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Abstract  

Prenatal exposure to valproic acid (VPA) has been identified to increase the risk of autism in children. 
However, the multifaceted nature of autism spectrum disorder (ASD) includes other factors, notably 
vitamin A deficiency. Our study explored whether the conjunction of ASD and vitamin A deficiency 
intensifies the typical symptoms. We allocated female rats into four distinct groups: VPA alone, VPA 
combined with vitamin A deficiency (VPA+VAD), only vitamin A deficiency (VAD), and a control group. 
Specifically, the VPA group was administered a 500 mg/kg VPA injection on the 12.5th gestation day. 
We assessed various behavioral aspects such as social interaction, memory, and anxiety using 
specialized tests like the three-chamber social assay, novel object recognition memory (NOR), and 
elevated plus maze (EPM). Our findings revealed that prenatal exposure to VPA had lasting postnatal 
behavioral impacts. Offspring from the VPA group exhibited reduced social interactions, heightened 
anxiety in the EPM test, and displayed memory challenges in the NOR test. Moreover, we observed 
heightened levels of oxidative stress markers in their brain tissues, and altered enzymatic antioxidant 
activities. Importantly, the combination of the autism model with vitamin A deficiency demonstrated 
more severe autism-like behaviors, increased oxidative stress levels, and altered enzyme activities. 
Conclusively, the overlap of ASD and vitamin A deficiency could amplify ASD symptoms. This suggests 
that vitamin A deficiency might heighten an individual's vulnerability to ASD. Further investigations are 
imperative to fully comprehend the interplay between vitamin A deficiency and ASD during neural 
development. 

Keywords: Vitamin A Deficiency, Valproic Acid-Induced Autism, Oxidative Stress, Behavioral 
Impairment. 

 
1. INTRODUCTION 

Autism spectrum disorder (ASD) is characterized by persistent deficits in sociability 
and communication, as well as restricted and repetitive patterns of behavior and 
interests [1-3]. In most cases, ASD is diagnosed without any defined etiology. A dearth 
of knowledge about underlying causes has limited the ability to develop and mobilize 
effective treatments, and currently only co-morbid manifestations of the disorder can 
be alleviated (include epilepsy, sleep impairment, sensory abnormalities, and delays 
and/or deficits in motor functions; psychiatric conditions such as depression, anxiety, 
irritability and attention deficit hyperactivity disorder [4,5].  

Due to the complexity of ASD, numerous animal models have been developed 
underpinnings the link between metabolic dysfunction and symptoms of autism. 
Valproic acid (VPA) is a common anti-epileptic drug that displays teratogenic effects. 
From day 20 to day 24 of pregnancy, before closure of the nerve canal, if pregnant 
women use teratogenic drugs such as VPA, the probability that their offspring develop 
a neurodevelopmental disorder increase [6]. The intraperitoneal injection of VPA into 
female rats during early pregnancy results in autism-like changes in the offspring, and 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   1953                                           JUNE Volume 21 Issue 06 

the brain structures and the biomarker levels in these offspring are similar to those in 
patients with ASD [7, 8].  

However, ASD has been associated with many possible ethological factors (both 
genetic and environmental). Nutritional factors play an important role in promoting 
good health, and a preponderance of evidence has linked nutritional deficiencies to an 
exacerbation of cognitive deterioration. The vitamin A deficiency (VAD) affected all 
development stages and evoked several malformations [9, 10].  

Normally, Vitamin A is involved in neural tissue development and plasticity and its 
deprivation induced impairment in motor coordination and striatal cholinergic 
dysfunction [11]. All their receptors for retinoic acid have been shown to be present in 
the embryonic and adult CNS and exhibit both unique and overlapping patterns of 
expression in various areas at different developmental stages [12].  

However, few studies have identified the links between autism-like and VAD. In view 
of the potential role of vitamin A in brain development and alter early changes in neural 
tissue, the present study was conducted in developing Wistar rats pups for checking 
the effect of the association of VAD and VPA on oxidative markers and behavioral in 
Autism related behaviors in male Wistar rats. 
 
2. MATERIALS AND METHODS   

2.1 Diet  

The experimental design of vitamin A deficient diet was the same as described by 
others [13, 14, 15]. Briefly, the vitamin A-free diet had the following composition (for 
100 g of food, dry weight): protein 12.66%, cellulose 5.2%, hydrogenated sunflower 
oil 4.2%, sucrose plus carbohydrate 68.8%, salt 4.84%, acetic acid 0.2%, vitamin 
mixture lacking vitamin A 4.1%. The remaining rats continued to be fed the standard 
laboratory diet containing the same dosage of nutrients and enriched with an additional 
supplement of vitamin A (15 IU/g), vitamin D (3 IU/g) and vitamin E (10−5 IU/g). 

2.2 Animals and treatment 

Wistar rats (10 males and 20 females) from the animal house of Ibn Tofail University, 
Morocco) were kept on a standard diet and water ad libitum after weaning and 
maintained under a 12-h light/dark cycle at 18–22◦C, relative humidity at 50–60%. 12-
week-old female rats (250–300 g), with controlled fertility cycles, were mated 
overnight. The vaginal secretion was collected in the next morning, and the day in 
which spermatozoa were detected was designated as the first day of gestation (GD1). 

Randomly, dams were assigned into four groups: the VPA, VPA associated with 
vitamin A deficiency (VPA+VAD), vitamin A deficiency (VAD) or the control group, and 
the females in VPA group received a single intraperitoneal injection of 500 mg/kg VPA 
(250 mg/ml in saline, pH 8.3. Sigma, Casablanca, Morocco) while the control ones 
were injected with saline on GD 12.5, which is the critical period for the end of neural 
tube closure phase and the beginning of neurogenesis phase [16].  

The female rats were housed individually, and were allowed to raise their own litters. 
The pups were weaned on postnatal day (PND) 21 and separated by sex. Because of 
the higher male incidence of autism, and impaired social interaction and repetitive 
behaviors were only observed in all male offsprings after VPA exposure, only male 
offspring were used in developmental, biochemical and behavioral tests in the current 
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study from PND 43 to 50.the animals were housed and handled according to The 
Guide for the Care and Use of Laboratory Animals (National Academy of Sciences, 
USA 1996, and in accordance with the National Institutes of Health guidelines on the 
ethical use of laboratory animals for research, using approved protocols by the Animal. 
The minimal number of animals was used to achieve statistical significance and all 
efforts were made to minimize their suffering. 

2.3 Tissue isolation 

Tissue isolation and homogenate preparation Post behavioral testing, the animals 
were deeply anesthetized with chloral hydrate (100 mg/kg), and their brains were 
removed from the skull using appropriate bone forceps. Thereafter, hippocampi, 
cerebellum and prefrontal cortex were dissected out and homogenized in ice-cold lysis 
buffer (RIPA lysis buffer + 1 mM PMSF) using a Dounce homogenizer. The 
homogenates were centrifuged at 14,000g for 15 min and stored at 80 C. Total protein 
levels were later assayed using Bradford reagent.  

2.4 Biochemical assay 

2.4.1 Determination of Acetylcholinesterase Activity 

Acetylcholinesterase (AchE)-specific activity was measured according to the method 
of Ellman et al [17] using acetylthiocholine iodide (Sigma-Aldrich, USA) as a substrate. 
The reaction mixture contained phosphate buffer (0.1 M, pH 8.0), acetylthiocholine 
iodide (0.075 M), and 5,5- dithiobis-2-nitrobenzoic acid (DTNB; 0.01 M) (SigmaAldrich, 
USA). 

After the addition of the brain structure tissue homogenate (prefrontal cortex, 
hippocampus and cerebellum) (30 min at room temperature), the hydrolysis rate of 
acetylcholine iodide was measured by a spectrophotometer (Selecta, Spain) at 412 
nm. The enzyme activity was expressed as μmol Ach hydrolyzed/min/mg of protein. 

2.4.2 Lipid peroxidation assay 

Polyunsaturated lipids are susceptible to an oxidative attack, typically by reactive 
oxygen species, resulting in a well-defined chain reaction in the production of end 
products such as malondialdehyde (MDA) [18]. Hence, MDA is widely known as a 
good marker of oxidative stress.  

In this study, we analyzed the formation of lipid peroxides by measuring thiobarbituric-
acid-reacting substances (TBARS) in cells as previously described by [19]. Briefly, the 
samples were mixed with 1 ml of trichloroacetic acid 10% and 1 ml of thiobarbituric 
acid 0.67%, heated in boiling water for 15 min, and butanol (2:1 v/v) was later added 
to the solution. After centrifugation (8000 g/5 min), TBARS were determined by 
measuring the absorbance at 535 nm [20, 18]. 

2.4.3 Catalase 

The activity of the catalase (CAT) is measured at 240 nm using a UV/visible 
spectrophotometer by the variation of the optical density consecutive to the 
disproportion of hydrogen peroxide (H2O2). For the enzyme reaction, 20 μl of 
supernatant was added to 780 of phosphate buffer saline (PBS) (0.1 M, pH 7.4) and 
200 μl of H2O2 (0.5 M) [21]. 
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2.5 Behavioral Tests 

The behavioral test, including open field, elevated plus maze and three chamber test 
were conducted in offspring on PND 45. The eye opening, ear unfolding, and for 
development were inspected for each animal. For the righting reflex (at PND7),the rats 
were put in their backs and the time taken to turn over to all four paws was recorded. 
The ears were gently touched with a cotton swab, the score being 0 if there was no 
response, 1 if there was ear movement and 2 if there was avoidance. 

2.5.1 Open-field 

The investigatory behavior was tested in a wooden apparatus (100 cm × 100 cm). As 
previously reported [22], it was enclosed by 40 cm high walls and placed under strong 
illumination (100 watts, 2 m above the apparatus). The area was divided into 25 
squares (20 cm × 20 cm), defined as nine central and sixteen peripheral squares. At 
the beginning of the 10-min test, the animal was placed in the center of the apparatus 
and its behavior was videotaped for subsequent analysis. The device was cleaned 
after each individual rat session. The quantified parameters used in this experiment 
were the total number of squares visited. [23]. 

2.5.2 The Elevated plus Maze test 

The EPM is an ethological model of anxiety-like behavior in rodents provoked by the 
novelty and repulsion as a result of elevation and illumination of the maze [24]. This 
test is based on the creation of a conflict between the exploratory drive of the rat and 
its innate fear of open and exposed areas; it has been validated for the detection of 
emotional responses to anxiogenic and anxiolytic substances. Thus, increased open-
arm exploration indicates reduced anxiety-like-related behavior. The EPM consists of 
a wooden plus-shaped platform elevated 70 cm above the floor. Two of the opposing 
arms (50 cm × 10 cm) are closed by 40 cm-high sides and end walls, having an open 
roof. In order to avoid falling, the other two arms (open arms) were surrounded by a 
0.5 cm high edge.  

The four arms had, at their intersection, a central platform (10 cm × 10 cm). A 100-W 
lamp was placed exactly on the central platform. At the beginning of the test, the rats 
were placed in the central area of the maze facing an open arm. The behavior was 
videotaped during 5 min for the time spent in each section of the maze and the number 
of entries. Time spent in the arms and the number of entries was used to compute 
time and entries ratio (open/closed) that were used for analysis. Decreased anxiety-
like behavior is illustrated by a significant statistical increase of parameters in open 
arms (time and/or entries). 

2.5.3 The sociability test 

The sociability test involving in stranger and a familiar rat, performed at PND31, was 
adapted from [25, 26, 27]. The apparatus is an acrylic plastic box with dimensions 
(length/width/height in cm) 120/40/50. The box is separated into three chambers, the 
central chamber being 60 cm in length and each side 30 cm. There is an identical cage 
in each side chamber, with a stranger rat in one of the cages. The subject rat was 
allowed free exploration of the different chambers. The test took place in an 
environment unknown to the rat being tested, in the form of a cage with three 
communicating compartments.  
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The right compartment contained an unfamiliar rat from another control litter of the 
same strain, and the left compartment contained a familiar rat from the same litter as 
the rat being tested. Unfamiliar and familiar rats were placed in wire cages. At the 
beginning of the test, the rat being tested was placed in the empty central 
compartment. The time spent in each compartment and the number of crosses from 
one compartment to another was measured for 5 min. Time duration and the number 
of entrances into the chamber with the empty cage, as well as into the chamber with 
the stranger rat, was analyzed. 

2.5.4 Novel Object Recognition (NOR) Task 

The apparatus and procedures for NOR training have been described elsewhere 
[28,29]. The task took place in a 40 × 50 cm2 open field surrounded by 50 cm high 
walls, made of plywood covered by black fine plastic layer. All animals were given a 
habituation session where they were left to freely explore the open field for 5 min. No 
objects were placed in the box during the habituation trial. Twenty-four hours after 
habituation. NOR training was conducted by placing individual rats for 5 min into the 
field, in which two identical objects (objects A1 and A2) were positioned in two adjacent 
corners, 10 cm from the walls. In a long-term retention, test given 24 h after training. 
The same rats explored the field for 5 min in the presence of a familiar object (A) and 
a novel object (B).  

A single set of three objects was used for all the animals. All the objects presented 
similar textures: colors and sizes, but distinctive shapes. The index of recognition 
memory was defined as the ratio of object B exploration number and the sum of object 
A and B exploration number. Between trials, the objects were washed with 10% 
ethanol solution. Exploration of an object was defined as directing the nose to the 
object at a distance # 1 cm and touching it with the nose; conversely, turning around 
or sitting on the object was not considered as exploratory behaviour. NOR procedures 
were conducted in the presence of luminescent source (60 W) from 1 m in the ceiling 

2.6 Statistical Analysis  

All data are expressed as the means ± SEM. Statistical analysis was performed using 
Student’s t-test to analyze the data between two groups, and one-way ANOVA 
followed by tukey’s post hoc multiple comparison tests using GraphPad Prism 8.0 
software (GraphPad, San Diego, CA, USA). The criterion for statistical significance 
was set at P < 0.05. 
 
3. RESULTS 

3.1. Expression of MDA in different brain areas 

VAD-induced autistic like behavior of oxidative damage was assessed by measuring 
TBARS (indicating MDA levels) in brain cells. The data showed a significant increase 
in MDA concentration in the prefrontal cortex and hippocampus of VPA-treated male 
rats as compared to control (p<0.001, Fig1. B, C), Compared to VAP–treated groups 
we showed a significant decrease of MDA levels in cerebellum, prefrontal cortex and 
hippocampus in Deficient Vitamin A group (VAD) and treated groups with (VPA+VAD) 
(p<0.01 and 0.001, Fig.1 A, B, C). A significant difference in MDA production between 
vitamin A deficiency and (VPA+VAD) was noted successively in prefrontal cortex and 
cerebellum (p<0.001 and p<0.01). 
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3.2. Catalase Activity  

The catalase activity (CAT) was measured in different brain regions in all treated 
groups. The data showed a significant decrease in cerebellum, and hippocampus 
(VAD) and (VPA+VAD) treated male rats, and in all brain regions in VPA- treated group 
as compared to control (p<0.001, Fig 2. A, B). Compared to VPA–treated groups we 
showed a significant increase in this activity in the prefrontal cortex of deficient vitamin 
A group (VAD) and treated groups with (VPA+VAD) (p<0.001, Fig.2 C). A significant 
difference in (CAT) between vitamin A deficiency and (VPA+VAD) were noted only in 
cerebellum (p<0.05). 

3.3. Acetylcholinesterase Activity (AchE)  

The Acetylcholine activity (AchE) was measured in different brain regions in all treated 
groups. The data showed a significant decrease in hippocampus of VPA and 
VPA+VAD treated male rats compared to control (p<0.05 and p<0.01, Fig. 3C). 
Compared to VPA–treated groups we showed a significant increase in this activity in 
hippocampus of Deficient Vitamin A group (VAD) treated groups (p<0.001, Fig. 3C). A 
significant difference in (AchE) between vitamin A deficiency and (VPA+VAD) were 
noted only in the same brain area (p<0.01, Fig 3C). 

3.4. Postnatal developmental and behavioral tests 

3.4. 1. Turn over time and eye opening 

The Acetylcholine activity (AchE) was measured in different brain regions in all treated 
groups. The data showed a significant decrease in hippocampus of VPA and 
VPA+VAD 

3.4. 1. Gestational VAD aggravated autism-like behaviors in the VPA-induced rat 
model of autism 

Autism- related behaviors were tested in all rats, as shown in figure (5). The VPA 
exposure affect significantly the time spent in central area -of open field test- compared 
to controls (p<0.001), the same data was observed when the Vitamin A deficiency was 
associated to VPA (p<0.001) or alone (p<0.01) (Fig. 5A). Conversely, the number of 
crosses in VPA groups was reduced, when compared to controls; however, this 
decrease was not significant even between all studied groups (Fig 5B).  

As shown in figure (5C), the prenatal VPA exposure induced anxiety–like behavior 
evidenced in significant decrease in time spent in open arms of elevated plus maze 
(EPM) (p<0.001), the following observation was also shown in vitamin A deficiency 
associated to VPA (VPA+VAD) (p<0.01) or vitamin A deficiency alone(VAD) compared 
to controls (p<0.001). No significant change was observed when compared VPA 
groups to (VPA+VAD) and (VAD) groups.  

In the three chamber test, the VPA group spent significantly more time in the familiar 
rat chamber and less time in the stranger rat chamber than the control group 
(p<0.001). Same data was observed in the V and VPA+VAD treated male rats 
regarding the time spent in the Stanger rat chamber compared to control (p<0.01). 
However, no significant differences were observed between VPA, VAD and VPA+VAD 
groups (Fig. 5D). During the retention session, all the rats were able to differentiate 
between the two objects (the familiar and the new). However, there is no significant 
difference in the time of exploration between the new and familiar in the same treated 
groups except for controls. Indeed, the exploration time of new object was significantly 
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decreased in VPA groups compared to controls (p>0.05). However, this exploration 
time was increased in VAD and VPA+VAD, but remains without apparent significance 
compared to VPA and control groups (Fig. 6E). Similarly, the object recognition index 
(RI) seems to be altered in all the treated groups. Certainly, the (RI) is above the 
threshold of recognition (more 50%) in the control group, but this index was reduced 
in VPA (7%, p<0.05), VAD (13.5%, p<0.01) and VPA+VAD (18%, p<0.01) groups 
compared to controls (Fig. 5F). 

 

Figure 1: Oxidative damage in brain regions of valproic and vitamin A 
deficiency induced autistic like behaviors in male wistar rats. The cerebellum 

(A), the prefrontal cortex (B) and hippocampus (C). (Control, n=8), valproic acid 
(VPA, n=8), Vitamin A deficiency (VAD, n=8), and (VPA+VAD, n=8) groups. 

Results are represented as mean ± SEM and expressed in nmol/g of protein. 
The significance level is 0.05. ** p<   0.01, *** p < 0.001 

 

Figure 2: Effect of valproic and vitamin A deficiency induced autistic like 
behaviors in male wistar rats on catalase activity in different brain areas. The 
cerebellum (A), hippocampus (B), the prefrontal cortex (C) and (Control, n=8), 

valproic acid (VPA, n=8), Vitamin A deficiency (VAD, n=8), and (VPA+VAD, n=8) 
groups. Results are represented as mean ± SEM and expressed in µmo 

H2O2/min/g of protein. The significance level is 0.05. ** p<   0.01, *** p < 0.001 
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Figure 3: Effect of valproic and vitamin A deficiency induced autistic like 
behaviors in male Wistar rats on acetylcholinesterase activity in different brain 

areas. The cerebellum (A), hippocampus (B), the prefrontal cortex (C).  
(Control, n=8), valproic acid (VPA, n=8), Vitamin A deficiency (VAD, n=8), and 

(VPA+VAD, n=8) groups. Results are represented as mean ± SEM and 
expressed in µmol H2O2/min/g of protein. The significance level is 0.05. ** p<   

0.01, *** p < 0.001 

 

Figure 4: Effect of valproic and vitamin A deficiency induced autistic like 
behaviors in male wistar rats on postnatal maturation development. (A) Turn 

over time in righting reflex, (B) eye opening. Results are represented as mean 
± SEM, the significance level is 0.05. * p<   0.05, ** p<0.01 
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Figure 5: Autism related behaviors in valproic acid (VPA, n=10), Vitamin A 
deficiency (V, n=10) and (VPA+V, n=10) groups, controls (n=10).  (A) The time 
spent in the central zone and, (B) spontaneous motor activity in the open field 

test. (C) Time spent in the open arm in elevated plus maze. (D) Social 
preference between familiar rats and strangers in the three chambered 

apparatus. (E) Object scanning time for long term memory, (D) The object 
recognition index for long-term memory in object recognition apparatus. 

Results are represented as mean ± SEM, the significance level is 0.05. * p<   
0.05, ** p<0.01, *** p < 0.001 

 
4. DISCUSSION 

The results of the behavioral experiments demonstrated that prenatal exposure to VPA 
(500mg/kg) at embryonic day 12.5 had long-term effects on postnatal behaviors in 
rats. VPA exposed offspring neither exhibited a significant reduction in social 
interaction, nor displayed enhanced anxiety-related behavior in the EPM test and 
exhibited poor memory object index in NOR task. All behavioral changes observed in 
the present work are in line with previous studies reporting the induction of ASD-like 
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behaviors in the off springs following prenatally VPA treatment [30, 31]. In addition to 
behavioral alterations associated with VPA exposure in utero, there were also changes 
in physical phenotype such as crooked tail. Recently, it has been reported that 
embryonic exposure to VPA causes developmental malformations including tail 
deformity (i.e. twisted and/or bent tail) more frequently in males, which may be 
associated with neural damage [32,33]. The eye-opening pattern described in our 
results also suggests maturational delay in prenatal exposed VPA rats. This delayed 
eye opening time also support impaired glutamatergic synapse maturation in the 
superior colliculus [34,35,36].  Summarizing our findings of these developmental and 
behavioral parameters of our study, the autistic pups (VPA model) showed delayed 
attainment of developmental milestones when compared to the control group in terms 
of righting reflex, eye opening and tail deformity. Delayed attainment of development 
milestones and social interaction deficits showed in our results well indicated that the 
animal model of autism was successfully replicated. 

The VPA-treated rat showed an increased level of oxidative stress. We found an 
increased level of MDA in various brain tissues including prefrontal cortex, 
hippocampus. Lipid peroxidation was also higher in the VPA-treated offspring. 
Moreover, enzymatic antioxidants such as CAT were depleted with the exposure of 
VPA at prenatal stage. Similarly, CAT level was reduced in the brain structures 
including prefrontal cortex, hippocampus and cerebellum of VPA-treated group. These 
high levels of MDA suggest the existence of an elevated damage to the lipid 
component of the cell. The MDA concentration correlates directly with ROS – mediated 
cell damage, specifically OH [37]. This damage may reduce the viability of the 
hippocampal cells [38] associated with learning, memory, and neuronal 
communication of the prefrontal cortex which is important in social interaction and 
cognition. Findings from the present study showed that the prenatal administration of 
VPA increased MDA as well as a decrease in antioxidant enzyme activities in the 
prefrontal cortex and hippocampus. These observations clearly illustrated an elevated 
level of oxidative stress that interferes with the early stages of brain development in 
the prenatal VPA-exposed rats. On the other hand, there are few studies that have 
examined the diagnostic value of oxidants and antioxidants in psychiatric disorders. 
Camkurt et al. [39] Reported that increased plasma MDA levels were very valuable 
markers for diagnosing major depression [40], schizophrenia [41]. However, it is still 
uncertain whether the changes seen in peripheral MDA and CAT levels will be 
repeated in the central nervous system. However, it is shown that neural cells are 
more sensitive to the effect of oxidative stress during the early stages of brain 
development. Our findings are consistent with the recent reports [42, 43, 44] regarding 
neurodevelopment disorders in autism and increased lipid peroxidation in brain 
structures notably cerebellum and cortex in autistic children [45,46]. 

The early impairment of social functioning may reflect the existence of the cholinergic 
insult in the early development of ASD. Our results indicated that exposure to VPA at 
prenatal stages decreased the activity of AChE possibly involved in the degradation 
of ACh at muscarinic and nicotinic synapses. In addition, decreased concentrations of 
choline, a precursor of acetylcholine synthesis and nicotinic-cholinergic receptor 
(nAChR) agonist have been reported in autistic patients [47, 48]. In this study, in utero 
exposure of rats to VPA increased acetylcholinesterase activity in the hippocampus 
and cerebellum via hydrolysis of acetylcholine indicative of cholinergic deficit. This 
reduction in AChE activity could be related to abnormal locomotor activity measured 
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in the treated animals. Our behavioral tests in the open field did not show abnormal 
locomotor activity, whereas AChE activity was significantly inhibited in the cerebellum, 
the brain structure involved in reflex adjustments and motor control [49]. 

In our study, we developed a rat model with gestational VAD based on the VPA 
induced autism. Vitamin A was found to be the most seriously deficient nutrient in 
children with ASD in earlier study, it shows that a low serum VA level may be a risk 
factor for ASD [50,51]. It seems that Vitamin A exerts its effect through its main 
derivative, retinoic acid (RA), by inducing or repressing transcription of genes through 
binding to specific nuclear receptors of the steroid/thyroid hormone superfamily of 
transcriptional activators. Three isotypes of the RAR family, α, β and γ, which have 
shown to be present in the embryonic and adult CNS and exhibit both unique and 
overlapping patterns of expression in various areas and at different developmental 
stages. Following vitamin A supplementation, RARα and γ mRNA expression levels 
were significantly enhanced, and the expression level of RARβ exhibited an increasing 
trend [51]. From this evidence the author speculated that the improved symptoms of 
autistic children may be due to the modulation of transcriptional activity of certain 
downstream genes by RAR-mediated signal transduction. 

Based on the reporting data, in the brain, the VAD affected all development stages 
and evoked several malformations [9,10]. Vitamin A deprivation induced severe 
locomotor deficits and impaired motor coordination and striatal cholinergic dysfunction 
[11] impaired cholinergic transmission [52] and damaged structure of CA1 neurons, 
impaired somatostatinergic system [53-55]. Our study revealed that autism model 
associated to VAD at gestational stage exhibited more severe autism like behavior 
especially social interaction deficits, increased level of oxidative stress and AChE 
activities. These results are in line with others, Guo et al. (2018) also demonstrated 
that vitamin A deficiency exacerbates ASD symptoms in patients because it plays an 
important role in numerous biological pathways such as differentiation, proliferation, 
and development of the vertebrate central nervous system. It has been reported that 
VAD is capable of increasing the level of oxytocin via the CD38 process pathway in 
ASD patients [56,57], and therefore, brain activity and social abilities significantly may 
be increased through the oxytocin in the autism patients [58,59]. Also, it revealed that 
supplementation with vitamin A could be an acceptable therapy for ASD patients to 
help in the maintenance of various cellular biochemical reactions in children with 
autism. On other hand, more studies had shown that Vitamin A emerged as an 
oxidative stress marker in induced toxicity studies [56,60]. 
 
5. CONCLUSION  

In conclusion, the association of ASD and nutrient deficiency notably vitamin A could 
exacerbate the ASD pathogenesis. The evidence indicates that oxidative stress is an 
integral part of the pathophysiology of ASD and is linked to the severity of the 
characteristic symptoms exhibited by children having ASD. Taken into account the 
potential role of vitamin A and oxidative status of children with ASD, we suggest that 
these two parameters can be used as biomarkers to elucidate the mechanism by 
which VAD and ROS induce ASD during neurodevelopment. Moreover, many further 
research studies are needed to understand how to improve the child’s symptoms and 
alleviating their suffering. 
 
 

http://www.commprac.com/


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   1963                                           JUNE Volume 21 Issue 06 

References  

1) DiCicco-Bloom E, Lord C, Zwaigenbaum L, Courchesne E, Dager SR, Schmitz C, Schultz RT, 
Crawley J, Young LJ. The developmental neurobiology of autism spectrum disorder. J Neurosci. 
2006 Jun 28; 26(26):6897-906. 

2) Meng-Chuan Lai, Michael V Lombardo, Simon Baron-Cohen. Autism. Lancet. 2014 Mar 8; 383 
(9920): 896-910. 

3) Elkhatir A, Chakit M, Ahami AOT. Factors influencing violent behavior in football stadiums in 
Kenitra city (Morocco). Central European Management Journal 2023; 31:795–801. 
https://doi.org/10.57030/23364890.cemj.31.2.85. 

4) Fitah I, Chakit M, El Kadiri M, Brikat S, El Hessni A, Mesfioui A. The evaluation of the social 
functioning of schizophrenia patients followed up in the health center My El Hassan of Kenitra, 
Morocco. Egypt J Neurol Psychiatry Neurosurg 2023; 59:125. https://doi.org/10.1186/s41983-023-
00714-7. 

5) Tye C, Runicles AK, Whitehouse AJO, Alvares GA. Characterizing the Interplay Between Autism 
Spectrum Disorder and Comorbid Medical Conditions: An Integrative Review. Front Psychiatry. 
2019 Jan 23; 9:751. 

6) EL Hamaoui A, Chakit M, Saidi H, Fitah I, Khadmaoui A. Psychological assessment of quality of 
life in a Moroccan population with chronic disease. International Journal of Chemical and 
Biochemical Sciences 2023; 24:121–9. 

7) El-Hamaoui A, Chakit M, Saidi H, Fitah I, Khadmaoui A. Evaluation of Social Support Among 
Persistent Chronic Disease Patients Followed Up at Provincial Hospital of Kenitra, Morocco. 
Community Practitioner 2024; 21:255–63. 

8) Saidi H, Chakit M, Abdessamad El-Hamaoui, Abidli Z, Bouzaboul M, Soulaymani A, et al. 
Exhaustion and Stress Levels Among Nurses in Contagious Disease Services: Case of Meningitis. 
Community Practitioner 2024; 21:1572–81. https://doi.org/10.5281/ZENODO.11184048.  

9) Bandelow B, Michaelis S, Wedekind D. Treatment of anxiety disorders. Dialogues Clin Neurosci 
2017; 19:93–107. https://doi.org/10.31887/DCNS.2017.19.2/bbandelow. 

10) Elkhatir A, Chakit M, Lotfi S, Ahami AOT, Riyahi J. Psychopharmacological relationship between 
psychoactive substances and violent behavior in Moroccan spectators: a cross sectional study. 
International Journal of Chemical and Biochemical Sciences 2024; 25:67–74. 

11) Rice D, Barone S. Critical periods of vulnerability for the developing nervous system: evidence 
from humans and animal models. Environ Health Perspect. 2000; 108 (Suppl 3): 511–533. 

12) Aiboud A, Moussaif A, El Abbadi N, Ettabia A, El Hessni A, Ouichou A, et al. In vitro 
antidermatophytic activity of Allium sativum L, Nicotiana tabacum and Cade Oil against 
Trichophyton rubrum. World Journal of Pharmaceutical Research 2015; 4:414–23. 

13) Bahbiti Y, Ammouri H, Berkiks I, Hessni AE, Ouichou A, Nakache R, et al. Anticonvulsant effect of 
argan oil on pilocarpine model induced status epilepticus in wistar rats. Nutr Neurosci 2018; 
21:116–22. https://doi.org/10.1080/1028415X.2016.1228492. 

14) Brikat S, Chakit M, Lamtai M, Fitah I, Abouyaala O, Mesfioui A, et al. Effects of Curcuma longa 
methanolic extract and losartan on anxiety- and depression-like behaviors induced by a high 
caloric diet in adult female Wistar rats. International Journal of Chemical and Biochemical Sciences 
2023; 24:886–95. 

15) Brikat S, Lamtai M, Chakit M, Ibouzine-Dine L, Fitah I, Mesfioui A, et al. Curcuma Longa Methanolic 
Extract and Losartan Improves Memory Impairment and Oxidative Stress induced by a High 
Caloric Diet in Wistar Rats. Advances in Animal and Veterinary Sciences 2024; 12:614–23 

16) Chakit M, El Hessni A, Mesfioui A. Ethnobotanical Study of Plants Used for the Treatment of 
Urolithiasis in Morocco. Pharmacognosy Journal 2022; 14:542–7. 
https://doi.org/10.5530/pj.2022.14.133 

http://www.commprac.com/
https://doi.org/10.1080/1028415X.2016.1228492
https://doi.org/10.5530/pj.2022.14.133


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   1964                                           JUNE Volume 21 Issue 06 

17) Chakit M, Aqira A, El Hessni A, Mesfioui A. Place of extracorporeal shockwave lithotripsy in the 
treatment of urolithiasis in the region of Gharb Chrarda Bni Hssen (Morocco). Urolithiasis 
2023;51:33. https://doi.org/10.1007/s00240-023-01407-9 

18) El Hasnaoui A, Mesfioui A, Berkiks I, Chakit M, Kribii A, Ali O, et al. Effects of the peroxisome 
proliferator-activated receptors alpha agonist and Cinnamon oil on obesity induced by high fructose 
diet. World Journal of Pharmaceutical Research 2015; 4:23–38. 

19) Kherrab I, Chakit M, Brikat S, Ibouzine-Dine L, Mesfioui A, Elhessni A. Thyme Honey 
Supplementation Improves Memory Ability in High Fructose Treated Rats During Prepuberty and 
Adolescence. Community Practitioner 2024; 21:264–74. 

20) Kherrab I, Chakit M, Mesfioui A, El Hessni A. Thyme honey supplementation effects on weight 
status and biochemical blood parameters in High Fructose treated rats during prepuberty and 
adolescence. International Journal of Chemical and Biochemical Sciences 2024; 25:393–8. 

21) Kherrab I, Chakit M, Mesfioui A, El Hessni A. The effect of Euphorbia resinifera propolis on obesity 
induced by High Fructose diet in rats during prepuberty and adolescence. International Journal of 
Chemical and Biochemical Sciences 2024; 25:23–9. 

22) Kim KC, Kim P, Go HS, Choi CS, Park JH, Kim HJ, et al. Male-specific alteration in excitatory post-
synaptic development and social interaction in pre-natal valproic acid exposure model of autism 
spectrum disorder. J. Neurochem. 2013; 124 (6): 832–843. doi: 10.1111/ jnc.12147. 

23) Schneider T, Roman A, Basta-Kaim A, Kubera M, Budziszewska B, Schneider K, Przewlocki 
R.Gender-specific behavioral and immunological alterations in an animal model of autism induced 
by prenatal exposure to valproic acid. Psychoneuroendocrinology. 2008; 33:728–740. 

24) Bavik, C, Ward, SJ, Chambon, P. Developmental abnormalities in cultured mouse embryos 
deprived of retinoic by inhibition of yolk-sac retinol binding protein synthesis. Proc. Natl. Acad. Sci. 
U.S.A. 1996; 93: 3110–3114. 

25) White JC, Highland M, Kaiser M, Clagett-Dame M. Vitamin A deficiency results in the dose-
dependent acquisition of anterior character and shortening of the caudal hindbrain of the rat 
embryo. Dev. Biol. 2000; 220: 263–284. 

26) Carta M, Stancampiano R, Tronci E, Collu M, Usiello A, Morelli M, Fadda F. Vitamin A deficiency 
induces motor impairments and striatal cholinergic dysfunction in rats. Neuroscience. 2006 ; 139 : 
1163–1172. 

27) Nassiri A, Lamtai M, Berkiks I, Benmhammed H, Sidi Mohamed C, Chakit M, et al. Age and Sex 
Dependent Effects of Maternal Deprivation on Anxiety- Like and Depressive-Like Behaviors and 
Oxidative Stress in the Prefrontal Cortex of Rats. Advances in Animal and Veterinary Sciences 
2024; 12:457–66. https://doi.org/10.17582/journal.aavs/2024/12.3.457.466. 

28) Arfaoui A, Nasri I, Boulbaroud S, Ouichou A, Mesfioui A. Effect of vitamin A deficiency on retinol 
and retinyl esters contents in rat brain. Pak. J. Biol. Sci. 2009; 12: 939–948. 

29) Nassiri A, Chakit M, Berkiks I, benmehammed H, Lamtai M, Chana L, et al. Sex Dimorphism of 
Memory Response to Long-term Effect Lipopolysaccharide Administration in Wistar Rats. 
International Journal of Chemical and Biochemical Sciences 2023; 24:685–92. 

30) Nassiri A, Lamtai M, Berkiks I, Benmhammed H, Coulibaly M, Chakit M, et al. Age and Sex-Specific 
Effects of Maternal Deprivation on Memory and Oxidative Stress in the Hippocampus of Rats. 
International Journal of Chemical and Biochemical Sciences 2023; 24:121–9. 

31) Kim, Ki Chan, et al. "The critical period of valproate exposure to induce autistic symptoms in 
Sprague–Dawley rats." Toxicology letters 201.2 (2011): 137-142. 

32) H H Draper, M Hadley Malondialdehyde determination as index of lipid peroxidation. Methods 
Enzymol. 1990 ; 186 : 421-31. 

33) Karvat G, Kimchi T. Acetylcholine elevation relieves cognitive rigidity and social deficiency in a 
mouse model of autism. Neuropsychopharmacol. 2014; 39(4): 831-40. 

34) Benchelha H, Chakit M, Ahami AOT, Bikjdaouene L. Aerobic capacity, Attention and Well-Being in 
Obese and Normal Adolescents. Radiologia i Onkolojia. 2023;17 (12):859–865. 

http://www.commprac.com/
https://doi.org/10.1007/s00240-023-01407-9
https://doi.org/10.17582/journal.aavs/2024/12.3.457.466


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   1965                                           JUNE Volume 21 Issue 06 

35) Chakit M, Aqira A, El Hessni A, Mesfioui A. Place of extracorporeal shockwave lithotripsy in the 
treatment of urolithiasis in the region of Gharb Chrarda Bni Hssen (Morocco). Urolithiasis. 2023; 
51 (33). doi: 10.1007/s00240-023-01407-9 

36) Benchelha H, Chakit M, Mouilly M, Nadir K, Barkaoui M, Moustaine A, Elkhatir A, Ahami OTA, 
Bikjdaouene L. Gender and Body Mass Index Difference in Aerobic Capacity: A Study in Moroccan 
High School Students. International Tinnitus Journal. 2023;27 (2):198–202. 
https://doi.org/10.5935/0946-5448.20230030. 

37) Benchelha H, Chakit M, Lotfi S, Ahami AOT, Bikjdaouene L. Perceptual and Cardiorespiratory 
Response to Progressive Running Test in Relation with Puberty and Weight Status. International 
Journal of Chemical and Biochemical Sciences. 2023;24 (5):664–673. 

38) Chakit M, Zahir RA, Mesfioui A. Giant pyonephrosis related to nephrolithiasis in diabetes woman: 
A case report. Radiology Case Reports. 2024;19(7):2625-2628. 

39) Benchelha H, Chakit M, Mouilly M, Nadir K, Barkaoui M, Moustaine A, Elkhatir A, Ahami OTA, 
Bikjdaouene L. Gender and Body Mass Index Difference in Aerobic Capacity: A Study in Moroccan 
High School Students. International Tinnitus Journal. 2023;27 (2):198–202. 
https://doi.org/10.5935/0946-5448.20230030. 

40) Chakit M, Aqira A, Mesfioui A. A case report of a giant bladder stone (12 × 8 cm, 610g). Radiology 
Case Reports. 2024;19(3):970-973. 

41) Baataoui S, Chakit M, Boudhan M, Ouhssine M. Assessment of Vitamin D, Calcium, Cholesterol, 
and Phosphorus status in Obese and Overweight patients in Kenitra city (Morocco). Research 
Journal of Pharmacy and Technology 2023; 16:3405–9. https://doi.org/10.52711/0974-
360X.2023.00563 

42) Baataoui S, Chakit M, Boudhan M, Ouhssine M. Effect of Vitamin D Supplementation on the 
Response of Phosphocalcic Metabolism in Moroccan Population. International Journal of Chemical 
and Biochemical Sciences. 2023;24 (5):770–775. 

43) Meskini N, Chakit M, Lamtai M, Ftih Z, El aameri M, Sfendla A, Ouahidi ML. Relationship Between 
Academic Achievement and Depressive Syndrome Among Middle School Students in Kenitra. 
Community Practitioner. 2024;21(3):308-318 

44) Baataoui S, Chakit M, Afqir H, Boudhan M, Ouhssine M. Effect of Vitamin D and Argan Oil 
Supplementation On Phosphocalcic Profile in Obese and Normal Weight Moroccan Subjects. 
Community Practitioner. 2024; 21:1606–1614. https://doi.org/10.5281/ZENODO.11184941 

45) Hernández-Pinto AM, Puebla-Jiménez L, Arilla-Ferreiro E. A vitamin A-free diet results in 
impairment of the rat hippocampal somatostatinergic system. Neuroscience. 2006; 141:851–861. 

46) Lotfi S, Chakit M, Elkhatir A, Belghyti D. Psychoactive substances and sport performance in 
adolescent and young adults from Meknes city, Morocco. International Journal of Chemical and 
Biochemical Sciences. 2024; 25(17):1–8. 

47) Nadir K, Chakit M, Benchelha H, et al (2024) Correlation Between Motivation and 
Sociodemographic Characteristics in Middle School Students from Morocco. Community Pract 
21:1596–1605. https://doi.org/10.5281/ZENODO.11184177. 

48) Jaghror I, Chakit M, Jaghror H, et al (2024) Influence of Self-Esteem in Academic Success in 
Moroccan Elementary School Students. Community Pract 21:1582–1595. 
https://doi.org/10.5281/ZENODO.11184010. 

49) Glickstein M, Strata P, Voog DJ. Cerebellum: history. Neuroscience. 2009; 162: 549–559 

50) Liu X, Liu J, Xiong X, Yang T, Hou, N, Liang X, Chen J, Cheng Q, LiT. Correlation between nutrition 
and symptoms: nutritional survey of children with autism spectrum disorder in chongqing, China. 
Nutrients. 2016; 8 (5) 

51) Guo M, Zhu J, Yang T, Lai X, Liu X, Liu J, Chen J, Li T. Vitamin A improves the symptoms of 
autism spectrum disorders and decreases 5-hydroxytryptamine (5-HT): A pilot study. Brain Res 
Bull. 2018 Mar; 137:35-40. 

http://www.commprac.com/
https://doi.org/10.5935/0946-5448.20230030
https://doi.org/10.5935/0946-5448.20230030
https://doi.org/10.5281/ZENODO.11184941
https://doi.org/10.5281/ZENODO.11184177
https://doi.org/10.5281/ZENODO.11184010


RESEARCH 
www.commprac.com 

ISSN 1462 2815 
 

COMMUNITY PRACTITIONER                                   1966                                           JUNE Volume 21 Issue 06 

52) Cocco S, Diaz G, Stancampiano R, Diana A, Carta M, Curreli R, Sarais L, Fadda F. Vitamin A 
deficiency produces spatial learning and memory impairment in rats. Neuroscience., 2002; 115: 
475–482. 

53) Hernández-Pinto AM, Puebla-Jiménez L, Arilla-Ferreiro E. A vitamin A-free diet results in 
impairment of the rat hippocampal somatostatinergic system. Neuroscience. 2006; 141:851–861. 

54) Riebold M, Mankuta D, Lerer E, Israel S, Zhong S, Nemanov L, Monakhov MV, Levi S, Yirmiya N, 
Yaari M. All-trans retinoic acid upregulates reduced CD38 transcription in lymphoblastoid cell lines 
from autism spectrum disorder. Mol Med. 2011; 17:799–806. 
https://doi.org/10.2119/molmed.2011.00080. 

55) Gordon I, Vander Wyk BC, Bennett RH, Cordeaux C, Lucas MV, Eilbott JA, Zagoory-Sharon O, 
Leckman JF, Feldman R, Pelphrey KA. Oxytocin enhances brain function in children with autism 
Proc Natl Acad Sci. 2013; 110: 20953–20958. https://doi.org/10.1073/pnas. 1312857110. 

56) Banala RR, Karnati PR. Vitamin A deficiency: An oxidative stress marker in sodium fluoride (NaF) 
induced oxidative damage in developing rat brain. Int J Dev Neurosci. 2015 Dec;47(Pt B):298-303. 

57) El Aski N, Ouasmani F, Chakit M, Atfaoui K, Erahioui R, Mesfioui A. Complementary Medicine as 
A Predictor of Anemia Among Pregnant Women. Community Practitioner 2024; 21:2237–48. 
https://doi.org/10.5281/ZENODO.11631897. 

58) Marrakchi A, Chakit M, Elmorabit N, El Kababri M, Elhessni A, Mesfioui A. Psychological Distress 
in Parents and Guardians of Moroccan Children with Cancer: A Cross-Sectional Study. Community 
Practitioner 2024:2249–57. https://doi.org/10.5281/ZENODO.11632687. 

59) El Aameri M, Chakit M, Meskini N, Jaghror I, Tabouz Y. Effetcs of Anxiety and Depressive 
Disorders On Type 2 Diabetes in Moroccan Population from The Province of Kenitra. Community 
Practitioner 2024; 21:2223–36. https://doi.org/10.5281/ZENODO.11632402. 

60) Meskini N, Lamtai M, Chakit M, El Aameri M, Sfendla A, Loukili N, et al. Link Between Prevalence 
of Excessive Smartphone Use, Insomnia, And Academic Performance Among Middle School 
Adolescents in Kenitra, Morocco: A Cross-Sectional Survey. Community Practitioner 2024; 
21:2213–22. https://doi.org/10.5281/ZENODO.11632541. 

 

 

 

 

 

 

 

http://www.commprac.com/
https://doi.org/10.2119/molmed.2011.00080
https://doi.org/10.5281/ZENODO.11631897
https://doi.org/10.5281/ZENODO.11632687
https://doi.org/10.5281/ZENODO.11632402
https://doi.org/10.5281/ZENODO.11632541

