
Vol.:(0123456789)1 3

Applied Nanoscience 
https://doi.org/10.1007/s13204-019-01093-3

ORIGINAL ARTICLE

Neurotoxicity of ZnO nanoparticles and associated motor function 
deficits in mice

Atif Yaqub1 · Ijaz Faheem1 · Khalid Mahmood Anjum2 · Sarwar Allah Ditta1 · Muhammad Zubair Yousaf3 · 
Fouzia Tanvir1 · Chand Raza1

Received: 20 April 2019 / Accepted: 19 June 2019 
© King Abdulaziz City for Science and Technology 2019

Abstract
Nano-sized zinc is extensively used by various industries and exposure of humans to these nanoparticles is increasing by 
the day. Mounting evidence suggests that health hazards are induced by metallic nanoparticles. However, at present, there is 
insufficient information concerning the impairment of motor functions due to exposure to metallic nanoparticles, particularly 
zinc oxide (ZnO) nanoparticles. The present study evaluates the toxic effects of ZnO nanoparticles in Swiss albino mice. 
Motor functions impairments were monitored using beam balance, and pole and footprint tests. Results showed that ZnO 
nanoparticles cause deficits in normal motor functions. Histopathological investigations revealed significantly (p < 0.01) 
increased motor cortex nuclear size probably resulting from neuroinflammation/neuronal damage. Overall, it is concluded 
that ZnO nanoparticles induce neurotoxicity resulting in motor function impairments.
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Introduction

In recent years, nanotechnology has emerged as an allied 
science with a diverse range of applications. This field of 
science has a significant impact on almost all areas of soci-
ety and all industries. Nanoparticles (NPs) have at least one 
dimension in the range of 1–100 nm (Albanese et al. 2012; 
Chaturvedi and Dave 2018; Salisbury et al. 2018; Sharma 
et al. 2009b). This technology can potentially revolutionize 
every field of science and open new frontiers in this century 
(Dasgupta and Ranjan 2018; Rico et al. 2011). However, 
people working in industries, such as communications elec-
tronics, automobile, aerospace, paint, and chemical are at 
higher risk of being exposed to an ample amount of nano-
particles (Jachak et al. 2012; Kulvietis et al. 2011; Sharma 
et al. 2009b; Zhang et al. 2012). Hence, the risk of exposure 

of people to NPs is high in the environments, where NPs 
persist.

Nanoparticles have been recognized for their expected 
biological utility, including nanomedicine and biological sci-
ence (Akakuru et al. 2018; Groneberg et al. 2006; Lanone 
and Boczkowski 2006), but they may pose serious health 
effects (Chaturvedi and Dave 2018). In recent years, hazard-
ous toxic effects of NPs on the human body have been grow-
ing to higher levels; enormous use of nanomaterial-based 
consumer products or building materials in the market has 
made easy their way to pass through biological membranes 
and in humans; and NPs have potentially toxic effects and 
significant pathological consequences (Brooking et al. 2001; 
Lockman et al. 2004; Nel et al. 2006; Subramaniam et al. 
2018; Xie et al. 2012; Yang et al. 2013). Nano-sized materi-
als have received considerable attention regarding their bio-
safety and underlying effects on the central nervous system 
(CNS) (Xie et al. 2012), due to their industrialization and 
increasing public exposure (Wang 2004).

Nanoparticles may enter the brain, especially the cerebel-
lum, cortex, and olfactory bulb via the nervus olfactorius 
when they are deposited on the mucosal membrane of the 
nose (Mistry et al. 2015; Oberdörster et al. 1995; Tian et al. 
2015), or through some other routes and induce neurotox-
icity in neurons within the CNS (Salisbury et al. 2018). 
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Nanoparticles have adverse effects on health particularly on 
the nervous system in living beings due to induction of the 
generation of reactive oxygen species leading to oxidative 
stress (Karmakar et al. 2014; Nel et al. 2006). Furthermore, 
they cause pathological changes and inflammatory responses 
(De Jong and Borm 2008). Hence, NPs have certain hazard-
ous effects on the brain tissue (Li et al. 2009; Wang 2004).

Zincite (ZnO) as a mineral is present in the earth crust 
(Sabir et al. 2014). It is nearly insoluble in water and appears 
as a white powder. Zinc oxide nanoparticles (ZnO-NPs) are 
being used enormously in various fields, such as cosmetics, 
medicine, engineering, and water treatment. The powder, 
ZnO, is widely used as an additive in many materials includ-
ing glass, pigments, plastics, sealants, lubricants, adhesives, 
ointments, ceramics, cement, rubber, foods, ferrites, batter-
ies, and fire (Wang 2004).

Zinc has been reported to be a necessary element for sys-
temic physiology, including cellular signaling pathways and 
enzymes regulation and also on the brain (Takeda 2000). 
The novelty suppressed feeding test was performed to deter-
mine dietary zinc deficiency in mice, and it caused stress like 
behavior and increased response time to eat (Whittle et al. 
2009). Exposure to cells to ZnO induces ROS generation and 
an increase in  Zn2+ concentration stimulates the production 
of these radicals (Kukic et al. 2014). Exposure of cells to 
ZnO nanoparticles causes mitochondrial dysfunction (Guan 
et al. 2012; Jeng and Swanson 2006; Karbowski and Youle 
2003). It has been reported that  Zn2+ is significantly associ-
ated with cell damage and cytotoxicity was most likely via 
 Zn2+ dissolution (Deng et al. 2009). Exposure to ZnO nano-
particles may result in impairment of long-term memory 
(Feng et al. 2015). ZnO nanoparticles may also interact with 
the cell markers on their surfaces and affect the transcrip-
tion of proinflammatory cytokines. These nanoparticles may 
get accumulated in important organs, such as lungs, heart, 
kidney, liver, and brain resulting in toxic outcomes (Saptar-
shi et al. 2015). This study was designed to investigate the 
effects of ZnO nanoparticles on the behavior of the animal 
in relation to motor impairment and neurotoxicity.

Materials and methods

All the chemicals were purchased from Sigma-Aldrich sup-
plied by quality vendors and used without further purifica-
tion. The deionized and double distilled water was used in 
all experiments.

Synthesis and characterization of ZnO nanoparticles

ZnO nanoparticles were prepared according to the previ-
ous protocol (Zak et al. 2011) with slight modifications. 
Following this protocol, triethanolamine (TEA) polymer 

was used to terminate the growth process of ZnO nanopar-
ticles. Sodium chloride (0.9%) was used to dissolve these 
particles and was sonicated for 15 min. Characterization 
of these nanomaterials was conducted using various tech-
niques and facilities. Ultraviolet–visible spectroscopy was 
performed using Thermo Fisher Scientific spectrophotom-
eter (GENESYS 10S UV–Vis) in the range of 200–800 nm. 
Morphology of these nanoparticles was examined with the 
help of Scanning Electron Microscopy (SEM) using JEOL 
(JSM-6480LV) instrumentation with an acceleration voltage 
of 15 kV. Size analysis was performed by BT-90 nanolaser 
particle size analyzer.

Animals and experimental protocols

Adult male Swiss mice (10–12 weeks, body weight rang-
ing from 28 to 40 g) were obtained from Animal House 
Facility of the Government College University, Lahore, 
Pakistan. All the experimental procedures were conducted 
after receiving approval from the ethical committee for 
animal use at the Government College University, Lahore, 
Pakistan (GCU-IIB-366). Mice were housed in temperature 
controlled (22 ± 1 °C) facility, 12:12 h light/dark cycle, and 
was provided commercially purchased diet and water. Mice 
were acclimatized to the laboratory conditions. All doses 
expressed in milligrams per kilogram (mg/kg) were orally 
administered in a volume of 10 ml/kg animal body weight 
using oral gavage. The experimental mice were divided 
into three groups with each group containing six mice. One 
group of mice was treated with low dose (250 mg/kg) and 
one with high dose (500 mg/kg) once a day for 21 consecu-
tive days, while the third group was left untreated to serve 
as a control. For dosing, accurately weighted ZnO nanopar-
ticles were suspended in distilled water, and were vortex 
mixed and sonicated for 3 min prior to dosing.

Body weight

Body weight of each experimental mouse was taken on a 
daily basis. For this, each mouse was lifted gently by holding 
from its tail and was placed on the weight balance.

Behavioral assessment of motor function

Mice in all groups were subjected to behavioral assessment 
of motor activities through beam walking to compare fine 
motor coordination, pole climb-down, and stride length 
measurements.

Beam balance walking

Motor coordination of mice was assessed by measuring the 
ability of the mice to traverse 1 m long and 50 cm elevated 
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beam to reach an enclosed safety platform (Tung et al. 2014). 
The beams consisted of 1 m long strips of 1 cm diameter 
wood. The beams were placed horizontally, 50 cm above 
the bench surface, with one end mounted on narrow sup-
port and the other end attached to an enclosed box (20 cm 
square) into which the mouse could escape. The latency to 
traverse beam was recorded for each trial. Analysis of each 
measure was based on the mean scores of two trial/animal/
day for 21 days.

Footprint test

The footprints were taken to compare the distance between 
a proceeding and preceding hind limb. For this purpose, a 
50-cm-long, 10-cm-wide runway (with 10-cm-high walls) 
into the arms of T-maze was used. A fresh sheet of white 
paper was placed on the floor of the runway. The footprint 
patterns were analyzed for stride length (measured in cen-
timeters). Stride length was measured (with the help of a 
vernier caliper) as the average distance of forwarding move-
ment between each stride of the left paw. The mean value 
of each set of three values was used in subsequent analysis.

Pole test

Pole test is a commonly used behavior test used to evaluate 
motor dysfunction (Brooks and Dunnett 2009). This test was 
performed after dosing with ZnO nanoparticles. In this test, 
mice were placed at the top of a 50 cm vertical pole with a 
diameter of 1 cm. The recording was started when the ani-
mal began the turning movement. The total time to descend 
to the floor (T total) was recorded. The test was repeated for 
two trials per animal/day in each set for 21 days.

Tissue processing and histological examination

For histological examination, mice from each group (n = 3) 
were deeply anesthetized with ketamine and transcardially 
perfused. Following perfusion, the brains were carefully 
dissected by the bone-cracking method and were post-fixed 
in 10% buffered formalin. Tissue processing was done to 
remove water from tissues and serial coronal sections of 
4 µm thickness were made in the horizontal plane using a 
microtome (CM1900, Leica, Nussloch, Germany). Sections 
of each sample were achieved and placed in the water bath 
at 45–50 °C for melting and washing away the paraffin wax. 
Egg albumin-coated glass slides were used for mounting the 
sections of each tissue on the slides. After proper placing the 
specimen in the center of the slides, slides were heated on 
the hot plate for 5 min. These slides were given washes in 
the xylene solution again to remove any extra paraffin from 
the specimen. Specimens fixed on slides were given 3 min 
washes through baths in descending grades of ethanol: i.e., 

100, 90, 70, 50, and 30% for further dehydration. Finally, 
slides were washed with tap water for removing the extra 
alcohol from the specimen. After dehydration, staining of 
the specimen was performed with the help of eosin and 
hematoxylin stains. Eosin stained the cytoplasm with pink 
color, whereas hematoxylin stained (purplish color) nucleus 
of the cell.

Microscopy and statistical analysis

Prepared slides of the brain tissues from all the samples were 
observed using an Olympus microscope under 10X objec-
tive and bright field micrographs were taken out for all the 
samples with the help of attached camera to the microscope. 
The area corresponding to motor cortex was imaged. Histo-
logical differences between the brain tissues of the control 
and treated groups were observed and finally analyzed for 
neurotoxicity. All images were converted into 8-bit resolu-
tion and subjected to the same threshold settings to yield 
optimum signal-to-noise ratio. A rectangle of fixed area 
(length: 500 µm × width 250 µm) was adjusted to 150 µm 
deep the cerebellum’s motor cortex outer margin. The 
nuclear area was measured using ‘Analyze Particles’ func-
tion of Image software and results were exported to excel 
result sheet. Neurobehavioral data were analyzed for statisti-
cal differences using two-way ANOVA with Bonferroni post 
hoc analysis. For histological data, one-way ANOVA was 
applied to investigate statistical differences between ZnO 
nanoparticle-treated vs vehicle control groups. All data were 
represented as mean ± SEM and the number of mice ana-
lyzed per group is shown in the results accordingly.

Results

Synthesis and characterization of ZnO nanoparticles

The synthesized nanoparticles of ZnO were spherical 
in shape, with a size range of 30–40 nm (Figs. 1 and 2), 
UV–visible spectroscopy yield peak at 380 nm, generally 
the characteristic range of the ZnO nanoparticles.

ZnO nanoparticle‑treated mice

Body weight measurements of nanoparticle-treated mice 
demonstrated very slight change in body weight (Fig. 3). 
Mice fed upon 250 mg/kg of their body weight showed a 
slight decrease in body weight; however, this change in 
weight was negligible when compared with control and 
higher dosed (500 mg/kg of body weight) groups of mice:
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Motor behavior of ZnO nanoparticle‑treated mice

Baseline values revealed that mice in all groups crossed the 
elevated beam within 7–7.8 s. However, following the first 
dose of ZnO nanoparticles, mice in treated groups took a 
longer duration of time to cross the beam and it was signifi-
cantly different for 250 mg/kg dose group compared to the 
control group. Similarly, after the first, second, and third 
weeks of ZnO-nanoparticle treatment, mice demonstrated 
prolonged duration to cross the beam compared to the con-
trol group (Fig. 4).

ZnO nanoparticles caused significant motor impairments 
in the treated groups during dose administration (Figs. 5 

Fig. 1  a UV–visible spectrum 
of the ZnO nanoparticles. b 
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Fig. 2  a, b Simple SEM micrograph of ZnO nanoparticles; c, d SEM micrograph of ZnO nanoparticles with inverted color

Fig. 3  Mean body weight of mice, ZnO-nanoparticle-treated groups, 
and the non-treated control group
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and 6). Mice showed that total time and turn time increased 
during the first week of dose administration and it became 
significantly different during the second and third weeks of 
dose administration in the higher dose-receiving group as 
compared to non-treated vehicle control.

Stride length measurements depicted gait impairments 
in the form of decrease stride length showing poor motor 
coordination following the first dose of ZnO-NP (250 mg/
kg and 500 mg/kg)-treated groups comparing to vehicle con-
trol, as shown in Fig. 7. Similarly, we observed significant 

(p < 0.05) reduction or stride length reduction at weeks 1 and 
3. However, a non-significant reduction was observed at a 
higher dose (500 mg/kg).

ZnO‑NPs’ administration enhances nuclear size in motor 
cortex neurons

Motor cortex neurons of mice forebrain control the somatic 
activities. We reasoned that motor functional impairments 
depicted in ZnO-NP-treated mice might be the result of 
some adverse effects of ZnO-NPs on the CNS neurons (pri-
marily involved in voluntary activities). Thus, following the 
21 days of dosing and study completion, mice brain was 
harvested and processed for analyzing motor cortex neurons 
of the primary motor cortex area (Fig. 8).

Fig. 4  ZnO nanoparticle-treated mice revealed deficits in motor coor-
dination. Beam balance test demonstrated increased time span in 
ZnO-nanoparticle-treated groups compared to vehicle-treated mice. 
Mice at low dose 250 mg/kg demonstrated significant (p < 0.05) pro-
longed durations to cross beam length just following first dose and 
at week 2. N = 4–6; data represented as mean ± SEM; *p < 0.05; 
**p < 0.01; Two-way ANOVA followed by Bonferroni post hoc anal-
ysis

Fig. 5  ZnO-nanoparticle-treated mice showing deficits in motor 
coordination. Dose administration groups show increased time dura-
tion than the vehicle-treated group. A significant increase in time 
during the first, second, and third weeks was observed. Increase 
in time is more significant at weeks 2 and 3. Increase in total time 
is relatively greater in high-dose (500  mg/kg)-treated group than 
low-dose (250  mg/kg)-treated group. N = 4–6; data represented as 
mean ± SEM; *p < 0.05; ***p < 0.001; Two-way ANOVA followed 
by Bonferroni post hoc analysis

Fig. 6  ZnO-NP-treated mice show a deficit in motor coordination. 
Turn time is increased to a significant extent at weeks 1 and 2 in both 
high-dose (500  mg/kg)-treated group and low-dose (250  mg/kg)-
treated group and it remained almost constant at week 3 as compared 
to week 2. Increase in time is relatively more in high-dose-treated 
group than low-dose-treated group. N = 4–6; data represented as 
mean ± SEM; **p < 0.01; Two-way ANOVA followed by Bonferroni 
post hoc analysis

Fig. 7  ZnO-NP-treated mice show gait impairments in the form of 
decreased stride length showing poor motor coordination. Significant 
(p < 0.05) reduction at the first and the third weeks was observed. 
Decreased stride length as compared to vehicle-treated control. 
N = 4–6; data represented as mean ± SEM; *p < 0.05; **p < 0.01; 
Two-way ANOVA followed by Bonferroni post hoc analysis
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To our surprise, ZnO-NP-treated mice brain images 
did not reveal any gross neuronal loss (Fig. 9d) or signs 
of motor neuronal toxicity comparing to vehicle control 
group. However, evaluation of the nuclear area of motor 
cortex area neurons revealed significant enlargements in 
high-dose-treated mice (Fig. 9e). However, no significant 
differences were observed in low-dose-treated mice.

Discussion

Characterization of the ZnO nanoparticles

The UV–visible absorption spectra of the ZnO nanoparticles 
exhibited a prominent absorption peak at 380 nm, which 
confirmed the formation of ZnO nanoparticles. Talam et al. 
(2012) had reported the peak at 355 nm for ZnO nanopar-
ticles. SEM images confirmed the formation of spherical-
shaped ZnO nanoparticles in the size ranging from 35 to 
40 nm). Similar results were also reported by Talam et al. 
(2012), but the size range reported by them was between 50 
and 70 nm; Sharma et al. (2009a) had also reported similar 
results.

Neurotoxicity of ZnO nanoparticles

Zinc is an essential micronutrient required by animals in 
trace amounts as a cofactor for various key enzymes (Hänsch 
and Mendel 2009; Maughan 1999; Soetan et al. 2010); how-
ever, its excessive use/exposure may lead to various health-
associated problems (Fosmire 1990), one of which may be 

Fig. 8  Brain harvest and location of primary motor cortex area in the 
cerebral hemisphere (a) and diagrammatic representation of the said 
area in coronal section (b)

Fig. 9  Histopathology of ZnO-NP-treated mice revealed no change in 
neuronal density; however, increased nuclear size was observed in the 
motor cortex area (at least 300  neurons/mouse were analyzed). a–c 
Hematoxylin and eosin stained 4  µm-thick brain sections of motor 
cortex area (a vehicle, b 250 mg/kg, and c 500 mg/kg). d No signifi-

cant differences were observed in ZnO-NP-treated mice with motor 
cortex neurons comparing to vehicle control. e Significant increase in 
nucleus size of 500 mg/kg treated group was observed. N = 3 animals 
per group; data represented as mean ± SEM; **p < 0.01; one-way 
ANOVA followed by Bonferroni post hoc analysis
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motor functional deficits or neural tissue damages (Migliore 
et al. 2015).

Oral doses were chosen after careful literature survey. The 
previous studies used oral doses of the ZnO-NPs for mice at 
500, 1000, or 2000 mg/kg per day for 14 days (Patra et al. 
2012), 333.3 mg/kg for 5 days (Esmaeillou et al. 2013), 67.1, 
134.2, 264.8, or 535.8 mg/kg per day for 13 weeks (Seok 
et al. 2013), 600 mg/kg or 1000 mg/kg per day for 5 days 
(Baky et al. 2013), and 5, 50, 300, 1000, or 2000 mg/kg per 
day for 14 days (Pasupuleti et al. 2012). The LD50 of zinc is 
630 mg/kg when rats are orally treated; however, ZnO-NPs 
are relatively less toxic. The previous studies reported that 
ZnO-NPs generally induce toxicity at a relatively high-dose 
level (Choi et al. 2015). Therefore, we choose higher level 
of two doses, i.e., 250 mg/kg and 500 mg/kg of the BW and 
one control in our study.

Somatic activities are controlled by the primary motor 
cortex along with associated CNS circuitry. Motor behav-
ioral tests of the ZnO-nanoparticle-administered mice, 
including beam balance, pole climb-down, and walking 
track analysis, revealed impaired motor functions com-
pared to untreated mice. Moreover, the functional deficits 
were more pronounced in mice treated with a higher dose 
of the nanoparticles, suggesting that ZnO nanoparticles 
significantly affect the normal motor physiology of mice. 
Baseline values of the present study are in agreement with 
the already reported baseline values for beam balance, pole 
climb-down, and stride length (Zhu et al. 2016) indicating 
the reproducibility and widely accepted behavioral tests used 
in the present study.

Observations on processed brain tissue of ZnO-nanopar-
ticle-treated/non-treated mice for observing morphologi-
cal changes in motor cortex area through hematoxylin and 
eosin (H and E) staining revealed no prominent changes 
in gross morphology and number of neurons; however, 
enlarged nuclei in the sections of ZnO-nanoparticle-treated 
(at 500 mg/kg) mice were observed. A previous study had 
described that the motor dysfunctions are associated with 
neuroanatomical changes in the motor cortex, striatum, and 
hippocampus neurons, as H and E-stained brain sections of 
mice with abnormal motor functions revealed altered nuclear 
morphology (Yoon et al. 2018). Thus, it is very likely that in 
the current study, ZnO-nanoparticle-induced motor deficits 
resulting from the altered neuronal morphology of motor 
cortex cells.

Enlarged nucleus size of motor cortex neurons in ZnO-
nanoparticle-treated mice may point to the adjacent tissue 
damage induced by swelling at higher treatment rate of 
500 mg/kg of the nanoparticles; however, at the lower treat-
ment rate of 250 mg/kg, the extent of tissue damage was 
not pronounced enough to alter the neuronal morphology 
in the observed area. Results of the present study indicate 
acute neurotoxicity of ZnO nanoparticles. The findings of 

neurotoxic effects of ZnO nanoparticles studied by Pole 
climb test, Beam balance test, Stride length measurement, 
and histology in the present study.

ZnO-NPs’ administration in high dose leads to the 
DNA damage, due to the release of cytokines, which take 
part in inflammatory response at various levels. ZnO-NPs 
disturb the integrity of the DNA molecules and result in 
DNA fragmentation as cell start apoptosis (Kvietys and 
Granger 2012). Up-regulation in Fas (death receptor) was 
also reported in response to ZnO-NPs in the rat (Attia et al. 
2018).

DNA damages and cell inflammation is associated with 
the induction of oxidative stress, which is further associated 
with the production of free radicals due to nanoparticles 
exposure. Brains’ cells are very sensitive to oxidative stress 
due to its high metabolism and low level of cellular regen-
eration (Xiaoli et al. 2017).

The blood–brain barrier (BBB) is very important in con-
nection with the nanoparticles’ toxicity in the brain tissue. 
There are tight junctions present on this extended membrane 
between the cerebral capillaries and adjacent endothelial 
cells (Lanone and Boczkowski 2006; Sharma 2009). Nano-
particles on reaching the circulation may alter the permeabil-
ity of the membrane or induce several cascading molecules 
leading to the impairment of the tight junctions and hence 
result in the direct or indirect toxicity in the brain tissues. 
NPs may also stimulate the vesicular transport, to get entry 
inside the microenvironment of the central nervous system 
(CNS) (Karmakar et al. 2014), where they further impair 
several molecular pathways.

Toxicity of ZnO-NPs is attributed due to the  Zn2+ ions, 
which induce ROS and further inflammatory response. In a 
previous study, ZnO-NPs reported to show dose-dependent 
toxicity in the neural stem cells (NSCs), and it further cred-
ited the  Zn2+ ions in dissolved form as a toxicant in the 
cells or culture medium, which induce toxicity by various 
mechanisms(Deng et al. 2009). Another study on rat hip-
pocampal CA3 pyramidal neurons reported the disturbance 
in the voltage-gated sodium and potassium pumps induced 
by ZnO-NPs. Neuronal injuries and apoptosis were induced 
by higher  Na+ and  Ca2+ influx inside the cell, as a result 
of depolarization by the activation of voltage-gated sodium 
pumps (Zhao et  al. 2009). Altered memory and spatial 
learning behavior were recorded, as 20–80 nm sized ZnO-
NPs (4 mg/kg of the body weight 2 days/week for 8 weeks) 
injected through intraperitoneal route changed synaptic plas-
ticity (Han et al. 2011).Other studies have shown that  Zn2+ 
ions released from ZnO-NPs (Brunner et al. 2006; Hein-
laan et al. 2008) and ROS interaction with cell membrane 
may damage cellular membrane (Brayner et al. 2006; Zhang 
et al. 2007). Pathological lesions are seen to be developed in 
spleen, pancreas, kidney, liver, and stomach of the mamma-
lian models when exposed to ZnO-NPs (Wang et al. 2008).
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Overall, the present study provides behavioral and histo-
logical results, indicating that ZnO nanoparticles do induce 
functional deficits and underlying associated neurotoxicity 
of motor cortex neurons. Thus, accumulation of nano-sized 
zinc particles in the environment is a potential threat to nor-
mal motor functions and CNS neurons of associated resident 
populations.

Conclusion

ZnO nanoparticles are generally toxic nanomaterials that 
are harmful to the vital organs of the body especially to 
the nervous tissues, where these nanoparticles may damage 
some important areas of the brain related to some specific 
functions, finally impairing that function; hence, proper 
care and precautions should be taken to avoid their potential 
intake while handling them.
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