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ABSTRACT

BACKGROUND AND OBJECTIVE: Zinc oxide nanoparticles are one of the most widely used nanoparticles in
fields of industry, medicine, pharmaceutical sciences, cosmetics, and nutrition. Multiple studies have demonstrated the
negative effects of zinc oxide nanoparticles on the nervous system, while others have revealed their enhancing effects
on the activity of nerve cells, involved in memory processes. The aim of this study was to compare the effects of zinc
oxide nanoparticles and zinc oxide on long-term memory of mice.

METHODS: In this experimental study, 49 NMRI adult male mice, with the mean weight of 2515 g, were randomly
divided into seven groups, each consisting of seven mice: control group, three treatment groups receiving zinc oxide
nanoparticles (1, 2.5, and 5 mg/kg of zinc oxide nanoparticles, respectively), and three treatment groups receiving zinc
oxide (1, 2.5, and 5 mg/kg of zinc oxide, respectively). Intraperitoneal injections were performed before training
(electric shock). Passive avoidance memory of mice was evaluated, using the Step-Down device. The latency time to
descend the platform was regarded as an indicator of memory on days 1, 3, and 7 following training.

FINDINGS: Pre-training administration of zinc oxide nanoparticles and zinc oxide at a dose of 2.5 mg/kg yielded no
effects on the motor activity of mice. However, a significant decline was reported in the latency time to descend the
platform on days 1, 3, and 7 following training (58+17, 45+13, and 39+14 in the zinc oxide group and 93+18, 62+12,
and 1443 in the nano zinc oxide group, respectively) (p<0.01); however, the dosage of 5 mg/kg had less significant
short-term effects (130+38, 49414, and 68+10 in the zinc oxide group and 132+46, 41+13, and 58+24 in the nano zinc
oxide group, respectively). Also, the dosage of 1 mg/kg was almost ineffective.

CONCLUSION: The results showed that weakened long-term memory, caused by zinc oxide administration, is not
influenced by the size of particles.
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Introduction

Zinc oxide is an inorganic compound with the
formula ZnO. Considering the limited toxic
characteristics of zinc oxide and its long-term use
compared to other zinc compounds (e.g., sulfate and
bicarbonate), food companies have extensively used it
as a supplement (1). In recent years, use of nanoscale
materials has increased rapidly, and oxidized
compounds such as zinc oxide are produced as
nanoparticles in various fields. The widespread use of
nanoparticles has led to their entrance into the
environment and human life (2).

Zinc oxide nanoparticles are among the most
commonly used elements in industry, medicine,
pharmacy, cosmetics, and nutrition (3). Due to their
smaller size compared to zinc oxide, nanoparticles
have a greater capacity to cross biological barriers and
easily enter the brain (4,5). However, some studies
have revealed a complete similarity between zinc oxide
and zinc oxide nanoparticles in terms of acute toxicity
(6). Damages caused by severe zinc deficiency in adult
mice are similar to hippocampal lesions. Therefore,
zinc deficiency affects hippocampal function, and
memory disorders are widely associated with zinc
deficiency (7). Moreover, young and old mice with
zinc deficiency have been shown to have a weaker
performance on T-maze, compared to control mice.
Also, the effects of zinc deficiency on spatial working
memory are more significant in younger mice,
compared to older ones; this type of deficiency causes
significant delays in the development of long-term
memory (8).

Zinc supplements have negative effects on
newborns’ cognitive function (9), while it has been
shown that zinc deficiency has adverse impacts on
short-term memory of young mice in a water maze (8).
In fact, mice with no zinc deficiency spend more time
in the dark room and show more activity (10). Today,
despite the beneficial effects of zinc, a great deal of
attention has been paid to the side-effects of this
compound, which may be caused by high zinc
concentrations (11).

Some studies have suggested the harmful effects
of zinc oxide nanoparticles on the body (12-14). In
fact, zinc oxide nanoparticles cause cytotoxicity by the
production of reactive oxygen species and lead to
oxidative damage, inflammatory stimulation, and cell
death (15). Moreover, exposure to zinc vapor may
have negative effects on memory and cognition, which
may be associated with age and sex (16). Also, several

studies have demonstrated the negative effects of zinc
oxide nanoparticles on learning and memory in Wistar
rats (17, 18).

Reports on the effects of zinc oxide nanoparticles
on cognitive processes involved in memory and
learning have been contradictory in behavioral and
laboratory experiments, and effects of these
compounds on the central nervous system remain
controversial and inconsistent. Therefore, identifying
the positive or negative effects of these compounds on
important brain functions such as memory can increase
the awareness of researchers, pharmacists, and
manufacturers, who use nanoparticles for various
causes. Such studies can help develop preventive
approaches against the adverse side-effects of
nanoparticles. The aim of this study was to compare
the effects of zinc oxide nanoparticles and zinc oxide
on long-term memory of mice.

Methods

In this experimental study, we examined 49 NMRI
adult male mice (mean weight= 25+5 g), purchased
from the animal house of Veterinary Faculty at Shahid
Chamran University of Ahvaz, Iran. The animals were
divided in seven groups (seven mice each) and
maintained in Plexiglass cages under laboratory
conditions at a temperature of 23+2 °C with adequate
ventilation (12 hours of light and 12 hours of
darkness).

Zinc oxide nanoparticles smaller than 70 nm
(LoLiTec Company, Germany were dissolved in 0.9%
saline for daily administration before the experiment
and were dispersed, using the Ultrasonic Bath 2600S
(Pars Nahand Company, Iran) for 22 minutes. Prior to
each injection, the compound was dispersed by a
shaker for 1 minute. Zinc oxide (Merck Company,
Germany) was also dispersed prior to the examination
for 5 minutes in 0.9% saline by the shaker. Three
groups received 1, 2.5, and 5 mg/kg of zinc oxide
nanoparticles, three groups were administrated 1, 2.5,
and 5 mg/kg of zinc oxide, and the control group
received 0.9% saline through intraperitoneal injections.

The behavioral test was carried out, using the
Step-Down device (Model ST-5500, Industrial Tower
Company, Tehran, Iran) for 30 minutes after the
injection. This device was used for the assessment of
passive avoidance behavior in mice. The device was
30x30x40 cm® in dimension and had three dark-
colored Plexiglas walls; the front wall was transparent
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for monitoring animal behaviors. The device had a
stainless steel bottom and a wooden platform (4x4x4
cm®), which was placed in the center of the bottom.
During training, the mice were placed on the wooden
platform and the latency time to descend the platform
was recorded. Immediately after stepping down the
wooden platform, the mice received electric shock (15
V) for 15 seconds (training), and then, they were
returned to the cages. The trained mice (electric shock)
were again placed on the wooden platform the next
day, 3 and 7 days (i.e., day of the test) the latency time
was recorded. Electric shock was not employed on the
day of the test.

The mice would receive the maximum score (300
seconds) provided that they could remain on the
platform for 5 minutes during the test. Similar to the
first day, latency time to descend the platform was
recorded on days three and seven after training
(electric shock) to analyze the memory of mice. Open-
Field device was employed for motor activity
evaluation. Motor activity test was used to assess the
possible impact of zinc oxide on motor activity, which
can interfere with memory evaluation. The device
consisted of a rectangular box on a wooden plate,
which was divided into nine sections by four
intersecting lines. Each time the animal’s head and two
of the anterior extremities crossed one of the lines, a
number was specified for the animal.

The number of disconnected lines during 5
minutes of the experiment depicted the motor activity
of the animal. To analyze the data, ANOVA and
Tukey's test were performed. InStat Version 3 was
employed, and Microsoft Excel 2013 was used to draw
the charts and p<0.05 was considered statistically
significant.

Results

Evaluation of the effects of different doses of zinc
oxide and zinc oxide nanoparticles on memory: The
groups receiving 1 mg/kg of zinc oxide and zinc oxide
nanoparticles were not significantly different from the
control group in terms of latency time at 1, 3, and 7
days after training. However, a considerable difference
was detected between the control group and groups
receiving 2.5 mg/kg of zinc oxide and zinc oxide
nanoparticles in terms of latency time at 1, 3, and 7
days after training (p<0.05 and p<0.01, respectively).
However, the effects of zinc oxide and zinc oxide
nanoparticles were not significantly different at these
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intervals. Within three days of the experiment, the two
groups receiving 5 mg/kg of zinc oxide and zinc oxide
nanoparticles were significantly different from the
control group (p<0.05 and p<0.01, respectively); also,
a descending trend was observed on days 1 and 7 after
training. Based on the findings, there was no
significant difference between zinc oxide and zinc
oxide nanoparticles at different intervals. The
comparison of 2.5 and 5 mg/kg doses of zinc oxide and
zinc oxide nanoparticles showed a significant
difference on days 1 and 7 after training (p<0.05).
Therefore, 5 mg/kg of zinc oxide and zinc oxide
nanoparticles could cause memory impairment,
although these effects were less significant than 2.5
ma/kg (fig 1).

Evaluation of the effects of different doses of zinc
oxide and zinc oxide nanoparticles on motor
activity: The motor activity test was not performed at
a dose of 1 mg/kg for either types of zinc oxide
(injected before training). According to previous
studies, 5, 10, and even 25 mg/kg of zinc oxide and
zinc oxide nanoparticles have no effects on motor
activity (12, 16). However, in order to confirm
previous studies, the motor activity test was carried out
with 25 and 5 mg/kg of oxide and zinc oxide
nanoparticles (injected before training), using the
Open-Field device. Based on the statistical analysis,
the groups receiving 2.5 and 5 mg/kg of zinc oxide and
zinc oxide nanoparticles were not significantly
different from the control group; this might indicate
the ineffectiveness of these compounds in motor
activity (fig 2).
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Figure 1. Effects of zinc oxide and zinc oxide
nanoparticles (1, 2.5, and 5 mg/kg) on avoidance memory
(during a week), using the Step-Down device. Each
column represents Mean+SEM values. *p<0.05 and
**p<0.01 in comparison with the control group
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Figure 2. Effects of zinc oxide and zinc oxide
nanoparticles (2.5 and 5 mg/kg) on locomotor activity
(during a week), using the Open-Field device. Each
column represents Mean+SEM values.

Discussion

This study indicated that 2.5 and 5 mg/kg of zinc
oxide and zinc oxide nanoparticles could deteriorate
the learning capacity and memory in mice. The
findings on the effects of zinc oxide nanoparticles on
memory were in line with the results of a study by
Valipour and colleagues. According to their study,
acute administration of zinc oxide nanoparticles
deteriorates memory in Wistar rats; however, it was
revealed that this effect is not related to oxidative
stress by nanoparticles (18).

Han and colleagues also reported that long-term
exposure to zinc oxide nanoparticles may destroy zinc
homeostasis and result in increased long-term
potentiation (LTP). Imbalance between these two
mechanisms would postpone the acquisition process
and cause memory impairment (17). Moreover, this
study indicated no significant difference between zinc
oxide and zinc oxide nanoparticles at similar doses.
However, zinc oxide nanoparticles could enter the cells
directly through cell membranes or membrane
channels and proteins; some might also enter the cells
via endocytosis (19).

Some studies have shown that zinc oxide
nanoparticles, zinc oxide, and Zn?* are quite similar in
terms of severe toxicity (6). Therefore, it seems that
Zn?* ions, which are released from zinc oxide and zinc
oxide nanoparticles, enter the cells and destroy
synaptic homeostasis, which may cause an excessive
increase in LTP via intracellular processes and cause
insufficient LTP (17), resulting in memory
impairment. On the other hand, high concentration of
zinc can inhibit the excessive proliferation of NMDA

receptors in the hippocampus. Free Zn?* ions mainly
exist in synaptic vesicles and a specific set of
glutamatergic neurons in the brain, especially granule
cells in the dentate gyrus of hippocampus (20, 21).
Mossy fibers, containing zinc, can be found in
presynaptic vacuoles. Also, Zn?*, which exists in 45%
of the Schaffer collateral system, may be used as an
endogenous neurotransmitter to impose inhibitory
effects on NMDA receptors. LTP induction in the
Schaffer collateral system is dependent on the activity
of these receptors (21, 22).

The primary role of Zn?* is to reduce the NMDA
receptor currents. The inhibitory effects of zinc on
NMDA receptors are of grave significance, given the
essential role of these receptors in transmission and
synaptic plasticity (23). These receptors are glutamate-
gated channels, which are responsible for excitatory
postsynaptic currents in central synapses (23).

NMDA receptors are diverse and some of them are
sensitive to zinc ions as endogenous blockers (20). The
extracellular portion of each NMDA subunit would
bind active allosteric ligands such as Zn?*. There are
two types of Zn?* binding sites in separate subunits,
which inhibit NMDA receptors through different
mechanisms (23).

Pre-training injection of zinc oxide and zinc oxide
nanoparticles may increase the amount of Zn?* in
glutamatergic synapses and inhibit NMDA receptors;
this would ultimately reduce the incidence of LTP and
impair acquisition and learning. Also, LTP inhibition
by zinc may be explained by calcium channel blockers
in nerve terminals, which reduce the excitatory post-
synaptic potential (22).

In this study, 5 mg/kg of zinc oxide and zinc oxide
nanoparticles caused a relative impairment in long-
term memory of mice on the first and seventh days of
the experiment; however, on the whole, these effects
were less significant, compared to the dose of 2.5
mg/kg. It appears that the number of nanoparticles is
higher at the dose of 5 mg/kg. Therefore, the mobility
of nanoparticles is higher and there is a possibility of
binding at higher suspensions; this in fact can lead to
the binding of particles (24, 25).

On the other hand, some studies have shown that
nanoparticles have a greater tendency towards
accumulation over time (24). Another theory
explaining the less significant effect of higher doses is
that Zn®* adhesion to cells is controlled by specific
receptors such as metal-binding proteins (26).
Probably, the amount of Zn?* ions, released from zinc
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oxide and zinc oxide nanoparticles at 2.5 mg/kg is
sufficient for the receptors; hence, due to the
accumulation of these receptors, the adhesion of Zn?
to cells does not improve by increasing the
concentration, but remains unchanged. In this regard,
Izumi and colleagues showed that at low micromolar
concentrations, zinc has no effects on LTP in the CAl
hippocampal slices, while LTP is weakened at high
micromolar concentrations (27). In our study, pre-
training injection of zinc oxide and zinc oxide
nanoparticles at a dose of 1 mg/kg did not change the
learning process, which confirms the mentioned
results. Considering the role of glutamatergic receptors
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such as NMDA in cognition and learning and the
relation between these receptors and zinc ions, it is
suggested that the effects of agonists and antagonists
of receptors, zinc oxide, and zinc oxide nanoparticles
on cognitive behavior, be evaluated. According to the
results, it seems that long-term memory impairment by
zinc oxide is not affected by the size of particles.
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