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Abstract

Autism Spectrum Disorder (ASD) is a neurodevelopmental *Corresponding Author: Mohammad
syndrome with two main symptoms: repetitive behavior and social interaction Mohammadzadeh i
disord C | ik d to it tioxidant. i dulati ti Address: Department of Physiology,
disorder. Camel milk, due to its antioxidant, immune-modulating, anti- Faculty of Medicine, Mashhad
inflammatory, and anti-apoptotic properties maybe have beneficial effects on ASD. University of Medical Sciences, Iran

: Pregnant rats were injected intraperitoneally on day 12.5 Tel: 051-44264462
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of gestation with 500 mg/kg valproic acid. Then male neonatal rats were divided into mail: mohamad[353@gmail.com

five groups: Control group, valproic acid group, camel raw milk group + risperidone,
and pasteurized camel milk group + risperidone. For the treatment period, rats have
injected with risperidone (0.2 mg/kg) three times a week, and raw and boiled camel
milk was given daily (10 ml/kg) for 42 days. Experiments of social interaction and
repetitive behavior were measured at the beginning and end of the treatment period.
: The offspring of mothers who received valproic acid had problems in social
interactions, and sociability and social preference indexes were significantly
reduced. Repetitive self-glooming behaviors also increased in VPA-rats. The
treatment groups improved their social and repetitive behaviors after receiving
camel milk and risperidone and were significantly different from the valproic acid
and pre-treatment groups. Moreover, sociability and social preference indexes
showed an increase after treatment with camel milk. Sociability index, social
preference, social preference index, and repetitive behaviors before and after
treatment between groups improved significantly (p <0.001) after treatment.
: Treatment with a camel milk diet improved the main behaviors of
autism symptoms, such as social interactions and repetitive movements.
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Introduction

Autism Spectrum Disorder (ASD) is a
neurodevelopmental syndrome with two main
symptoms: repetitive behavior and social interaction
disorder. For the first time, a scientist named Leo
Kanner in 1943 described children with
communication deficits and behavioral problems
such as stereotypes and repetitive actions. Extensive
evidence reported that exposure to antiepileptic
drugs during pregnancy increases the risk of autism
in children. There is evidence that pregnant mothers
exposed to valproic acid (VPA) in the first trimester
of pregnancy have a higher risk of having children
with autism. Also, among the developed models for
autism, the animal model established with VPA has
the closest symptoms to autism in humans. Since
there is no definitive drug for the treatment of
autism, antipsychotic drugs such as risperidone are
licensed and approved by the Food and Drug
Administration of the United States for treating
some symptoms of autism. The social interaction
test is one of the most critical behavioral tests used
to diagnose and evaluate autistic models. In this test,
the sociability and social preference of autistic
models are examined. Camel milk has unique
compounds that distinguish it from other mammal
milk. Different populations used camel milk due to
its great variety of therapeutic properties and disease
prevention mechanisms. Camel milk has unique
compounds that distinguish it from the milk of other
mammals. Camel milk has antioxidant,
immunomodulatory, anti-inflammatory, insulin-like
and anti-apoptotic properties. For this reason, it is
used in the treatment of various diseases such as
diabetes, allergies, immune disorders and cancer.
Camel milk is traditionally used in clinical and
observational studies in some parts of the world to
treat autism. This study aims to investigate the effect
of camel milk on improving social interaction and
repetitive behavior, two main symptoms of autism.

Methodology

The Wistar rats used in this study were obtained
from the Animal Laboratory Center of Mashhad
University of Medical Sciences. Rats were housed
in an acrylic plastic cage at room temperature of
25.2 ° C with 55 © C relative humidity and 12 hours
of light / dark cycle. The animal had access to
standard and adequate food and water throughout
the experiment.. Five female and one male rat were
placed in each cage, and vaginal smear tests were
performed twice a day (8:30 pm and 8:30 am) to
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detect pregnancy plaques. After diagnosis, the mice
were transferred to separate cages, and this day was
considered the first day of pregnancy (GD1).
Pregnant rats were randomly divided into two
groups (group A: five female and group B: two
female rats). Valproic acid was administered
intraperitoneally (L.P.) at a 500 mg/kg dose for
pregnant females and normal saline for female rats
on day 12.5. Valproic acid was dissolved in 0.9%
saline solution, and the injection volume was 10
ml/kg. All Rats were weaned 30 days after their
birthday. Then 30 male rats were weaned and
divided into five groups for the following
experiments. Ctrl: Rats whose mothers did not
receive valproic acid; Valproic acid group: Rats
whose mothers received valproic acid but did not
receive treatment; Risperidone group: Rats whose
mothers received valproic acid and were injected
with risperidone in the treatment period; Raw camel

milk+ risperidone: These animals received
risperidone and raw milk in treatment period; and
Pasteurized camel milktrisperidone: receive

risperidone and the pasteurized milk. Due to that
male rats exposed to valproic acid show more
autistic symptoms, we only select male rats (6 in
each group) for the following grouping.

In the treatment period, the effect of raw or
pasteurized camel+risperidone (Sobhan Darou
Company) diet was evaluated via the behavior and
antioxidant test. In this way, risperidone was
dissolved in saline solution (0.9% sodium chloride
salt solution) and then injected intraperitoneally
(L.P) at a dose of 0.2 mg/kg body weight daily. Raw
and pasteurized camel milk (10 ml/kg) was fed by
gavage daily. The course of treatment was 42 days
(days 35 to 77). Behavioral tests were performed
before and after treatment.

Social interaction test in sociability and social
novelty was evaluated in rats before and after
treatment using the three-chamber box. The three-
chamber box comprises a plexiglass box (20 x 45 x
45 ocm) separated into equal interactive
compartments. The test was done in three parts. The
rat was located in the empty central division and
habituated for 5 min in the first part. After adjusting,
a new rat was familiarized in the left division as
stranger zone 1, whereas the right compartment was
restricted to an empty wire cage for the sociability
test. The sociability test is defined as the natural
feeling of rats to cooperate with other unfamiliar
rats. The rat in the central compartment was
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permitted to discover the two divisions after opening
the doors freely. Time spending and number
crossing among the compartment documented for
10 min using a digital camera. The social novelty
preference test was defined as rats' desire to
cooperate with unfamiliar rats than familiars. The rat
was kept in central division, then a second
unfamiliar rat, as stranger zone 2, was located in the
other division. The trial rat's spending time in both
side chambers was recorded for 10 min with the
digital camera. The index of sociality and social
novelty preference were also calculated.

Repetitive behaviors were assessed by
monitoring the self-grooming of rats. The rat was
individually placed in an empty cage for 10 minutes
to acclimatize, then the time spent grooming was
recorded for 10 minutes. Grooming included
spending time in wiping, licking, and spin around.

Two-way ANOVA was used to analyze
behavioral test data. Tukey's post hoc was
performed for multiple comparisons to determine
differences between the five groups. P-value < 0.05
was considered statically significant. All statistical
analysis was performed by Microsoft Excel 2013
and Graphpad Prism 9.

Results

Two-way ANOVA showed a significant effect
of Valporic acid for inducing autistic offspring rats,
and after treatment for the Sociability. Post hoc
analysis revealed that Naive rats spent significantly
more time with an unfamiliar rat than in an empty
chamber, reflecting normal Sociability. However,
in- Utero VPA treated rats spend significantly more
time in the empty chamber than unfamiliar rats
(stranger 1) (p <0.05), in the comparison to control
indicative of a reduction in Sociability (p <0.001)
(Figure 2 A). In addition, valproic acid-induced rats
showed a significant decrease in pre-treatment
Sociability index compared to control rats
(P<0.0001). After 42 days of treatment with raw and
pasteurized camel milk with risperidone, the raw
camel milk+risperidone group spent less time in the
empty chamber than the control group (p <0.05). In
contrast, treatment with risperidone without camel
milk did not significantly improve. In addition, the
social index in the two groups of treatment with raw
milk and pasteurized camel compared to the
valporic acid group, were significantly different (p
<0.001). In the social novelty preference test, the
control rat spent more time in the new chamber
(stranger two) than in the familiar chamber (stranger
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one), a natural social preference behavior. Valproic
acid-induced offspring autistic rats showed less time
in the new chamber (p <0.05) and more time in the
familiar chamber (p <0.001) than the control group,
and there was a statistically significant difference
between stranger one and two (P <0.01). These data
indicate low social preference in autistic rats
induced by valproic acid before birth. Also, autistic
rats showed a significant decrease in social
preference index (p <0.01) compared to control
rats). Two-way ANOVA for the treatment with
camel milk and risperidone in autism rats showed
that the animals spent less time in the familiar
chamber (stranger one) than the valproic acid group.
These differences were significant based on Poc hoc
statistical tests for raw milk+risperidone (p <0.01),
pasteurized milk+risperidone (p <0.001) and
risperidone alone (p <0.05). However, these
treatment groups were not significantly different
from the control group. Also, the time spent in
treatment groups in the new chamber (stranger two)
was not significantly different from the control
group. On the other hand, the camel pasteurized
milk group spent more time with unfamiliar
strangers than a familiar rat (p <0.01). The results
also showed no significant difference between the
treatment groups and the control group in the new
chamber (stranger two). The social preference index
of the treatment groups compared to the valproic
acid group had a significant increase (p <0.001).
Also, the analysis of the results showed that the
index of social preference in the treatment groups
was significantly different than before the treatment.
Significant in compared to before treatment: in the
group of raw milk + risperidone (p <0.05),
pasteurized milk + risperidone (p <0.001) and
risperidone (p <0.05).

Another factor of repetitive behavior that we
considered in our study was self-Grooming. After
placing the rats in the chamber for 10 minutes; Self-
grooming time was calculated. According Two-way
ANOVA reveals significant effect. According to
Tukey's multiple comparisons tests, rats receiving
parentally valproic acid showed more repetitive
behaviors than control (p <0.001). After treatment,
we saw a decrease in repetitive behavior in treatment
groups. There was a significant difference between
the raw camel milk+risperidone treatment group and
the valproic acid group (p <0.01). Also, between
before and after treatment of the two groups of raw
camel milk + risperidone (p <0.01) and pasteurized
milk+risperidone group (p <0.05), an improvement
in repetitive behavior was observed.
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Discussion

Camel milk seems to have potential therapeutic
effects on autism. It covers a wide range of study
objectives. This study aimed to evaluate the effect of
camel milk consumption on social and behavioral
tests on autistic rats. Firstly, a model of autistic rats
was established. In this context, valproic acid was
injected on the 12.5th day of pregnancy. Male
offspring of those mothers exposed to valproic acid
at the prenatal stage showed decreased social
interaction and increased repetitive behaviors. In
contrast, treatment with camel milk and risperidone
improved behavioral disorders in rats. Previous
studies comparing different doses of valproic acid
administered on day 12.5 of pregnancy were
observed that the dose of 500 mg/kg has more
autism-like symptoms. According to the results of
this study in behavioral and biochemical tests, it was
observed that offspring rats whose mothers received
valproic acid were significantly different from
control and confirmed previous studies.

According to studies, social interactions tests
using the three-chamber method showed that
autistic mice were more inclined to be in the empty
chamber. In our study also indicates that autistic
mice spent more time in the empty chamber than
healthy mice. Furthermore, after receiving camel
milk and risperidone, their tendency to
communicate and be with strangers increased. In a
previous study by Alamin et al. In 2015, parental
rats exposed to valproic acid had low social
interactions by measuring the number of inhalations.
Poor social behavior can be caused by fear, anxiety,
or a poor understanding of the communication
signal of stranger mice. They used astaxanthin to
improve social communication disorders in animals
born before exposure to valproic acid. In another
study by Hara, et al. in 2017 showed that sniffing
was significantly reduced in parental mice exposed
to valproic acid, and risperidone treatment showed
an increase in sniffing that significantly improved
social interactions. Our studies were consistent with
their study, and the duration of sniffing in autistic
rats was reduced. However, camel milk and
risperidone ameliorate the social defects in autism-
like rats. This study showed that raw
milk+risperidone was more effective in improving
social relationships than other treatments. These
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findings are consistent with previous studies with
other therapies by Al-Amin et al., 2015, Fontes-
Dutra et al., 2019, Hara, Ago, Taruta, et al., 2017,
and Matsuo et al., 2020. In a study by Shabo &
Yagil, in 2005, camel milk was consumed for 30
days and the symptoms of autism disappeared in
children under 15 years old. A study of 60 patients
with autism (2 to 12 years old) in Saudi by Arabia
Mihic et al., 2016 showed significant improvement
in cognitive and behavioral tests and reduced effects
of oxidative stress. A case report in 2013 by Adams
reported that a boy with autism symptoms after
consuming camel milk daily for six years their
autism symptoms. Another clinical study by Bashir
& Al-Ayadhi in 2014 examined the effect of camel
milk on biochemical markers. They demonstrated
that the outcomes of autism clinical signs
significantly improved, and serum levels of "thymus
and chemokine regulation-activity" (TARC)
decreased in children with autism. Repetitive
behaviors may be due to impaired oxidative
homeostasis by activating the Wnt / B-catenin
signaling pathway due to valproic acid induction. In
this regard, Mirza and Sharma in 2019 recently
reported that valproic acid caused social harm and
repetitive behaviors. Two studies by Matsuo et al.,
2020, Moldrich et al., 2013 on autistic animal’s
models have shown an increase in self-grooming. In
the present study, after injecting valproic acid on day
12.5 before birth, rats spent more time than the
Naive group, wandering with paws, licking tails,
and spinning. These features are an indicator of
repetitive behavior.

Conclusion

In our study, camel milk was introduced as a
nutrient that can be useful in treating behavioral
disorders. Extensive molecular and clinical studies
are needed to understand better the effect of camel
milk in the treatment of autism.
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