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Abstract

UTISM is a neurodevelopmental disorder with serious psychological consequences manifested

by social reciprocity and communication disorders. The study explored the influence of valproic
acid (VAP) administration on behavioral and histobiochemical markers in autism-like rats. Male
Wistar rats were distributed into two groups: The control (T) received saline solution (NaCl 9%), and
the treated group (VAP): received valproic acid at 500 mg/kg. Behavioral impairment was measured
by different paradigms to evaluate social interaction, memory, and anxiety. Then, the brain and liver
were removed for biochemical and histological examinations. Prenatal exposure to VPA at day 12.5
causes long-term effects on behavior in rats, notably a significant reduction of social interactions and
memory and an increase in anxiety. The oxidative markers (MDA and CAT) were altered, expressed
by an increase of MDA levels in the prefrontal cortex and hippocampus. However, the enzymatic
antioxidant activity of CAT in the same areas was depleted. Widespread abnormalities in the brain
and liver structure were observed at viable cell levels (pyramidal neurons and Purkinje cells,
hepatocytes). In conclusion, in utero VPA exposure causes abnormalities in the brain and liver
structures (Purkinje cells and pyramidal neurons) that might be related to oxidative stress.
Furthermore, understanding the altered brain architecture involved in neurogenesis and the
neurotransmission and its related behavior induced by VPA exposure is needed.
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Introduction

Autism spectrum disorder (ASD) is characterized by
sociability and alterations in communication,
restricted and repetitive behavior patterns, and
interests [1-3]. In most cases, ASD is diagnosed with
no defined etiology.

It is a neurodevelopmental disorder with serious
psychological consequences. Maternal or paternal
behavior is not responsible for a child's autism; its
origin is strongly linked to genetic factors as well as
other environmental risk factors [4,5]. The etiology
of autism currently remains extremely complex and
poorly understood. In 5 to 10% of cases, there is a
comorbidity associated with another disorder, like
the syndromes of Fragile X or Down. This is referred
to as syndromic autism. However, for the vast
majority of cases, it is not possible to clearly identify
the origins, and this is referred to as non-syndromic
autism [6].

The involvement of purely genetic factors has
been demonstrated by comparing the transmission
rate of ASD in homozygous and dizygotic twins. The
currently identified genes encode, among others,
proteins directly and indirectly involved in synaptic
transmission and neuronal development [4].
Although these genetic causes alone seem difficult to
explain the occurrence of ASD in children, it would
appear that it is due to a genetic predisposition
associated with environmental factors affecting the
mother during her pregnancy. These environmental
factors include heavy metals, pesticides, and volatile
organic compounds. Other factors, such as maternal
stress and certain pharmacological substances, such
as sodium valproate (VPA), prescribed during
pregnancy, are also risk factors [5].

Autism is linked to abnormal brain development
that leads to a mosaic of maladaptive behavioral
manifestations. It is thought that either the entire
brain development is disrupted from fetal life to
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adolescence or that only certain areas of the brain are
affected. These disruptions will subsequently lead,
depending on the case, to a cascading alteration in
the development and function of other interconnected
structures.

A change in brain growth has been reported in
autistic patients, with a period of greater growth in
patients between the ages of 2 and 4, followed by
normal or reduced growth, leading, in adulthood, to a
brain of normal or smaller volume [7]. Among the
structures that show atrophy are, among others, the
amygdala (related to anxiety) and the striatum
(related to stereotypies) [8,9].

Post-mortem studies of the brains of autistic
patients suggest that there is a dysregulation of
cortical development leading, for example, to a
reduction in the size and number of pyramidal
neurons as well as irregular lamination. These
observations may account for deficits in social
interactions, problems in the genesis and integration
of emotions, and abnormal sensory experience
observed in patients with ASD [10]. Abnormal
development of the cerebellum, often associated
with a loss of Purkinje cells3, is also frequently
described. Since the cerebellum is involved in
motor learning and motor coordination, this may
account for some of the motor deficits observed in
some autistic patients. Furthermore, since the
cerebellum is also involved in environmental
perception, its dysfunction could be at the origin of
certain autistic behaviors. Some authors also
propose that the cerebellum could guide the
maturation of certain brain structures and influence
cognitive development [11]. From a functional
perspective, imaging studies show both hyper-
connected and hypo-connected brain areas [12].

All of this information from human studies is
both complex and difficult to interpret. They were
conducted on a limited number of individuals whose
age is a criterion that must be taken into account.
Therefore, in an attempt to better understand the
neurodevelopmental abnormalities responsible for
autistic behaviors, animal models have been
developed that reproduce some of these
abnormalities.

To understand the complexity of ASD, several
animal models were investigated. Valproic acid
(VPA) is an anti-epileptic drug with teratogenic
effects. The administration of VPA to pregnant
women increases the probability of developing a
neurodevelopmental disorder such as ASD [13].
Some studies showed that intraperitoneal (500
mg/kg) and subcutaneous (400 mg/kg) VPA
administration induced several behavioral
modifications, including increased anxiety-like
behavior, social interaction deficits, reductions in
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sensory processing and attention, [14-16][15][16].
VPA administration in female rats during the early
stages of pregnancy manifests autism-like behaviors
in the offspring marked by alterations in brain
structures and biomarker levels similar to those of
patients with ASD [17,18]. Some mechanisms have
been proposed, including hepatotoxicity and
neurotoxicity caused by VPA; most of them are
related to oxidative stress which has been implicated
in the development of clinical manifestation of
autism [19-21] VPA is implicated in ROS
production and enhances the formation of lipid
peroxidation [22], induces DNA damage, and
decreases the viability of cells in hippocampal
neurons [23].

Although ASD has been associated with genetic
and environmental etiological factors, it remains a
clinical and broad-spectrum diagnosis. This study
aims to investigate the VPA-induced oxidative stress
levels in brain tissue, liver tissue, and behavioral
abnormalities of Wistar rats prenatally exposed to
valproic acid by measuring oxidative stress markers
and behavioral and structural abnormalities in an
autism-like rat model.

Material and Methods

Animals, diets, and drug treatment

Wistar rats (20 females and 10 males) were kept
on a 12 h light/dark cycle at 18-22°C, with relative
humidity at 50-60%, and received a standard diet
and water. Female rats aged 12 weeks old (250-300
g) were mated overnight. The first gestation day
(GD1) is estimated by spermatozoa detected.
Randomly, female rats were divided into two groups:
the control and valproic acid (VAP) group. However,
the females of the VPA rats were intraperitoneally
injected with 500 mg/kg VPA (in saline pH 8.3, 250
mg/ml), and control rats received saline on GD 12.5.
The female rats were housed individually, and their
pups were weaned on postnatal day (PND21) and
separated by sex. Altered social interaction and
behavioral deficits were only observed in all male
pups after VPA exposure; then only males were used
in biochemical and behavioral tests in the current
study from PND 43 to 50. The Ibn Tofail University
Kenitra, Morocco, doctoral studies center monitored
and approved the procedures.

Tissue isolation and homogenate preparation

The rats were extremely anesthetized with
hydrate of chloral (100 mg/kg), and their brains were
obtained using bone forceps. However, the prefrontal
cortex, hippocampi, and cerebellum were isolated
and homogenized in a cold lysis buffer using a
Dounce homogenizer. Then centrifuged at 14,000 g
for 15 min and stored at -80 °C. Protein levels were
later analyzed using the Bradford reagent.
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Biochemical assays
Lipid peroxidation assay

Malondialdehyde (MDA) is known as an
oxidative stress marker. Lipid peroxide formation
was assessed by assessing thiobarbituric-acid-
reacting substances (TBARS) in tissues [24].
Samples were added to 1 ml of 10% trichloroacetic
acid and 1 ml of 0.67% thiobarbituric acid and then
heated in boiling water for 15 min, and butanol (2:1
v/v), and centrifugated at 800 g/5 min, the TBARS
were measured at 535 nm [25,26].

Catalase

Using a UV/visible spectrophotometer, catalase
(CAT) activity is measured at 240 nm, by
determining the optical density of hydrogen peroxide
(H202). For assessing enzymatic reaction, a volume
of 20 pl of supernatant was mixed with to 780 ml of
phosphate buffered saline (PBS) (0.1 M, pH 7.4) and
200 pl of H202 (0.5 M) [27].

Histological examination

Samples of liver and brain structures
(hippocampus, cerebellum, and prefrontal cortex)
were fixed in 10% buffered formalin and embedded
in paraffin. 5 pum sections were stained using
hematoxylin and eosin and observed under optical
microscopy. The tissue integrity was evaluated by
assessing degeneration, necrosis, apoptosis, and
leukocyte infiltration [28].

Behavioral tests:
Open field:

A wooden apparatus (100 cm x 100cm) with 40
cm-high walls exposed to high illumination (100
watts, 2 m above the apparatus). The device contains
25 squares (20 cm x 20 cm), including nine in the
center and sixteen squares in the periphery. During
the first 10-min test, the rat was placed in the center
of the device, and its behavior was videotaped. After
each rat session, the apparatus was cleaned. The total
number of squares visited was assessed [29,30].

Sociability test

The sociability test was performed at PND31.
The apparatus is a box of acrylic plastic measuring
120 cm/40 cm/50 cm formed by three chambers; the
central one is 60 cm in length, while each side is 30
cm [31]. The subject rat was allowed to explore the
chambers freely. The test was conducted in an
environment unfamiliar to the test rat, encompassing
three communicating compartments [32]. The time
spent in a compartment and the number of crosses
between compartments were measured for 5 min.
Time duration and the entry number into the empty
cage and space with the stranger rat were assessed
[33,34].

Novel Object Recognition (NOR) Task

Task was conducted in a 40 x 50 cm?2 open field,
surrounded by 50 cm high walls, covered with a thin
layer of black plastic. For 5 minutes, and in the
absence of any objects, the animals were habituated
to freely explore the open field. 24 hours later, NOR
training was performed by placing individual rats for
5 minutes in the field containing two similar objects
placed in two adjacent corners. Long-term retention
was tested 24 hours after training [30].

The objects used had similar size and color but
distinct shapes. The ratio between the number of
explorations of object B and the sum of the numbers
of explorations of objects A and B defined the
recognition memory index.

Elevated Plus Maze

The EPM test measures the anxiety degree by
assisting increased exploration with open arms,
which indicates reduced anxiety-like behaviors. The
EPM is a 70 cm high wooden plus-shaped device. It
is formed by two opposite arms (50 cm x 10 cm)
closed by 40 cm high side and end walls, with an
open roof. To prevent falling, the other open arms are
surrounded by a 0.5 cm high rim. The intersection of
the four arms forms a central platform (10 cm x 10
cm). The device is exposed to a 100 W lamp. Each
rat is placed facing the open arm, and its behaviors
are recorded for 5 minutes. The ratio of time spent on
the open arm to the total time and the ratio of the
number of entries to the open arm to the total number
of entries define the level of anxiety [29,35].

Statistical analysis

Parameters measured are expressed as the means
+ SEM. Data analysis was performed using Student’s
t-test to assess differences between two groups and
one-way ANOVA followed by Tukey’s post hoc for
multiple comparisons using GraphPad Pad Prism 9.0.
The threshold statistical significance was set at P <
0.05.

Results
Biochemical assessment in brain tissue homogenates

The prenatal VPA exposure significantly changed
the oxidative stress markers (catalase activity and
MDA) in the prefrontal cortex (p<0.001), cerebellum
(p<0.001), and hippocampal (p<0.05) homogenates
compared to the control group (Fig. 1). Moreover, in
utero exposure to VPA in rats causes a decrease in
catalase activity successively by 1.23-fold in the
prefrontal cortex (p<0.01), 1.55 in the hippocampus
(p<0.05), and 3.74 in the cerebellum (p<0.01) (Figures
A, B, C) compared to a control group. Compared to
control results, the post hoc analysis showed that
MDA levels after the prenatal VPA exposure
increased by 1.42 in the prefrontal cortex (p<0.001),
1.38 in the hippocampus (p<0.001) and 1.42 in the
cerebellum (p<0.5) (Fig. D, E, F). (Table 3).
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Sociability novelty preference test and social novelty
index

Impairment in social interaction is observed to be
high in the VPA group (Fig. 2). The post-hoc
analysis showed that the VPA group spent more time
with the familiar rat chamber and less time with the
novel rat chamber (P<0.001), indicating a social
memory deficit.

Spontaneous locomotor activity seems to be
affected within the group exposed to in utero VPA
(Fig. 2). Which was significantly reduced compared
with normal control. The prenatal VPA exposures
caused anxiety-like behavior manifested by a
significant decrease in the total number of crossed
squares (p<0.05) and time spent in the central zone
(p<0.001), unlike the control ones. The induced
anxiety-like behavior was evident in the EPM test,
where it was observed that a significant decrease in
time spent in open arms was considered an
anxiogenic indicator.

Sociability assessment

Impairment in social interaction is observed to be
high in the VPA group (Fig. 2). The post-hoc
analysis showed that the VPA group spent more time
with the familiar chamber and less time with the
novel chamber (P < 0.001), indicating a social
memory deficit.

Spontaneous locomotor activity seems to be
affected within the group exposed to in utero VPA
(Fig.2). Which was significantly reduced compared
with normal control. The prenatal VPA exposures
induced anxiety-like behavior manifested by a
significant decrease in a total number of crossed
squares (p<0.05) and time spent in the central zone
(p<0.001), unlike control ones. The induced anxiety-
like behavior was evident in the EPM test, where it
was observed that a significant decrease in time spent
in open arms indicates an anxiogenic indicator.

Histopathological analysis
Brain areas

Normal controls have a normal histological
architecture, unlike the rats with prenatal exposure
(Fig. 3). The VPA group exhibited
neurodegenerative  alterations in  H&E-stained
sections of hippocampus areas CAl, CA3, and
cerebellar cortex, indicating a significant decrease in
viable cell number (Purkinje and pyramidal cells).
The VPA group showed perineural spaces with
degenerated neurons, whereas it didn’t show any
variation in dentate gyrus between the two studied
groups (p > 0.05 VVPA versus control).

Liver tissue

The control rats showed normal liver cells with
normal central wveins and intervening regular
sinusoids and portal tracts instead of the VPA
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groups. The VPA group liver presented a lost
architecture showing dysplastic cirrhotic nodules, an
enlarged and congested central vein of the liver, and
sinusoidal spaces that appear narrowed and filled
with blood (Fig. 4).

Discussion

The developmental and cognitive effects of
valproic acid on the brain are highly presented in
several studies [36,37], in which many characteristics
of behavioral alterations caused by VPA
administration to rats, like repetitive-like activity and
social interaction troubles, have been associated with
autism. Following these studies, we investigated the
histological alterations both in brain and liver tissues,
the oxidative marker modification, and behavioral
impairments in the VPA-induced autism-like model
in male Wistar rats.

Results from our research showed that the VPA
group presented inappropriate social behavior,
decreased preference for social novelty, and lack of
sociability to a strange rat evaluated in the sociability
test. Both an over effect, like impairments of
memory, were evaluated in the novel object
recognition test, and an anxiogenic effect was noted
too. indicating similarities between behavioral
alterations in VPA rats and behavioral deficits in
patients with autism [15,38].

However, widespread abnormalities in the brain
structure and function are related to dysregulation in
neurodevelopmental processes. These processes have
been demonstrated to cause adverse effects in autistic
patients and animal models of autism. Besides other
experiments, behavioral alteration increase is
accompanied by GABA-ergic signaling alterations
attributed to GABA system dysregulation, and
excitation-inhibition imbalance in the hippocampal
and prefrontal function causes abnormal synaptic
plasticity and neural network formation, which could
disturb the social deficit, anxiety, learning, and
memory processing in VPA-treated groups [39,40].
Recent studies also showed that there are profound
modifications in the expression of GABA receptors
in the amygdala of the VPA-induced rats. It suggests
that targeting the GABAergic system may contribute
to correcting the generational pathophysiology of
ASD [41,42].

The rat’s brain could be used as a good model for
understanding the in vivo brain neurotoxicity
mechanisms in different VPA-induced toxicity
models, which have been considered as a free radical
source either causing a decreasing antioxidant
capacity of cells [43]. Simultaneously, our work
confirmed the similarities of our results with the
previous ones, notably, the variation in catalase
activity and lipid peroxidation in different brain
areas.
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In histological brain structures, a diminution of
pyramidal neurons and Purkinje cells was observed
in various areas, unlike the normal histological
architecture of control rats. In most cases, in utero
VPA administration in rats causes degenerative
changes in the cerebellum layers, in particular
affected Purkinje cells, and impairs the mitochondrial
morphology in Purkinje cell perikarya [44]. In
addition, changes in the number of hippocampus
neurons were also found, especially in CAl and
CA3, indicating toxic effects of VPA on neuronal
development and inducing apoptotic
neurodegeneration in the hippocampus and prefrontal
cortex [39]. Furthermore, neurodegenerative
abnormalities may arise when ROS is triggered and
neuronal damage occurs [45]. Our study is consistent
with the previous ones and showed that VPA causes
oxidative stress, resulting in increases in the
prefrontal cortex, hippocampal, and cerebellum
MDA levels and decreases in catalase activity. These
side effects of VPA administration on neuronal
degeneration might be associated with the inhibition
of oxidative phosphorylation, antioxidant enzymes,
including catalase, an intracellular metabolic product,
and an increase in free radical contents in the brain
[44, 46]. Moreover, over sufficient quantities of ROS
production could lead to oxidative stress, which is
significantly related to neurodegeneration, including
cognitive impairment [47]. The histological
examination of the liver showed hepatotoxicity
aspects with dysplastic cirrhotic nodules, and
enlarged sinusoidal spaces filled with blood.
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Hepatotoxicity related to AVP administration can
lead to irreversible liver failure. Although its
mechanism is poorly understood, oxidative stress is
considered as a critical cause of hepatotoxicity [46].

In conclusion, our results demonstrate that the
VPA-induced autism model in which many aspects
of behavioral deficits found in ASD patients, like
repetitive-like activity and social interaction
problems, profound abnormalities in brain structures,
and decreasing antioxidant capacity of the cell
induced by oxidative stress markers. Furthermore,
understanding the altered brain architecture involved
in neurogenesis and the neurotransmission and its
related behavior induced by VPA exposure is
needed.
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Fig. 1. Effect of prenatal exposure to valproic acid in male Wistar rats on catalase activity in different brain areas.
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***p <0.001.
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Total number of squares crossed; (C) spontaneous motor activity in the open field test; (D) The object
recognition index for long-term memory in the object recognition apparatus; (E) Time spent in the open arm
in elevated plus maze; (F) Social novelty preference index; (H) Social preference between familiar rats and

strangers. Results are represented as mean + SEM, the significance level is 0.05. * p<  0.05,** p<0.01,

0.001..
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Fig. 3. Hematoxylin and Eosin-stained sections (X400, scale bar = 50 um) of hippocampus, prefrontal cortex, and
cerebellum in the VPA-treated group and the control one. CA: ammon’s horn, GD: dentate gyrus, Co:
control, VPA: valproic acid. Degenerated neurons.
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Fig. 4. Histopathological Examination of Rat Liver Tissues (X 400 scale bar=50 um). (T) Control group; (VAP):
valproic acid groups; CV: central vein.

References

1.

DiCicco-Bloom, E., Lord, C., Zwaigenbaum, L.,
Courchesne, E., Dager, S. R., Schmitz, C., Schultz, R.
T., Crawley, J. and Young, L. J. The developmental
neurobiology of autism spectrum disorder. Journal of
Neuroscience, 26(26), 6897-6906(2006)..
https://doi.org/10.1523/JNEUROSCI.1712-06.2006

C.Llaneza, D. (1927). The Role of Progestogen
Neurosteroids in Behaviors Relevant for Autism
Spectrum Disorders. UMI Dissertation publishing.

. Lai, W. W. and Qei, T. P. S. Coping in Parents and
Caregivers of Children with Autism Spectrum
Disorders (ASD): A Review. Review Journal of
Autism and Developmental Disorders, 1(3), 207- 224
(2014). https://doi.org/10.1007/s40489-014-0021-x

. Bourgeron, T. From the genetic architecture to synaptic
plasticity in autism spectrum disorder. Nature
Reviews.  Neuroscience, 16(9), 551-563(2015).

https://doi.org/10.1038/nrn3992

Rossignol, D. A., Genuis, S. J. and Frye, R. E.
Environmental toxicants and autism spectrum
disorders: A systematic review. Translational
Psychiatry, 4(2),4 (2014). €360.

https://doi.org/10.1038/tp.2014.4

. Amiet, C. Diversité clinique de 1’autisme: Aspects
diagnostiques. Perspectives Psy, 46(3), 228-239
(2007). https://doi.org/10.1051/ppsy/2007463228

. Ha, S., Sohn, 1.-J., Kim, N., Sim, H. J. and Cheon, K.-A.
Characteristics of Brains in Autism Spectrum
Disorder : Structure, Function and Connectivity across
the Lifespan. Experimental Neurobiology, 24(4), 273-
284 (2015). https://doi.org/10.5607/en.2015.24.4.273

. Herrington, J. D., Maddox, B. B., Kerns, C. M., Rump,
K., Worley, J. A,, Bush, J. C., McVey, A. J., Schultz,
R. T. and Miller, J. S. Amygdala Volume Differences
in Autism Spectrum Disorder Are Related to Anxiety.

Journal of Autism and Developmental Disorders, 47
(12), 3682-3691(2017).
https://doi.org/10.1007/s10803-017-3206-1

9. Langen, M., Bos, D., Noordermeer, S. D. S., Nederveen,

10.

11.

12.

13.

14.

15.

H., van Engeland, H. and Durston, S. Changes in the
development of striatum are involved in repetitive
behavior in autism. Biological Psychiatry, 76(5), 405-
411(2014).
https://doi.org/10.1016/j.biopsych.2013.08.013

Donovan, A. P. A. and Basson, M. A. The
neuroanatomy of autism - a developmental
perspective. Journal of Anatomy, 230(1), 4-15(2017).
https://doi.org/10.1111/joa.12542

Roux, S. and Bossu, J.-L. Le cervelet: Des troubles
moteurs a I’autisme: Revue de neuropsychologie, 8(3),
182-191(2016). https://doi.org/10.1684/nrp.2016.0385

Hull, J. V., Dokovna, L. B., Jacokes, Z. J., Torgerson,
C. M., Irimia, A. and Van Horn, J. D. Resting-State
Functional ~Connectivity in  Autism  Spectrum
Disorders : A Review. Frontiers in Psychiatry, 7, 205
(2016). https://doi.org/10.3389/fpsyt.2016.00205

Rice, D. and Barone, S. Critical periods of vulnerability

for the developing nervous system: Evidence from
humans and animal models. Environmental Health
Perspectives, 108(SUPPL.3), 511-533(2000)..
https://doi.org/10.1289/ehp.00108s3511

Chen, Y. W,, Lin, H. C., Ng, M. C., Hsiao, Y. H,,
Wang, C. C., Gean, P. W. and Chen, P. S. Activation
of mGIuR2/3 underlies the effects of N-acetylcystein
on amygdala-associated autism-like phenotypes in a
valproate-induced rat model of autism. Frontiers in
Behavioral  Neuroscience, 8(JUNE), 1-9(2014).
https://doi.org/10.3389/fnbeh.2014.00219

Schneider, T. and Przewtocki, R. Behavioral alterations

in rats prenatally to valproic acid: Animal model of
autism.  Neuropsychopharmacology, 30(1), 80-89
(2005). https://doi.org/10.1038/sj.npp.1300518

Egypt. J. Vet. Sci. Vol. 56, (Special issue) (2025)



51

2 LATIFA DIDOU et al.

16

17.

18.

19.

20.

21.

22.

23

24,

25.

26.

Eg

. Choi, J., Lee, S., Won, J., Jin, Y., Hong, Y., Hur, T. Y.,
Kim, J. H., Lee, S. R. and Hong, .
Pathophysiological and neurobehavioral
characteristics of a propionic acid-mediated autism-
like rat model. PLoS ONE, 13(2), 1-17(2018).
https://doi.org/10.1371/journal.pone.0192925

Kim, K. C., Kim, P., Go, H. S., Choi, C. S., Park, J. H.,

Kim, H. J., Jeon, S. J., Dela Pena, I. C., Han, S. H,,
Cheong, J. H., Ryu, J. H. and Shin, C. Y. Male-
specific alteration in excitatory post-synaptic
development and social interaction in pre-natal
valproic acid exposure model of autism spectrum
disorder. Journal of Neurochemistry, 124(6), 832-843
(2013). https://doi.org/10.1111/jnc.12147

Schneider, T., Roman, A., Basta-Kaim, A., Kubera, M.,
Budziszewska, B., Schneider, K. and Przewlocki, R.
Gender-specific  behavioral and immunological
alterations in an animal model of autism induced by
prenatal exposure to valproic acid.
Psychoneuroendocrinology, 33(6), 728-740(2008).
https://doi.org/10.1016/j.psyneuen.2008.02.011

Ghanizadeh, A. and Derakhshan, N. N-acetylcysteine
for treatment of autism, a case report. Journal of
Research in Medical Sciences, 17(10), 985-987(2012).

AL-Ayadhi, L. and Halepoto, D. M. Camel Milk as a
Potential Nutritional Therapy in Autism. Nutrients in
Dairy and their Implications for Health and Disease,
2013, 389-405(2017). https://doi.org/10.1016/B978-0-
12-809762-5.00030-9

Boskovi¢, M., Grabnar, 1., Terzi¢, T., Kores Plesnicar,
B. and Vovk, T. Oxidative stress in schizophrenia
patients treated with long-acting haloperidol
decanoate. Psychiatry Research, 210(3), 761-768
(2013). https://doi.org/10.1016/j.psychres.2013.08.035

Jafarian, 1., Eskandari, M. R., Mashayekhi, V.,
Ahadpour, M. and Hosseini, M. J. Toxicity of valproic
acid in isolated rat liver mitochondria. Toxicology
Mechanisms and Methods, 23(8), 617-623(2013).
https://doi.org/10.3109/15376516.2013.821567

. Wang, C., Luan, Z, Yang, Y., Wang, Z., Cui, Y. and
Gu, G. \Valproic acid induces apoptosis in
differentiating hippocampal neurons by the release of
tumor necrosis factor-o from activated astrocytes.
Neuroscience  Letters, 497(2), 122-127(2011).
https://doi.org/10.1016/j.neulet.2011.04.044

Draper, H. H. and Hadley, M. Malondialdehyde
determination as index of lipid Peroxidation. Methods
in Enzymology, 186(C), 421-431(1990).
https://doi.org/10.1016/0076-6879(90)86135-I

Freitas, R. M., Sousa, F. C. F., Vasconcelos, S. M. M.,
Viana, G. S. B. and Fonteles, M. M. F. Pilocarpine-
induced status epilepticus in rats: Lipid peroxidation
level, nitrite formation, GABAergic and glutamatergic
receptor alterations in the hippocampus, striatum and
frontal cortex. Pharmacology Biochemistry and
Behavior, 78(2), 327-332(2004).
https://doi.org/10.1016/j.pbb.2004.04.004

Nassiri, A., Lamtai, M., Berkiks, I., Benmhammed, H.,
Coulibaly, M., Chakit, M., Mesfioui, A. and Hessni,
A. E. Age and Sex-Specific Effects of Maternal

ypt. J. Vet. Sci. Vol. 56, (Special issue) (2025)

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Deprivation on Memory and Oxidative Stress in the
Hippocampus of Rats. International Journal of
Chemical and Biochemical Sciences, 24(6),
121-129(2023).

Aebi, H. Catalase in Vitro. Methods in Enzymology,
105(C), 121-126(1984)..
https://doi.org/10.1016/S0076-6879(84)05016-3

Nassiri, A., Chakit, M., Berkiks, I., benmehammed, H.,
Lamtai, M., Chana, L., Mesfioui, A. and EI Hessni, A.
Sex Dimorphism of Memory Response to Long-term
Effect Lipopolysaccharide Administration in Wistar
Rats. International Journal of chemical and
Biochemical sciences, 24(5), 685-692(2023).

N’Go, P. K., Azzaoui, F.-Z., Ahami, A. O. T., Soro, P.
R., Najimi, M. and Chigr, F. Developmental effects of
Malathion exposure on locomotor activity and
anxiety-like behavior in Wistar rat. Health, 05(03),
603-611(2013).
https://doi.org/10.4236/health.2013.53a080

F.Z. Azzaoui, A. O. T. A. and A. K. (2008). Impact of
Aluminum Sub-Chronic Toxicity on Body Weight and
Recognition Memory of Wistar Rat (p. 14). Pak. J.
Biol. Sci., 11(14),1830-1834 (2008). doi:
10.3923/pjbs.2008.1830.1834.

Range, K., M, D. and Moser, Y. A. NIH Public Access.
Bone, 23(1), 1-7 (2012).

Kherrab, 1., Chakit, M., Brikat, S., El-Arbaoui, M.,
Mesfioui, A. and Elhessni, A. Euphorbia resinifera
propolis administration improves memory ability in
high fructose treated rats. Research Journal of
Pharmacy and Technology, 17(10), 4961-4967
(2024).. https://doi.org/10.52711/0974-
360X.2024.00763

Choleris, E., Clipperton-Allen, A. E., Phan, A. and
Kavaliers, M. Neuroendocrinology of social
information processing in rats and mice. Frontiers in
Neuroendocrinology, 30(4), 442-459(2009).
https://doi.org/10.1016/j.yfrne.2009.05.003

Kherrab, 1., Chakit, M., Ez-znafry, A., Mesfioui, A. and

Elhessni, A. Methanolic extract of Euphorbia
resinifera propolis improves cognitive functions in
adult male rats with chronic unpredictable mild stress.
Neuroscience and Behavioral Physiology. 54(7),
1069-1081(2024). . https://doi.org/10.1007/s11055-
024-01659-x https://doi.org/10.1007/s11055-024-
01659-x

Carobrez, A. P. and Bertoglio, L. J. Ethological and
temporal analyses of anxiety-like behavior: The
elevated plus-maze model 20 years on. Neuroscience
and Biobehavioral Reviews, 29(8), 1193-1205(2005).
https://doi.org/10.1016/j.neubiorev.2005.04.017

Bossu, J. L. and Roux, S. The valproate model of
autism. Medecine/Sciences, 35(3), 236-243(2019)..
https://doi.org/10.1051/medsci/2019036

Dufour-Rainfray, D., Vourc’h, P., Le Guisquet, A. M.,
Garreau, L., Ternant, D., Bodard, S., Jaumain, E.,
Gulhan, Z., Belzung, C., Andres, C. R., Chalon, S. and
Guilloteau, D. Behavior and serotonergic disorders in
rats exposed prenatally to valproate: A model for
autism. Neuroscience Letters, 470(1), 55-59(2010)..
https://doi.org/10.1016/j.neulet.2009.12.054


https://www.psycnet.org/doi/10.1007/s11055-024-01659-x
https://www.psycnet.org/doi/10.1007/s11055-024-01659-x

NEUROTOXICITY, HEPATOTOXICITY AND BEHAVIORAL EFFECTS OF VALPROIC ACID IN AUTISM-LIKE RATS

513

38

39.

40.

41.

42.

43.

. Yamaguchi, H., Hara, Y., Ago, Y., Takano, E., Hasebe,

S., Nakazawa, T., Hashimoto, H., Matsuda, T. and
Takuma, K. Environmental enrichment attenuates
behavioral abnormalities in valproic acid-exposed
autism model mice. Behavioural Brain Research, 333,
67-73(2017).
https://doi.org/10.1016/j.bbr.2017.06.035

Martin, H. G. S. and Manzoni, O. J. Late onset deficits
in synaptic plasticity in the valproic acid rat model of
autism. Frontiers in Cellular Neuroscience, 8(JAN),
1-8(2014). https://doi.org/10.3389/fncel.2014.00023

Hou, Q., Wang, Y., Li, Y., Chen, D., Yang, F. and
Wang, S. A developmental study of abnormal
behaviors and altered GABAergic signaling in the
VPA-treated rat model of autism. Frontiers in
Behavioral Neuroscience, 12(August), 1-15(2018).
https://doi.org/10.3389/fnbeh.2018.00182

Chu, M. C., Wu, H. F., Lee, C. W,, Chung, Y. J., Chi,
H., Chen, P. S. and Lin, H. C. Generational synaptic
functions of GABAA receptor [3 subunit
deteriorations in an animal model of social deficit.
Journal of Biomedical Science, 29(1), 1-16(2022).
https://doi.org/10.1186/s12929-022-00835-w

Zhou, B., Zheng, X., Chen, Y., Yan, X., Peng, J., Liu,
Y., Zhang, Y., Tang, L. and Wen, M. The Changes of
Amygdala Transcriptome in Autism Rat Model After
Arginine Vasopressin  Treatment. Frontiers in
Neuroscience, 16(March), 1-14(2022).
https://doi.org/10.3389/fnins.2022.838942

Ourique, G. M., Saccol, E. M. H., Pés, T. S., Glanzner,
W. G., Schiefelbein, S. H., Woehl, V. M,

44,

45.

46.

47.

Baldisserotto, B., Pavanato, M. A., Gongalves, P. B.
D. and Barreto, K. P. Protective effect of vitamin E on
sperm motility and oxidative stress in valproic acid
treated rats. Food and Chemical Toxicology, 95,
159-167(2016).
https://doi.org/10.1016/j.fct.2016.07.011

Tong, V., Teng, X. W., Chang, T. K. H. and Abbott, F.

S. Valproic acid Il: Effects on oxidative stress,
mitochondrial membrane potential, and cytotoxicity in
glutathione-depleted rat hepatocytes. Toxicological
Sciences, 86(2), 436-443(2005).
https://doi.org/10.1093/toxsci/kfi185

Koroglu, O. F., Gunata, M., Vardi, N., Yildiz, A., Ates,
B., Colak, C., Tanriverdi, L. H. and Parlakpinar, H.
Protective effects of naringin on valproic acid-induced
hepatotoxicity in rats. Tissue and Cell, 72(January),
101526(2021).
https://doi.org/10.1016/j.tice.2021.101526

Chaudhary, S. and Parvez, S. An in vitro approach to
assess the neurotoxicity of valproic acid-induced
oxidative stress in cerebellum and cerebral cortex of
young rats. Neuroscience, 225, 258-268(2012).
https://doi.org/10.1016/j.neuroscience.2012.08.060

Aranarochana, A., Sirichoat, A., Pannangrong, W.,
Wigmore, P. and Welbat, J. U. Melatonin Ameliorates
Valproic Acid-Induced Neurogenesis Impairment :
The Role of Oxidative Stress in Adult Rats. Oxidative

Medicine and Cellular Longevity,
2021,9997582(2021). doi: 10.1155/2021/9997582
(2021).

Egypt. J. Vet. Sci. Vol. 56, (Special issue) (2025)


https://doi.org/10.1155/2021/9997582

514 LATIFA DIDOU et al.

b g il (aaal Aselad) @ pBllly Akl Landly dpuand) dpand)
aa gl dbaall I3 all

1‘53\}9 1A ) :\.Ahlﬁ3 ZJJJL.J}.! B b ;1‘5.1.1\ Lia g czg.ﬁulé 1A 3 Aadald ‘*lqs& Jslia sljégé ai_.,ah!

el 6l (il Gl Aaala e slall LS cdaiall g sl yiida !
Gl daals ccilaadill saaxie Y dimadall 3 ) gall dalaiceal) duatill 5 4 pal) Lin ol 3310 yridg 2
ol (e s et (5Y 5

sadlall
i) Jual gl Ul jlaial g celaa¥) Jalal) 8 sty o el dudd (il e 03 25 Sae & jlacal aa i)
g O s A soall AilaSl 5 Apmpnail) 5 A8 sLall <y 3all o (VAP) s il (e sllae) 5 4 )
pssmall 2)5l<) P oale Jslae il 1(T) ddabiall e sanall :(pic sana ) Sy g8 5585 cacld aa il
(S sl JUEAY) G o8 waS/ele 500 4 as Ip s i) s Cili (VAP) dalleddl e sandlls (%9
Clagnd shoay Ay gloll Jsl eelld oy Bl 590, Lelaa¥l Jolill ail Adlide il aladiuly
Ol sl e gaall Ayl 1501 12,5 asall 8 52V 0 J oy 5 5l mead (i el s Asmsi s 4liaS 5
MDA) 528Y) &l e <y Gl 3 504 555 SIA 5 e laia¥) clelinl) 8 50 Laladsl Lo Y 2Y gl) ey
LY dogaal) 5 pdl) Gy 8 Ly Adlide deled dasl 3 MDA Clsive 3345 b @y sy (CAT s
Aa 5 il o alia oy (Bhliall i 3 CAT 3 530S0 slaall oy 5391 oLl (adds) el pas  cpuadll s
(S LA (S )5 LA dae el dpnand) LA Aad) LA Gl giae o 2l gleall A 8 kil
(Ao gl Agnand) LAY 5 (23S ) 50 LAY 2S5 ¢ Laall 4 (8 e 55 aa 1) Jals VPA I (el s (lalia
LA (5585 8 AS Uil 5 kel ¢ Laall iy agd ) Aala llia el e 350 auSlll dlgall ddag ye ()55 8
VPA J G il e il 4g o jall 48 sl 5 canll JESY) 5 dysacaall
01l @ sludl Cania (g2l slga ) el 5 50l (aea e aalill aa i) AN CilalSY)

Egypt. J. Vet. Sci. Vol. 56, (Special issue) (2025)



