accommodating  apoptotic bodies (arrow), dilated
rough endoplasmic reticulum (rER)and degenerated mitochondria
(m) (X4000).
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degenerated epithelial lining, widening of the lumen (L) and
electron dense nuclei (X1000). The inset reveals higher
magnification of the encircled part in the previous figure
illustrating an apoptotic bodies (arrow) and massive cytoplasmic
changes with altered mitochondria and vacuolization of the
cytoplasm (X 5000).

The human body may be exposed to ZnO NPs via several
possible routes, including the ingestion, inhalation,
intravenous injection and dermal penetration. However, the
oral route was selected as a route of rats’ exposure to ZnO
NPs in this study, not only because the oral route follows
the guidelines of the (OECD), that stated this route for
testing any chemical (22), but also because humans have a
higher chance of ZnO NPs’ ingestion in the food-related
products, with a potential for exposure to higher doses with
the frequent ingestion (23).

Regarding the dose of ZnO NPs used in the present study,
we chose to work with a dose (300 mg/kg body weight/day)
that is agreed by the OECD guidelines for investigating a
new chemical substance (23). Zinc oxide nanoparticles used
in this study were well ultra-sonicated, just before their
administration to the experimental animals, due to the fact
that they could not remain stable in suspensions and they
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are rapidly ready to form small aggregates, as a result of
their nano-hydrodynamic size. It is known that
ultrasonication is the most effective way for disaggregating
NPs in water (24).
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Figure (5): TEM, group (III), showing: Serous acinus with normal
nucleus (n), slight dilatation of the rough endoplasmic reticulum
(rER), normal mitochondria (m) and few vacuolation of the
cytoplasm (v) (X5000).
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Figure (6): TEM, group (III), showing: Parts of the intercalated
duct cells adjacent to its lumen and revealing restoration of the
ultrastructural details of the cells including normal euchromatic
nucleus (n), normal electron dense secretory granules (arrows),
well developed golgi complex (G), normal mitochondria (m) and
well organized rough endoplasmic reticulum (rER) (X4000).

The duration of 28 days was chosen according to Chung
et al. (25) who evaluated Zn+2 ions concentration in plasma
using an inductively coupled plasma-atomic emission
spectroscopy (ICP-AES) after daily oral administration of
both 250 and 500 mg/kg body weight, doses. They
demonstrated that ZnO NPs resulted in a statistically
increased plasma zinc level with a subsequent accumulation
in the blood circulation and deposition in the different
organs, after a period of 28 days.

In the present study, electron microscopic examination of
the parotid glands in group II, demonstrated that ZnO NPs
have a potential to induce cytotoxic effects on the acinar
cells as well as the duct system.

These were revealed by the wvariable degrees of
degenerative changes involving most of the cells. The
acinar cells showed, apoptotic nuclei with heterogenic
chromatin, as well as autophagocytosed mitochondria and
numerous dilated rough endoplasmic reticulum. The
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cytoplasm showed extensive degeneration and contained
many disorganized figures of golgi complex. The
intercalated ducts had degenerated epithelial lining with
altered mitochondria, vacuolization of the cytoplasm and
widening of the lumen. These ultrastructural changes were
also observed in studies of submandibular salivary glands
of rats intoxicated with ZnO NPs (26).

ZnO NPs could affect acinar cells through different
mechanisms, which provide various postulations to
interpret the ultrastructural changes encountered in the
present study.

One important mechanism of ZnO NPs’ toxicity is the
particle’s dissolution in the biological environments. This
dissolution or ionization not only increases under the acidic
conditions, but also in the presence of biological
components such as amino acids and peptides (27). Miiller
et al. (28) suggested that intracellular release of ionic Zn+2
from the particles with a subsequent elevation of the
cytosolic Zn2+ concentration, is the original factor
responsible for cell membrane injuries, triggering
inflammatory responses, DNA damage and death of the
mammalian cells.

Such a concept has been supported by the study of Kao
et al. (29) They demonstrated that ZnO NPs after being
enodocytosed by cells via endocytotic vesicels, they fuse
with the endosomes that provide a medium of a low pH
(about 5.5), that is quite favorable for dissolution of Zn2+
ions. This is followed by their leakage from the endosomes
with elevation of the cytosolic Zn2+ concentration. In a
further step and as a trial from the mitochondria to maintain
cytosolic Zn2+ homeostasis, mitochondria sequester Zn2+
ions. Increased mitochondrial Zn2+ concentration, could
inhibit the cellular and also affects the mitochondrial
membrane permeability and opens mitochondrial pores that
release factors that may trigger the intrinsic pathway of
apoptosis.

Such explanation comes in agreement with some
ultrastructural changes encountered in the present study that
revealed apoptotic changes at the ultrastructural level as, the
apoptotic nuclei and autophagocytosed mitochondria of
acinar cells. Another possible explanation for ZnO NPs’
toxicity might be the oxidative effect of the nano-class
materials, that is followed by inability of the cells to deal
with the residues that resulted from the metabolic and
structural disturbances. The theme of particle-induced
oxidative injury has become an established general
mechanism for NPs’ toxicity (23).

Oxidative stress leads to accumulation of reactive oxygen
species (ROS), even when only small amounts of ZnO NPs
are incorporated into the cells. ROS attack the DNA,
generating a huge range of base and sugar modifications and
a number of alterations, such as DNA cleavage, DNA-
protein cross links and oxidation of purines. Induction of
ROS can occur spontaneously once ZnO NPs are exposed
to the acidic medium of lysosomes owing to their chemical
and surface nano-level characteristics. Moreover, can occur
after their interaction with the oxidative organelles, such as
the mitochondria or after their direct interaction with
proteins, lipids, nucleic acids, sugars and enzymes due to
their small size and large specific surface area, giving them
a state of high reactivity. These interactions interfere with
the biological system’s ability to detoxify the reactive
intermediates or to repair the resulting damage, (30) the
issue that may explain the encountered cytoplasmic
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degeneration and nuclear changes observed in the acinar
cells of this study.

Vacuolar appearance of rat acinar cells was observed in
the electron microscopic examination of the treated group.
These findings were also detected within the cytoplasm of
germ cells and olfactory epithelial cells exposed to ZnO
NPs (31, 32). These vacuoles reflect cellular swelling, that
may be attributed to failure of the energy-dependent Na+-
K+ ion pumps in the plasma membranes, due to lipid
peroxidation, leading to an intracellular accumulation of
Na+ and progressive osmolarity changes, with a consequent
entry of water into the cells (33).

On the other hand, in the present work, the electron
microscopic examinations of the acinar cells and duct
system of group III rats who received ZnO NPs and
quercetin during the experimental period, showed almost a
similar ultrastructural appearance as the control rats of
group L. This result ensured the safety of using quercetin as
an antioxidant protective agent and showed evident
improvement, as observed at the ultrastructural level. This
group revealed preserved cytoplasmic organelles and
almost normal chromatin patterns, but with minimal
cytoplasmic vacuoles .

As mentioned before, there is a substantial evidence
supporting the role of ROS as a major mechanism
explaining the toxic effects of ZnONPs (23, 37). That is why
the role of antioxidants as protective agents against ROS
induced changes, has been considered in the present study .

Quercetin (Qc) is a flavonol, that is widely distributed in
the plant kingdom. It has various important properties,
making it suitable to act as antioxidant (34), antitoxin (35)
and anti-inflammatory agent (36). It can scavenge free
radicals, inactivate ROS and chelate pro-oxidant transition
metals, preventing oxidation of membrane lipids, oxidative
modification of proteins and DNA fragmentation (37). An
extensive number of recent animal researches has been
focused on these antioxidant and cyto-protective potentials
of Qc (38,39,40).

In addition, Qc prevents the free radicals from activation
of the transcription factors of the pro-inflammatory
cytokines. It also suppresses the over-expression of the
inducible form of nitric oxide synthase enzyme (iNOS),
which is induced by various inflammatory stimuli (34).

CONCLUSIONS

The findings of this study proved the toxicity of ZnO NPs,
when administered orally, and declared the protective role
of Quercetin in preventing this toxilogical effect. So,
Quercetin can be used as a prophylactic treatment to avoid
ZnO NPs hazards.
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