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Abstract

Introduction: Regarding the many applications of nanomaterials in various industries and the
existence of many hypotheses on the harmful effects of nanoparticles on living things, the
research in this field is of great significance. Thus, the present study aimed to investigate the
effect of zinc and vitamin C nanoparticles as antioxidants and administration both on locomotor
activity and anxiety.

Materials and methods: In this experimental study, rats were divided into seven groups
including one saline group and six treatment groups. Zinc oxide nanoparticles (ZnO) were
injected intraperitoneally in six groups at three concentrations of 1.25, 2.5, 5 mg/kg and vitamin
C at three concentrations of 30, 60 and 120 mg/kg. At the end of the prescription period, the
number of lines crossed in the open field test for motor activity and the number of stools for
anxiety in each group were evaluated over a 5-min period.

Results: Prescription of different doses of ZnO and vitamin C did not indicate any significant
change in motor activity compared to the saline group. The injection of 30 and 120 mg/kg of
vitamin C decreased the number of defecation (anxiety) compared to the saline group (P <
0.001land P < 0.01, respectively) and also significant decrease was observed at 5 and 1.25
mg/kg doses of ZnO compared to the saline group (P < 0.001).

Conclusion: Based on these observations, vitamin C and ZnO reduced anxiety but had no
effect on the motor activity of animals.
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Introduction regulated in various neurological centers

include, hippocampus (3), hypothalamus

Motion and motor behavior is one of the
most complex physiological phenomena
playing a critical role in the survival and life
of animals. Motor behavior is significant in
creating environmental competitiveness,
flexibility in responding to social change
and non-social situations, aggressive
behaviors, conflict and escapism, and
especially in the reproduction (2).
Depression and anxiety are among the
common non-motor symptoms in patients
(2). Motor activity and anxiety are

(4). Anxiety is considered as a natural
response to stress giving the person the
ability to cope with difficult situations.
When the severity and duration of anxiety
symptoms prolong, it may become one of
the types of pathological anxiety which
may require treatment. Such conditions are
typically related to  stressful life
experiences, especially when the stresses
are chronic and traumatic (5). Studies
indicated that the disruption of the balance
of the neurotransmitter system, changes in
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signal  transmission path, and the
deformation of brain neuronal circuits
contribute in this pathology (6). Anxiety
disorders are associated with the
hypothalamic-pituitary-adrenal axis (7).
GABAergic and serotonergic systems are
significantly involved in the regulation of
the anxiety system (8). The activation of the
GABA receptor improves anxiety disorders
(9). Some studies indicated that zinc
deficiency in the body can be the cause of
anxiety behaviors (10). However, feeding
with some organic and inorganic zinc
supplements such as zinc sulfate, ZnSO4,
conventional ZnO, and Zn methionine has
partially improved anxiety in animal
models (11). Zinc oxide is an inorganic
compound being widely used in various
applications, especially in pharmaceutical
applications, as well as technical and
cosmetic products. (12). Zinc oxide
stimulates the growth and activity of
various enzymes in the body and also
affects many receptors such as serotonin,
GABAergic receptor, and NMDA and
calcium voltage-dependent channel (13).
The mentioned receptors have essential
roles in the modulation of anxiety. ZnO is
one of the most important compounds for
drug use due to its unique properties. For
example, it is used as a carrier of various
drugs, agents stimulating neuronal growth,
antimicrobial agents and its analgesic effect
was recently shown (14). Vitamin C, or
ascorbic acid, is found in the water-soluble
vitamins group. Ascorbic acid accumulates
in the mammalian brain more than any
other tissue. Ascorbic acid concentrations
are more than 250 pg/g of tissue in a large
number of anterior brain structures such as
the hippocampus, nucleus accumbens,
corpus striatum, hypothalamus, and septum
(14). Vitamin C is required to have a good
mental health. The lack or deficiency of this
vitamin can cause depression, dizziness,
heart disease, anxiety and fatigue. Anxiety
and excitement increase ascorbic acid loss.
Depression and anxiety may be exacerbated
by inadequate absorption of ascorbic acid.
Vitamin C is an anti-stress vitamin and may
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antagonize with adrenaline (15). Studies
indicated that vitamin C has a synergistic
effect on the anxiolytic and antidepressant
effects in their low doses (16). In this
regard, this study aimed to investigate the
effect of ZnO and vitamin C on motor
activity and anxiety in adult male rats.

Materials and methods

In this study, the adult male rats of Wistar
race (200 to 250 g) which were prepared
from Laboratory Animal Reproduction
Center of Ahvaz Jundishapur University of
Medical Sciences were used. The rats were
kept one week prior to the start of any test
to comply with the storage environment
(animal storage room) at the standard
conditions of 22+2 °C and 12-hour lighting
cycle (Lighting hour of 7-19) and they had
free access to water and food. The animals
were divided into experimental and saline
groups. Collectively, seventy adult male
rats were randomly divided into ten groups
with seven rats in each group (n=7).

ZnO was injected intraperitoneally into the
experimental groups (1.25, 2.5, 5 mg/kg for
each of the tested groups) and also vitamin
C was injected intraperitoneally into the
groups (30, 60 and 120 mg/kg). For saline
group, only 0.9% saline (10 ml/kg) was
injected (17). Open field test was used to
investigate motor activity in animals. The
test equipment included a rectangular plate
made of wood which its bottom was divided
into 16 squares with lines. At first, each rat
was placed at the center of the plate and its
behavioral activity was monitored for five
minutes. At the end of the test, each rat was
removed from the open field and the test
chamber was completely cleaned and dried
with a damp cloth (18).

Statistical analysis

SPSS software and LSD test were used for
statistical analysis. One-way ANOVA was
used to compare the effects. Data were
stated as mean + SD and P value less than
0.05 was considered significant.
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Figure 1. Comparison of the number of passes from lines in open field test between rats receiving doses of 1.25,
2.5, and 5 mg/kg of ZnO and 30, 60 and 120 mg/kg of vitamin C and different doses of ZnO NPs and vitamin30
compared to the saline ( mean + SEM; One-way ANOVA and Tukey's test (n=7) ).

Results

As shown in Figure 1, the rats receiving
doses of 1.25, 2.5, and 5 mg/kg of ZnO
compared to the saline group failed at
showing a significant difference in the
number of passes from lines in open field
test. The graph showed that the rats
receiving 30, 60 and 120 mg/kg of vitamin
C compared to the saline group failed at
showing a significant difference in the
number of passes from lines in open field
test. On the other hand, the prescription of
various doses of ZnO NPs and vitamin C
did not indicate any significant difference
in the number of passes from lines in open
field test.

Effect of intraperitoneal injection of ZnO
on anxiety behaviors

Figure 2 shows the ZnO injections at doses
of 1.25, 2.5, 5 mg/kg for 14 days on the
number of defecation in the open field test.
One-way ANOVA indicated a significant
decrease in the number of defecation at
doses of 5 and 1.25 mg/kg compared to the
saline group (P < 0.001).
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Effect of intraperitoneal injection of
vitamin C on anxiety behaviors

Vitamin C was injected at doses of 30, 60,
120 mg/kg for 14 days on the number of
defecation in the open field test. The results
revealed that the intraperitoneal injection of
30 and120 mg/kg dose of vitamin C
decreased the number of defecation
(anxiety) compared to the saline group with
(P <0.001), (P <0.01).

Effect of intraperitoneal injection of ZnO
and vitamin C (30 mg/kg) on anxiety
behaviors

As indicated in Figure 2, the combined
injection of 30 mg/kg ascorbic acid and
1.25 mg/kg ZnO significantly decreased the
number of defecation in the open field test
compared to the saline group (P < 0.05),
while it failed at showing a significant
increase at the dose of 30 mg/kg with ZnO
of 25 and 5 mg/kg. There was no
significant difference between the groups
receiving all three doses of nanoparticles
alone and the three doses of nanoparticles
in vitamin C. composition.
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Figure 2. Comparison of the number of defecation in open field test between groups receiving doses of 1.25, 2.5,
and 5 mg/kg of ZnO and 30, 60 and 120 mg/kg of vitamin C and different doses of ZnO NPs and vitamin30
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compared to the saline , ( mean + SEM; One-way ANOVA and Tukey's test (n=7) ). "P < 0.05, “P < 0.01, ™P <

0.001.

Discussion

The results of this study revealed that ZnO
significantly reduced anxiety and had no
effect on motor activity of animals.
Previous studies indicated that the cute
application of zinc oxide and ZnO reduced
anxiety and the anxiolytic effect of ZnO
was obtained in less value than that of
conventional ZnO, suggesting that ZnO
was more efficient than the conventional
type (19). Previous studies showed that 5
and 10 mg of zinc oxide and ZnO and even
25 mg of ZnO had no effect on motor
activity (20). Previous studies indicated that
ZnO had a weakening effect on motor
coordination (12). Studies on the effect of
different levels of zinc chloride on motor
balance and behavior in young male rats
showed that the rats which had consumed
50 or 30 mg/kg/day of zinc chloride for two
weeks had more balance than the saline
group and they spent more time on the
rotarod device showing a significant
difference with each other. On the other
hand, the higher levels of zinc chloride
initially affected motor activity, balance,
and degenerative activities, but they
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continued to cause significant reductions.
Zinc can have a dampening effect on motor
activity and balance under conditions such
as high amounts, and, due to the change in
the behavior of nanoparticles, it can be
suggested that one of the probabilities of
ZnO destructive effect on the balance may
be related to the size of this compound.
Some studies indicated that nano-size
compounds can reach the brain and may be
associated with neurodegenerative diseases
(21). Studies showed that the zinc ion has
an inhibitory effect on glutamate signaling.
In the presynaptic space, zinc and glutamate
ions were released together (21, 22).
Glutamate is one of the significant
excitatory neurotransmitters in anxious
behaviors and zinc ion with NMDA
receptor inhibition as one of the major
glutamate-target ~ receptors  attenuates
glutamate function on anxiety. On the other
hand, zinc ion lets the decrease of glutamate
presynaptic exit and attenuates its
signaling, thereby prevents anxiety by
increasing GABAergic exit as inhibitory
neurotransmitter, (22). On the other hand,
some research indicated that a part of the
anxiolytic effects of ZnO was related to the
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opioid system (22, 23). Based on the
obtained data, the results showed that
ascorbic acid at 30, 60 and 120 mg/kg doses
reduced anxiety but did not affect motor
activity at these doses. Ascorbic acid was
introduced as a neuromodulator in the
central nervous system (23) in addition to
its cofactor and antioxidant role (23). Such
results were consistent with other studies of
ascorbic acid or studies that showed this
vitamin has reduced anxiety. For example,
Gautam et al. reported that the use of
antioxidants such as vitamin E and C in
patients with anxiety disorders led to an
increase in antioxidant levels empirically,
and the symptom of anxiety and depression
were significantly reduced indicating the
effect of vitamin C and E in reducing
anxiety (24). Jesus et al. reported that the
oral consumption of vitamin C
supplementation in 42 high school students
reduced anxiety levels and stated that a
vitamin C-rich diet may be an effective
adjunct to medical and psychological
treatment of anxiety and improved
academic performance (25). Oxidative
stresses, which increased extracellular
glutamate, increased the release of ascorbic
acid from the cells until during the process
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