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Abstract

Autism spectrum disorder is a complex behavioral disorder characterized by impairments in social
interaction, communication, and repetitive patterns of behavior. The objective of this study was to
create a mouse model of autism and examine how cannabis oil affected these animal models.

On gestational day 13 and pup postnatal day 14, valproic acid (600 mg/kg and 400 mg/kg) was
subcutaneously injected into pregnant mice, resulting in poor behaviour in the offspring that is
similar to the characteristics of autistic people. Two groups of valproic acid-exposed mice were
used: one group received oral cannabis oil treatment (100 mg/kg), and the other group received
oral risperidone (0.5 mg/kg). At the age of eight weeks, behavioural tests including the Y-maze,
marble, open field, elevated plus maze, hot plate and social interaction were carried out. To assess
the effects of cannabinoid oil, oxidative stress indicators including glutathione (GSH, GST), lipid
peroxidation (LPO), nitric oxide (NO), and activity of superoxide dismutase (SOD) and catalase
(CAT) were assessed on PND-58. The findings showed that mice exposed to valproic acid both
prenatally and postnatally displayed autistic behaviour, including high levels of anxiety, prolonged
latencies for responding to painful stimuli, and reduced social interaction. This study looked at the
morphological and neuroanatomical abnormalities in the hippocampus, prefrontal cortex, and
Purkinje cells in the cerebellum, as well as the neural tube dysfunction in offspring exposed to
VPA. In the autistic mice model, it was determined that therapy with medical cannabis oil
considerably (p<0.05) alleviated the behavioural abnormalities and it reduced oxidative stress by

acting as an antioxidant.

Keyword: Autism Spectrum Disorder, Valproic Acid, Cannabinoid, Risperidone, Oxidative

Stress
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CHAPTER 1
1. INTRODUCTION

A group of neurodevelopmental abnormalities collectively known as autism spectrum disorder
(ASD). ASD is typified by stereotypical or repetitive behaviors, disordered social interaction, and
communication impairments. ASD is accompanied by a number of co-morbid features, such as
anxiety, seizure activity, motor abnormalities, aggressive conduct, poor pain perception and sleep
difficulties [1].

According to the Diagnostic and Statistical Manual of Mental Disorders-1V-Text Revision (DSM-
IV-TR), ASD includes Asperger's Disorder, Pervasive Developmental Disorder Not Otherwise
Specified (PDDNOS), and Autistic Disorder (commonly known as “classic" autism). The DSM-V
draught states that the DSM-1V autism spectrum will be reclassified as a single category of ASD
[2].Although numerous theories have surfaced in an effort to answer the autism puzzle and
research has advanced, its etiology is still unknown, and there are no objective diagnostic standards
or available treatments. Autism may be caused by genetic causes including mutations, deletions,
and copy number variations [3]. Epidemiological research has shown that harmful environmental
factors such maternal exposure to infections, ethanol, thalidomide, and Valproic Acid (VPA)
increase the likelihood of having children with autism [4]. When combined with changes in
diagnostic procedures, this may be one of the causes of the rising prevalence of autism. In reality,
since the 1980s, there have been significantly more children diagnosed with autism. According to
the Centers for Disease Control and Prevention (CDC), there are 1 in 88 children in the United
States who have autism, costing the country $137 billion annually [5].

Currently, there is a lack of established pharmacological treatments for the main symptoms of
autism spectrum disorder (ASD), which include persistent difficulties in social communication
and repetitive, restricted patterns of behavior. Moreover, the effectiveness and tolerance of
pharmacotherapies targeting associated disruptive behaviors that commonly coexist with ASD are
comparatively limited. Various drugs, antipsychotics, anticonvulsants, and stimulants are
commonly prescribed to treat individuals with autism. However, these medications do not
completely eliminate the primary symptoms associated with autism spectrum disorder (ASD).
Furthermore, there are potential negative effects of ASD medications, including an elevated risk
of developing other conditions like obesity, dyslipidemia, diabetes and thyroid disorders.



An increased risk of autistic spectrum disorder (ASD) is allegedly linked to antiepileptic drug
exposure during pregnancy, according to growing data [6]. A human study found a correlation
between prenatal valproic acid (VPA) intake and poor adult cognitive function [7]. Considering
this connection, animal models have proven to be a viable tool since they create morphological,
behavioral, and pathophysiological changes that are comparable to those in humans. In animals, a
single prenatal VPA injection leads to poor cognitive function [8], social interaction deficiencies
[9], and stereotypical and repetitive behavior [10] throughout the postnatal period. In order to
explore the impact of VPA during pregnancy, the possibility of developing an animal model of
autism is presented by these findings. Previous studies have also revealed nociceptive alterations.
On gestational day (GD) 12.5 a single dose of VPA (600 mg/kg) results in aberrant pain sensitivity
in maturity, similar to human autistic people [11]. The cranial nerve neurons in rats are born at
GDs 12 or 13, when the neural tube of the animal closes. This period of time (GD 12-13) is critical
for the numerous sensory and motor nuclei nerves. When VPA is exposed during this period of
pregnancy, cranial nerve neurons are reduced, behavior is impaired, and related gene expression
is altered. Animal models of autism exhibit behavioral abnormalities like anxiety, hyperactivity,
and impaired nociception in addition to the core symptoms [12].

The endocannabinoid (EC) system is a neuromodulating network that has previously been shown
to be active in ASD patients with co-morbidities like anxiety and seizures [13]. The EC system
controls behavioral reaction to context and social interaction as well as emotional responses [14].
The prospect of using medical cannabis to treat individuals with ASD is intriguing because EC
imbalance is thought to be a probable mechanism causing the condition's primary symptoms and
morbidities [15]. Medical cannabis oils are the most popular delivery method when using the drug
to treat ASD patients. These oils are oral treatments made from cannabis plant extracts.
Additionally, it is common practice to designate CBD-rich cannabis strains with low THC levels
for the treatment of children and adolescents. Despite a sizable amount of evidence supporting the
use of medical cannabis with added CBD to treat ASD [16], there are still significant knowledge
gaps on the mechanisms underlying long-term medical cannabis use in ASD patients. Therefore,
in order to efficiently manage autism, there is a need for safe and effective medications. This has
led to the exploration of various natural plant-derived products that have therapeutic potential.
Herbal treatments that prove to be effective can help alleviate clinical symptoms with minimal

side effects, as demonstrated by recent studies.



This is the goal of our study to develop autistic mice model by pre and postnatal valproic acid
exposure on gestational day 13 and postnatal day 14 of their development. After the development
of diseased model, animals were treated with medical Cannabis oil obtained from cannabis sativa
plant. This study will also examine the properties and potential application CBD oil. The current
study aimed to investigate the efficacy of CBD oil and Risperidone as a standard drug to inhibit
the oxidative stress and reduce the autistic symptoms in VPA exposed offspring. For this purpose,
histopathological examination of brain hippocampus, prefrontal cortex and cerebellum and

oxidative stress markers analysis were evaluated.

1.1. Objectives
The objectives of this study are as follows:

o To create a mouse model of autism through exposure to VPA during pregnancy
and after postanatal period.

° To examine the impact of cannabinoid oil on offspring exposed to VPA

° To Compare of efficacy of CBD oil and Risperidone as standard drug for treating

the symptoms associated with ASD

] To conduct different kinds of behavioral tests: a hot-plate test for nociception, an
open field and elevated plus maze test for anxiety, a three-chamber social interaction
device for studying social interaction , novel object recognition for exploration and
memory, marble burying test for repetitive behaviors and y-maze test for spatial memory

and reward related behaviors.
L To compare the histopathological changes in brain tissues (Cerebellum,
Hippocampus and Pre-frontal Cortex) of VPA , CBD and Risperidone group

] Additionally, the adult offspring's oxidative stress indicators, including GST, GSH,
SOD, LPO, CAT, and NO level, were assessd



CHAPTER 2
2. LITERATURE REVIEW

2.1 Autism Spectrum Disorder

The term autism spectrum disorder (ASD) refers to a diverse range of neurodevelopmental
disorders with the typical triad of symptoms: impaired social interaction, abnormalities in language
and communication, and stereotypical behavior. The prevalence of autism spectrum disorder
(ASD) is increasing, making it one of the largest concerns in modern medicine. The CDC's Autism
and Developmental Disabilities Monitoring Network has estimated that about 1 in 68 children have
been diagnosed with ASD [17].

2.1.1 Pathophysiological Mechanisms of ASD

Animal studies and clinical data currently available suggest that ASD may relate to a collection of
ilinesses with complex etiologies. Numerous genes are probably implicated in the pathophysiology
of the spectrum. Combining recent findings in the genetics of ASD with the application of animal
models leads to the most common groups of underlying route mechanisms. One could claim that
autistic patients' neurons don't communicate with each other in addition to having impaired social
communication and linguistic difficulties. A number of processes, including the synapse's
structural framework, activity-dependent modifications to protein production and degradation, the
silencing of some genes, and the up-regulation of the expression of other genes, depend on normal
brain activity to function properly. In this regard, if we combine the known genetic disorders with
the high prevalence of ASD, we reveal numerous connected clusters, which show the pathways
related to ASD: impaired growth of synapses, Impaired epigenetic control of protein expression

and impaired protein turnover [17].

2.1.1.1 Neuronal Connectivity

Perhaps the two ideas that have received the most support for explaining the pathophysiology of

autism are those that deal with defective synaptogenesis and impaired brain connection. The



significantly higher neuronal density in autistic patients compared to ordinary persons may have
an impact on the structure and fine-tuning of brain circuits. The system must eliminate useless,
non-functioning neurons to boost the strength of the active ones in order to build viable neural
circuits. Thus, while the surviving neurons' connection is increasing daily in the brain of a child
that is developing properly, there are less neurons overall. This mechanism appears to be disrupted

in ASD youngsters, according to the findings [17].

2.1.1.2 Impaired Neural Migration

The previous hypothesis is very similar to the neuronal migration hypothesis. The impairment of
neuronal migration during the prenatal period is also a contributing factor. The brain's ability to
develop further may be hindered by initial neuronal implantation errors. Numerous Studies are
supporting this fact. Reelin gene (RELN) mutation (rs362691) may considerably increase the
incidence of ASD, according to a recently published meta-analysis. Reelin is among the most
important proteins involved in the migration and proper positioning of neurons in the neocortex.

The thickened cortex and muddled borders with white matter tracts, both of which are common

findings in ASD, may be caused by this and other genetic variables [17].

2.1.1.3 Damaged Synaptogenesis and Dendritic Morphognensis

During early development of the central nervous system (CNS), typically there is an excess of
early synapse production followed by selective synapse removal. Synaptic maturation and control
throughout the perinatal period are essential for optimal brain development. ASD is thought to be
primarily characterized by defective synaptogenesis, which is supported by a number of lines of
research.One of these indicators is morphological abnormality, which is characterised by altered
dendritic morphology and dendritic spine abnormalities.

In a postmortem study, another research team discovered that layer V pyramidal neurons in the
temporal lobes of persons with ASD had more dendritic spines and less developmental spine
pruning. Correlative to the connection issues in ASD, Layer V pyramidal neurons are the main
excitatory neurons that form cortical-cortical and cortical-subcortical projections. Additionally,
they demonstrate a connection between these spine abnormalities and elevated mTOR activity and
poor autophagy. On the presynaptic membrane, other sorts of abnormalities are also found.



Notably, the scaffolding proteins neuroligin 3 and 4 (NLGN3 and 4) and SHANK were discovered

to be connected with autism, confirming this notion of ASD pathogenesis [17].

2.1.1.4 Immune Dysfunction and Neuroinflammation

The altered immune system, including both acquired and intrinsic immunity, is one of the most
studied aspects of ASD. Despite significant research efforts, the etiology of immunological
abnormalities identified in people with ASD is still unknown. One of the first important studies in
this field, conducted on 31 patients with ASD, was published in the middle of the 1980s.
Numerous investigations using diverse methodologies and small ASD patient populations have
found an increase in pro-inflammatory cytokines in peripheral blood. Leukocyte production of
Th2-associated cytokines is higher in autistic people. Despite this, there is inconclusive evidence
to suggest that children with ASD have a change in the total number of T cells in their peripheral
blood. It turns out that the natural killer cells as well as the T cell subpopulations are imbalanced.
Neuroglial cells, including astrocytes and microglia, have a profound impact on the health and
homeostasis of neurons. Endothelial cells and perivascular macrophages are also crucial. Microglia
and astroglia primarily control the organisation of the cortex, neuroaxonal guidance, and synaptic
plasticity. Neuroglial cells play a range of roles in regulating immune response in the central
nervous system (CNS). For instance, astrocytes are crucial for the metabolism of glutamate. The
detoxification of excessive excitatory amino acids, the preservation of the blood-brain barrier, the
generation of neurotrophic factors, and other processes. The neuroglial response to damage or
malfunction of the nervous system is strongly influenced by microglial and astrocyte activation.
Microglia enable synaptic stripping, brain plasticity, and immune surveillance. According to the
aforementioned lines of study, immunological dysfunction and abnormal synaptogenesis in the
developing brain appear to be closely related mechanisms rather than two distinct processes as
shown in (Fig. 1) [17].
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Fig. 1. Presents an Overview of the Converging Processes of Autism Spectrum Disorder.
The pathophysiology of autism spectrum disorders (ASD) is depicted in this picture as multilayer
abnormalities, which represent proposed processes. At the tissue level, it may result in altered
minicolumns, impaired synaptogenesis with potential excitation—inhibition imbalances, changes
in temporal dimension leading to a reduction in neuronal numbers (box A), and diminished
effectiveness of interneuronal communication. Glial involvement (box C) results in an increase in
inflammatory signalling along with these changes and neuronal damage. These could potentially

interfere with neural migration problems (box B), preventing appropriate neuronal connection.



The abnormality of cellular growth and synaptic plasticity, abnormalities in protein synthesis,
quality control, ubiquitination, and epigenetic regulation of protein expression, and impaired
synapse construction are thought to be the causes of these changes at the cellular-molecular level
(box D). The protein that is represented by a violet tiny circle and whose expression is controlled
by the aforementioned pathways is one that is essential for effective synaptic plasticity, such as
the AMPA receptor subunit. Even if they have been criticised, it's still possible that the
aforementioned changes have a greater impact on some critical brain regions (box A) than others,
for example, the cerebellar Purkinje cells or the prefrontal cortex with mirror neurons [17].

2.2 Oxidative Stress and ASD

Based on the already known research, it would seem logical to conclude that oxidative stress may
result in cell damage and perhaps death, which in turn may be the root cause of autism diseases.
The cellular endogenous antioxidant glutathione may diminish as a result of oxidative stress, which
can cause a fast alteration in the antioxidant system. Antioxidant therapy may enhance autistic
behaviour, according to a double-blind, placebo-controlled trial. Therefore, as has been seen in
autistic children, oxidative stress, which is typified by an increase in free radical and lipid peroxide
levels, may play a significant role in autism.

An animal study showed that adult oxidative stress is brought on by prenatal VPA exposure. The
signs of autism that appear in children following prenatal VPA exposure have been treated using
a variety of methods. The Bacopa monniera (300 mg/kg, p.o. for 2 weeks) extract was tested on
VPA-exposed autism and found to improve autistic behaviors, biochemical parameters and VPA-
induced histopathological determinants in the brain. A green tea extract (75 and 300 mg/kg for 4
weeks) also shown improved motor coordination, nociception, locomotor and exploration,
cognition, quantity of malondialdehyde (MDA), and undamaged purkinje cell layer.

Recently, Bambini and his coworkers suggested that taking prenatal VPA and resveratrol together

may improved the poor social behaviour that is often observed in autism [12].

2.3 Valproic Acid

Numerous genetic changes linked to autism have been discovered through genetic investigations,

however they only make up 25% of all instances of autism as of now. On the other hand,



environmental variables such exposure to xenobiotics like valproic acid (VPA) and thalidomide
can either cause or contribute to the development of autism. According to a rodent prenatal VPA
administration animal model, there is a link between human VPA exposure and ASD. Due to the
model's extensive presentation of morphological and behavioral changes connected to the
pathophysiology of autism, it has been shown to be a viable study tool over the years [18]. In
animals, a single prenatal VPA injection leads to poor cognitive function, social interaction
deficiencies [19], and stereotypical or repetitive behavior in the offspring [20].

Previous studies have also revealed nociceptive alterations. On gestational day (GD) 12.5 a single
dose of VPA (600 mg/kg) results in aberrant pain sensitivity in maturity, similar to human autistic
people [21]. Prenatal VPA administration on GD 12.5, resulted in neuroanatomical abnormalities
in the progeny such as fewer neurons in the cranial nerve motor nuclei, cerebellar abnormalities
[22], and less Purkinje cells in the cerebellar vermis [23]. After prenatal VPA administration to
the rats, serotonin and dopamine levels have been shown to either reduce or rise in rats model [24,
25]. Genetic mutation, starvation, or exposure to teratogens during gestation can all cause neural
tube abnormalities (NTD). In mice and rats, VPA induces crooked tail phenotypes, a moderate
form of NTD, as well as aberrant behaviors resembling autism [26].

Thus, mice were treated to VPA either during pregnancy or after birth in the current research.
According to George (2006), E13, the exposure time, corresponds to the mouse's Purkinje cell
generation's final stages [27]. Previous research has shown that rodents treated with VPA on PND
14 caused intrusions, neurodevelopmental regressions, and cell degeneration in the cerebellum and
hippocampus. These effects were manifested as numerous behavioral delays. Cerebellar
dysfunction may be a significant factor in etiology of ASD, according to clinical data,
neuroimaging, genetic diseases, and post-mortem studies. In both humans and animals, the
cerebellum has a high rate of ASD diagnosis [28]. ASD animal models developed by VPA showed
cerebellar atrophy, and abnormalities in the cerebellar cortex have been reported in 26 mice models
of the ASD [29]. One of the families of serotonin receptors, G-protein-coupled receptor (GPCR)
found on the surface of cell. In animals, these receptors are located in all areas of the brain, with
the cortex, frontal cortex, limbic system, and cerebellum having the highest densities. As
information about the brain's objectives is sent from higher levels, the cerebellum and cerebral

cortex communicate continuously [30].



Induction of autism by VPA in mice during the developmental phases has indicated the onset of
neurobehavioral problems similar to those reported in autistic individuals [31-36] in terms of
cognitive impairments, anxiety, and chronic deficiencies in social behaviour.

On the 14th postnatal day for mice, which is thought to correspond to the third trimester of human
development, neuron development , differentiation and migration are thought to take place in the
cerebellum, striatum, and hippocampus.

The absence of gliosis after neuron loss in the structures described shows that the injury may have
only happened extremely early in the development of the brain [36]. The exploratory behavior has
been used to gauge rats' capacity for integrating spatial features and creating a spatial model of a
novel environment [34].

Despite the fact that male animals have been the subject of numerous investigations on VPA-
induced autism [38], few studies have used both male and female animals [31]. Men are 2 to 3
times more likely than women to be affected with ASD, according to earlier studies. The majority
of male animals are used in Autism research because of its increased prevalence in men than in
women, as the challenges that female animals face during the estrous cycle, particularly while
conducting behavioral analyses. Mice with VPA-induced autism demonstrated aberrant postnatal

behaviour in both the male and female pups [39].

2.4 Pharmacological Treatments for Autism Spectrum Disorder

2.4.1 Cannabinoid and ASD
2.4.1.1 Endocannabinoid System

Patients with ASD who have co-morbid conditions including stress and seizures have
abnormalities in the endocannabinoid (EC) system [13, 40]. The EC system controls behavioral
reaction to context and social interaction as well as emotional responses. Additionally, the EC
system is crucial for brain development because it regulates the proliferation of neural progenitors,
guides axonal migration, and maintains the inhibition/excitation ratio, among other things [41].

Cannabidiol (CBD) and 9-tetrahydrocannabinol (THC) are the two primary Phyto cannabinoids
found in the cannabis plant. THC is a psychoactive cannabinoid that stimulates the type 1
cannabinoid receptor (CB1R) in the brain and can cause anxiety and psychosis. THC is a CB1R

agonist, however CBD is an allosteric modulator of the CB1R and may lessen its effects. It has a
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reasonably high threshold for toxicity and is not psychotropic. While consuming THC alone can
increase the risk of addiction, cognitive deterioration, motivational loss, and psychosis, consuming
CBD together with THC may lessen these dangers [42].

The euphoria that results from consuming THC is not experienced with CBD, which is recognised
as a non-psychoactive phytocannabinoid. However, evidence suggests that CBD also has a number
of other qualities, including anxiolytic [43, 44], anti-epileptic [45], and anti-inflammatory effects.
An increased neuroinflammtion leads to ASD. In particular, the literature has previously discussed
how astrocytes and microglia play a role in synaptic plasticity and neuroinflammation in ASD [46-
47].

Medical cannabis oils are the most popular delivery method when using the drug to treat ASD
patients. These oils are oral treatments made from cannabis plant extracts. Additionally, it is
common practice to designate CBD-rich cannabis strains with low THC levels for the treatment of
children and adolescents [48-51], there are still significant knowledge gaps on the mechanisms

underlying long-term medical cannabis use in ASD patients.

2.4.1.2 Endocannabinoid System In Glutamatergic Synapses

Excitability toxicity, also known as "excitotoxicity,” is caused by excessive stimulation of
excitatory glutamatergic synapses in conjunction with a deficiency in glutamate absorption and
has previously been linked to ASD. Comparatively to WT controls, InsG3680 Shank3 mutant mice
exhibit abnormalities of glutamatergic signaling. Reducing glutamate signaling may be helpful in
treating the symptoms of ASD because evidence suggests that excitotoxicity involves in the
pathogenesis of this disorder.

In order to cause post-synaptic depolarization and Ca2+ influx, a neurotransmitter (such as
glutamate) must be released from the pre-synaptic neuron and then bind to its Glu receptors in the
postsynaptic neuron. The resulting rise in Ca2+ levels triggers the synthesis of endocannabinoids
like anandamide (AEA) and 2-arachidonoylglycerol (2-AG). In the pre-synaptic neuron, these
chemicals bind CB1 receptors (CB1R) after travelling retrogradely from the postsynaptic neuron.
The CB1R is activated, which inhibits the release of further neurotransmitters. FAAH and MAGL,
respectively, cause the rapid breakdown of AEA and 2-AG. Exogenous substances like the
abundantly present phytocannabinoids THC and CBD in the cannabis plant can also activate

CB1R. The majority of CBD's effects are therefore mediated by other mechanisms, such as the
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inhibition of FAAH and a rise in AEA levels, since CBD has a very low affinity for the CB1R
compared to THC. The proline-rich synapse-associated protein 2 (ProSAP2), also known as the
protein SH3 and multiple ankyrin repeat domains 3 (SHANKS3), is also depicted in this (Fig. 2). In
the postsynaptic densities (PSDs), which link receptors to cytoskeletal signalling molecules, a
scaffold protein by the name of SHANKS links a number of ion channels, other scaffolding
proteins, enzymes, and signalling molecules. Because it is prevalent in glutamatergic synapses,
SHANKS interacts with all well-known glutmate receptors, including NMDA, AMPA, and mGlu
receptors. Another group that SHANKS indirectly interacts with is the family of post-synaptic
adhesion molecules known as Neuroligins (NLGN), which includes GKAP and Homer PSD95.
Scientists are therefore interested in describing reliable genetic mouse models of ASD, particularly
the several Shank3 mutant animal models. Spinogenesis, synapse development, and PSD
structuring in glutamatergic synapses are all dependent on the protein SHANK3 [51].
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Fig. 2. Schematic Diagram of EC System in Glutamatergic Synapses [51]

2.4.2 Clinical Trials of CBD

Only a few research have examined the impact of repeated CBD exposure on healthy mice's

developing brains. According to one study, giving C57BL/6J mice daily (3mg/kg and 20mg/kg))
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CBD administration had no negative effects on behavioral tests. Given that mice have a shorter
half-life of CBD than humans do and that children exposed to it for therapeutic purposes would
experience consistently elevated levels throughout the day, it is critical that mouse studies of
developmental CBD exposure more closely resemble the higher levels of CBD humans are
achieving [52]. Putative CBD receptors are expressed in comparable quantities in the brains of
CInl/ mice and healthy animals, according to a proteomic investigation. For six months, CIn1/
mice were given an oral dose of CBD (100 mg/kg/day), and changes in seizure frequency and
pathological illness indicators were monitored [53].

Recent research has demonstrated that the cannabinoid Cannabidivarin (CBDV), which is derived
from plants, has positive effects on the neurological, motor abnormalities Rett syndrome animal
model. The ability of CBDV to treat cognitive impairment, neurological and motor defects, and
motor defects simultaneously in these animal models suggests that this Phyto cannabinoid may
have intriguing but undiscovered therapeutic potential in ASD, prompting its investigation in
animal models of this disorder. Here, we looked at how CBDV medication affected male rats that
had been prenatally exposed to valproic acid and developing ASD-like behaviors. Both
symptomatic and preventative CBDV protocols were used on the offspring [54].

2.5 Risperidone and ASD

Clinical trials have demonstrated that the atypical antipsychotic medications risperidone and
aripiprazole, in addition to methylphenidate and atomoxetine, are useful in treating the signs and
features of ASD. Previous studies on the effects of risperidone used ASD rodent models such
Cntnap2 deletion mice, NMDA receptor NR1 subunit knockdown mice, and BTBR mice.
However, in these mouse models of ASD, the medication does not address social problems.
Therefore, there is little proof that antipsychotic medications reduce aberrant behaviors in mouse
models of ASD. Risperidone (0.2 mg/kg), were given as part of chronic therapy, and behavioral
assessment and a spine morphological study were conducted after 24 hours following the last dose
[55]. Risperidone was diluted in saline (0.9% NaCl) containing 1% acetic acid (0.125, 0.250, and
0.500 mg/kg, Sigma Aldrich).30 minutes before to the commencement of the behavioral test
sessions for the self-grooming, social approach, and open field behavioral tasks, male and female
adult B6 and BTBR mice weighing 25-40 g underwent intraperitoneal (i.p.) injections of MPEP,

risperidone, or saline vehicle [56].
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CHAPTER 3
3. MATERIALS AND METHODOLOGY

3.1 Valproic Acid Preparation and Cannabinoid Oil

Valproic acid salt was purchased from pharmaceutical industries. Sodium valproate was dissolved
in distilled water for injection at a concentration of 180mg/ml and 80mg/ml and administered
subcutaneously at a dose of 600mg/kg and 400mg/kg per body weight. Pure 10ml CBD oil was
purchased from CBD Pakistan industry which contains 100mg/ml CBD given at a dose of
100mg/kg for 3 consecutive weeks (5-8). Risperidone was used as a standard drug and Risperidone

oral solution (Img/ml) was used and given at a dose of 0.5mg/kg.

3.2 Experimental Design

Adult BALB/c male (n=1) and female (n=5) were placed together in each group and allowed to
mate overnight. The vaginal plug was examined at 8am the following morning. Those females
having plugs were denoted as embryonic day at 0.5 (E0.5). Pregnant Females were divided into
two groups on embryonic day 13 (E13). Control group (n=5) was administered only water for
injection (100ul) subcutaneously. The experimental group (n=5) was divided into further two
groups.

Protocol I: (For Pre-natal Exposure)

In one group Pregnant females (n=5) were administered a single subcutaneous (s.c) injection of
VPA at a dose of 600mg/kg on gestational day 13 (GD13) as in (Fig. 3).

Protocol I1: (For Post-natal Exposure)

In other group, Pups of females (n=5) were administered a single subcutaneous (s.c) injection of
VPA at a dose of 400mg/kg on post-natal day (PND-14) as shown in (Fig. 4).

The offspring were weaned on PND-21 and separated based on gender. Only males Pups were
used in this study. Pups from Both groups were further divided into four groups. Twenty pups
were selected for the postnatal experiments; control saline (n =5, male =5), VPA (n =5, male =
5), VPA+CBD (n =5, male =5) and VPA + RISP (n =5, male =5). Control group, diseased
group, treated group was given with Cannabinoid oil 100mg/kg orally on PND-36 (5 weeks old)
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for consecutive 3 weeks, and standard group was given with a Risperidone 0.5mg/kg on PND-36
for 3 consecutive weeks.

Groups & Treatment
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Fig. 3. A Comprehensive Study Plan illustrating VPA induced Autistic Mice Model (Protocol I)
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Fig. 4. A Comprehensive Study Plan illustrating VPA Induced Autistic Mice Model (Protocol 1)

3.3 Animals

Adult male and female BALB/c mice (5-6 weeks old; weight: 25-30g) were purchased from
National institute of Health (NIH) and 5 mice were group housed together in plastic cages with a
12 hr light/dark cycle, regulated humidity of 55%, and controlled temperature of 25°C. Fresh water
and food pellets were freely available to mice. Prior to mating, mice underwent a one-week phase
of acclimatization. The Pakistani Institutional Animal Ethics Committee (IRB No. 04-2021-02/36)
examined and approved the experimental protocol. The treatment of the animals complied with
the international standards governing their use and care (United States National Institute for Health
Publication, 1985).

3.4 Behavioral Assessment

In behavioral analyses, animals were subjected to different behavioral tests at the age of 6-8 weeks.
None of the mice were subjected to the same behavioral test again, so the behaviors at ages 6-8

weeks were evaluated using different animals.
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3.4.1. Marble Burying Test

The defensive marble burying test was carried out as previously explained on PND-36 [57]. This
test assesses anxious and repetitive activities, with a more number of marbles buried signifying
higher degrees of anxiety. A 5-cm layer of bedding made of cedar wood chips was placed inside
clean cages. On top of the bedding, fifteen glass marbles were distributed evenly in a 5x3
arrangement. Prior to testing, animals were given 30 minutes to get used to the testing environment.
Each mouse was given 30 minutes to explore throughout the testing period as shown in (Fig. 5).
After the animals had been in the area for 30 minutes, the number of marbles buried was counted

and photographed.

Fig. 5. (A,B) Marble Burying Test

3.4.2. Open Field Test

The open field test apparatus was built using wood for open field testing. Animals are brought into
the experimental space and given an hour to adjust before having their behavior studied. Periphery
zone and center zone were established during the analysis, with the center zone having dimensions
of 34.5 x 34.5 cm and animals are then each placed in the center of an open field box where a
camera mounted above them was used to record their natural behavior for five minutes on PND-
37 as in (Fig. 6). Following each experiment, animals are put back in their home cage. In between
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experiments, the equipment is cleaned with 70% ethanol and allowed to dry. Using Pan Lab’s

Smart TM V 3.0 video tracking software, videos were manually analyzed [58,59].

Fig. 6. Open Field Apparatus

3.4.3. Elevated Plus Maze Test

A behavioral test frequently used to look for symptoms of anxiety is the elevated plus maze (EPM).
The device is made of plexiglass, and it has two open and two closed arms. The arms are each 50
cm long, 5 cm wide, and the closed arms are surrounded by a 15 cm wall according to (Fig. 7). To
make the open arms more anxious, the equipment is hoisted one meter off the ground. In order to
minimize visual cues, the device is divided from the rest of the room by matching white drapes.
Additionally, the experiment is carried out in red light with predetermined light levels. An animal
is introduced to the test by being positioned in the maze's "hub™ and facing one of the open arms.
It is then given five minutes to explore on PND-38. To eliminate olfactory cues from the preceding
animal, the device is cleaned with 70% ethanol between subjects. A video camera immediately
overhead is used to document the test. The test's scoring considered the total number of entries to
open arm and the amount of time spent in each [59].

Fig. 7. Elevated Plus Maze Test
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3.4.4. Hot Plate Test

An ASD phenotype is a reduction in sensitivity to unpleasant stimuli, and the animal model of
experimental ASD does a good job of reproducing this phenotype. Paw withdrawal tests on hot
plates with a clear glass enclosure and a temperature of 55 °C were used to assess the influence on
nociception. Before starting test on PND-39, the animals were initially accustomed to the test area
for 30 minutes. The maximum test period was limited to 22 seconds in order to minimize tissue
injury as shown in (Fig. 8). We measured either the delay to lick the paw or the latency to remove
the paw [60].

Fig. 8. Hot Plate Test

3.4.5. Novel Object Recognition Test

An open-field box made of Plexiglas measuring 43 x 32 cm was the experimental tool utilized for
the object recognition test. It was set up in a room with low lighting. The experiment was run on
PND-40, and the results were examined as previously mentioned [61]. Each test was carried out
by an animal alone. Each animal spent 10 minutes in the arena (the familiarization phase) exploring
two identical, previously unknown objects. Mice were brought back to the arena for the 10-min
test phase (Training Phase) after a 3-min inter-trial break, where one of the two familiar objects
was swapped out for a brand-new, never-before-seen object as shown in (Fig. 9). Between each

animal, 70% ethanol was used to clean the arena. Two observers who were blind to the treatment
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groups videotaped and separately recorded each participant's time spent examining the familiar

(TF) and novel (TN) objects during the test phase. The following formula was used to determine

the discrimination index (DI) and values are represented in the following table 1.

TN
TF+TN

Discrimination Index = x 100

Fig. 9. Novel Object Recognition Test
Following table represents % of entries and % of time spent in the open arm during elevated plus
maze test and during elevated plus maze (EPM) and time spent with familiar and novel object
along with % discrimination index represents exploration memory during novel object recognition
test.
Table 1: Shows the effect of Cannabinoid oil on Anxiety and Exploration Memory in EPM and
Novel Object Recognition Test

Activity On Activity On

Elevtaed Plus Novel Object  Recognition Test
Groups | Maze  Test Familirization Phase Training  Phase

% % Identical Identical Familiar Novel DI1%

Entries | Timein Object Object Object Object

in open open A B A’ N’

arm arm
Control | 66.23+4.76 | 53.13+2.73 56.4+7.29 70.6+4.32 47+5.78 70.2+7.80 | 63.08+0.11
VPA 48.09+4.69 | 36.05+2.89 45+7.39 42.16+4.76 111+4.56 37.5+6.54 | 25.69+0.11
VPA + | 52.56+4.55 | 47.16x2.71 66.8+9.80 65.8+9.76 48+5.87 62+7.54 | 62.08+0.12
CBD
VPA + | 50.52+4.60 | 44.33+2.97 39+8.0 36.2+6.97 36.5+6.54 43+8.65 | 51.87+0.16
RISP
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3.4.6. Three-Chambered Test

The sociability test was performed on PND-41 as previously mentioned, [57]. This test is
conducted in a rectangular box with three chambers—a smaller center chamber and ones on the
left and right in (Fig. 10). Three ten-minute trials, completed one after the other, make up the test.
1. Habituation: The three chambers can be explored by animals for 10 minutes while the wire mesh
cages in the left and right chambers are left vacant.

2. Sociability: Once more, animals are given ten minutes to explore an unknown mouse that is
placed in one of the wire mesh cages and an object in the other.

3. Social novelty preference: for ten minutes of exploration, a new animal is introduced in its place
while the previously known animal remains.

With an overhead camera, behavior was observed during each of the three stages, and the duration
of interactions within each chamber was timed. The amount of time test animals spent in each side
chamber was recorded. The following formula was used to determine the social preference index
(SPI) and the sociability index (SI).

Sociability index = Total Time in stranger Chamber
Total Time in empty chamber
Social Preference Index = Total Time in novel Chamber
Total Time in familiar chamber

o

Fig. 10. Three Chambered Test

3.4.7. Y-Maze Test

The extent of % spontaneous alteration is regarded as a measure of stereotypical or repetitive

behavior in animals. A y-maze apparatus was used to assess % spontaneous alterations. With three
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equal-length arms that are each at a 120° angle from the other, the maze forms a Y shape as
illustrated in (Fig. 11). The animals were positioned at the end of one of the arms, which was
designated as the starting arm, with their heads looking in the direction of the maze's centre. The
animals were put through a 5-minute test in the y-maze on PND-42. Three arms being explored in
succession was regarded as one alternation [62]. For each animal's serial arm entries, %
spontaneous alternations were calculated. The formula below can be used to compute the
spontaneous alternation percentage.
% Spontaneous Alternation = __ Total alternations x100

(Total arm entries — 2)

Fig. 11. Y-Maze Test

The following table 2 shows the summary of behavioral analysis of mice along the brain regions

and their related functions in the development of neurological disorders.
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Table 2. Summary of Behavioral Analysis and Brain Functions and Associated Brain Regions

Memory

Septum, Basal Forebrain

Behavioral Test Brain Regions/ Systems | Relevance to Human

Function Involved Psychopathology

Repetitive Behavior | Marble Cortical Basal Ganglia- Obsessive-compulsive
Buryig Thalamic Pathway disorder, ASD

Anxiety And Open Field | Nigrostriatal Dopamine Schizophrenia, bipolar

Psychomotor System disorder, depression

Activity

Anxiety / Fear Elevated Amygdala Generalized anxiety disorder
Plus Maze

Thermal Hot Plate Sensory Pathways of CNS | Diabetes, Autism spectrum

Nociception disorder

Exploration And Novel Hippoampus Alzhiemer and other

Memory Object neurodegeberative disorders
Recognition

Social Behavior Three PFC , Amygdala, VTA, Schizophrenia and Autism
Chambered | Hypothalamus spectrum disorder

Spatial Working Y-Maze PFC, Hippocampus, Schizophrenia and various

cognitive impairments such

as Alzhiemer’s disease

3.5 Tissue Preparation For Biochemistry
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3.5.1 Harvesting of Brain Tissue

Fig. 12. Mice Whole Brain
3.5.2 Hematoxylin and Eosin Staining for Immunohistochemistry

Animals were killed by using Ketamine (0.1ml) after evaluation of the last behavioral analysis.
For morphological analysis perfusion was done through the heart with ice cold 0.9% NaCl saline
to remove blood from brain tissue followed by Cold 4% Paraformaldehyde (PFA) in 0.1M
Phosphate Buffer Saline (PBS) (pH=7.4) The Whole brain was isolated and immediately kept in a
4% PFA solution for 24hr at 4°C . The brain hemispheres were separated and cerebellum,
hippocampus, and prefrontal cortex were isolated and incubated in 30% sucrose and then
sequential 20um Sagittal sections were obtained using a cryostat stored at 4°C. The slides were
prepared by using Hematoxylin and Eosin staining for further analysis. Harris hematoxylin was
used to stain the sections, and eosin diluted in 95% alcohol was used as a counterstain. The parts
were mounted in paraffin wax after dehydration and cleaning. Using a photomicroscope,
preparations for the section were photographed [63].

3.5.3 Preparation of Brain Tissue Homogenate

For other biochemical analysis, mice brain was isolated and quickly frozen in liquid nitrogen and
stored at -80°C for further assessment. The Frozen brain samples were thawed and hemispheres
were isolated. Following brain tissues (200mg/ml) were homogenized in phosphate buffer (pH
7.4) with the use of a Polytron Homogenizer for 2 mints. The brain Homogenates were centrifuged
at 12000rpm for 10 minutes and a clear supernatant was obtained as seen in (Fig. 13). For

biochemical evaluation, supernatant of each homogenate was employed for biochemical analysis.
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Fig. 13. Figure (A) shown Brain Tissue Hmogenate and (B) shows clear supernatant.

3.6 Biochemical Assessment

3.6.1 Determination of Antioxidant Levels

The indicators for oxidative stress are glutathione sulfo-transferase (GST), reduced glutathione
(GSH), superoxide dismustase (SOD), lipid peroxidation (LPO), nitric oxide (NO) and catalase
(CAT) activity [64]. To evaluate the oxidative stress in whole brain tissues, the levels of
antioxidant enzymes were evaluated.

Ellman's technique was used to assess the reduced glutathione (GSH) activity, and absorbance at
450nm was determined. Results were represented as a UM [65]. When the absorbance at 340 nm
was measured using the methods previously described and the absorbance was reported as a uM
[66]. The SOD activity was also evaluated based on prior methodologies [67]. Results were given
in percentages after the absorbance at 450 nm was determined. Additionally, catalase activity was
estimated as a UM using the absorbance at 490 nm method, which estimates the rate of H20-

decomposition following the addition of supernatant or sample [68].

3.6.2 Estimation of Lipid peroxidation

By quantifying the amount of malondialdehyde (MDA) in each sample, which gave an estimate of
the level of lipid peroxidation (LPO), the amount of LPO was determined. The enzyme activity

was reported as a UM and its absorbance was determined at 490 nm [69].
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3.6.2 Determination of Nitric Oxide Production

The nitrite content of the prefrontal cortex, hippocampus, entorhinal cortex, and plasma was
assessed using the Griess reagent. Griess reagent and supernatant were employed in equal amounts,
and they were incubated for 15 minutes at 25 °C. Results of the 450 nm absorbance measurement

were represented as a UM [70].

3.7 Statistical Analysis

To examine the impact of cannabis oil on the dependent variables in the control saline, VPA, VPA-
CBD, and VPA-RISP groups, we used non-parametric t-test and one-way ANOVA. The Newman-
Keuls post hoc multiple comparisons test was performed to compare between groups. To assess
the effects of therapy on different dependent variables in the social interaction test, a two-way
ANOVA was performed. All statistical parameters were calculated using GraphPad Prism
programme. The findings were presented as Mean + Standard deviation (S.D). Statistical

significance was defined as a significance value with p<0.05.
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CHAPTER 4
4. RESULTS

4.1 Effects of VPA Administration on GD 13 & PND 14

4.1.1 Delay in Eye-Opening

Our aim is to characterize the effects of pre-natal VPA exposure in the early development of mice
model and observe that eye-opening was delayed from PND 14-16 in VPA exposed pups as

compared to control pups in which eye-opening was seen in PND 11 (figure 14).
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Fig. 14. Figure (A,B) shows delay in eye opening in VPA-exposed Mice.Values are represented
as mean + SD. For the comparison of the two groups, Two-way ANOVA test was performed.
(p< 0.05); p=0.0219*.

4.1.2 Crooked Tail Phenotype

After weaning on PND-21, All controls animal pups showed normal tail but in comparison with
the control , VPA-exposed Pups showed a crooked tail phenotypes from PND-25-56. This shows
that VPA exposure during gestation results in neural tube defect (crooked tail) in pups after post-

natal development (Fig 15).
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Fig. 15. (A,B) Crooked Tail phenotype in diseased (VPA) group as compared to control mice.

Values are expressed as mean + SD. For the comparison of the two groups, a non-parametric t-test

was performed. (p< 0.05) ; p = 0.016*.

4.1.3 Alopecia

After PND-24, hair loss was started and complete alopecia symptoms were observed on PND-26
by post-natal VPA exposed male and female mice only. While again hair starts growing on PND-

27 and complete hair growth was observed on PND-28 (Fig. 16).
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Fig. 16. Figure (A,B) represents Alopecia in VPA-exposed mice as compared to control mice.
Values are expressed as mean + SD. For the comparison of the two groups, Two-way ANOVA

test was performed. (p< 0.05) ; p = 0.0110*.

4.2 Neurobehavioral Assessment

4.2.1 Cannabinid Oil Prevent Repetitive Behavior

During the defensive marble burying test, all control animals showed a decrease in repetitive
behavior and less marbles were buried. In comparison with the control animals, VPA-exposed
animals showed a significant increase in repetitive behavior and more marbles were buried. While
CBD-treated animals revealed a considerable decline in marble burying compared to VPA-
exposed mice on PND-36 (Fig. 17).
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Fig. 17. Effect of cannabinoid oil treatment in marble burying test. Mice were grouped as control
saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean + SD. To compare both
groups, the Newman-Keuls (post hoc) test was performed. (p< 0.05) ; p = 0.0491*.

4.2.2 Cannabinoid Oil Decreased Anxiety and Locomotor Activity

Prenatal VPA-exposed mice have shown an increased level of mean speed, and total distance
travelled as compared to their corresponding control group indicating that the anxiety has
developed. Separate one-way ANOVA was conducted to compare the effect of treatment on time
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spent in peripheral regions and center, mean speed, total distance travelled in the open field test in

four groups. Treatment had a substantial impact on time spent in the centre (Fig. 18A), peripheral

regions (Fig. 18B), total distance traveled (Fig. 18C), and mean speed (Fig. 18D), for four groups
(control saline, VPA, VPA-CBD, VPA-RISP).
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Fig. 18. Effect of cannabinoid oil treatment in open field test; (18A) time spent in periphery, (18B)

time spent in center, (18C) total distance travelled and (18D) mean speed. Mice were grouped as
control saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean = SD. The
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Newman-Keuls (post hoc) test was performed to compare both groups. (p< 0.05) ; p = 0.0336*, p
= 0.04*.

4.2.3 Cannabinoid Oil Reduces Stress Level

The percentage of time spent in open arm (Fig. 19A) and percentage of entries in open arm (Fig.
19B) were significantly decreased in VPA group, when compared with control group. Thus,
reflecting anxiety like state in the animals in the VPA group when compared to the animals in the
control group. In contrast, treatment with cannabinoid oil resulted in a significant increase in the
% of time spent in open arm and % open arm entries as compared to the VPA-exposed group. As

a result, the oral administration of cannabinoids to the VPA-exposed mice showed a reduction in

anxiety.
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Fig. 19. Effect of cannabinoid oil treatment on the activity in elevated plus maze test ; (19A) % of
entries in open arm, (19B) % of time spent in open arm. Mice were grouped as control saline,
VPA, VPA-CBD and VPA-RISP. Values are expressed as mean + SD. The Newman-Keuls (post
hoc) test was performed to compare both groups. (p<0.05) ; p = 0.0444*, p = 0.0380*.
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4.2.4 Cannabinoid Oil Improved Pain Sensitivity

Comparing the offspring of mice exposed to VPA during pregnancy to the control group, we
discovered a statistically significant increase in the latency to withdraw the hind paw. On PND-
39, treatment with CBD-treated animals resulted in a shorter delay to withdraw a foot than the
group that had been subjected to VPA (Fig. 20).
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Fig. 20. Effect of cannabinoid oil treatment in hot-plate test. Mice were grouped as control saline,
VPA, VPA-CBD and VPA-RISP. Values are expressed as mean = SD. The Newman-Keuls (post
hoc) test was performed to compare both groups. (p< 0.05) ; p = 0.01***,

4.2.5 Cannabinoid oil Enhances Exploration And Memory

Control animals gradually spend more time interacting with the novel object during the social
preference phase than they do with the familiar chamber, which is an indication of typical social
preference. Prenatal VPA exposure led to a large increase in time spent with the familiar object
and a significant decrease in time spent with the novel item as well as a significant decline in the
discrimination index (Fig. 21E). This suggests impairment in social preference in VPA-exposed
animals when compared with control animals. Administration of cannabinoid oil and risperidone
to VPA-group of mice significantly reduced time spent with familiar object and a significant
increase in time spent with novel object (Fig. 21C and 21D). This suggests that cannabis oil is

becoming more socially acceptable.
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Fig. 21. Effect of cannabinoid oil treatment on exploration and memory in novel object
recognition test, (21A) time spent with object A, (21B) time spent with Object B, (21C) Time with
Familiar object, (21D) Time with Novel object and (21E) Discrimination Index. Mice were
grouped as control saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean + SD.
The Newman-Keuls (post hoc) test was performed to compare both groups. (p< 0.05) ; p=
0.0456*, 0.0492*, 0.0175*, 0.0039**, 0.0072**,

4.2.6. Cannabinoid Improved Social Behavior

A three-chamber social interaction test revealed that prenatal exposure to VPA mice spent
significantly less time with unfamiliar mice than control mice. However, in mice exposed to VPA
during pregnancy, therapy with cannabinoids greatly enhanced the quantity of social interactions
and returned the mice to normal behaviour. The second portion of the social interaction test, which
lasted between 11 and 20 minutes, was similarly affected by treatment for each group, according
to the results of a two-way ANOVA (Fig. 22A). The four groups' sociability throughout the 11—
20 minute period was significantly affected by treatment, according to one-way ANOVA (Fig.
22B). Further post hoc multiple comparisons revealed a significant difference in the social
preference score and time spent in the stranger 2 chamber across groups (Fig. 22C), during the
third stage of the social interaction test ((21-30 min), and social preference index in distinct groups
(Fig. 22D).
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Fig. 22. Effect of cannabinoid oil treatment in social interaction test, sociability: time spent in three
different chambers, sociability index , social novelty: social preference index. Mice were grouped
as control saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean + SD. The
Newman-Keuls (post hoc) test was performed to compare both groups. (p< 0.05) ; p =
0.03**,0.02™, p=0.035*, 0.045™".

4.2.7. Cannabinoid Oil Improved Spatial Memory and Reward Related Behavior

Comparing the animals in the VPA group to the control group, the spontaneous alteration
percentage significantly decreased. In comparison to the VPA-treated mice in (Fig. 23), the oral
administration of cannabinoids oil dramatically increased the percentage of spontaneous change
in a dose-dependent manner. This indicated a reduction in repetitive behavior and spatial memory
by cannabinoid treatment.
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Fig. 23. Effect of cannabinoid oil treatment on % spontaneous alterations in y-maze test. Mice
were grouped as control saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean £
SD. The Newman-Keuls (post hoc) test was performed to compare both groups. (p = 0.05) ; p =
0.0402*,

4.3 Histopathological Studies

4.3.1. Cannabinoid Oil Improved Morphological Changes in Hippocampus

There was significant morphological changes were observed in the hippocampus of VPA-exposed
male as compared to control animals. In male mice exposed to VPA, there was an increase in the
number of atrophic hippocampus cells as compared to sex-matched controls. While the
cannabinoid treated group showed a less significant neuroanatomical changes in the hippocampus.
However, there were more atrophic cells seen in (Fig. 24) in VPA males as compared to control ,

cannabinoid treated group.
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Fig. 24. Photomicrographs of hippocampus. (A-C) control groups showed normal hippocampal
neurons, (D-F) VPA-exposed groups showed neuroanatomical changes in hippocampus and
atrophic neurons, (G-1) VPA + CBD treated group showed less changes in the hippocampus and
in neurons, (J-L) VPA + RISP treated group showed normal hippocampus similar to control, CA;

Cornu Ammonis, DG; Dentate gyrus.

4.3.2. Cannabinoid Oil Involved Regeneration of Neurons in Prefrontal Cortex

Compared to sex-matched controls, male mice treated to VPA had a much higher rate of
degenerating neurons. In the diseased group compared to the control, there were significantly more
dark pyramidal cells. While the cannabinoid treated group showed a smaller number of

degenerated neurons and less dark pyramidal cells in the prefrontal cortex as shown in (Fig. 25).
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Fig. 25. Photomicrographs of prefrontal cortex. (A-C) control groups showed normal
hippocampal neurons, (D-F) ) VPA-exposed groups showed decreased number of glial cells and
degenerated neurons, (G-1) VPA + CBD treated group showed less degenerated neurons in the
prefrontal cortex, (J-L) VPA + RISP treated group showed normal prefrontal cortex cells similar

to control.

4.3.3. Cannabinoid Oil Inhibits Degeneration of Purkinje Cells in Cerebellum

When compared to sex-matched controls, male mice subjected to VPA showed a significant
alteration in the Purkinje cell layers, such as ischemic degeneration of Purkinje cells. There was a

smaller number of Purkinje cells in the diseased group as compared to control group. While the

cannabinoid treated group showed an increased Purkinje cells count in the cerebellum (Fig. 26).
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Fig.
neurons, (C-D) VPA-exposed groups showed atrophic or degenerated (dark) Purkinje cells in
cerebellum, (E-F) VPA + CBD treated group showed regenerated pyramidal Purkinje cells in the
cerebellum, (G-H) VPA + RISP treated group showed normal pyramidal Purkinje cells similar to

control.

4.4. Biochemical Tests

4.4.1. Cannabinoid Oil Reduced Glutathione (GSH) Level

Mice exposed to prenatal VPA had levels of glutathione that were much higher than those in the
control group. The level of glutathione is considerably reduced after receiving cannabis oil

treatment in the mice brain in (Fig. 27) which shows imbalance of glutathione.
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Fig. 27. Effect of cannabinoid oil treatment on glutathione (GSH). Mice were grouped as control
saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean + SD. The Newman-Keuls
(post hoc) test was performed to compare both groups. (p< 0.05) ; p = 0.0002***,

4.4.2. Cannabinoid Oil Increased Glutathione S-Transferase (GST) Level

Mice exposed with prenatal VPA didn’t show a significant result in the glutathione (GST) levels
in the brain. The diseased group showed a slight increase in glutathione s-transferase comparative
to the control group. While the cannabinoid oil treatment showed an increase in GST level in (Fig.
28) which decreases oxidative stress in mice.

Glutathione S-Transferase (GST) uM
o
D

2 v~ Q Q
O <L @ ; R

Fig. 28. Effect of cannabinoid oil treatment on glutathione s-transferase (GST). Mice were grouped
as control saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean = SD. The
Newman-Keuls (post hoc) test was performed to compare both groups. (p< 0.05) ; p =0.3793.
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4.4.3. Cannabinoid Oil Reduced Superoxide Dismutase (SOD) Level

Superoxide dismutase activity was noticeably higher in mice exposed to VPA than in the

controlgroup. SOD levels in the brain were decreased after cannabis oil treatment (Fig. 29).
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Fig. 29. Effect of cannabinoid oil treatment on superoxide dismutase (SOD). Mice were grouped
as control saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean + SD. The

Newman-Keuls (post hoc) test was performed to compare both groups. (p< 0.05) ; p = 0.0236*.

4.4.4 Cannabinoid Oil Slighty Increased Catalase (CAT) Level

The catalase activity in the brains of the mice exposed to VPA did not differ significantly from the
control group. While the treatment with cannabinoid oil showed a slight increase in the catalase

level in the mice brain (Fig. 30).
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Fig. 30. Effect of cannabinoid oil treatment on catalase (CAT). Mice were grouped as control
saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean + SD. The Newman-Keuls
(post hoc) test was performed to compare both groups. (p< 0.05) ; p = 0.4136.
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4.4.5 Cannabinoid Oil Decreased Lipid Peroxidation (LPO) Level

Mice exposed to prenatal VPA had higher levels of lipid peroxide than the control group. The
amount of lipid peroxidation in the brain was significantly lowered after receiving cannabis oil

treatment in (Fig. 31). This indicates reduction in oxidative stress in the mice brain.
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Fig. 31. Effect of cannabinoid oil treatment on lipid peroxide (LPO). Mice were grouped as control
saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean + SD. The Newman-Keuls
(post hoc) test was performed to compare both groups. (p<0.05) ; p =0.2123.

4.4.6 Cannabinoid Oil Reduced Nitric Oxide (NO) Level

Nitric oxide levels were much lower in the animals exposed to prenatal VPA than in the control
group. Compared to the mouse brains exposed to VPA, cannabis oil treatment considerably

lowered the level of nitric oxide in (Fig. 32) and reduces the stress level.
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Fig. 32. Effect of cannabinoid oil treatment on nitric oxide (NO). Mic were grouped as control
saline, VPA, VPA-CBD and VPA-RISP. Values are expressed as mean + SD. The Newman-Keuls
(post hoc) test was performed to compare both groups. (p<0.05) ; p = 0.0044**,

43



CHAPTER 5
5. DISCUSSION

Creating a mouse model of autism was the goal of the current investigation. Valproic acid was
given to GD 13 and PND 14. Prenatal exposure led to (i) increased repetitive behaviour; (ii)
increased locomotor activity, including greater levels of anxiety and decreased exploratory
activity; (iii) deficits in pain perception (lower sensitivity to paw withdrawal); (iv) reduced
sociability and social novelty; and (v) impairment in social preference; (vi) higher levels of
oxidative stress. Cannabinoid oil treatment, on the other hand, improved the offspring's behavioral
problem and decreased oxidative stress.

In current study, we observed a crooked tail phenotype in the male mice exposed to VPA on GD
13. This neural tube defect was also examined in mice and rats after post-natal development. In
mice and rats, VPA induces crooked tail phenotypes, a moderate form of NTD, as well as aberrant
behavior’s resembling autism [9,10, 21]. However, Treatment with cannabinoid oil didn’t reversed
the neural tube defect.

One of the more noticeable signs of autism is increased repetition of behaviours [1]. The findings
of the current investigation demonstrated that the offspring of VPA exposure exhibited higher
repetitive behaviour (more protective marble burying). Anxiety and repeated behaviour may lead
to more marble burying behaviour. But in the mice that had been prenatally exposed to VPA,
cannabis oil treatment reduced the repeated behaviour. These results are once again compatible
with the earlier research [13,14,55].

In both the elevated plus maze test and the open field test, we observed higher levels of anxiety in
the VPA-exposed pups. In comparison to the matching control group, the VPA-exposed group of
mice travelled farther at a faster mean speed and spent more time in the periphery zone. The
elevated amygdala function in the VPA-exposed mice may be the cause of their elevated anxiety.
Additionally, a human study reveals that patients with ASD exhibit worried behaviour. The earlier
researches observed similar results [22,28,32-34].

In the prefrontal cortex of mice exposed to VPA, we found damaged cells. According to the
authors, DSM-1V anxiety disorders affected 39.6% of young persons [2]. Cannabinoid oil therapy
enhances anxious behaviour and locomotor activity in the elevated plus maze test and open field.

Our current work has not examined the molecular basis of the anti-anxiety effect of cannabis oil.
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But numerous research have previously shown that cannabinoids have calming effects [36,38, 43,
44]. Therefore , cannabinoid treatment may improve this condition by the endocannabinoid system
through the reduction of oxidative stress.

In the present investigation, we discovered that male mice given VPA displayed a protracted delay
in withdrawing their hind paw. When assessing autism in an animal model, lower pain sensitivity
is an important issue to take into account. According to the findings of the current investigation,
mice exposed to VPA during pregnancy exhibit impaired nociception in the hot plate test, which
IS consistent with earlier observations [22]. Studies on humans [1,15,16] and animals [9-14,22]
have revealed a reduced susceptibility to painful stimuli. Sensory pathways are networks of
neurons that connect the cerebral cortex to the sensory organ, and they are what allow us to
perceive sensations [31-33]. The latency to remove the hind paw from painful stimuli is reduced
as a result of cannabis therapy.

One of the primary signs of ASD is a deficit in social communication [1]. According to the study's
findings, children who had been exposed to VPA exhibited poor social interaction (spending less
time with strangers). Fear, anxiety, or a poor ability to interpret the communication cues from the
unfamiliar mice could all contribute to poor social interaction. But in the rats who had been
preferably exposed to VPA, cannabis oil administration enhanced the poor communication. With
respect to the earlier investigations [10-12,52-54], these findings are once more inconsistent.
Within ASD exists a wide range of cognitive abilities from severe disability to high functioning
individuals [8,9]. We used the novel object recognition paradigm as our test of cognitive ability.
Previous studies demonstrated a reduced level of performance in animals in this test [8,9, 55,62].
In our study, the VPA-exposed group showed a preference for a known object over a novel object,
and the control group and the VPA-exposed group discrimination indices were different. While
cannabinoid treatment improved the performance of the VPA exposed group and this group
showed more preference for a novel object over familiar object as compared to VPA group.

In our study , we conducted a y maze test to examine stereotypical or repetitive behavior and
spatial memory in the mice model. We found a decrease in % spontaneous alteration in the VPA
exposed offspring as compared to control group. The VPA exposed group showed an impairment
in their spatial memory. Previous studies also reported stereotypical or repetitive behavior of mice
and humans [13,14,1,52]. While the treatment with cannabinoid oil showed an increase in %

spontaneous alteration as compared to the VPA exposed offspring.
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In this study , we conducted a histopathological study of brains tissues including Hippocampus,
prefrontal cortex, cerebellum. Due to their vital roles in the learning process, motor functions,
anxiety, social functions, and emotions that are largely disrupted in autism [1,5,36], abnormalities
in the cerebellum and hippocampus have been discovered to be significant in the pathophysiology
of the illness.

The hippocampus is one region that has been implicated in ASDs [23, 25]. Based upon the recent
data, ASD may be caused by multiple genetic factors that interrupt the development and function
of brain circuits important for social recognition and language [3,4 , 9-14]. Prenatal VPA exposure
increases embryonic neurogenesis which leads to a depletion of neural precursor cell pool and
neuroanatomical changes in the hippocampus of the VPA group. We have observed
hypocellularity in the hippocampal CA1 region. Our findings are in line with the hypocellularity
in VPA mice that has been documented [27, 28, 55]. The cerebellum has two main neural circuits:
purkinje cells and granules. Major connections between the cerebellum, cerebral cortex, and limbic
system were visible in purkinje cells. Patients with autism have abnormalities in the cerebellum's
Purkinje cell density and the cytoarchitecture of the cerebral cortex and subcortical systems [32].
In our study, decreased in number of Purkinje cells was observed in the brains of the VPA-exposed
mice. The Purkinje cells also showed homogenized degeneration of Purkinje cells in Purkinje cell
layer. These results are also inconsistent with the previous findings [24,25]. In our experiment, we
observed damaged cells in the prefrontal cortex of the VPA exposed offspring. Prefrontal cortex
areas of mice given VPA exposure showed more cortical alterations. This is the primary cause of
the mice's social and behavioural deficiencies. However, Cannabinoid oil treatment significantly
lessens the neuroanatomical changes in the hippocampus, increases the number of Purkinje cells
in the cerebellum and a smaller number of degenerated neurons in prefrontal cortex were observed.
Similarly, previous results were also consistent with the current study [25, 34, 53,54, 63].
According to earlier research, mice exposed to VPA exhibited an increase in oxidative stress. The
group exposed to VPA had higher levels of reduced glutathione and glutathione GSH. These
findings demonstrate unequivocally that a glutathione ratio increase causes an increase in oxidative
stress, which interferes with the early phases of brain development in mice exposed to VPA during
pregnancy. It has been shown that the susceptibility of neural cells to the effects of oxidative stress
increases with brain development. Our results are in line with recent studies on

neurodevelopmental problems in autism [12, 22, 64—66]. Enzymatic antioxidants as SOD and CAT
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were additionally impacted. The VPA exposed group showed no differences in the CAT test.
While VPA exposure at the prenatal period boosted SOD activity [67,68]. Lipid peroxidation were
higher in the VPA-exposed offspring [69] . We also found a decreased level of NO in brain tissue
[70].

Following the administration of cannabinoid oil, the behaviour of the offspring of mothers who
had been exposed to VPA during pregnancy was better in the marble burying test, open field and
elevated plus maze test, hot plate test, social interaction test, and test of new object identification.
And in these animals, cannabinoid oil lessens oxidative stress. Our findings imply that
Cannabinoid oil may possess neuroprotective and anxiolytic qualities, which are likely related to
the antioxidant impact. After the administration of cannabinoid oil, the VPA exposed group
showed improvement in our histological investigation on brain tissues from the hippocampus,
cerebellum, and prefrontal cortex. Numerous studies show a connection between the antioxidant

mechanism and the neuroprotective effects of cannabis oil [61-66].
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6. Conclusion

In current study, GD 13 pregnant mice and pups of PND 14 were used to develop VPA-induced
animal model of autism and autistic behavior was accessed. Moreover, histopathological analysis
revealed the morphological and structural changes in the brain tissues of hippocampus, prefrontal
cortex and cerebellum. The oxidative stress level was measured by several stress markers (GSH,
GST, CAT, SOD, NO, LPO). Cannabinoid oil treatment decreased hypersensitivity, pain
sensation, improved behaviors and social interaction of autism mice model. This therapeutic effect
was shown to be strongly associated with decreased oxidative stress and neurodegeneration in the
brain. Additional studies are required to gain more comprehensive understanding of potential of

plant-based bioactive compounds as potential drugs for treating ASD.
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