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ABSTRACT

Ochratoxin A (OTA), a mycotoxin commonly
found in contaminated food and feed, is naturally
produced by Aspergillus and Penicillium species.
Although OTA is widely recognized for its
nephrotoxicity and hepatotoxic effects, its
neurotoxicity, particularly during brain development,
remains poorly understood. The aim of this study
was to assess the effect of exposure to OTA in
mice on motor coordination and sensorimotor
functions during postnatal development and in
adulthood. Pregnant mice with verified vagina
plugs were separated randomly into two groups:
Group 1 (OTA), administered with OTA (0.25
mg/kg, i.p.), and Group 2 (control), administered
with an equivalent volume of saline solution
(0.9% NaCl). Mice offspring were subjected to
a series of behavioral tests during the postnatal
stage, including motor ambulation, negative
geotaxis, surface righting, and cliff aversion.
Subsequently, the locomotor behaviour was
evaluated in adulthood. Morphometric analysis of
vital organs was performed. Pups exposed to
OTA exhibited impaired motor function during
development and persisting into adulthood.

*Corresponding author: elhiba.o@ucd.ac.ma

Additionally, the organ-to-body weight ratios of
the brain, kidneys, liver, and spleen were reduced
in the exposed group. Overall, the behavioral
impairments, together with the morphometric
alterations observed in adulthood particularly the
reduced organ-to-body weight ratios indicate that
OTA severely affects the developing nervous
system, leading to persistent motor deficits and
highlighting the serious risks of early-life exposure.

KEYWORDS: developing brain, ochratoxin A,
prenatal exposure, motor coordination, motor
activity, mice.

1. INTRODUCTION

Mycotoxins are a group of natural compounds,
formed by a vast array of different fungi in the
environment known to cause mycotoxicosis, a
condition that can cause severe toxic damage to
human as well as animal well-being. The ways
of mycotoxin exposure may include breathing,
ingestion, plus dermal absorption through skin
contact [1]. Among these well-known mycotoxins
are ochratoxins, with Ochratoxin A (OTA) being
the most important based on its clinical and
experimental relevance. OTA is a major fungal
metabolite produced by Aspergillus ochraceus
and Penicillium verrucosum. It is also considered
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to be a serious threat to human health. OTA
exposure induces severe damage on kidneys, liver,
and immune organs. In mammals, the kidney
has been referred to as the primary target organ of
OTA toxicity [2, 3].

Research on OTA neurotoxic properties remains
limited; however, available data indicated that
it can damage the nervous system. It has been
proven that OTA alters neurogenesis in the
hippocampus, causing difficulties with learning
and memory. In particular, it lowers the number
of astrocytes, and reduces the number of both
immature and developed neurons in the
hippocampal dentate gyrus, thus perturbing cell
dynamics critical to cognition [4]. This can lead to
both DNA degradation and malfunctioning of the
mitochondria.

Literature on motor impairment resulting from
prenatal exposure to OTA is indeed limited, with
only a very small number of studies demonstrating
neuronal damage in motor-related regions,
including the cerebellum and spinal cord [5].
Additionally, it has been proven that OTA impairs
the axonal pathway, causing deterioration in
neuronal motor function, and disturbs the myelin
ducts, thus delaying the speed of the nerve
transmission. Furthermore, OTA has been linked
to impairments in a range of pivotal neurotransmitter
pathways, notably involving dopamine, as well as
GABA and also glutamate [6-8].

In the present work, we contribute new data
on the neurobehavioural implications associated
with prenatal OTA intake, focusing especially
on the motor function, in order to improve our
knowledge of the consequences of OTA-elicited
impairment on sensory-motor activities in the
developmental brain.

2. MATERIALS AND METHODS
2.1. Chemicals

Ochratoxin A was obtained from trilogy Analytical
Laboratory (Washington, MO, USA).

2.2. Animals

Virgin adult female mice, weighting 28-30 g,
were housed in plexiglass cages, with free access
to food and water in the animal housing units
of the Faculty of Sciences, Chouaib Doukkali
University. Animals were maintained over several

generations under controlled environmental
conditions, with a constant room temperature of
25 °C and a 12 h light/dark cycle. Each animal
experiment conducted as part of this study was
approved in accordance with ethical standards by
the Ethics Board of the Moroccan Society of
Ethics and Animal Research (MECAR-MoSEAR,
Ref. UCD-FSJ-03/2023).

2.3. Treatment with Ochratoxin A

On the first day of gestation, verified by the
existence of a vaginal plug, pregnant female mice
(n = 10) were split into two random groups.
Group 1 (OTA): received Ochratoxin A (0.25
mg/kg, i.p.) on gestational day 10. Group 2
(Control): administered an equal dose of saline
buffer (0.9% NaCl, intraperitoneally) on
gestational day 10. The mice were subsequently
monitored throughout gestation and postnatal
development, until reaching three months of age.

2.4. Morphometric measurements

2.4.1. Body weight monitoring

Body weight of the offspring was monitored for
both OTA and control groups throughout the
postnatal period (PO, P7, P15, P21) to the adult
stages (P60 with P90).

2.4.2. Measurement of organ-to-body weight ratio

A total of 12 offsprings from female mice
exposed to OTA were included in this study. The
body weight of the animals was recorded before
anesthesia. The offsprings were then anesthetized
with urethane (1 g/kg, i.p.) and sacrificed.
Immediately after dissection, the vital organs
(liver, spleen, and kidneys) were carefully removed
and weighed directly using an analytical balance.
The ratio between organ weight and body weight
was calculated by the following formula:

Organ ratio = (Organ weight (g)/Body weight at
the time of sacrifice (g) x 100)

2.5. Behavioral study
2.5.1. Ambulation test

The ambulation test was used to evaluate locomotor
ability (activity and coordination). The test was
performed at postnatal day 8 (PNS8) as described
by Smimih et al. (2023). The offspring mice were
placed on clear enclosure, so it can be clearly
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visible from side and top and the behavior of each
animal was examined for 3 minutes. We gave a
score of 0 to the offspring showing no movement,
1 to the ones crawling with limb asymmetric
movement, 2 to the ones slowly crawling with
limb symmetric movement, and the score of 3 to
those walking fast [9].

2.5.2. Negative geotaxis test

The test was performed at PN9 to assess motor
coordination. The offspring mice were placed in a
head-down position on an inclined surface and
held in place for approximately 5 s before being
released. Upon release, the animals naturally
attempted to reorient themselves to face upward
against gravity. The time taken to finish a 180-
degree turn, when placed facing down a slope of
45 degree was measured. Each animal was given
two minutes for one trial [10].

2.5.3. CIiff aversion

The test was performed between PN1 to PN14,
to assess coordination, strength and labyrinth
reflexes. The mice were placed on a table with
forepaws and nose on the edge. A score was given
by assessing the time needed to turn away from
the edge [11].

2.5.4. Surface righting

The test was performed at PN 8 to measure the
motor ability by assessing the ability of the mice
to return onto its feet after being put on its back.
The test was repeated 3 times, one minute for
each trial [10].

2.5.5. Rotarod test

This test was carried out to assess motor
coordination of mice by assessing their ability to
maintain balance while standing on a spinning bar
with a diameter of 30 mm [9]. Each animal was
placed on the rotating rod rotating at 12 rpm,
facing opposite to the direction of rotation. Each
trial lasted a maximum of 5 min, during which the
latency to fall from the rod was recorded. Each
animal’s behavior was registered [12].

2.5.6. Parallel bar test

The parallel bar test involves studying the motor
coordination of mice. The device comprises two
metallic rods, measuring 1 meter (1 m) in length
and 4 mm in width respectively, positioned on a

60 cm elevated wooden platform supported by a
wood stand. The apparatus consisted of parallel
bars spaced 30 mm apart along its full length.
Using a chronometer, the time (in seconds) spent
by each animal to complete a 90° turn on the
double bar and the time to reach one of the
extremities of the bar was recorded. A specific
score was assigned to each animal behavior, as
detailed in Deacon’s original protocol [13].

2.5.7. Horizontal bars test

The horizontal bar test was also used to assess
motor coordination in our mice. The apparatus
consisted of steel bars 38 cm in length, mounted
49 cm above the base surface on wooden supports
positioned at each end and fixed to a stable
wooden platform. Bars of increasing diameters
(2, 4, and 6 mm) were used. The process and
results achieved were described earlier by Deacon
[13].

2.5.8. Static rods test

Five 60 cm long wooden bars of different
diameters (35, 28, 22, 15, 9 mm) were fixed using
a stand 60 cm raised from the floor. A mark 10 cm
away from the edge of the bar next to the shelf
showed the arrival point. Each mouse was
positioned on the end of the larger bar and the
following two parameters were measured: time to
orientation (time required to orient 180 degrees
from the initial position to the shelf) as well as
travel time per animal (time required to arrive at
the end of the static rod) [14].

2.6. Statistical analysis

The statistical data analysis was performed using
Sigma Plot software. All data were evaluated
using the Student’s t-test. All results were
presented as mean + standard deviations (SEM).
A p-value < 0.05 was considered as statistically
significant.

3. RESULTS

3.1. Body weight measurement

The results revealed that from P1 to P21, body
weight gain in the OTA group followed a pattern
similar to that of the control group. Statistical
analysis revealed no significant differences
between the groups at PO (p = 0.343),
P7 (p = 0.430), P15 (p = 0.430), P21 (p = 0.430),
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P60 (p = 0.928), or P90 (p = 0.928) (Figure 1),
indicating that prenatal OTA exposure did not
affect body weight development through adulthood.

3.2. Vital organs’ morphometry

The measurement of some vital organs’ weights-
to-body ratios showed significant decrease in the
brain (P<0.001), the kidney (P<0.001), the liver
(P<0.001) and the spleen (P<0.01) (Table 1).

3.3. Neurobehavioral study

3.3.1. Ambulation test

We found a really big drop in the mobility score
(P<0.001) in the OTA group versus the control
group (C) (Figure 2).
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3.3.2. Negative geotaxis test

Our results showed that OTA-treated mice took
significantly more time to perform a rotation in
the negative geotaxis test than those in the control
group (p<0.001) (Figure 3).

3.3.3. Fall avoidance test

The findings showed a very significant increase in
fall avoidance time (p<0.001) in OTA-intoxicated
group compared to the control group (Figure 4).
3.3.4. Surface righting test

The results showed a minor increase in the time
spent to turn on their feet in the OTA-treated
group compared to the controls (Figure 5); however,
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Figure 1. Impact of prenatal OTA exposure on mice’s body weight. OTA:
OTA-intoxicated mice, C; control mice, data are reported as mean + SEM.

Table 1. A comparison of the organ-to-body weight ratios in different vital organs of the OTA

and control mice.

Organs Control OTA
Brain 1.53 £ 0.0046 1.29+0.011"

Kidney 1.33 +0.091 0.71 +0.066™"
Liver 5.59 +0.204 4.47+0.109™"
Spleen 0.54 +0.038 0.33 £0.042"

OTA: OTA intoxicated mice, C: control mice. Data are presented as mean + S.E.M. **: p<0.01 vs. C;

*#% p<0.001 vs. C.
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Figure 2. Histogram displaying the ambulation score in
the OTA and the control groups. OTA: OTA intoxicated
mice, C: control mice. Data are expressed as means +
S.E.M. *** p<(.001 vs. C.
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Figure 3. A graphical illustration demonstrating the
time taken to turn face up the slope in a negative
geotaxis test in OTA-exposed and control groups.
OTA: OTA-exposed mice, C: control mice. Data are
expressed as means = S.E.M. *** p<0.001 OTA vs. C.
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Figure 4. Graphical illustration showing fall-avoidance
time in controls and OTA-treated mice. C: control,
OTA: mice treated with OTA. Data are presented as
mean values per group + S.E.M. *** p<0.001, OTA vs. C.
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Figure 5. Histograms indicating the amount of time
needed to turn around on their paws. C: control, OTA:
mice treated with OTA. The data are presented as mean
values + S.E.M.

this difference was not statistically significant
(p = 1.000).

3.3.5. Parallel bars

The data revealed a significant increase (p =
0.020) in the time needed to rotate 90° while on
the parallel bars (Figure 6A) and the time needed
to move to the bottom of the bars (Figure 6B) in
the OTA-intoxicated group compared to controls.

3.3.6. Horizontal bars

The results revealed that the average horizontal
bar score decreased significantly in the OTA
group compared with the control group (p<0.05)
(Figure 7).

3.3.7. Rotarod test

The findings revealed a highly significant
decrease (p<0.001) in latency lime to fall off the
horizontal axis of the rotarod in OTA-treated mice
compared to controls (Figure 8).

3.3.8. Static rods test

3.3.8.1. Average time to turn 180°

The findings revealed significant increase in the
time taken to turn 180° in the rods of different
diameters (Figure 9A-D); A: 35 mm, B: 28 mm,
C: 22 mm, D:15 mm in OTA group compared to
controls (p<0.001, p<0.001, p<0.001, p<0.001).
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Figure 6. Histograms showing the average time taken to
turn (A) and to arrive at the extremity of the parallel bars
(B). C: control, OTA: mice treated with OTA. Data are
presented as group mean values + S.E.M. * p<0.05, vs. C.
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Figure 7. Histograms with average scores shown in the
horizontal bars. C: control (n = 7), OTA: mice given
ochratoxin A (n = 7). Data shown as group mean values
+ S.E.M. * p<0.05 vs. C.
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Figure 8. Histograms illustrating latency before falling
from the rotarod horizontal axis. C: control, OTA: mice
administered OTA. The data are presented as mean
values = SEM. *** p<(0.001 compared to C.
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Figure 9 continued..
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Figure 9. Histograms showing the mean time to turn
180° on static rods. C: control (n = 7), OTA: mice
treated with OTA. (A): Rod (35 mm), (B): Rod
(28 mm), (C): Rod (22 mm), D: Rod (15 mm). Data
are presented as group mean values £ S.E.M.
**% p<0.001 vs. C.

3.3.8.2. Time to arrive at the end of the rods

Our findings showed significant increase in the
time taken to reach the extremity of the rods of
various sizes (Figure 10A-D); A: 35 mm, B: 28 mm,
C: 22 mm, D: 15 mm in the OTA-treated group
compared to controls (p<0.001, p<0.001, p<0.001,
p<0.001).
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Figure 10 continued..
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Figure 10. Histograms indicating the average time
required to reach the tip of the static rods. C: Control,
OTA: Mice exposed to OTA. (A): rod (35 mm),
(B): rod (28 mm), (C): rod (22 mm), D: rod (15 mm).
Values are presented as group mean + SEM. *** p<(.001.

4. DISCUSSION

In this study we demonstrated that perinatal
exposure to OTA leads to persistent motor and
sensorimotor impairments in mice, accompanied
by alterations in the morphometric indices of vital
organs. Such results reveal the OTA’s neurotoxic
action, thus expanding knowledge above and far
beyond its already familiar hepatotoxic and
nephrotoxic properties. We found major motor
coordination issues and marked reflex abnormalities.
These disorders were specifically evident in the
negative geotaxis, cliff aversion, and ambulation
tests, suggesting potential disturbances in the
development of the cerebral regions that regulate
these functions. It must be noted that the deficits
were not limited to precocious development but
continued into the adult stage, as evidenced by
pronounced disturbances in locomotion and
coordination activity noted in the rotarod, static
bar, parallel bar, and horizontal bar tests.
In addition, the reduction in organ weights especially
of the brain, kidneys, and liver, provides further
evidence of the systemic toxicity of OTA and its
adverse effects on overall growth and development.

To the best of our knowledge, studies assessing
the neurotoxicity of OTA remain limited, and

most lack detailed information on the postnatal
progression of neurobehavioral abnormalities,
particularly in relation to motor function and
innate sensory reflexes. Nevertheless, previous
reports partially support our findings. For instance,
studies in mutant mice have shown that OTA
exposure leads to a marked decrease in step
length during gait analysis, indicating deficits
in motor behavior [15, 16]. OTA exposure in
midbrain micromass cultures of rat embryo was
demonstrated to cause dose-dependent decreases
in the diameter of the yolk sacs, the crown-rump
length, the number of somites, and the amount of
protein and DNA, along with a higher incidence
of malformed embryos, including telencephalic
hypoplasia [17, 18]. The neurotoxic impact of
OTA is also recognized in the cerebellum, a
critical region for motor regulation and cognitive
functioning. OTA exhibits a high binding affinity
for the cerebellum, particularly for Purkinje cells,
essential for the coordination of movement and
equilibration [19, 20]. Exposure to OTA has been
linked to inflammation resulting in cellular
damage, apoptosis, and eventually to neuronal cell
death within the cerebellum [20].

It has been reported that OTA exhibits regionally
selective neurotoxicity, particularly through
alterations in lactate dehydrogenase (LDH) activity
and elevated mitochondrial superoxide dismutase
(SOD) function, directly affecting neurotransmitters
like noradrenaline (NA), dopamine (DA),
as well as 5-hydroxytryptamine (5-HT), resulting
in cerebral toxicity and motor dysfunction [21].
Similarly, Izco et al. (2021) demonstrated that
mice treated orally with subchronic OTA (0.21 or
0.5 mg/kg body weight) for four weeks, followed
by a normal diet for six months, exhibited reduced
striatal dopaminergic innervation and dysfunction
of dopaminergic neurons, contributing to motor
deficits [22]. In pregnant Sprague-Dawley rats fed
diets containing OTA (0, 0.12, 0.6, or 3.0 ppm)
from gestational days 6 to 21, offsprings exposed
to 3.0 ppm showed a transient post-weaning
decline in body weight and alterations in
hippocampal neurogenesis on postnatal day 21.
Specifically, PAX6* and TBR2" cells in the
subgranular zone (SGZ) of the dentate gyrus were
reduced, indicating a decrease in type 2 progenitor
cells. In the hilum, GABAergic neurons were
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reduced alongside altered transcription of the
Chrnb2 gene, suggesting that maternal OTA
exposure impairs type 2 precursor cell proliferation
by inhibiting GABAergic neurons activity and
increasing oxidative stress. Additionally, transcript
levels of neurotrophin (Bdnf), glutamatergic
receptors (Grial, Gria2, Grin2a), and serotonin-
related enzymes and receptors (Tph2, Htrla, Htr4)
were elevated in the dentate gyrus, indicating
potential neuroprotective responses against OTA-
induced disruptions in new cell formation in the
brain [23].

OTA is also known for its neurotoxic effects on
the cerebellum, a key region for motor control
and cognitive functions. Studies demonstrated
that OTA has a strong binding affinity for the
cerebellum, specifically targeting Purkinje cells,
crucial for movement coordination and balance
[8, 20]. OTA exposure has been associated with
oxidative stress and inflammation, leading to cell
damage, apoptosis and ultimately neuronal death
in the cerebellar region [20]. In animal models,
OTA exposure has been shown to induce
behavioral alterations, including impaired locomotor
skills. Moreover, affected individuals may
suffer from cognitive deficits such as memory
impairments, attention problems and difficulties
with visuospatial tasks, reflecting the role of the
cerebellum in higher cognitive processes [24, 25].

These findings, together with previous reports
on OTA-induced cerebellar, hippocampal, and
dopaminergic dysfunction, emphasize the broad
neurotoxic potential of OTA during brain
development. Overall, our results sustained the
importance of minimizing OTA exposure during
pregnancy and early life, as even low-level
exposure may have lasting consequences on
motor and cognitive functions.

5. CONCLUSIONS

The current study showed that OTA exposure
during the fetal period can cause long-term
neurodevelopmental problems, mainly concerning
motor coordination and sensorimotor functions.
The durability of these impairments in adults,
along with changes in organ size, highlights the
systemic and neurotoxic nature of OTA. Together,
these results underscore the sensitivity of the
developmental brain to mycotoxin exposition and

point to the necessity for additional investigative
research to clarify the underlying cellular and
molecular mechanisms of OTA-mediated
neurodevelopmental toxicity.
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