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ABSTRACT

Background: Autism spectrum disorder (ASD) is a heterogeneous neurodevelopmental condition characterized by
deficits in social communication and interaction, alongside restricted or repetitive behaviours. This study investigates
the potential of hydroethanolic extract of Crassocephalum crepidioides (HEE) to ameliorate ASD-related behaviours in
a valproic acid (VPA)-induced mouse model of in utero ASD. VPA exposure disrupts neurodevelopmental processes,
affecting synaptic function and neural connectivity which are also seen in Autism.

Methods: Thirty pregnant female mice were used among which, six served as normal control group. the twenty-four
remaining mice received valproic acid 600 mg/kg on gestational day 10 to day 12. Following parturition, offspring were
treated daily from postnatal day 21 to 50. Behavioural assessments were conducted during the treatment period. Upon
completion of behavioural testing, brains were collected for biochemical analysis of monoamine levels.

Results: Compared to the VPA-exposed control group, HEE treatment at all tested doses significantly reduced
(p<0.001) the time spent investigating an empty chamber in a social preference test, and significantly increased
(p<0.001) the time spent interacting with a social stimulus (sentinel). Furthermore, HEE treatment significantly
increased (p<0.001) brain tissue concentrations of monoamines.

Conclusions: These findings suggest that Crassocephalum crepidioides extract may exert neuroprotective effects,
improving both social behaviour and reducing repetitive behaviours in this VPA-induced mouse model of ASD. HEE
has therapeutic potential by modulating neurotransmitter systems known to be disrupted in Autism.
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INTRODUCTION

Autism spectrum disorder (ASD) is a set of disorders
characterized by deficiency of social beheviour,
communication and language alterations, and a limited set
of interests and activities that are both unic to the
individual and directed repetitively.! It affects 1 to 2% of
people worldwide.? According to the epidemiological

study,® autism accounts for approximately one third of
pervasive developmental disorders. Autism is a
multifactorial disorder with a genetic predominance. The
etiology of autism currently remains extremely complex
and poorly understood. In 5 to 10% of cases, there is a co-
morbidity associated with another pathology, such as
Down's syndrome or fragile X.* Several risk factors
contribute to the onset of ASDs. It involves both genetic
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and epigenetic factors, i.e. the influence of the
environment on gene expression, most often through
exposure to environmental factors in utero.® The use of
certain substances by women during pregnancy exposes
their offspring to autism spectrum disorders, such as
valproic acid. Valproic acid is a neuroleptic widely used
for its proven efficacy in epilepsy, but it remains the most
toxic to prenatal development. Administration of valproic
acid (VPA) to pregnant rodents at a critical time is a widely
used animal model of ASD.® Valproate indirectly
potentiates GABA by increasing its synaptic concentration
and thus its effects; this inhibitory mediator of the central
nervous system in adult mammals is, however, excitatory
and neurotrophic during embryonic life.5 The diversity of
risk factors for autism further complicates its treatment,
especially as there is as yet no cure. Caring for people with
autism can improve both their quality of life and that of
their families. Several studies have demonstrated the
effectiveness of  behavioural and psychosocial
interventions as a first-line treatment for ASD symptoms.”
Current therapeutic options, such as psychosocial
approaches and synthetic drugs, are limited in their ability
to improve neural function or regeneration.” Several
classes of drugs are used in the treatment of autistic
patients : antipsychotics to improve maladaptive behaviour
; serotonin reuptake inhibitors to relieve depressive, mood
and obsessive-compulsive disorders (OCD) ; anxiolytics
such as benzodiazepines ; and anticonvulsants which act
by reinforcing the protective action of GABA.® These
treatments have undesirable effects such as vomiting,
ulcerations, hallucinations and diarrhoea, as well as being
incapable of permanently curing ASD. To cope with these
limitations, people are increasingly turning to alternative
treatments based on natural plants to relieve autism
spectrum  disorders.® Plants containing  phenolic
compounds have potentially neuroprotective effects and
can be used to treat psychological or neurological
disorders due to their antioxidant properties.'® Showed
that Bacopa monniera wehst improved behavioral
disorders and oxidative stress in a valproic acid autism
model in rats. The anxiolytic and antidepressant effects of
Silvia spp. essential oil were demonstrated by *? in a rat
model of autism spectrum disorder. To make our
contribution to this development of phytotherapy for
autism  spectrum  disorders, we focused on
Crassocephalum crepidioides, a herbaceous plant in the
Asteraceae family. Crassocephalum crepidioides is
traditionally used to treat epilepsy, headaches and wounds
in Nigeria and Cameroon.®®* A study on the anti-
inflammatory, immunomodulatory and anti-genotoxic
potential of Crassocephalum crepidioides methanolic
extract was done by.'* A phytochemical and toxicity study
of Crassocephalum crepidioides®® and an in vitro study of
its anti-cholinesterase activity’® have been carried out.
However, to our knowledge, no scientific study of this
plant in the improvement of autistic disorders has yet been
conducted. Hence the interest of this work, the general aim
of which was to develop the properties of the
hydroethanolic extract of Crassocephalum crepidioides

leaves on some autistic disorders induced in utero by
valproic acid in mice.

METHODS
Materials
Chemical substances

The valproic acid (Depakine) and Risperidone (Risperdal)
used in this study were obtained from Sigma Aldrich
(USA) and dissolved in saline (0.09%) and distilled water
respectively. These solutions were freshly prepared and
administered orally.

Plant material

Fresh plants of Crassocephalum crepidioides (Asteraceae)
were harvested in January 2022, was identified and
authenticated at the National Herbarium by comparison
with a sample held there under reference number NHC
24250/SRF.

Animal material

Thirty female mice were used in this experiment. These
animals were purchased in advance from the national
veterinary laboratory in Garoua (LANAVET). They were
housed in plastic cages and acclimatized for a fortnight
before the start of the experiment in the Laboratory of
Animal Physiology and Pharmacognosy of the University
of Maroua.

Methods
Extraction protocol

Fresh Crassocephalum crepidioides (Cc) plants were
shade-dried and ground. 500 g of the powder obtained was
macerated in 3 liters of water/ethanol (v/v :20/80) for 72
hours at room temperature. The macerate obtained was
then filtered through whatman paper. The filtrate obtained
was concentrated in a BUCHI rotavapor (R-300) at 60°C
and then dried in an oven at 50°C for 48 hours. A dry
extract (47 g) was obtained, giving an extraction yield of
9.4%.

Evaluation of antioxidant activity in-vitro
DPPH and FRAP
Assessment of reducing power by FRAP

The FRAP test was performed using the method
described.16 The method consisted on the capacity of an
antioxidant to reduce the Fe(Ill)-2,4,6-Tri (2-pyridyl-s-
triazine (TPTZ) complex to a blue Fe(ll)-TPTZ complex
that exhibits an absorption maximum at 593 nm. Results
were determined using the optical density calibration
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curve as a function of Trolox concentration (0-140 pg/ml)
and (mg ET/100g).

FRAP ngTMS _ DOxfdxV
( 100g )= Pexa

With TFRAP = Reducing capacity of iron in FRAP; OD =
Optical density; fd = Dilution factor; VV=Total extraction
volume; Pe =Test sample; a = Slope of calibration curve.

Evaluation of the anti-free radical activity of 2,2-diphenyl-
1-picrylhydrazyl (DPPH)

The DPPH- radical scavenging activity was determined
using the method described.17 150 pl of sample extract or
standard solution (Trolox 10 mg/ml) was added to 1500 pl
of DPPH- (1ImM) in a 10 ml screw tube. The mixture was
shaken for 60 seconds and incubated for 30 minutes in the
dark at 35°C. The absorbance at 517 nm of the mixture was
read.

3 DOxfdxV

mgET
DPPH ( Poxa

100g

MS)

With DPPH = Deprotection capacity; DO = Optical
density; fd = Dilution factor; V=Total extraction volume;
Pe =Test sample; a = Slope of calibration curve.

Animals treatment

The present study is a transversal study. The experiments
took place from June 2023 to August 2023. Thirty
pregnant mice were randomly divided into 2 groups: the
normal control group of 6 animals received saline (0.9%,
p.m.); and the control group of 24 animals received sodium
valproate (600 mg/kg, p.o.) from day 9 to 11 of gestation.
After parturition, the mice in the control group were
divided into 5 groups (Table 1) on day 21 of life, and only
the male mice that had manifested the disease were
retained for further treatment. The normal control male
mice remained in the normal group. Behavioural testing
began after 30 days of treatment.

Table 1: Treatment distribution of animals on day 21

of life.
Doses and routes of
[reatments administration

Normal Distilled
control water Normal 10 ml/kg, p.o
Negative Distilled
control water 10 mlkg, p.o
Positive L .
B Risperidone  Risp 2 mg/kg, p.o
Test 1 Extract Cc 100 mg /kg, p.o
Test 2 Extract Cc 200 mg /kg, p.o
Test 3 Extract Cc 4 00 mg /kg, p.o

After all behavioural tests, the animals were sacrificed by
diazepam/ketamine euthanasia (10 mg/Kg and 50 mg/Kg,
i.p., respectively). Their brains were isolated, a hemisphere
preserved in 10% formalin for histology. Another was
homogenized in phosphate buffer for the evaluation of
oxidative stress parameters: malondialdehyde (MDA),
superoxide dismutase (SOD) and catalase (CAT) as well
as the determination of the concentration of serotonin,
dopamine and GABA.

Behavioural tests
Sociability test

Sociability is the most studied behaviour in VPA models
of autism. For this test, a rectangular cage is separated into
3 zones or chambers, leaving a passageway so that the test
animal can easily move from one chamber to another.®
The mouse is initially placed in the empty middle chamber,
to its left a conspecific mouse is placed in a restraint box
that must leave space for interaction, and to the right, the
same restraint box but empty. The sociability index will
therefore be calculated by comparing the time spent
interacting with the conspecific mouse or staying in the
same room with the time spent exploring the empty box or
the empty room.

Stereotyped movement test

Principle: The open arena is a test used to assess the
exploratory abilities of mice in an aversive context and
their emotional state when placed in a novel
environment.*® This test is based on repetitive movements,
on the animal's spontaneous exploratory behaviour and on
the mouse's natural aversion to uncovered environments.
The apparatus used in this work is an arena containing
sawdust (litter).

Experimental procedure: all animal was initially placed in
the middle of the maze and its behaviour observed for 5
minutes. The variables measured during this test were: 1)
the latency time (s), which corresponds to the time taken
to leave the centre of the arena;?2) total burrowing time (the
animal digs sawdust with its snout or forepaws); 3) the
total number of groomings;

Biochemical assays

Oxydative stress assays

Malondialdehyde (MDA) assay

MDA levels in the hippocampus were determined using
the method described by the absorbance was read at 532

nm against the blank.? The quantities of MDA were
evaluated and expressed as Mm/mg of organ.
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Superoxide dismutase (SOD) assay

The SOD assay was performed according to the principle
described, which is therefore based on the ability of SOD
to inhibit or delay the auto-oxidation of adrenaline to
adrenochrome in a basic medium.?! Autoxidation was
measured by OD reading at 480 nm at t=30 seconds and at
t=90 seconds. SOD activity was expressed in units/mg of
organ.

Catalase assay

Catalase was assayed according to the method described.??
Optical densities were read at 570 nm.

Neurotransmetters assay
Determination of serotonin

The serotonin was assayed according to the method used
by the absorbances were read at 470 nm using a
spectroflurometer against the blank.?

Determination of dopamine

In the presence of hydrochloric acid, dopamine oxidises to
give an indole derivative which combines with
trihydroxyindoles to give a fluorescent complex whose
absorbance at 485 nm is proportional to the concentration
of dopamine.?*

Gamma aminobutyric acid assay

This assay is based on the fact that the reaction between
ninhydrin and gamma aminobutyric acid (GABA) in a
basic medium forms a complex whose absorbance is
proportional to the amount of GABA in the sample.?® The
fluorescence cresulting from the reaction between
ninhydrin and GABA in the basic medium was measured
using a spectrofluoriometer and was gradual to the
concentration of GABA in the homogenates.

Histological study

The histological study technique used in this work is the
basic technique described.?® It consists successively of:
fixation, macroscopy, dehydration, inclusion, sectioning,
staining and mounting. The fixed tissues were first cleaned
of all traces of water before they could be embedded in this
medium due to the immiscibility of paraffin with water;
Inclusion allowed microtome sections to be made by
providing an external support for the tissues; a LEICA RM
2125 RT handwheel microtome was used to cut the blocks
obtained, and the 5 um-thick strips of sections obtained
were spread out in a water bath containing gelatinised
water. Using clean, labelled slides, the sections were
collected and oven-dried at 45°C for 24 hours. The staining
technique used was the standard haematoxylin-eosin
staining technique for histological preparations; the slides
were mounted to preserve staining; the coverslip was

adherent and the preparation was ready for microscopic
observation. The microarchitecture of the hippocampus
was observed under a microscope with a magnification of
%100 for the dentate gyrus and x200 for Ammon's horns.

Statistical analysis

All analyses were performed using Graph Pad Prism
version 8.0.1 for Windows. The results were expressed as
mean £ MSE. Data were analysed by one-factor ANOVA
and two-factor ANOVA followed by Dunnett's and
Bonferroni's  post-tests  respectively. Results were
considered significant for p < 0.05.

RESULTS

In-vitro essay of Crassocephalum crepidioides
hydroethanol extract

The antioxidant potential of the hydroethanol extract
(HEE) of Cc was measured using the DPPH and FRAP
tests (Figure 1). The results of these two tests showed that
the extract had a DPPH inhibition percentage of 74.13%
and a FRAP inhibition percentage of 65.27% compared
with the positive control (BHT), which had an inhibition
percentage of 75.45%. Cc EHE had an inhibitory
concentration 50 (IC50) of 170ug/ml compared with the
positive control, which had an inhibitory concentration
(1C50) of 150ug/ml (Figure 1).
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Figure 1: In-vitro antioxidant activity of
hydroethanolic extract of Crassocephalum
crepidioides.

Effect of Crassocephalum crepidioides hydroethanol
extract on social behaviour in the single animal social
interaction test

Figure 2 below presents the results on the time spent with
the empty pen and the time spent with conspecifics (Figure
2A) of the animals; and also, on the number of contacts
(Figure 2B) of these animals with the empty pen and
conspecifics after 30 days of treatment. These results show
that valproic acid subsequently (p<0.001) reduced the time
spent and the number of contacts with the conspecific in
animals in the valproate faction compared with animals in
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the normal control class. Conversely, plant extract at all
doses tested increased significantly (p<0.001) in these
parameters in mice in the valproate group contrasted with
animals in the negative control group. Similarly,
Risperidone induced a seriously increase (p<0.001) in
these parameters in animals contrasted with animals in the
valproate faction (Figure 2).
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Figure 2: Effect of Crassocephalum crepidioides
hydroethanol extract on social interaction in the one-
animal sociability test.

Each band represents the mean + MSE, (n = 7), ***P < 0.001
significant difference from negative control. ##P < 0.001
significant difference from normal control. VVPA = valproic acid
for negative control; RISP = risperidone for positive control; Cc
= hydroethanolic extract of Crassocephalum crepidioides.

Effect of Crassocephalum crepidioides extract on animal
behaviour in the stereotyped movement test.

Evaluation of the burial time of the animals gave the
results shown in Figure 3 below. Valproic acid induced a
notable diminish (p<0.001) in burying time in animals in
the valproate class contrasted with animals in the normal
control class. Conversely, administration of plant extract
at all doses tested induced a notable diminish (p < 0.001)
in burial time in animals compared with animals in the
valproate faction. Similarly, Risperidone induced a
important diminish (p < 0.001) in this parameter in animals
contrasted with animals in the vaprote class (Figure 3).

so— B
HEHH

2. 60—

[<5}

E

'5 Eka

& 20

Oo— T T T T
NS O
NS | |

Cc

Figure 3: Effect of Crassocephalum crepidioides
hydroethanol extract on stereotyped movements in the
open arena test.

Each band represents the mean + MSE, (n = 7), ***P < 0.001
significant difference from negative control. ##P < 0.001
significant difference from normal control. VVPA = valproic acid
for negative control; RISP = risperidone for positive control; Cc

= hydroethanolic extract of Crassocephalum crepidioides.
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Figure 4 (A-C): Effect of hydroethanol extract of
Crassocephalum crepidioides on some markers of
oxidative stress.
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Each band represents the mean + MSE, (n = 7), **P < 0.001
significant difference from negative control, ***P < 0.001
significant difference from negative control, ###P < 0.001
significant difference from normal control. VVPA = valproic acid
for negative control; RISP = risperidone for positive control; Cc
= hydroethanolic extract of Crassocephalum crepidioides.
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Figure 5 (A-C): Effect of hydroethanol extract of
Crassocephalum crepidioides on the concentration of
some neuromediators.

Each band represents the mean + MSE, (n= 7), ***P < 0.001
significant difference compared with the negative control. ###P
< 0.001 significant difference from normal control. VPA =
Valproic acid for negative control; RISP = Risperidone for
positive control; Cc = Hydroethanol extract of Crassocephalum

crepidioides.

Effect of Crassocephalum crepidioides extract on some
markers of oxidative stress.

Figure 5 below presents the results on the concentration of
MDA (Figure 4A), the activity of SOD (Figure 4B) and the
activity of CAT (Figure 4C) in the homogenate of the
brains of mice after 30 days of treatment. Valproic acid
induced a significant increase (p<0.001) in MDA
concentration and a significant decrease (p<0.001) in SOD
and CAT activity in animals in the valproate group
compared with animals in the normal control group.
Conversely, plant extract significantly (p<0.001)
decreased MDA concentration at all doses tested,
significantly (p<0.001) increased SOD activity at 200
mg/kg and significantly (100 and 200 mg/kg, p<0.001; 400
mg/kg, p<0.01) increased CAT activity in all animals
compared with animals in the valproate group.
Risperidone induced a significant decrease (p<0.001) in
MDA levels and a significant increase (p<0.01) in SOD
activity (Figure 4).

Figure 6: Microphotographs of CAl, CA2, CA3 areas
and the dentate gyrus of the mouse hippocampus ;
stained with haematoxylin-eosin.

1 =Normal control; 2 = Negative control; 3 = Positive control; 4,
5 and 6 = Batches receiving Cc extract at the doses of 100, 200
and 400mg/kg; Ne = Neuron; Py = Pycnosis; Cv = Vacuolised

cells.

Effect of Crassocephalum crepidioides extract on the
concentration of some neurotransmitters.

Figure 5 below shows the results on the concentration of
GABA, the concentration of serotonin and the
concentration of dopamine in the homogenate of the brains
of mice after 30 days of treatment. Valproic acid
stimulated an important diminish (p<0.001) in the level of
GABA, serotonin and dopamine in animals in the negative
faction contrasted with animals in the normal control
faction. Conversely, plant extract caused a notable expand
(p<0.001) in the concentration of GABA and serotonin at
doses of 200 and 400 mg/kg and a significant growth
(p<0.001) in the concentration of dopamine at all doses
tested in animals compared with animals in the valproate
group. Risperidone also induced a serious (p < 0.001)
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expand in these parameters in animals contrasted to
animals in the valproate class (Figure 5).

Effect of hydroethanolic extract of Crassocephalum
crepidioides on the histology of the mouse hippocampus.

Histological analysis in normal control animals showed a
normal structure of the hippocampal parenchyma
(Figures), with intact neurons in the different layers (GD,
CAl, CA2 and CA3). In negative control animals
compared with normal controls, a loss of neuronal tissue
integrity was observed, marked by the presence of necrotic
neurons with pycnotic (hyperchromatic) nuclei, neuronal
loss, cytolysis and vacuolation. The batches receiving the
extract at different doses and the batch receiving the
reference substance showed a microstructure of the
hippocampus close to that of normal (Figure 6).

DISCUSSION

Autism spectrum disorder (ASD) is a group of disorders
characterized by varying degrees of impairment in social
interaction and communication, as well as stereotyped
behaviors and repetitive movements.?” The valproic acid
model is an animal model that better mimics the
symptomatology of ASD in humans. Hence the general
purpose of this work, which was to enhance the potential
effects of the hydroethanolic extract (HEE) of
Crassocephalum crepidioides (Cc) leaves on some autistic
disorders induced in utero by valproic acid in mice.
Alterations in social interaction are the main
manifestations of autistic disorders and were assessed in
this work in the three-chamber compartment test, the open
arena test containing sawdust enabled us to assess
stereotyped movements, and the elevated cross maze and
dark and light box tests were used to assess anxiety as a
comorbidity associated with autism.

In the sociability test, the important diminish (p<0.001) in
the time spent with the conspecific as well as the number
of contacts with the conspecific was observed in animals
in the negative control faction contrasted with those in the
normal control class would mean a lack of affective
contact in autistic mice. The diminish in time spent with a
conspecific as well as the number of contacts indicates a
lack of motivation to interact with its fellow animal.?® This
explains the ability of valproate in gestational
administration to inhibit the initiation or maintenance of a
social relationship. However, the improvement or reversal
of these parameters in the class given hydroethanolic
extract (HEE) of Crassocephalum crepidioides (Cc) at the
different doses tested would justify the beneficial effects
of this extract in improving social interaction disorders.
The limbic system receives numerous projections from
serotonergic neurons, and this system is responsible for
regulating emotional expression and social behaviour.?®
The extract probably acts by stimulating the reward and
motivation centres, leading to an increase in serotonin
levels in the animals' brains.*° This is in line with the work
of 11, who showed that Bacopa monniera wehst improves

behavioral disorders in autism induced by sodium
valproate in rats. In order to confirm the nice effects of this
extract on the symptomatic triad of autism, we also
considered it useful to assess repetitive and/or stereotyped
movements in the open arena test.

It was shown in this work that valproic acid induced an
important expand (p<0.001) in burrowing time and the
number of grooming in animals in the negative control
class contrasted to those in the normal control faction. This
would be due to a failure of the autistic mice to vary their
movements. Valproic acid is thought to have induced a
mutation in the coding sequence of the serotonin
transporter, which is directly associated with the presence
of ASD, which is linked to stereotyped or repetitive
behaviour.®® The amygdala is a structure of the limbic
nervous system linked to the frontal lobes which, via the
pre-motor cortex, participates in the selection of sequences
necessary for the development of a movement, and the
prefrontal cortex which adapts the movement according to
the context.?® Impairment of this system is thought to be
the cause of the animals' inability to initiate new
movements. CC EHE at the different doses tested resulted
in a decreased considerably (p<0.001) in burrowing time
and the number of grooming in animals in the test factions
opposed to animals in the negative control class.

Serotonin, dopamine and GABA are the neurumediators
most involved in the regulation of motivation and
emotion.®? The considerable decrease (p<0.001) in the
concentration of these three monoamines in animals in the
negative control class opposed with those in the normal
control group partly explains the impaired social
interaction, repetitive movements due to lack of
motivation and also the anxious behavior in autistic mice.
In addition, brain serotonin levels appear to be reduced in
people with autism.* The significant increase (p<0.001) in
these parameters in mice given Cc EHE at the different
doses tested suggests that this extract acts via the
serotonergic, dopaminergic and GABAergic systems to
remedy some of the disorders and co-morbidities
associated with autism. GABA increases chloride ion
transport to the intracellular environment, inducing
hyperpolarisation, making the cell insensitive to certain
stimuli, thereby reducing excitability in the central nervous
system .3 The brain is an organ that is particularly
vulnerable to the harmful effects of oxidative stress
because of its strong energy activity, which is the source
of high oxidative metabolism, its higher concentration of
iron in the basal ganglia, which can catalyst the liberation
of reactive oxygen species, and its high concentration of
polyunsaturated fatty acids, which are targets of lipid
peroxidation % Oxidative stress has a significant role in
the pathogenesis of brain lesions by causing direct damage
to the tight junction proteins of the BBB.3® MDA is the end
product of lipid peroxidation and its important reduction
(p < 0.001) in groups treated with Cc extract suggests that
this extract could prevent lipid peroxidation. Flavonoids
and tannins contained in this extract would have acted by
reducing the concentration of MDA. The presence of the
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OH class on the chemical structure of flavonoids and
tannins enables them to trap radical species by giving up
an electron.®” The extract is also capable of inhibiting the
transformation of hydrogen peroxide into hydroxyl
radicals by reducing ferric iron (Fe®*), an essential element
for the production of hydroxyl radicals, into ferrous iron
(Fe?*) in vitro. This reducing power is thought to be due
to the presence of phenolic compounds in the extract, in
particular flavonoids and hydrolysable tannins.® SOD and
catalase are both enzymatic antioxidants that protect the
cell against damage from reactive oxygen species.*® They
play a key role in the detoxification of superoxide anion.
In fact, SOD catalysis the breakdown of superoxide anion
(O77) into hydrogen peroxide (H205), which is an unstable
molecule that is highly toxic to the cell.*’ The action of
SOD is thus coupled to that of catalase, which is
responsible for eliminating H.O- by converting it into H,O
and O,.*' The considerably increase (p < 0.001) in the
activity of these two enzymes suggests that CC extract has
an antioxidant effect. This suggests that CC EHE restores
the pro- and antioxidant balance in brain tissue. The
hippocampus is a brain structure strongly involved in
social behaviour.? Histology of the hippocampus showed
that valproic acid caused alterations in the various
structures and disorganisation of the cells. CC's EHE at
different doses remedied this damage. This effect is
thought to be due to the action of phenolic compounds
such as flavonoids, which have various reparative
properties in the brain, including the restoration of
neuronal functions and neuronal regeneration.*® This
physical restoration is thought to be partly responsible for
the recovery of certain behaviors observed, such as
socialization and repetition.

This study has certain limitations: it is an animal model,;
glutamate was not assayed.

CONCLUSION

This study shows that the beneficial effects of
hydroethanol extract of Crassocephalum crepidioides on
the nervous system led to a general improvement in autism
spectrum disorders induced in utero in mice by valproic
acid. The effects observed on social interaction and
stereotypic movements are thought to be due to the
presence in this extract of secondary metabolites such as
flavonoids, which have anti-oxidant and neurogenic
properties.
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