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Introduction

Abstract: Magnesium oxide nanoparticles (MgO NPs) are increasingly
utilized in biomedical, pharmaceutical, and industrial fields because of their
distinctive physicochemical characteristics. Despite their widespread
applications, concerns persist regarding their potential neurotoxic effects and
overall biological safety. This study aimed to evaluate the neurotoxic impact
of MgO nanoparticles on brain tissue in male Sprague-Dawley rats and to
determine the influence of dose and exposure duration on tissue damage.
Fifty-four adult male Sprague-Dawley albino rats were randomly assigned
to nine groups, comprising one control group and eight treatment groups.
Treated animals received 1 mL of MgO NP suspension by oral gavage at
either a low dose (250 mg/kg) or a high dose (1000 mg/kg) for periods of 14,
28, or 56 days. At the end of each treatment period. Early exposure to MgO
nanoparticles induced lipid accumulation, reduction of cerebral nerve fibers,
neuronal degeneration, and apoptotic changes affecting both neurons and
neuroglial cells. With prolonged exposure, the severity of tissue damage
increased markedly, characterized by extensive apoptosis of neuronal and
neuroglial cells, greater deposition of lipid complexes, and a pronounced loss
of cerebral cortex nerve fibers. These pathological changes indicate
progressive deterioration of brain architecture associated with increasing
dose and exposure duration. The findings suggest that MgO nanoparticles
can exert significant adverse effects on brain tissue and may represent a
potential risk to neurological health. Further investigations are required to
elucidate the mechanisms underlying MgO NP-induced neurotoxicity and to
establish safe exposure limits for biomedical and consumer applications.

Keywords: MgO NPs, Brain, Neurons, Nanomaterial, Neuroglial Cells

The brain is the central control organ of the human body, responsible for receiving sensory

information, regulating movement,and controlling thought, behavior, and emotions. It consist of

several major regions, including the cerebrum, cerebral cortex, thalamus, cerebellum, and

brainstem,each of which performs essential functions related to sensation,coordination, language,

vision, and vital body activities [1,2].The cerebral cortex contains billions of neurons that communicate

through nerve fibers, enabling complex cognitive and motor functions. In addition, the brain regulates

many physiological process through neural and hormonal mechanisms [3]. Because of complexity of

the human brain and ethical limitations associated with direct experimentation humans, animal models
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have become essential tools in neuroscience research for understanding brain structure and function
[4].

And because the brain is a highly complex and sensitive organ that controls essential body
functional,it is particularly vulnerable to environmental and chemical agents. Recently, nanoparticles
have attracted considerable attention because of their widespread application in medicine and industry
and their ability to interact with biological tissues, including the nervous system. Among these
nanomaterial, magnesium oxide nanoparticles have gained interest due to their unique
physicochemical properties and their potential therapeutic as well as toxic effects on brain tissues.
Magnesium oxide nanoparticles (Mgo NPs) are in inorganic nanoparticles are tiny particles that have a
diameter between 1nm and 100nm, which means one billionth, and nanotechnology is a broad area of
technology that is involved in many aspects of our daily lives, among the industries where
nanotechnology is employed are electronics, fabrics, cosmetics, sports, motor vehicles, delivery of
chemicals, filters, and food additives, and it is a field that studies small features with broad applications
[5]. Inorganic white odorless nanoparticles (MgO) are highly hard, pure, and have a high melting point,
while exhibiting a low heat capacity and low hardness, this product is considered to be the most
promising candidate because of its unique and excellent optical, electrical, thermal, mechanical, and
chemical properties, in addition to being used in clinical, agricultural, environmental, medication, and
food additive applications, it also has excellent optical, electrical, thermal, mechanical, and chemical
properties [6]. The use in metallic nanoparticles in medical and pharmaceutical fields has increased
because of their distinctive biological, chemical, physical, and thermal characteristics. Magnesium
Oxide nanoparticles have been investigated as catalysts, antimicrobial agents,water remediation
materials, and additives for refractory products, and they have also have also demonstrated potential
anticancer activity, including effectiveness against breast cancer cell and other cancer cell lines [7,8]. It
is possible for nanoparticles to penetrate bacterial cell walls and membranes and disrupt important
molecular mechanisms in order to bypass drug resistance mechanisms and inhibit biofilm formation,
thereby increasing their virulence potential [9]. Interestingly, they are particularly effective at
neutralizing acids, and have been used to treat heartburn and dyspepsia by relieving their symptoms
[10]. The biological activities of Mgo nanoparticles are largely attributed to their ability to generate
reactive oxygen species (ROS), which induce oxidative stress, increase membrane permeability, and
cause degradation of cellular membranes [11,12].

Nanoparticles are effective antimicrobial agents because they induce the generation of reactive
oxygen species, leading to oxidative damage of bacterial cell membranes and ultimately bacterial death
[13,14]. Despite these beneficial applications, several studies have suggested that nanoparticles may
exert toxic effects in humans through respiratory and oral exposure, although the available findings
remain inconsistent, emphasizing the importance of evaluating the safety of these nanomaterial and

their effects on the human body.

Materials and Methods
MgO Nano magnesium powder
The magnesium oxide nano powder with purity exceeding 99% was measured and measured
about 20nm in diameter. It was purchased from sky spring nanomaterial company.
Magnesium oxide was prepared in two different doses:
1. (Groups 4, 5 and 6) 250 mg/kg of MgO NPs rat groups.
2. (Group 7, 8 and 9) 1000 mg/kg of MgO NPs rat groups.
Dosing each rat with lcc of the suspension by oral gavage based on its weight after blending

with deionized water and stirring continuously for several minutes.
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Research design and animal care

As a mammalian model, 54 male Spargue-Dawley albino rats (Rattus norvegicus) They were
obtained from They were obtained from Biotechnology Research Center (BRC)/ AL Nahrain University
were used for analysis of the histological parameters. Males (2.5 - 3 months), housed at the Animal
House, College of Science, Mustansiriyah University, Baghdad, Iraq, were purchased as mature
animals. Under climate-controlled conditions of the animal house, they were kept in standard plastic
cages with a metal network cover and had a 10:14 light-to-dark cycle. Each day, the rats were checked
for health, kept in standard plastic cages with a metal network cover under climate-controlled
conditions, and their cages were cleaned out every day to remove their scent, making them more
relaxed. They were also fed, watered, and provided with clean bedding. After a one-week adaptation
period, fifty four male rats were randomly divided into nine groups of six rats each in this experiment.
In groups 1, 2 and 3, rats were not given a dose, but were fed 18-20g of rat chow pellet for 14, 28, and
56 days afterward, a dose of 250 mg/kg of MgO nanoparticles was administered to Groups 4, 5 and 6
for 14, 28, and 56 days afterwards. Group 7, 8 and 9: (the experimental groups) that respectively
received MgO nanoparticles in one dose of (1000) mg/kg every 24 hours for 14, 28, and 56 days except
on public holidays days.
Collection of samples

For histological study, the animals were fully anesthetized, to prevent them from becoming
stressed, with diethyl ether for several minutes and dissected. The brain was excised, blotted with filter
paper, and preserved in a fixative solution (neutral buffered 10% formalin).
Histological preparation

The preparation for histological sections was performed. Grossing involves examining pathology
specimens and trimming them to appropriate sizes, after which the best parts are selected for
microscopic examination to obtain diagnostic information.
Ethical Approval Statement

The experimental protocol and study design were formally reviewed and approved by the
Research Ethics Committee of the College of Science at Mustansiriyah University (Ref. No.:
BCSMU/1026/00090Z, dated December 1, 2025). All procedures involving animal experimentation were

conducted in strict accordance with the ethical standards outlined in the Declaration of Helsinki.

Results

The examination of brain sections from male control groups displayed normal histological
structure and appearance of cerebral cortex showing the glial cells including granule neurons, lipid
materials and brain cerebral fiber materials Figure 1. The two weeks (low dose) of MgO NPs exposure
showed degenerative changes of neurons with apoptotic changes of neuroglial cells and an increase of
lipid material in the cerebral tissue and decrease in cerebral fiber Figure 2,

while two weeks (High dose): demonstrated degenerative changes and apoptotic of neurons
with apoptotic changes of neuroglial cell and increment of lipid materials and more decrease of fibers
Figure 3. Moreover, four weeks (Low dose): showed apoptotic changes in neurons and neuroglial cells,
little amount of cerebral brain fibers present, more accumulation of lipid complex materials Figure 4.
Brain sections during the four weeks (High dose): marked prominent accumulation of lipid complex
with prominent appearance of apoptotic changes in the neurons and neuroglial cells with very little
amount of cerebral nerve fibers Figure 5.

In the rat brain receiving (Low dose) for 8 weeks, results marked permanent apoptosis of neurons

and neuroglial cells, more accumulation of cerebral lipid complex and absence of cerebral nerve fibers
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Figure 6. In, Figure (4) 8 weeks (High dose) exposure to MgO NPs displays more apoptotic of neurons

and neuroglial cells, more accumulation of lipid complex and absence of cerebral cortex nerve fibers.
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Figure 1. Control shows normal structure appearance of cerebral cortex showing the glial cells and
granule neurons and lipid materials and brain cerebral fiber materials. (40 X) (H&E).

neuroglial cells and an increase of lipid material in the cerebral tissue and decrease in cerebral fiber.
(40 X) (H&E).
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Figure 3. After 2 weeks (High dose): Degenerative changes and apoptosis of neurons with changes of

neuroglial cells and increment of lipid materials and more decrease of fibers. (40 X) (H&E).
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of cerebral brain fibers present, more accumulation of lipid complex materials. (40 X) (H&E).
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Figure 5. After 4 weeks (High dose): Prominent accumulation of lipid complex with prominent

appearance of apoptotic changes in the neurons and neuroglial cells, with very little amount of
cerebral nerve fibers. (40 X) (H&E).

g
.

Figure 6. After 8 weeks (Low dose): Permanent apoptotsis of neurons and neuroglial cells, more

accumulation of cerebral lipid complex and absence of cerebral nerve fibers. (40 X) (H&E).
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Figure 7. After 8 weeks (High dose): Permanent apoptosis of neurons and neuroglial cells, more

accumulation of lipid complex and absence of cerebral cortex nerve fibers. (40 X) (H&E).

Discussion

The study was conducted to evaluate how far MgO NPs can be safely used for various
applications: food additives, dental care, agriculture, electronics, drug delivery, medical therapy, etc.

Most NPs used in food and drugs enter the body via the gastrointestinal tract, and are distributed
to various organs, such as the liver, kidney, brain, and others [15].

Magnesium oxide nanoparticles can enter the body through the skin, respiratory tract. and
gastrointestinal system. and may subsequently accumulate in various tissue: however, their biological
effects are still not fully understood [16]. Depending on the rout of exposure nanoparticles may trigger
arrange of toxicological effects, including inflammatory responses and activation of immune system
[17]. Through different routes, nanoparticles enter the body and can have a variety of toxicological
effects and trigger biological reactions such as inflammation and immunity [18]. Furthermore, it was
reported that NPs can cause cells to lose their biological activity and structure by increasing the level
of oxidative stress within them [19]. In addition to analyzing the primary reasons for the cytotoxicity
of nanoparticles, and their potential pathogenic effects, the over-production of ROS is the major
contributor to their bio toxicity [13]. Reactive oxygen species (ROS) are described as molecules that play
important roles in normal cellular signaling; however, their excessive production can lead to oxidative
stress. Oxidative stress results from an imbalance between ROS generation and antioxidant defense
systems, which may ultimately cause cellular damage [20]. The histopathological changes observed in
this study,such as neuronal degeneration, apoptosis, and loss of nerve fibers, agree with previous
reports showing that metal oxide nanoparticles can cause neurotoxic effects associated with oxidative
stress [21]. Furthermore, oxidative stress can disrupt mitochondrial function and induce DNA damage
via reactive oxidation products, leading to cellular dysfunction and tissue degeneration [22]. This may
explain the marked apoptosis and loss of neural structure observed after prolonged exposure to high
doses of Mgo nanoparticles.

Moreover, nanoparticles mainly exert toxicity through increased ROS production, leading to
oxidative stress with in cell. This imbalance causes cellular damage and functional disturbances that

may extended to endocrine system [23].
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Conclusion

Based on the results of different studies, it has been observed that MgO nanoparticles have a
potential harmful effect on human health, and brain tissue. MgO nanoparticles agglomerate in different
brain animal models, interact with neurons, neuroglia, and neurofibrils, possibly causing oxidative

stress. Human-consumable products should be cautious about excessive MgO NPs use.
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