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Autism spectrum disorder belongs to a class of neurodevelopmental abnormality associated with complex 
behavioural traits and complications in social and cognitive performance. One in every hundred children has 
estimated to have autism according to the World Health Organisation. Therefore, research on the prognosis, 
diagnosis and therapy of autism spectrum disorder is the current need of the hour. Zebrafish as a model 
organism has enabled rapid advancements in neuroscience and biological psychiatry. Zebrafish behavioural 
characteristics can be used to understand the neuronal networks, physiological indicators and genetic basis of 
brain function. The search for neuroprotective medicines with fewer side effects has risen in popularity. Based 
on previous evidence, chrysin exhibited neuroprotective properties, inhibits neuro-inflammation and aids in 
the prevention of cognitive deterioration. In the present study, the neuroprotective role of chrysin was explored 
against valproic acid-induced autism spectrum disorder-like behaviour. The most efficient route of valproic 
acid administration was determined by testing two alternative techniques were immersion and intraperitoneal 
injection. The primary behavioural endpoints in autism spectrum disorder are learning, memory and social 
behaviour were studied via behavioural analysis. The findings imply that intraperitoneal injection is a more 
reliable method of induction when compared to immersion since the drug's uptake is reported to be uniform 
in all fish. According to the experimental data, chrysin positively stimulates on zebrafish social behaviour. 
More research is needed to fully comprehend the neurochemical pathways behind chrysin's effects on valproic 
acid-induced autism-like behaviour. Finally, our research supports the use of zebrafish models to investigate 
the neuroprotective benefits of drugs. From our findings, it is proven that chrysin could be used to alleviate 
valproic acid-induced autism-like behaviour.
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Autism Spectrum Disorder (ASD) is a 
heterogeneous neuro-developmental disorder that 
appears before the age of 3 y and affects social 
communication, atypical and repetitive motor 
behaviours[1]. ASD is triggered by a combination 
of hereditary and environmental factors impacting 
the developing brain, but no specific underlying 
mechanism has been identified[2]. Therefore the 
therapy and diagnosis of ASD is challenging. 
Currently no pharmacological treatment for ASD 
is available but, behavioural therapies and the use 
of highly controlled learning environments are 
used to treat ASD[3].

The need for neuroprotective medicines to treat 
ASD associated symptoms is remarkably high. 
Many active pharmaceutical ingredients are said 
to be present in plants, making them natural 

remedies[4]. The usage of bioactive components 
found in plants is growing in popularity. 
Flavonoids are the most common type of plant 
secondary metabolite with a broad range of 
biological properties important for human health. 
Chrysin is a hydroxylated flavone derivative that 
has a variety of therapeutic properties like anti-
infllamatory, anti-asthmatic activity, anti-cancer 
activity, anti-hypercholesteraemic, and cardio-
protective properties including neuroprotective 
properties[5]. The B and C rings in the structure of 
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chrysin are devoid of oxygen, which is associated 
with its biological effects[6]. Chrysin can be found 
in honey, propolis, and a variety of plants[5].

The multifaceted nature of ASD makes it difficult 
to establish a relevant animal model to study the 
neurobiology of ASD[7]. Zebrafish (Danio rerio) 
are increasingly being used as neurodevelopmental 
model[8] which has genetic resemblance to 
humans[9]. Zebrafish is a schooling cyprinid that 
belongs to the carp family[10]. They are excellent 
species to explore experimental, genetic and 
pharmacological studies primarily because of 
robustness in its behaviours[11]. Zebrafish are 
also inexpensive, easy to reproduce, and a large 
number of fishes can be maintained in confined 
spaces. Adult zebrafish demonstrate a full range of 
mature behaviours compared to larvae[12]. Unlike 
other laboratory behavioural models, zebrafish are 
inherently sociable animals which prefer to be in 
the company of their peers. Therefore zebrafish is 
an ideal model for studying the genetics of social 
behaviour[13].

With this background, we aimed to investigate 
the therapeutic potential of chrysin against 
valproic acid induced autism-like behaviour 
in zebrafish in the experimental paradigm of 
ASD. This also includes establishing a reliable 
approach of induction method by comparing two 
different modes of administration of valproic acid-
immersion and intraperitoneal injection.

MATERIALS AND METHODS
Zebrafish maintanence:

At the aquarium shop in Coimbatore, 3-4 mo old 
adult zebrafish (Danio rerio) of the heterogeneous 
wild-type strain were purchased. All zebrafish were 
kept in a standardised husbandry environment at 
the animal facility. The zebrafish tanks were kept 
at a temperature of 26°-30°, a pH of 6.8 to 7.1, and 
a light intensity of 250 lx with a cycle of 14 h of 
light and 10 h of darkness. A timer was used to turn 
on the lights at 8 AM and turn them off at 10 PM. 3 
times a d, the zebrafish were fed quality food. The 
zebrafish were housed in standard zebrafish tanks 
with a length of 36 cm, a width of 26 cm, and a 
height of 22 cm. A water circulation system was 
installed in the tanks to ensure regular aeration. 
Females and males were housed separately in 
group housing, which consisted of ten to twelve 
fish per tank. All animal experiments were carried 

out in conformity with Organization for Economic 
Cooperation and Development guidelines. All the 
experimentation on fish were carried out according 
to the Guidelines of Control and Supervision 
of Experimentation on Animals (CPCSEA) for 
experimentation on fishes, Government of India, 
Ministry of Fisheries, Animal Husbandry and 
Dairying, Department of Animal Husbandry and 
Dairying, Committee for the Purpose of CPCSEA, 
2021.

Chemicals:

Valproic acid and chrysin used in the experiments 
were purchased from Sigma Aldrich.

Drug treatment and grouping:

The effects of two administration routes of 
valproic acid, immersion and intraperitoneal 
injection, in inducing autism-like behaviour in 
adult zebrafish were compared. We investigated 
its effects by observing and grading zebrafish 
behaviour. The neuroprotective properties of 
chrysin against valproic acid-induced changes 
were also investigated.

There were five experimental groups. Group I 
indicates normal/control; group II indicates valproic 
acid (Immersion technique), group III indicates 
valproic acid (Intraperitoneal injection-100 mg/
kg), group IV indicates valproic acid (immersion) 
and chrysin (the injection volume was 1 µl/0.1 g 
of body weight) and group V indicates valproic 
acid (Intraperitoneal injection) and chrysin (the 
injection volume was 1 µl/0.1 g of body weight). 
The chemicals were prepared using dimethyl 
sulfoxide and dosing was followed according to 
Choo et al.[14] and German-Ponciano et al.[15].

Each group consists of 20 fish and all tests 
were performed in triplicates. The zebrafish 
were individually submerged in an anaesthetic 
solution (30 mg/l Benzocaine) until they stopped 
moving before each intraperitoneal injection. 
When numerous intraperitoneal injections were 
needed on the same zebrafish at the same time, 
the injections were delivered at alternating lateral 
ends rather than in the midline between the pelvic 
fins.

Behavioural analysis:

Novel tank diving test: The locomotor and 
exploratory activities of fish were monitored using 
a novel tank diving test to determine if chrysin 
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tracked the movement of 10 fishes for 8 min, 
collecting data every 15 s. The first two min were 
used for acclimatisation and the remaining six min 
were used for analysis. Each group had two trials, 
which were then merged (20 fishes per group) 
and examined and the assay was performed three 
times[21]. 

Social contact: We tracked movement for 6 min 
and assessed social contact behaviour using data 
acquired every 6 min. The average contact time 
and the contact duration time were noted[21].

Software: The software used for the behavioural 
analysis is Toxtrac[22].

Statistics:

All the experiments were statistically analysed 
using one way ANOVA test followed by Tukey’s 
multiple comparisons test. The test was used 
to compare differences between the treatment 
and control groups, all the data are reported as 
mean±standard error unless otherwise stated 
p<0.05 was set as the significant level. Graph Pad 
Prism 9.3.0 was used to analyse the data.

RESULTS AND DISCUSSION
The novel tank investigation utilises the 
zebrafish's natural urge to find a safe place to stay 
when placed in unfamiliar environment. In this 
experiment, the fish gradually explores the upper 
area of the aquarium by diving to the bottom of 
the tank and staying there until it feels safe. The 
distance covered by the valproic acid exposed 
groups varied from 9.6-13.86 cm, with Group 
III travelling the longest distance of 13.86 cm. 
After pre-treating with chrysin, the valproic acid-
treated treated group demonstrated a decline in the 
distance travelled, from 13.86-10.55 cm (fig. 1a).  
Locomotor activity in zebrafish has been shown 
to be an accurate tool for determining the impact 
of different stimuli[23]. Zebrafish may display 
novelty-induced immobility, erratic movement, or 
increased activity due to an increased desire for 
exploration, similar to that observed in rodents. 
The distance travelled has increased, which is 
a sign of panic or hyperactivity and increased 
mobility[24].

The groups that received valproic acid 
intraperitoneally represented an average of 11 
immobility episodes. After exposure to chrysin via 
immersion and intraperitoneal injection, there was 

inhibits valproic acid-induced hyperlocomotion. 
Individual zebrafish were subjected to non-
chlorinated water or chrysin for 60 min before 
being injected with valproic acid intraperitoneally/
immersion. 15 min after valproic acid injection/
immersion, behaviour studies were conducted. This 
test protocol was performed following Franscescon 
et al.[16]. The distance travelled immobile episodes 
and time spent in the top and bottom areas were 
assayed.

In pharmaceutical research, the open field activity 
test in zebrafish is widely employed to assess 
anxiolytic behaviour which is suggested by 
swimming in the centre of a circular open field. 
This test methodology was carried out according 
to Sison et al.[17]. The time spent in the periphery 
and centres is taken into account in the open tank 
test.

Light vs. dark preference test: The protocol of 
this test has been performed following Magno et 
al.[18]. Scototaxis is a viable option to open field 
and unique tank tests. It's similar to the murine 
light/dark box, which makes use of zebrafish's 
natural desire to explore new environments when 
they're confronted with the unpleasant features of a 
brightly lighted environment[19]. The percentage of 
time present in the light region and the number of 
times the fish crossed the light and dark chambers 
were considered for analysis.

Mirror attack biting test: The mirror biting test 
has been modified which involves placing a mirror 
in the tank and introducing fish to the tank, a 
situation in which the mirror and tank surroundings 
are both novel to the fish. While this change may 
be less ideal for anxious fish with high baseline 
freezing, it may be appropriate for more active and 
less anxious strains (i.e., those whose behaviour 
is less affected by the initial novelty stimulus)
[20]. The number of attacks on the mirror and the 
time spent in the mirror arena was recorded and 
decoded.

Social behaviour: 

Shoaling behaviour: Between 10 AM and 12:30 
PM, a shoaling test was performed using a glass 
dish (9 cm diameter) with 250 ml fish water and 
10 fishes per dish. The Inter-Individual Distance 
(IID) and the Nearest Neighbour Distance (NND) 
among a group of zebrafish were used as shoaling 
behaviour assay parameters. For each group, we 
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a decrease in the number of immobility episodes to 
6 and 5, respectively (fig. 1b). Fish at the bottom 
of the tank that is completely immobile are said to 
be "freezing." Considering the latency, frequency, 
length, and site of freezing, it may be the result of 
severe stress or anxiety[25].

In contrast to the control and chrysin pre-treated 
groups, zebrafish exposed to valproic acid were 
more inclined towards staying at the top of the 
tank rather than exploring other areas of the tank 
(fig. 1c). The period of time spent at the tank's 
top area suggests that zebrafish display anxiolytic 
behaviour[26]. The tendency to cross the centre of 
the tank increases as a result of escape behaviour 
along the side walls and corner[27].There is a decline 
in the time spent in the periphery in all groups when 
compared to group I (fig. 1d). This may be due to 
the anxiolytic behaviour of zebrafish suggested by 
swimming in the middle of a circular-shaped open 
field[28].

In light vs. dark experiment, the reduced transition 
between light stages was observed in zebrafish 
exposed to valproic acid and the percentage of time 
spent in the light area was found to be increased (fig. 
2a). Animals prefer dark region when compared to 

light region. There was a marked decrease in the 
crossing time between control and other groups 
(fig. 2b). Fish may have chosen the dark part 
when the light intensity increased to reduce their 
visibility against the background. Zebrafish larvae 
can adjust the distribution of melanin pigment in 
their skin to suit environmental light levels and 
backgrounds, and this capacity lasts until they 
reach adulthood. At greater light levels, preferring 
the black half of the light vs dark chamber could 
enhance their visual sensitivity[29].

Valproic acid-exposed fish had significantly fewer 
attacks on the mirror (fig. 3a) and spent less time in 
the mirror area (fig. 3b) (mirror attack assay). The 
highest number of mirror attacks was observed in 
group I followed by a decrease in all other groups. 
A minimum of 5 and a maximum of 13 attacks/
min were observed in group III and I respectively. 
Chrysin has an effect on the fish's mirror attack 
behaviour which is observed by an increase in 
mirror region. The mirror biting test can elicit both 
social and aggressive behaviour, which will be 
severely impacted if the fish have social deficits. 
Greater head-butting or mirror biting in this test 
might indicate increased zebrafish aggression and/
or sociability, whereas excessively low reflexes 

(a)

(c)

(b)

(d)

Fig. 1: Effects of valproic acid and valproic acid+chrysin exposure on zebrafish behaviour
Note: Data were represented as mean and one way ANOVA followed by Tukey’s multiple comparisons test was carried out
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Fig. 2: Effects of valproic acid and valproic acid+chrysin exposure on light/dark preference test
Note: Data were represented as mean and one way ANOVA followed by Tukey’s multiple comparisons test was carried out

(a) (b)

Fig. 3: Effects of valproic acid and valproic acid+chrysin exposure on mirror biting test
Note: Data were represented as mean and one way ANOVA followed by Tukey’s multiple comparisons test was carried out

(a) (b)
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of their time swimming in dynamic groups in the 
shoaling test, which were distinguished by short 
inter-fish distances, lower zebrafish group area/
diameters, and relative polarization. Reduced 
polarisation of fish shoals, looser and larger 
schools and a higher percentage of fish leaving 
the group and spending time outside the shoal 
might prove the disorganised social organisation 
in zebrafish[32].

All the social behaviours were carried out 
to understand the neuroprotective effects of 
chrysin against valproic acid-induced autism-
like behaviour. Previous studies have shown 
that zebrafish exposed to valproic acid exhibit 
behavioural despair, which is associated with 
ASD-like traits and behavioural impairments like 
hyperactivity and social deficiency[33]. Chrysin has 
been proven to diminish dopamine depletion and 
protect dopaminergic neurons in the brain from 
neurodegeneration[34]. Treatment with chrysin 
has also proven to effectively improve dopamine 
levels in the hippocampus and prefrontal cortex 
of the brain[35]. Chrysin has been found to have 
a Gamma-Aminobutyric Acid (GABA) mimetic 

could indicate ASD-like characteristics[30].

Shoaling behaviour measures Inter-Individual 
Distance (IID) and the Nearest Neighbour Distance 
(NND). Fig. 4a and fig. 4b depicts a significant 
increase in valproic acid exposed groups with a 
striking difference in chrysin treated groups. 
The distance between each individual in group 
II showed maximum inter-individual distance. 
The Nearest-neighbour distance was found to be 
the lowest in group I whereas there was a gradual 
increase in the distance in other groups. Group III 
and II represent the highest distance of 14 and 11. 
Zebrafish shoals have been found to disperse more 
widely in less disturbed conditions[31]. According to 
our findings, the zebrafish are not tightly clustered 
together, showing that they are stressed. 

Social contact (fig. 5a and fig. 5b) between the 
fishes has also been markedly reduced in groups 
II and III a significant outcome of autism-like 
behaviour in zebrafish. As zebrafish explore social 
groups, they often tend to spend more time near one 
another, demonstrating kin recognition/preference 
during social research. Zebrafish spent the majority 

Fig. 4: Effects of valproic acid and valproic acid + chrysin exposure on IID and NND
Note: Data were represented as mean and one way ANOVA followed by Tukey’s multiple comparisons test was carried out

(a) (b)
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Fig. 5: Effects of valproic acid and valproic acid+chrysin exposure on social contact
Note: Data were represented as mean and one way ANOVA followed by Tukey’s multiple comparisons test was carried out

(a) (b)

effect and to alter the GABAA receptor, hence 
reducing anxiety and depression-like behaviour[36].

In conclusion, our findings demonstrated that 
chrysin could counteract the behavioural changes 
in zebrafish animal models caused by valproic 
acid immersion and intraperitoneal injection. 
Furthermore, this research reveals intraperitoneal 
injection as a promising approach to induce Autism-
like behaviour. No locomotor alterations were 
detected 24 h after the behavioural session. The 
therapeutic effect of chrysin can be attributed to a 
progressive influence on social behaviour. Although 
more research is needed to fully comprehend the 
neurochemical pathways underlying chrysin's 
effects on valproic acid-induced Autism-like 
behaviour, our study implements the use of 
zebrafish models as emerging tools to investigate 
the neuroprotective effects of diverse drugs.
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