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Abstract: Metabolomics is one of the newest “omics” sciences that
is being applied to date to investigate several aspects of pathologies
and medical topics in general. It provides a snapshot of the
metabolic state of an individual by the detection of metabolites in
several biological fluids, such as saliva, blood and sweat. Onr
research group has more than a decade of experience in this field
and we ourselves applied this technology to investigate, for instance,
every aspect of breast milk, djfferent neonatal diseases and
neuropsychiatric disorders. In this paper, which is adapted from the
lecture given by Professor Fanos at the 5th edition of the Galatia
Congress (2021), we discuss the usefulness of metabolomics in the
investigation of paediatric neuropsychiatric disorders. We are
convinced that this technique, in the future, will provide all the
answer o the infinite questions concerning the paediatric brain and
its disorders, in order to help the clinicians and families of these
children to give the best life possible to these little patients.
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What is metabolomics?

Metabolomics is one of the newest omics sciences that analyzes the
metabolites present in several biofluids (urine, blood, plasma serum, saliva
CSF, etc.) through different techniques (LC/GC-MS or 1H-NMR). It
provides a snapshot of the metabolic state of an individual in different
conditions or under several treatments (Mussap et al., 2013). There are 50591
papers on PubMed (June 2014) on metabolomics applied to investigate every
aspect of medicine and diseases. Moreover, the metabolomics market is
project to reach USD 4.73 billion by 2027. It is the stethoscope for the 21"
century. Our research group is performing metabolomics studies since 2011.
We are interested in a wide spectrum of experimental and clinical topics
starting from breast milk, sepsis, necrotizing enterocolitis and neuropsychiatric
disorders. Why is it the medicine of the future? Because now clinicians
practice with protocols that are meant for a “mean” of patients, but a “means”
of patients does not actually exist. Every human being is unique and responds
differently to treatment (Fanos, 2018). Furthermore, many pathophysiological
mechanisms of several pathologies are still unclear. Thanks to metabolomics
and the subsequent investigation of metabolites in biological fluids we could
be able to find the answers to the open questions in medicine and above all in
pediatrics (Bardanzellu & Fanos, 2020).

Autism: the plague of 21" century, could metabolomics be the cure?

In the context of neuropsychiatric disorder in pediatrics,
metabolomics could be very useful. Especially in complex disorders such
autism since many aspects of this neurodevelopmental alteration are still
obscure. Our research group has performed several metabolomics studies
concerning autism and other neuropsychiatric disorders. What we learnt and
what is being acknowledged in recent years is the concept of perinatal
programming of adult (and children) diseases, including neuropsychiatric
disorders and neurobehavioral problems (Faa et al., 2016). It means that
each and every adverse event that could happen during pregnancy can alter
the development of the fetal brain leading to neurodevelopmental and
neuropsychiatric disorders in childhood and later in life. In case of autism, it
seems that neuroimmune insults in pregnancy and in infancy could be one
of the most relevant adverse events, together with the exposure to endocrine
disrupting chemicals (ECDs) (Goyal & Miyan, 2014; Street et al., 2018).

Furthermore, thanks to metabolomics we were able to make and
hypothesis of the alterations that could lead to autism spectrum disorder
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(ASD). We called it “The Bad Trio”, meaning: a mitochondrial
disfunction/oxidative stress, dysbiosis and immune activation (Panisi et al.,
2021).

Indeed, in 2017 we performed a metabolomic study concerning
autistic children and their unaffected siblings. We analyzed their urine
metabolome and the ASD group displayed a completely different
metabolism compared to the healthy group (Lussu et al., 2017). We found
several metabolites related to the alteration of the gut microflora, especially
hippurate, indicating an intestinal dysbiosis in ASD children. Many of these
metabolites seems to be produced by Clostridium spp. Thus, metabolomics
is able to tell whether there is a bacterial influence in the origins of
neuropsychiatric disorders.

Moreover, some of our findings indicate an alteration of TCA cycle
that could be a biomarker of mitochondrial dysfunction. Other authors
correlated mitochondrial alterations with several neuropsychiatric disorder
including autism (Mortis & Berk, 2015).

Another key metabolite in our study was tryptophan, which was
found altered in other studies as well (Gevi et al., 2016). It is metabolized
both by humans and bacteria. It is a precursor of serotonin which is in turn,
very important for the neural function and neuronal plasticity especially
during pregnancy (Faa et al, 2016). Excessive bacterial degradation of
tryptophan may lead to a depletion in serotonin production that may lead to
ASD and other neuropsychiatric disorders (Gevi et al., 2016). Furthermore,
altered tryptophan metabolism was found in individual with negative
affectivity and social inhibition. Author relates these alterations to mental
retardation, depression and anxiety states as well (Altmaier et al., 2013).
Other amino acids were modified in our study, in particular: glycine, serine,
glutamate and valine. These results are in line with other studies that have
also shown that ASD children often suffer from dysregulated amino acid
metabolism (Lussu et al., 2017).

Then we performed another study in which we were able to correlate
the urine metabolism of ASD children with their clinical profile severity.
Indeed, different scores in Repetitive Behavior Scale and Social
Responsiveness Scale were correlated to different metabolic profiles
(Mussap et al., 2020).

This study was preceded by another study in which the urine
metabolome of 2 groups of ASD patients of different ages (toddlers and
adolescents) with healthy controls. Interestingly, they displayed the same
metabolic alterations and these were related to the clinical parameters (Noto
et al,, 2018).
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Metabolomics could also be used to investigate whether the diet and
which particular food could improve the ASD symptoms and why. There is
only one paper concerning this topic so far in which ASD subject improved
after the administration of broccoli thanks to the presence of sulforaphane
(Bent et al., 2018).

Other neuropsychiatric disorders and metabolomics: where are we
now?

Our group was involved in a project funded by the European Union
and aggression. Aggressiveness is considered one of the biggest health issues
in Europe. We performed the urinary metabolomics analysis of 1347 twins
with different aggressiveness profiles. The discriminant metabolites, thought
to be the biomarkers of aggression, were amines and organic acids
(Hagenbeek et al., 2020).

Metabolomics is able to anticipate the occurrence of psychosis.
Indeed, individuals that experience a psychotic episode at 18 years of age,
show metabolic abnormalities already at 12 years of age (Madrid-Gambin et
al., 2019).

Metabolomics is useful even when the neurobehavioral problems are
caused by infections. Indeed, our group described a clinical case of a girl
with pediatric acute onset neuropsychiatric syndrome after Mycoplasma spp.
infection. Thanks to this technique we were able to verify her baseline
metabolomics urinary profile and after treatment with subsequent symptoms
improvement (Piras et al., 2020). Other authors studied the behavioral and
cognitive modification due to other types of infections. It seems that the
parasitic infection (helminths) modifies the microbiota composition in these
children. Thus, since the microbiota has a role in neurodevelopment due the
production of several neuroactive molecules, the parasitic infection itself
alters the cognitive parameters (Guernier et al, 2017). Furthermore, it
appears that enteric infections in small children exert a peculiar role in
cognitive development as well. There could be a relationship between
chronic systemic inflaimmation and alterations of the cognitive abilities in
children due to an abnormal blood brain barrier and microglia activation
(Oria et al., 2010).

The microbiota is involved in other neuropsychiatric disorders such
as attention- deficit hyperactivity disorder in which it seems that the affected
pediatric population has lower abundance of Fecalibacterium spp (Jiang et
al.,, 2018). In addition, another study analyzed the association between
microbiota and cognitive development in children of 1-2 years of age. They
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found that the 3 different microbial clusters discovered, matched with
different cognitive outcomes, not in a pathological sense (Catlson, 2018).

Conclusions

Metabolomics has proving to be exceptionally useful in the
investigation of the neuropsychiatric disorders in pediatrics. It has provided
unexpected link between the brain and the peripheral environment of an
individual, highlighting the importance of several metabolites of different
types. Furthermore, it has highlighted the role of microbiota in
neuropsychiatric disorders in a very precise way. Even if the number of
studies is limited, there is a growing interest of the application of this
technique to investigate pediatric brain. We are convinced that in the future
this technology could reach the patients bed and it will be a common tool to
make diagnosis, prognosis and management of these small patients in order
to give them the best life possible.
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