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Introduction misinformation regarding the neurotoxic effectsiefeOs-
NPs on the CNS and their interference with neurobehavioral

Recent years have witnessed great interest in the use ofprocesses among these higttending biomedical
iron oxide nanoparticlesF&0s-NPs) in therapeutic and applications. Based on exposure to various NP
diagnostic applications in CNS (1). There is a lot of research concentrations, research in the last ten years has
on FeOsz-NPs and their conjugatesre used as magnetic ~ demonstrated the bioaccumulation of NPs and their
resonance imaging (MRI) contrast agents (2). Possessingdetrimental consequences in important organs (8). Concerns
unigue magnetic and paramagnetic properties, as well asregarding the biotoxicity of FeOs-NPs grow as their
their ability to cross the bloelrain barrierp-Fe0Os-NPs are frequency of biological exposure grows03z-NPs' clinical
a promising neuroimaging (BBB) platform (8or assessing effects have been studied and determined to be safe;
CNS tumor lesionsteading differential diagnosis, image neverthelesgheirmolecular interactions with organ systems
guided delivery in brain tumor treatment, detecting disease with repeated and prolonged use need to be examined (9).
progressionmonitoring therapies, and designing specialized Since iron is a transition metal, it can easily go through the
treatment plans for CNS disordg@&7). There is a lot of Fenton's reaction and control the oxidative stress that causes
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many neurodegenerative conditions in the brain (10).
Despite the critical function of iron in healthy brain
physiology and neural delspment, excessive buildup
causes nervous system degeneration (hlgddition it has
been suggested that iron buildup may have a role initied
stages of neurological memory problems like Alzheimer's
disease (12)According to studies by autho($3-16), iron
build up in the brain has been linked to oxidative stress,
memory loss, impaired mato performance, and
neurobehaviml  dysfunction. The  majority  of

after the dose. After the first change occurs, the dbshree
mice individuallywas administeredaking into account the
change in the dose up or down {22). The change in the
dose amount must occur before the change in the outcome
(the mouse's survival or its death) appears.

The effect oforal administering U-Fe20s-NPsat different

doses of the mediath.D so on acute toxicity events in mice
Five groupseachof five mice were created from a total

of 25 animals. 10 ml/kg of distilled water was administered

neurodegenerative illnesses are characterized by a sequencéo the control groupThe second group: the mice were dosed

of molecular processes, suchmibuildup, oxidative stress

with nanoparticlesx-FeOs; at a dose of 3.69 g/kg, which

damage, and neuronal death, along with clinical signs such represents 25% of tHeDso. The third group: the mice were

asimpaired locomotion and memory loss J1Exposure to

dosed with nanoparticles-FeOz at a dose of 7.37 g/kg,

FeOs-NPs has been shown to cause oxidative stress in thewhich represents 50% of tHeDso. The fourthgroup: the

brain, which causes neuronal degeneration (18,19).
Significant brain damage is brought on by elevafesDs-

NP accumulation in the basal ganglia of neuroferritinopathy
patients (20)But, clarification of the effects of accumulating
FeOs-NP buildup in the brain and locomotisrneededlt is
necessaryo lessen the neurotoxic effects @Fe0s-NPs
due to their high reactivity and the sensitivity of brain tissues
to oxidative stress.

Theaim of thisresearchs to assesshetoxic effects and
processes that occur afterFexOs- NP buildup in mice
modd brain system This investigation looked at how
Fe0s-NPs affected brain and liver histology, and locomotor
behavior.

Material s and methods

Ethical approve

All methods employed in investigations involving
animals were upheld to the highest ethgtaindards by the
facility or practice, where the tests were carried out UM.VET
2022.036.

Mice husbandry
We use 74 white male and female mice with body

mice were dosed with nanopartidesi-FeOs; at a dose of
11.06 g/kg, which represents 75% of thBso. The fifth
group: the mice were dosed with nanoparticldse,0; at a
dose of 14.74 g/kg, which represents 100% olibe,. The
mice receivedherapy, and they were observed for two hours
after that signs of intoxication were recorded, and the
toxicity markswere calculated (26).

Sub-acute effects of repeated doses of nanoparticlds
FexOs

40 mice werdlivided into four groups randoly, each
with 10 mice For 28 days, the first groyhe control group
received doses of distilled water at a rate of 10 ml per
kilogram.In the second group, mice received 75 mg/kg-of
FeOs nanoparticlesThe third group received 150 mg/kg of
o-Fe0s hanopartites The fourth group received 300 mg/kg
of a-Fe03 nanoparticlesOn the7™, 14", and28" days of
dosing

Open field activity test

To pass this test, you had to count how many squares
mice crossed and how many times mice stood on back legs
in threeminutes (27,28).

weights ranging from 25 to 35 g, ages between 60 and 90 Negative geotaxis test

days, housinghemin an animal house

Preparation of U-Fe;O3

Weights of nanoparticlesupemagnetico-Fe0s; 98%,
20-40 nm produced by the American compawhjch were
mixed and10 ml per kilogram of disti#d water is used to
dissolve it, using ltrasonic cleaner at 20 Har 5 minutes at
4°C to facilitate the dispersion of particles with water (21)

Determination of the acute oral LDso of U-Fex03-NPs
based on the Dixormethod
The first dose obi-FeO3-NPs was set at 10 g/kg for the

This test shows neuromuscular balance and vestibular
function in mice, and the negative geotropism test is
performed using a rough wooden surface inclined at an angle
of 45 degreeq?29), as the head of the mouse pkaced
longitudinally down the wooden plank, and then according
to the time required to rotate the mouse with its entire body
180 degrees toward the top of the inclined surface, and each
rat is given a maximum of 60 seconds to turn completely
(29).

Pocking headtest
This test shows the extent of curiosity and movement of

nine mice that were employed (pilot study). One mouse was the treated mouse. This test was conducted using a circular
kidnapped and given a dose of 10 g/kg; the outcome (the plastic surface with a diameter of 30 cm with a small edge
mouse's survival or death) was then determined 24 hours with a height of 10 cm containing 8 circular holes with a
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diameter ofeach hole 2 cm. The measurement begins by
placing the mouse in the center of the perforated circular
surface, then the number of times it enters it is calculated.
Mouse head into the holes for 3 minu@8).

Body weight
The weights of the mice were recorded on g 14"
and28" days of dosing

Histopathology

Animals exposed too-FeOs: 30 were examined
histopathologicafor the liver and brain in both control and
treatment groups. Tissues were fixed in 10% neutral buffered
formalin following sacrifice. After being embedded in
paraffin blocks, the tissues were cut into sections with a
microtome.Hematoxylin anceosin andhe slide were used
to stain 5 um thick paraffin sections, the slides were
examing with microscope at 400X (31,32).

Statistic evaluation
Oneway ANOVA was used to examine the dals

Vol. 37, No. 4, 2023 (801-811)

Table 1: Theacute oralLDso of nanoparticlen-FeOs in
mice

Measurements Results

LDso a-fez03 nanoparticles  14.74 g/kg

Amounts range 10-15 = 5 g/kg weight
Initial dose 10 g/kg

Final dose 14g/kg

Rising and falling dose 1 g/kg

Number of mice OO0000OX0OX0(9)

Symptoms of poisoning Rapid breathing,
piloerection tremor,
hypothermia,
subcutaneous

hemorrhage, and death

O: Mouse alive for the past Zwurs.X: Mouse dead for the
past 24 hours.

The effect of oral administering of nanoparticlesU-Fe:03
at different dose ofLDso on acute toxicity
The administration of nanopattss a-FeOs in doses of

significance was assessed using the least significant test. Theps, 50, 75, and 100% which are 3.68,7.37, 11.06, and 14.74

Fisher test was used to analyze the frequency data= Non

mg/kg, respectivelyjed to the appearance tbfe symptons

parametric data were evaluated using the Man Whitney test of toxicity in mice ranging from 20% to 100%, and the signs

with a significanceleved f P< 0. 05 ( 33) .

Results

Determination of the acute oralLD so of nanoparticles U-
Fe:03 based on the Dixormethod

The oralLDso of nanoparticles-FeOs was 14.74 g/kg
after administering various doses and the appearahce
poisoningsymptons represented by lethargy, piloerection,
rapid breathing, tremor, hypothermia, subcutaneous
hemorrhage, and deafhable 1).

included lethargygtillness of movement, rapid breathing,
hypotrermia, flatulence, tremor,piloerection, itching
subcutaneous hemorrhage, andttidcity scores were 13,
17, 26, and 25, respective]yable?2).
Subacute effects of
FeOs3

After 7 days of treatment, oral administratioof
nanopar-FeiO¢ hteas dosa of 75 mg/kg caused
behavioral changes as evidenced by a significant increase in
head pocking at doses of 75 and 150 mg/kg and a significant
decline in open field activity (rearing and squares crossed)
when compared to the control group, respetyi (Table 3).

repeated

Table 2: Acute toxicitysymptomelicitedbyn a n o p a rFe0; atldifesent dose df Dsp on acute toxicity

mean 1SE (5 mice /group)

Parameters Control 3.68 glkg 7.37g/kg 11.06g/kg
Rapid breathing % 0 80* 80* 100*
Lethargyand motion stillnes$o 0 0 100* 60
Hypothermia% 0 40 60 100*
Plioerection% 0 40 40 60
Tremor % 0 0 40 60
Subcutaneous hemorrhaye 0 0 0 20
Flatulencébo 0 0 0 60
Itching % 0 0 0 20
Grooming % 0 60 40 100*
Score toxicity 0 11 17 26

* Significant change from the control groupRat0.05
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Table 3:Neurobehavioraineasurements in mice treateih o-FeOz; Nanoparticlesluring 7days of treatment

Treatment groups witb-FeO3 at different doses

Variables Control

75 mg/kg 150 mg/kg 300 mg/kg
Squares crossed / 3 min 107.20+7.25 76.00+3.00* 116+15.47 119+7.37
Rearing / 3 min 21.20+1.98 13.60+2.52* 19.40£1.29 15.80+2.13
Negative geotaxis (seconds 11.6+1.60 16.6+3.74 15.8+2.27 11.4+1.54
Head pocking 3 / min 23.60+3.46 34.20+3.81* 33.00+1.92 42.80+£3.71*

Valuesexpressed awmean = SE for 5 micie eachgroup *Indicatessignificantchangdrom thedistilled watergroup at P<0.05.

The behavioral defect wasaused by the oral to the control group, a significant increasdlie time spent
administration of nanoparticles-FeO3; at a dose of 300 performing negatively on geotaxis, and a significant decline
mg/kg after 14 days of dosing, as evidenced by a significant in head pocking at dose 75 mg/kg, compared to the control
increasein open field activity (squares crossed and raising) group (Table 5).
compared to the control group, a significant decrease in the
time spent for the negative geotaxis test compared to theSubacut e effects of repeated
control group, and other behavioral changes (Table 4). Fe2O3 on the body weight

After 28 days of treatmenthe oral administration of I n mice, or al treateat wi t
nanop arFeOatidases ofd@5 and 150 mg/kg resulted concentration of 150,300 mg/kg body weight resulted in a
in behavioral defect as shown by a significant decline in open notable rise in body weight on 7, 14 and 28 days (Table 6).
field activity (crossing squares and raising them) compared

Table 4:Neurobehavioral measurements in mice treatith o-FeOs Nanoparticlegluring 14 days of treatment

Treatment groups witb-FeO3 at different doses

Variables Control 75 mg/kg 150 mg/kg 300 mg/kg
Squares crossed / 3 min 74.40+3.34 76.80+8.02 91.40+8.05b 106.00+4.55*a
Rearing / 3 min 6.40+0.87 13.60+1.54* 17.60+£2.73* 19.20+2.20*
Negative geotaxis (seconds 14.60+2.25 14.80+2.33 18.00+2.63b 7.80+1.11*a
Head pocking 3 / min 22.40+2.98 16.60+1.89 23.60+2.16 18.00+1.26

Values expressed as mean + SE for 5 mice in each group. *Indi@diant change from the distilled water group at P<0.05.
aindicatesignificantchangefrom o-FeOs treatment at P<0.05

Table 5:Neurobehavioral measurements in mice treated aviie;O; Nanoparticlegluring 28 days of treatment

Treatment groups witb-Fe0Os at different doses

Variables Control 75 mg/kg 150 mg/kg 300 mg/kg
Squares crossed / 3 min 81.80+18.39 23.40+2.38* 29.20+5.69* 56.80+5.62
Rearing / 3 min 22.60+2.38 4.80£1.39* 4.20+2.08* 8.40+1.50*
Negative geotaxis (seconds 5.80+0.73 12.40+1.80* 18.00+1.95* 16.40+2.27*
Head pocking 3 / min 16.00+1.30 8.40+1.50* 19.20+1.88 13.80+2.39

Values expressed as mean * SE for 5 mice in each group. *Indicates significant change from the distilled water grobp at P<0.0
aindicate significant change fromFeO; treatment at P<0.05

Table 6: Theeffect of repeated doses @03 nanoparticle®n the weights of mice for, 14 and 2&lays

Weight (grams)

Groups 7 days 14 days 28 days

Control group 26.80+£1.20 25.80+£2.08 27.60£2.29
75 mg/kg 28.80+0.37 26.40+1.16 26.40+1.69
150 mg/kg 30.00+0.63* 28.00+0.63 29.20+1.02
300 mg/kg 31.00+1.00* 32.80+1.32* 32.40+2.38

Values expressed as mean + SE for 5 mice in each group. *Indicates significant change from the distilled water gro&p at P<0.0
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Liver histopathological

The control group showed none of histopathological
lesions (Figure 1)The oral administration ohanoparticles
o-Fe0; at dose75mg/kgeausedhistopathologicaldefects
after 7 days of thalosing which is evidenceby a mild
vacuolar degeneration of hepatocytes, sinusoidal dilatation, &
mild vacuolar degeneration of hepatocytesntral vein
congestion, sinusoidal dilatatigRigure 2). While the dose
150mg/kg causes vacuolar degeneration of hepatocytes,,
infiltration of inflammatory cells, central vein congestion, i Yo
vacuolar degeneration of hepatocytes, central vein ». . &5
congestion(Figure 3). The dose 30fhg/kg causes mild cell SA
swelling of hepatocytes, congestion of sinusoidsrease
number of kupffer cellg§Figure 4). Histological section of

liver of 75mg/ kg after 14 days of treatmemtild vacuolar Figure 1: The normal liver architectures are shown in the
degeneration of hepatocytes, cesatjon of central vein, liver of mice (control group): (a) the central vein, (b) the
infiltration of inflammatory cells anéthcreasen number of hepatocytes, and (arrow) the sinusoids. 100x (H&E ktain

kupffer cells(Figure 5) While the dose 150 mg/kg after 14 —
days of treatment causes cell swelling of hepatocytes, Za&g
congestion of sinusoids, and vacuolar degenerdkmure

6). The dose 300ng/kg after 14 days of treatment causes
necrosis of hepatocytes, congestion of sinusoids and central
vein, vacuolar degeneration, and incre@senumber of
kupffer cells (Figure 7). In 28 days of treatment with
nanoparticles-Fe0s at dose75mg/kgausesever vacuolar

central vein, and necros{figure 8). The dose 150ng/kg
after 28 days of treatmenwith the moderate vacuolar

central vein, necrosigigure 9) The dose 300 mg/kg causes
sinusoid dilatatiorfFigure 10).

Figure2: liver of mice dosing5mg /mgfor 7daysshow(a)
mild vacuolar degeneration of hepatocyte$,dbntral vein
congested(arrow) sinusoidal dilatatio00x (H&E stain).

Brain histopathological

The control group showed none of histopathological
lesions (Figure 11)The oral administration of nanoparticles
o-Fe0s; at dose75mg/kgcauseshistopathologicaldefects
after 7 days of thdosing which is revisedby acortex with
perivascular edemavacuolization and satellitosigigure
12). The doses150 and 300 mg/kg causecuolization,
cytogenetic edema and neuronophggigures13 and14).
In 14 days of treatmenwith nanoparticlesa-FeOs; at
dose75, 150 and 300g/kg led tocortex withperivascular
edema vacuolization gliosis, thrombus formation
cytogenetic edema, and satellitoggures 15-17). The
nanoparticles-Fe:0s at dose75,150 and 300g/kg after 28
days of treatmentvhichcausesecrosis, gliosis, congestion
of blood vesselsthrombus formation and neuronophagia
(Figures 1820).

Figure3 liver of mice 150mg /mgdosing for7daysshow(a)
vacuolar degenerationf hepatocytes, (bjnfiltration of
inflammatory cells, (c) central vein congestion. 4QB&E
stain).
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Figure7: liver of mice dosing300mg / kgfor 14 daysshow
(&) necrosis of hepatocytes, (black arrowusoids
congestedand central vein, and (b) vacuolar degeneration,

Figure4: liver of mice dosing300mg/mgfor 7daysshow(a) (yellow arrow) increase number Kfipffer cells 400x(H&E
mild cell swelling of hepatocytes, (arrowjcrease number stain).
of Kupffer cells.400x (H&E stair).

Figure5: liver of mice dosing75mg / kgfor 14 daysshow Figure8: liver of mice dosingr5mg/kgfor 28 daysshow(a)
(@) mild vacuolar degeneration of hepatocytes, (arrow) Severvacuolar degeneration of hepatocytes, gmusoids
central veincongesteg(c) infiltration of inflammatory cells, congestedind central vein, (c) necrosis. 40B&E stain).

(arrow) increase number of kupffer cells. 4GBY&E stain.

Figure9: liver of mice dosind50mg/kgfor 28 daysshow(a)

Figure6: liver of mice dosingl50mg/kgfor 14 daysshow moderate vacuolar degeneration of hepatocytes, (b
(a) cell swelling of hepatocytes, (arrosiusoids congested sinusoids congestednd central vein, (c) necrosist00x
and (b) vacuolar degeneratigl00Ox (H&E stain). (H&E stain).
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Figure10: liver of mice dosingl50mg/kgfor 28 daysshow
(a) mild vacuolar degeneration of hepatocytepsibusoids

congestecandcentral vein, and (arrow) sinusoid dilatation. ~ Figure 13: Brain of mice dosing150 mg /kgfor 7 days
400X (H&E stain). showing the cortex with perivascular edema (A),

vacuolization (B) and cytogenetic edema (@)0x (H&E
stain).

Figure 11: The normal bain mice showing normal Figure 14: Brain of mice dosing 300 mg/kgfor 7 days
architecture representing by neurons (A), glial cells (B) and showing the cortex with perivascular edema (A),
blood vessels (CH00x(H&E stain. vacuolization (B), cytogenetic edema (C) and neuronophagia

(D). 400x (H&E stain).

Figurel2:Brain ofmice dosing’5 mg/kgfor 7 days showing Figure 15: Brain of mice dosing75 mg /kgfor 14 days
the cortex with perivascular edema (A), vacuolization (B) showing the cortex with perivascular edema (A),
and satellitosis (CH00x (H&E stain). vacuolization(B) and gliosis (C)400x (H&E stain).

807



Iragi Journal of Veterinary Sciences,

Figure 16: Brain of mice dosingl50 mg/kgfor 14 days
showing the cortex with perivascular edema (A), thrombus
formation (B) and cytogenetic edema(@)0x(H&E stain).

Figure 17: Brain of mice dosing 300 mg/kgfor 14 days
showing the cortex with perivascular edema (A),
vacuolization (B), cytogenetic edema (C) and satellitosis
(D). 400x (H&E stair).

Figure 18: Brain of mice dosing75 mg/kg for 28 days
showing the cortex with perivascular edema (A),
vacuolization (B), cytogenetic edema (C) and necrosis (D).
400x (H&E stain).
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Figure 19: Brain of mice dosingl50 mgkg for 28 days
showing the cortex with perivascular edema (A), congestion
of blood vessdal (B), vacuolization (C), cytogenetic edema
(D) and gliosis (E)400x (H&E stain).

Figure20: Brain of mice dosind300 mgfor 28 daysshowing

the cortex with perivascular edema (A), thrombus formation
(B), vacuolization (C), cytogenetic edema (D) and
neuronophagia (EX00x (H&E stair).

Discussion

Due to the limited information about the acute toxic
effect of a-FeO; nanoparticlesn mice, the current study
focused on determining thHeDso of a-FeOs nanoparticles
for the first time and recording signs and scores of
poisoningsas well as its effects on the neurobehavioral and
histological sections of the liver and brain of mice.

In general,o-Fe0Os3- NPs are thought to be secure,
biocompatible, and nepoisoningsubstanced his is proven
by our resultdy determiningthe acute oral.Dso in mice
which was 14.7 g/kg, while the available data of uncoated
iron oxide nanoparticle$'Dso was estimated to be between
300 and 600 mg/kgé). This number was increased to 2000
6000 mg/kg when the iron oxide nanoparticles were coated
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with stabilizing and biocompatible dextran molecules (34). However, there is a discrepancy between the stated results.
This is based on how compounds are classified using the According to Kimet al. (47) FeOs nanoparticlesdo not

Globally Harmonized Classification Syste(GHS) that appear to be hazardous to mice. However, numerous other
belongs tothe unclassified toxicity, which means thet studies (48-50) have documented serious deleterious
Fe0; nanoparticles is rather safe in mice (35) consequences linked to exposure to theBexOs

The highestoxic doses of-Fe0O3 nanoparticles in mice nanoparticleg47). In the current investigation, the majority
causes symptoms of acute toxicisuch as lethargy, rapid  of the organs, including the liver, exhibited histological
respiration subcutaneous hemorrhage, plioerection, tremor, alterations that were mostly caused by vascular congestion.
flatulence, and itching. While the clinical toxic symptoms Even when th&-FeOs nanoparticlesre tailored for tissue

following acute oral administration in rat idullness or organ specific targeting (g, tumors), liver is expected to
irritation, and moribundsigns (36). In humars, the toxic contain the most efficient nanoparticle clearance system,
signs are nauseapmiting, and flailence (37)Also, they which accounts for the observed vascular alterations in the

include keadache, urthrial, pruritus, and back paiohest highest dosage groyf6,42)
pain, dyspnea, a skin rash, a drop in oxygen saturation, and

anaphylactic shock (38). Conclusion
The current work focuses on the numerdehavioral
changes includinghe headocking test (30), which reveals The studyfindings suggest that mice exposuretbeO3

the negative effects on the brain and its cognitive function, nanoparticlescan cause neurodegeneration and behavioral
the negative geotaxis test (29), which increases the durationabnormalities|t is discovered that the toxicity af-FeOs
of negative geotaxis performance due to a defect in the nanoparticlesncreases with concentration. As a result, it is

vestibular system, and the opfeld activity test (28), which possible to draw the further conclusion that doses and the
lowers motor activity due to central nervous system duration of expsure to- o-FeOs nanoparticlescause
inhibition caused by repeated exposure ¢BFe0Os- unfavorable histological alterations that could harm cellular
nanoparticals for 28 daySinceFe,0s-nanoparticalbuildup functiors. Given the quick development af-FeOs-NP

has been proven to have negative effects on the CNS andapplications,the findings call for an understanding that is
aggravate neurodegenerativeillnesses (18,19), much essential, not only for safety consideraidsut also for their

research is being done to shed light on the safety concerns ofrepeated biomedical applications in the future.
FeOs-nanoparticals exposure. According to De Liebal.

(16) and Budnet al. (39), oxidative stress mechanisms and Acknowledgement
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