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Abstract:

Nanotechnology is one of the fastest-growing and most promising modern
technologies. It deals with the manufacturing and use of nanoparticles. Nanoparticles
are generally known as small-sized particles possessing a size range of 1 to 100 nm.
Due to their distinctive physicochemical and mechanical characteristics, they are
utilized in various fields like agriculture, material science, food industry, medical,
diagnostic, and cosmetic applications. One of the nanoparticles that is most frequently
used nowadays is Zinc oxide nanoparticles. They have been explored for numerous
biomedical applications, such as drug delivery, anticancer, antibacterial, antidiabetic,
and bioimaging. Researchers expect that usage of Zinc oxide nanoparticles will
expand so; the human body's exposure to them will increase. Zinc oxide
.nanoparticles released into the environment could lead to adverse human and animal
health effects. Recent studies concluded that Zinc oxide nanoparticles could cross
some blood vital organs barriers and cell membranes, generate free radicals, and
exhibit oxidative stress, cytotoxicity, and genotoxicity. Therefore, great attention must
be taken to assess the toxicological aspects of nanoparticles.
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Introduction:

Nanotechnology is one of the fastest- food industry, and medical, diagnostic,
growing and most promising modern and cosmetic applications.®* Nanom-
technologies. It deals with the manuf- edicine is the use of nanotechnology
acturing and use of nanoparticles for biomedical purposes such as the
(NPs) that are generally known as control, prevention, monitoring, diag-
small-sized particles possessing a size nosis, and treatment of diseases.®

range of 1 to 100 nm.™? Nanoparticles One of the frequently utilized NPs
have distinctive physicochemical and today in consumer items is Zinc oxide
mechanical properties as they have m- nanoparticles (ZnO-NPs). They are fo-
any reactive sites on the surface and a und in cosmetics and sunscreens as
high surface area to volume ratio. Th- they possess efficient ultraviolet absor-
ese properties make them highly imp- ption properties. Because of the ant-
ortant to be applied in various fields ibacterial properties of ZnO-NPs, they
like agriculture, material science, the are used in the food industry as
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packaging and additives.®” ZnO-NPs
have been extensively reconnoitered
for a variety of biomedical applicati-
ons, such as antibacterial, anticancer,
drug delivery, antidiabetic, and bioim-
aging®"

Researchers expect that ZnO-NPs' us-
age will expand so, the human body's
exposure to them will increase. Theref-
ore, ZnO-NPs release into the enviro-
nment could lead to adverse human
and animal health effects that may be
due to their cumulative effect @9

1. Biomedical applications:
Antibacterial agent:

Because of their photocatalytic action
and generation of reactive oxygen spe-
cies (ROS), ZnO-NPs have antibac-
terial characteristics. Researchers disc-
overed that ZnO-NPs have an impact
on the cell membrane, leading to the
generation of ROS. Zinc is absorbed
by bacterial cells when they come into
contact with ZnO-NPs, that limits the
respiratory enzymes' activity, produces
ROS, creates free radicals, and leading
to oxidative stress. The Bacterial cell
membrane, mitochondria, and DNA
are irreversibly damaged by ROS
leading to the death of bacterial cells
[ Zinc oxide nanoparticles-based
antibacterial agents have been used in
daily-care products such as shampoos,
diapers, and mouthwash and in dental
composites***® Sarwar et al.*¥ eval-
uated the usage of ZnO-NPs against
Vibrio cholera and discovered that th-
ey resulted in protein leakage, altered
cellular architecture, and enhanced
depolarization and fluidity of the cell
membrane. DNA damage and the pro-
duction of ROS were also noted. The
previous findings point to the syne-
rgistic effect of antibiotics and ZnO-
NPs to treat bacterial diseases in a co-
mplementary manner.
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Anticancer therapy:

The Food and Drug Administration
(FDA) has accepted ZnO-NPs as a
novel and effective anticancer therapy
(51, By inducing ROS production and
apoptosis, ZnO-NPs have anticancer
properties. ZnO-NPs were found to
have discriminatory toxicity to cancer
cell in comparison to normal cell.
Many published research articles have
stated that ZnO-NPs exhibit more than
(30-fold) selective cytotoxicity against
cancer cell in comparison with healthy
cell 81 At physiological pH, ZnO-
NPs possess a positive charge. Cancer
cells have a great number of molecules
that are negatively charged on their
surface. So, the positively charged
ZnO-NPs promote cytotoxicity select-
ively against the proliferation of cells
at the negatively charged tumor
sites.*”

Drug delivery:

The possibility of using ZnO-NPs as a
drug carrier is significant as they have
a versatile surface chemistry. Zinc ox-
ide nanoparticles have a large surface
area, that offers more opportunities for
the functionalization of the surface.
The ZnO-NPs' small size contributes
to longer drug retention times and low-
er drug loads . ZnO-NPs function
as an ideal drug delivery system, as th-
ey can overcome various drug resista-
nce, according to Liu et al.*® This re-
search found that doxorubicin-loaded
ZnO-NPs successfully bypassed P-
glycoprotein and boosted the drug's
molecule intracellular localization insi-
de drug-resistant cells.

Antidiabetic:

Based on the knowledge that zinc is
crucial for the synthesis, secretion, and
storage of insulin, ZnO-NPs' antidiab-
etic activity was studied. Nazarizadeh
and Asri-Rezaie.®® investigated the
antidiabetic activity of zinc sulfate
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against that of ZnO-NPs in diabetic
rats. When compared to zinc sulfate,
ZnO-NPs showed a higher antidiabetic
efficacy. This was evidenced by impr-
ovements in zinc status, insulin level,
and glucose disposal.

Bio-imaging:

Zinc oxide nanoparticles have been
recognized as a trustworthy choice for
a convenient and cheap bio-imaging
tool. They show intrinsic fluorescence
characteristics with excitonic emission
at near UV, green, and blue areas.™®
ZnO-NPs that have fluorescent chara-
cteristics are utilized for imaging
cancer and bacteria cells.®*??

Biosensors:

The biosensor is an analytical device
with a transducer and a biological rec-
ognition element. An enzyme, tissue,
microorganism, or bioligand like nucl-
eic acids and antibodies can serve as
the biological recognition element.®
Due to a variety of factors, including
their ease of fabrication, optical char-
acteristics, high electron mobility, and
polymorphic nature, ZnO-NPs are one
of the most commonly utilized NPs for
biosensor applications.®? Acetylcholi-
nesterase,® glucose®®  xanthine,®”
and urea ® have all been shown to be
detectable by ZnO-NPs biosensors.

2. Toxicological aspects :

Although Zinc oxide has got FDA
approval as a generally recognized as
safe (GRAS) substance, researchers
found that NPs have unique physic-
chemical characteristics, and their tox-
icological profile differs from their
large counterparts. Recent researches
suggested that ZnO-NPs can iduce
adverse effects on human health and
environmental organisms ©*39,

1. Toxicity mechanisms of Zinc oxi-
de nanoparticles:
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Recently, many studies have been pub-
lished that have shown the toxic effect-
s of ZnO-NPs on cell lines and some
organs. The toxic effects are ascribed
to the high solubility feature of ZnO-
NPs, causing oxidative stress, cytotox-
icity, and mitochondrial dysfuncti-
on.®Y Three mechanisms have been
proposed to explain ZnO-NPs' toxi-
city.®?

a) Zincions release:

The probable dissolvability of ZnO-
NPs into free zinc ions is an important
cause for their toxicity. Zinc home-
ostasis disruption and ROS generation
occur as a result of ZnO-NPs dissolut-
ion inside cells. In addition, the incr-
ease in zinc content leads to mitoch-
ondrial damage, enzyme inhibition, pr-
otein folding, lysosomal inactivation,
oxidative stress, 9enotoxicity, and fin-
ally cell death.®¥ The hydrated cellu-
lar zinc ion binds with unblemished
ZnO-NPs in the lysosomal acidic envi-
ronment promoting cellular zinc hom-
eostasis disruption and mitochondrial
dysfunction causing cell damage. ¢

b) Production of reactive oxygen
species:
Zinc oxide nanoparticles enter cells by
endocytosis or direct diffusion. They
interact with the biological system and
stimulate ROS production and oxid-
ative stress- mediated damage. Cells
possess inherent antioxidant mechan-
isms such tas antioxidant enzymes li-
ke, glutathione peroxidase (GPx), sup-
eroxide dismutase (SOD), and catalase
(CAT) to normalize the ROS gene-
rated during normal metabolisms®.
When ROS production exceeds cellu-
lar antioxidant defenses, it induces the
creation of potent incendiary cytokine
leading to inflammation.®® Inflamma-
tion exhibits mitochondrial disturba-
nce,®” damage to cellular components,
cell membranes,®® DNA, and an inc-
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rease in lactate dehydrogenase (LDH)
arrival which comes from necrosis and
cell demise’®®

c) Mechanical harm due to the
direct interaction between Zinc
oxide nanoparticles and the cells:

Many studies have revealed that Zn-

ONPs could connect cell divider and

produce mechanical damage as, malfo-

rmations of membranes, altered cell m-

orphology, leakage of intracellular str-

uctures, and mitochondrial damage.
(40,41,42)

2. Toxicological hazards of Zinc
oxide nanoparticles:

The toxic impacts of ZnO-NPs on cer-
tain organs and their biological func-
tions depend on particle size, morph-
ology, concentration, pH, biocompa-
tibility, and also exposure time. ZnO-
NPs can affect the liver, heart, kidney,
lung, nervous system, hematological
indices, and sex hormone levels %49

Pulmonary toxicity:

Since inhalation is the major route of
ZnO-NPs' exposure in the workplace,
the concern about pulmonary toxicity
of ZnO-NPs is growing.“® ZnO-NPs
could induce cytotoxicity in human
lung epithelial cell by promoting oxid-
ative stress causing damage to DNA
and apoptosis.“® Cho et al. “” detec-
ted that inhalation of ZnO-NPs indu-
ced inflammation and fibrosis in the
tracheobronchial and alveolar tissues.
The acidic fluid of the lung triggered
dissolution of ZnO-NPs and then incr-
eased their concentration causing pul-
monary toxicity.

Cardiotoxicity:

Baky et al. reported that inflame-
mation, DNA damage, and apoptosis
in rat's heart were noticed following
oral administration of ZnO-NPs in two
doses (600 mg/kg and 1g/kg) for five
days. Biochemical investigations in th-
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is study revealed elevations of myogl-
obin, creatine kinase myocardial band,
and troponin T levels that are indica-
tive of cardiac damage. “®

Neurotoxicity:

Zinc oxide nanoparticles could damage
major areas in the brain and induce
losing of their function.“® Elshama et
al.*¥ detected that prolonged use of
ZnO-NPs through the intraperitoneal
route prompted ultrastructural and hist-
opathological changes in the rats'
spinal cords and brains based on ROS
generation.

Hematotoxicity:

Evaluation of the interaction of NPs
with blood components is part of the
preclinical risk assessment of newly
manufactured materials®® Yahya et
al.® conducted a study to detect the
hematological changes caused by
ZnO-NPs in albino rats. Rats were
administrated ZnO-NPs orally in a
dose of 10 mg/kg/day for four weeks.
Results revealed a significant increase
in the white blood cells count and a
decrease in hemoglobin, red blood
cells, and hematocrit counts and con-
centration. A Significant decrease in
mean corpuscular hemoglobin values,
increase in mean corpuscular volume,
and decrease in blood platelet levels
were also detected

Intestinal toxicity:

Abbasi-Oshaghi et al.®? reported that
oral treatment of normal rats and high
fat diet fed rats with ZnO-NPs (50 and
100 mg/kg) for 28 days significantly
induced intestinal injury via oxidative
stress, inflammation, and apoptosis
mechanisms.

Hepatotoxicity:

Experimental studies detected that
ZnO-NPs administrated via the oral ro-
ute revealed a special predilection tow-
ards hepatic accumulation and promote
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oxidative stress and apoptosis in hepat-
ocytes.®** Aboulhoda et al.®® stated
that orally administrated ZnO-NPs in
three doses (100, 200, 300 mg/kg/day)
to rats for two weeks affected the liver
functionally and histopathologically.
ZnO-NPs disrupted liver architecture,
increased the serum level of aspartate
transaminase, alkaline phosphatase,
and alanine transaminase enzymes. In
addition, it produced a dose-dependent
decrease in the antioxidant enzymes
activity GPx, CAT, and SOD with an
elevation in the lipid- peroxidation pr-
oduct malondialdehyde (MDA) level.

Nephrotoxicity:

Recent studies concluded that the nep-
hrotoxicity of ZnONPs may be attr-
ibuted to DNA degradation and induc-
tion of both lipid peroxidation and sys-
temic inflammation.®®
Heidai-Moghadam et al.®” reported
that oral treatment of rats with 50
mg/kg/day ZnO-NPs for 14 days indu-
ced renal injury. Investigations of this
study revealed a significant increase in
blood levels of creatinine, blood urea
nitrogen (BUN), and uric acid. Renal
injury was explained by promoting ox-
idative stress in kidney via enhancing
the contents of MDA and decreasing
GPx and SOD enzymes activity.
Regarding histopathological effects
Chien et al.®® evaluated the renal
toxicity of ZnO-NPs in rats exposed to
the relevant occupational levels (1.1
and 4.9 mg/m® ZnO-NPs) through
inhalation for two weeks. Examina-
tions of rats' kidney by light microsco-
pe revealed interstitial lymphocytic in-
filtration, a significant increase in infl-
ammatory foci with pronounced perig-
lomerular inflammation, and tubulitis
with lymphocytic infiltrate in the tubu-
lar epithelium.

Lin et al. ©® stated that increased
BUN, creatinine concentrations, and
decreased creatinine clearance in rats
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injected intraperitoneally with varying
concentrations of ZnO-NPs indicating
kidney dysfunction

Testicular toxicity:

The toxic effects of ZnO-NPs on the
reproductive system have been progre-
ssively reported in both in vivo and in
vitro studies. Recent researches revea-
led that ZnO-NPs could cross blood-
testes barrier and accumulate in testis
and epididymis. %% The NPs accum-
ulation leads to harmful testicular eff-
ects, as perm malformations, testicular
lesions, alterations in sex hormone ser-
um level, and testis-specific gene expr-
essions ¢2%¥ Tang et al. ¥ studied
the effect of orally administrated 50,
150, and 450 mg/kg ZnO-NPs for 14
days to adult male mice. Results of this
study revealed that testosterone horm-
one concentration in serum and the sp-
erms number in epididymis were decr-
eased with increasing ZnO-NPs dose.
Histopathological examination of testis
showed atrophy, detachment, and vac-
uolization of germ cells.

Hussein et al. ®¥ reported that orally
treated rats with 100 and 400 mg-
/kg/day ZnO-NPs for 12 weeks rev-
ealed a significant decrease in motility
of sperm, sperm cell count, normal a-
nd live sperms, and testosterone horm-
one level. There was a significant ele-
vation in the MDA content and a
reduce in antioxidant enzymes activ-
ities, CAT, SOD, GPx, and reduced
glutathione level. In addition, histo-
pathological testicular damage was
detected.

Conclusion:

Zinc oxide nanoparticles are important
metal oxide nanoparticles. They are
commonly used in many fields bec-
ause of their unique physical and che-
mical properties. They have been wi-
dely utilized in biomedical applicati-
ons, food industry, electronics, and co-
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smetics. Biomedical applications of
Zinc oxide nanoparticles are increasing
day by day in many processes as antic-
ancer, antidiabetic, antibacterial, biose-
nsors, drug delivery, and bioimaging.
The widespread usage of zinc oxide
nanoparticles increases the potential
exposure of consumers, workers, and
scientists to them, so more attention
must be taken regarding their potential
harmful effects on different body org-
ans.
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