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ABSTRACT: Autism is an early-onset neurodevelopmental disorder
characterized by difficulties in social interaction and communication, and the
repetitive interests or restricted interests and behaviors. Approximately 67
million people are affected by autism around the world. Autism has increased to
epidemic proportions, affecting four times as many males and females. The
exact etiology of autism remains largely unidentified; however, literature has
emerged to propose the genetic, neurological, environmental and immunological
contributions play critical roles in the enlargement of autism. Autism is well
known as a complex developmental disorder with a seemingly confusing and
uncertain pathogenesis. The serotonin, dopamine, glutamate, GABA, cytokinin
thought to contribute to the pathophysiology of autism. These areas of research
have contributed to the development of a number of medications currently in use
for interfering symptoms, and may guide the future development of novel
agents. This review will cover the understanding on the clinical sign and
symptoms, its causes, diagnosis, pathophysiology and neuronal circuits involved
in autism.

INTRODUCTION: Autism is a global health
crisis that knows no borders - it does not
discriminate based on nationality, ethnicity or
social status. Autism is a childhood-onset
neurodevelopmental disorder characterized by
impairment in reciprocal social interactions,
communication and repetitive and stereotyped
behavioural patterns *. Approximately 67 million
people are affected by autism around the world 2.
Autism has increased to epidemic proportions,
affecting four times as many males and females.
Autism is a complex disorder that is heterogeneous
in nature, with varying degrees of severity and for
which no specific biological marker has been

identified.
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The increasing prevalence of autism is raising
public-health concerns. The estimated lifetime per
capita incremental societal cost of autism is $3.2
million. Lost productivity and adult care are the
largest components of the cost * #. Greater than the
monetary cost, the emotional devastation caused by
the great difficulties posed by the autistic
individual, and the strains on the family, cause
long-lasting strife and sometimes physical threats
to the autistic individual and to others around them.
A great deal of research and funding has been
devoted to understanding the cause of autism °.

Autism comorbidy with seizures and mental
retardation occurs in up to 30% and in 80% of
autistic patients, respectively. The exact etiology of
autism remains mostly unknown; however,
literature has emerged to suggest the neurological,
environmental, genetic, and immunological play
critical roles in the development of autism ® 7. The
monoamines, glutamate and gamma-aminobutyric
acid (GABA), neuropeptides, inflammatory and
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immune processes thought to contribute to the
pathophysiology of autism ®'. These areas of
study have contributed to the development of a
number of medications in use for interfering the

symptoms and may guide the upcoming
development of novel agents 2.
Clinical Sign and Symptoms of Autism:

Clinically, autism is defined by a “triad” of deficits
comprising difficulties in social interaction and
communication, and repetitive or restricted
interests and behaviors. Autism is distinguished by
a pattern of symptoms rather than one single
symptom * **. The clinical features of the autism
are summarized in the Fig. 1.

SOCIAL INTERACTION
»  Appears unresponsive
»  Absent or unusual eye contact, gestures, expressions

+ Does not spontaneously share interest or enjoyment
» Doesnotmake friends with peers

I

[ Clinical features of Autism }
Il 1

COMMUNICATION

ACTIVITIES AND INTERESTS

» unusual or repetitive language

» cannotinitiate or sustain
conversation

+ delaved orimpoverished
language development

» doesnotplay 'make-believe' or
'pretend’

« may be skilled in somenon-
social domains

+ pre-occupation with narrow
interests

« unusual orrepetitive gestures
oractions

« rigid routines

« fascination with object parts

FIG.1: CLINICAL FEATURES OF AUTISM

Causes of Autism: Autism is thought to be an
inherited disorder. However, the mutations that
increase the risk of autism have not been
recognized. Typically, autistic disorder cannot be
traced to a Mendelian (single-gene) mutation or to
single chromosome abnormalities such as fragile X
syndrome or 22q13 deletion syndrome **. There
may be significant interactions among mutations in
several genes, or between the mutated genes and
environment * *®. All known teratogens related to
the risk of autism appear to act during the first eight
weeks from conception *°. Environmental factors
that contribute to or exacerbate autism, and
important in upcoming research, include heavy
metals, certain foods, solvents, infectious disease,
phthalates, phenols and diesel exhaust used in
pesticides alcohol, brominated flame retardants
illicit drugs plastic products, vaccines smoking ’.
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The risk of autism is associated with several
prenatal and perinatal risk factors. Such risk factors
included advanced maternal age, highly developed
paternal age, A number of medical setting linked
with syndromic autism come out to influence and
potentially interrupt the neurodevelopmental
processes, including cortical connectivity, brain
growth, and neurotransmitters pathways. These
neurobiological alterations probable influence the
developmental route of social behavior and
communication during premature stages of infancy
and determine the unusual clinical phenotypes of
autism *®,

Pregenency: The placenta is a major endocrine
organ with endocrine, paracrine, and autocrine
effects *°. The placenta makes progesterone that
maintains the pregnancy, relaxing the gravid uterus
and inhibiting fetal rejection by suppression of
maternal lymphocyte activity. In addition, placental
progestins enter the maternal and fetal circulation,
crossing the blood-brain barrier to promote both
maternal and fetal neurogenesis. The placenta
produces inflammatory (i.e.,, IL-6) and anti-
inflammatory (i.e., IL-10) cytokines that would
influence both the fetus and the mother. Oxytocin
concentrations have been linked to social behavior,
and oxytocin pathway signaling may be impaired in
autism. It is suggested that autism can be
“programmed” by placental signals that
fundamentally and permanently change the way the
fetus is wired * ?°. Maternal immune activation
due to prenatal viral exposure can lead to an
increase in maternal IL-6 levels and altered gene
expression, which potentially could precipitate
autistic behavior and neuropathology in the fetus
later in time or after birth 2* %%, Production of IL-2,
interferon (IFN)-y, and tumor necrosis factor
(TNF)- may result in demyelination and
oligodendrocyte damage, thereby playing a
function in the pathogenesis of autism %% %,

Neurotoxicity of mercury: Mercury is known to
be neurotoxic and has effects on the immune
system. Mast cells are concerned in allergic
reactions, innate and acquired immunity and
inflammation. Mercury stimulates interleukin (IL)-
6 and vascular endothelial growth factor and
release from mast cells. These mediators could
interrupt the blood-brain barrier and cause brain
inflammation *.
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Screening: Most parents notice their children's
unusual behaviors by age 18 to 24 months. Some of
the early signs for the child to be evaluated by a
specialist without delay include: No babbling by 12
months, no gesturing (pointing, waving goodbye)
by 12 months. No single words spoken by 16
months, no two-word spontaneous phrases (not
including echolalia) by 24 months, loss of any form
of language or social skills, at any age. Screening
tools include the Modified Checklist for Autism in
Toddlers (M-CHAT) %°. The Early Screening of
Autistic Traits Questionnaire, and the First Year
Inventory. Screening tools designed for one
culture's norms for behaviors like eye contact may
be inappropriate for a different culture 2°.

Diagnosis of Autism: Autism is defined in the
diagnostic and statistical manual 1V ((DSM-1V-TR)
as exhibiting at least a total of six symptoms,
counting at slightest two symptoms of the
qualitative impairment in social interaction, at least
one warning sign of qualitative impairment in
communication, and at least one notice sign of
repetitive and restricted behavior. The Childhood
Autism Rating Scale (CARS) is used extensively in
clinical environments to evaluate severity of autism
based on observation of children in autism 2%, A
pediatricians usually perform a preliminary
analysis by taking the developmental record and
physically examining the child. If warranted,
evaluations and diagnosis are conducted with assist
from autism specialists, observing and assessing
communication, cognitive and family. Differential
identification for autism at this phase might also
consider mental retardation, hearing impairment,
and specific language impairment *’.

In excess diagnosis and under diagnosis are
troubles in cases of marginal and a lot of the
existing increase in the number of reported autistic
cases may be due to changes in diagnostic
practices. It is mainly hard to analyze autism
among the visually impaired, to some extent
because a little of its diagnostic criteria depend on
the vision and partly because autistic symptoms

overlap with those of general blindness syndromes
28,29

The diagnostic criteria for autism comprise three
wide areas of impairment. The first relates to social
interaction, with deficits in expression and gesture,
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social and emotional reciprocity, and allocation of
curiosity. A second region of impairment is in
communication, with the behaviors deficits ranging
from spoken language to symbolic play. The third
includes activities and interests, restricted and
activities of stereotyped and encompass rigid
preferences for routine as well as repetitive motor
mannerism *°. The features of autism are often
referred to as a “triad of impairments”, impairments
of social might be opening, as longitudinal studies
propose that early social deficits present near
perfect classification of later diagnosis. Early
initiation of psychosocial treatments and careful
psychopharmacological management of co-
occurring diagnoses are required for the best
behavioral outcomes 3 %2,

Pathophysiology of Autism: Research in to the
pathophysiology and etiology of autistic disorder
(autism) has been ongoing for nearly a half century.
The neurotransmitters are potent chemicals that
regulate  numerous physical and emotional
processes such as emotional states, pain response
and mental performance **. Various functions in
life are regulated by neurotransmitters. They are the
brain's chemical messengers. Interactions between
the brain chemicals, hormones and
neurotransmitters have a profound impact on the
overall health and well-being. Serotonin (5-HT),

glutamate, GABA, and dopamine (DA) are
neurotransmitters  that  are  critical  for
neurodevelopment, including migration,
differentiation, cell  proliferation,  synaptic

plasticity, apoptosis, and synaptogenesis ***°. The
strongest evidence implicates the glutamatergic,
GABAEergic and serotonergic systems, with weaker
evidence for cholinergic systems, catechol-
aminergic and  peptidergic Most
neurochemical ressearch on autism has focused on
monoamines, although peptides, (amino acids, and
metabolites, including  y-aminobutyric  acid
(GABA) and excitatory amino acids, acetylcholine
and other neuromodulators, may be implicated in
the pathophysiology of autism 183,

Serotonin: Serotonin is the earliest developing
neurotransmitter system in the brain, and ultimately
becomes the mostly usually distributed system in
the brain, contacting most cells of the cortex 3.
Dysfunction in the systems of dopaminergic and
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noradrenergic in  the  neocortex-subcortical
structure-cerebellum pathway is the core of the
pathogenesis of autism 3% “2. Serotonin is the
neurotransmitter involved in modulating adult
cortical plasticity and known to have a critical role

in early cortex development by regulating
proliferation, migration and neuronal
38, 43

differentiation . Serotonin acts via seven
families of receptors (5-HT1 — 5-HT7) and is
related to memory, mood, endocrine functions,

sleep, learning, and muscle contraction homeostasis
44-46

Abnormalities in the serotonergic system are
thought to cause disturbances in the sleep/arousal
rhythm observed from the early stages of autism
spectrum  disorders, poor social skills, and
adaptation disorder to a new environment % *2
During brain development, serotonin has been
shown to influence the maturation of target tissues,
including neurogenesis, synaptogenesis, dendritic
elaboration and organization of the cortex ***'. At
early stages of growth, when the blood-brain
barrier is not yet completely formed, the serotonin
be able to enter the brain of a developing fetus, and
cause a loss of serotonin terminals through negative
response. This loss of serotonin innervations
persists throughout subsequent development and
the symptoms of autism appear *> *. Thus,
accumulating facts indicates that serotonergic
projections undergo continuous age-related change
through early childhood. A number of studies have
examined the relationship between autism and
abnormalities in the serotonin neuron system, and
these abnormalities are considered to be the core of
the pathogenesis of autism spectrum disorders **.

Glutamic acid: Glutamic acid is essential for the
development and plasticity of the cerebral cortex,
and is dependable for the collaborative function
with serotonin in the development of the
thalamocortical pathway. Glutamate has many roles
throughout the brain and nervous system.
Glutamate is an excitatory transmitter: when it is
released it increases the chance that the neuron will
fire. This enhances the electrical flow among brain
cells required for normal function and plays an
important role during early brain development. It
may also assist in learning and memory .
Glutamate is elevated in plasma and CSF in many
children with autism. Increased expression of the
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glutamate transporter and polymorphisms in genes
encoding metabotropic and ionotropic glutamate
receptors are also reported in autism. These amino
acid alterations may be caused by immune
mediated events, vitamin insufficiency, alterations
in  neurotransmitter transport, or metabolic
derangement. Changes in amino acid levels may
lead to elevated or insufficient neurotransmitter
activity and thus can interfere with normal
cognitive development * .

GABA: GABA has a key role in the regulation of
early developmental stages of cell migration,
neuronal differentiation and stages of maturation .
Besides, formation of GABAergic system has a
critical role in migration of GABAergic neurons
and formation of glutamergic system mediated
excitatory processes that regulate cortical inhibitory
system *°. GABA is the primary inhibitory
neurotransmitter in the brain. It inhibits nerve
transmission in the brain, calming nervous activity.
Reduced GABA transmission has been linked with
impaired sleep, hyperkinesis, seizures, mental
retardation, hyperactivity and impaired motor
coordination .  Several findings propose a
function for the GABAergic system in autism.
There are information of decrease of the
GABAergic system enzymes, elevated plasma
GABA levels, and decreased availability of GABA
in autistic patients. Lower GABA levels could
reduce the threshold for rising seizures which are
often linked with autism **°*,

Dopamine: Dopamine acts through five receptors
(D1 — D5) and modulates multiple brain functions,
including reward response, attention, memory,
problem solving, and motivation which is critical to
control voluntary movements *. In general, the
dopaminergic system is thought to affect a wide
range of behaviors and functions, including
cognition, brain-stimulation reward mechanisms,
motor function, drinking behaviors, eating, sexual
behavior, selective attention and neuroendocrine
regulation > °2, The cell bodies of the dopamine
neuron system are distributed in a concentrated
manner at the midbrain substantia nigra pars
compacta and ventral tegmental area. Dopamine
neurons are also localized in the pathway of
mesocorticolimbic  dopaminergic, which has
projections to the ventral tegmental area, amygdala,
olfactory tubercule, accumbens nucleus, septal
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area, and prefrontal area, and is deeply concerned
in functions such as reward behavior, motivation,
cognitive function, and sustained attention *°. A
dopamine transporter, localized at the membrane of
the cell, plays an essential function in dopamine
metabolism by  incorporating  extracellular
dopamine into the cell and decreasing the
concentrations of extracellular dopamine. Once
released from the neuron, central Dopamine is
broken down into HVA (homovanillic acid) and
3,4- (DOPAC (dihydroxyphenylacetic acid).

Genetic studies of dopamine involvement in autism
have suggested possible involvement of the Al
allele of the dopamine D, receptor gene. The cell
bodies of the dopamine neuron system are
distributed in a concentrated manner at the
midbrain substantia nigra pars compacta and
ventral tegmental area.  Dysfunction in the
dopaminergic and noradrenergic system in the
neocortex (prefrontal area)-subcortical structure
(the caudate nucleus, putamen, pallidum, and
thalamus) - cerebellum pathway is the core of the
pathogenesis of autism > >3,

Cytokines: Cytokines are a large group of proteins,
peptides or glycoproteins that are secreted by
specific cells of immune system. Cytokines are a
category of signaling molecules that mediate and
regulate immunity, inflammation and
hematopoiesis. Cytokines are produced throughout
the body by cells of diverse embryological origin.
Cytokine is a general name; other names are
defined based on their presumed function, cell of
secretion, or target of action > %>,

Interestingly, an emerging body of evidence is
growing concerning the link between abnormal
immune function and neurological dysfunction
with autism spectrum disorders. During the critical
times of the infantile development, immune
dysregulation may outcome in the release of
immunomodulatory molecules, such as cytokines
and chemokines, leading to changed neural
function and neuronal development * “¢ *°. Many
studies reveal increased levels of pro-inflammatory
cytokines in brain, cerebrospinal fluid (CSF), and
blood from children with autism. Inflammatory
cytokines including tumor necrosis factor (TNF)-a,
interferon (IFN)-y, interleukin (IL)-1B and IL-12
are elevated in the blood mononuclear cells, plasma

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

and serum of autistic subjects. Studies have shown
that peripheral activation of cytokines can lead to
central nervous system release of various
neurotransmitters. Specifically, IL-1 administration
may promote CNS release of serotonin, dopamine,
norepineprhine, glutamate, and gammaamino-
butyric-acid *® >. With the enhanced turnover of
these neurotransmitters, significant behavioral and
neurological alterations transpire. In Furthermore,
Ashwood and colleagues (2008) found that reduced
levels of the modulatory cytokine, transforming
growth factor-p1 in autistic children contributed to
the dysregulation of adaptive behaviors and
predisposal for autoimmune responses > *%,

Vojdani and coauthors (2008) study decreased the
natural Killer cell activity in autistic children with
low intracellular levels of glutathione, IL-2, and IL-
15 *°. Decreased natural killer cell activity has been
associated with autoimmunity through alteration of
cytokine production. ¥ Autoimmunity can be
detrimental to normal neuronal signaling and result
in significant behavioral abnormalities . Recent
studies have also demonstrated that transforming
macrophage chemoattractant protein -1, growth
factor-p1, IL-6, IL-10, IFN-y, IL-8 and TNF-o are
increased in the frontal cortices of autistic brains.
Furthermore, IL-6, MCP-1, IL-8, IFN-y and TNF-a
were found to be significantly increased in the CSF
of autistic children > °*% . Therefore, the
abnormalities of one of these neurotransmitters
could be detrimental for neuronal development and
potentially be associated with abnormal neuronal
function in autism. Periodic diagnosis of this
neurotransmitter will provide a basement for the
efficient and effective therapy >* .

Imbalance in Neural Systems of Autism:
Neuroimaging research has revealed a broad
network of regional brain abnormalities in autism,
including cerebellum, frontal, parietal, limbic
regions, and basal ganglia °°. The cerebellar
dysfunction may be important in the etiology of the
disorder ®% 2, Particularly cerebellum implicated in
deficits  of  long-range  connectivity and
coordination of cognitive functions, which is the
common sites of anatomic abnormality in autism .,
Neurobehavioral studies have shown associations
between cerebellar anatomic abnormality and
certain motor, cognitive, and social deficits. ®
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Three major types of defects have been revealed in
autism: the limbic system (hippocampus and
amygdala), the cerebellum and brainstem and the
cortex ®. Abnormal regulation of brain growth in
autism results in early overgrowth followed by
abnormally slowed growth ®. It has been said that
people with autism suffer from a lack of “central
coherence” and the cognitive capability to bind
together a jJumble of separate features into a single,
coherent object or concept. Many major brain
structures include cerebellum, cerebral cortex,
limbic system, corpus callosum, basal ganglia, and
brain stem are implicated in autism °. The major
brain  structures implicated in autism are
summarized in the Table 1.

The cytoarchitectonic abnormalities present in
autistic brains are most compatible with reduced
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programmed cell death and/or increased unusual
cell proliferation, cell migration and altered cell
differentiation with condensed neuronal size, each
one pointing toward the first/second trimester of
pregnancy as the critical time for deranged
neurodevelopment in  autism. ®®.  The
abnormalities in regions of brain stem-subcortical
structure, cerebellum network, hippocampus,
cingulate gyrus, and piriform acting a central part
in the pathogenesis of autism ®. A mainly strong
rationale has been developed for connection of the
amygdala and related areas of the limbic cortex °®
® ‘More specifically, the core social relatedness
deficits in autism disorders serve to focus interest
on the rostral limbic system, including the medial
orbitofrontal cortex, amygdala, septum, anterior
insular cortex, anterior cinglate cortex and the
nucleus accumbens 637,

TABLE 1: THE MAJOR BRAIN STRUCTURES IMPLICATED IN AUTISM *

S. No Brain Parts Brain Structure implicated in Autism
1. Cerebral Cortex A thin layer of gray matter on the surface of the cerebral hemisphere. Two thirds of its
area is deep in the fissures or folds. Responsible for the mental function, general
movement, perception and behavioral reaction.
2. Amygdala Responsible for emotional response including aggressive behavior.
3. Hippocampus Make it possible to remember new information and recent events.
4. Basal Ganglia Gray masses deep in the cerebral hemisphere that serves as connection between
cerebrum and cerebellum. Helps to regulate automatic movement.
5. Corpus Consists primarly of closely placed bundles of fibres that connect the right and left
Callosum hemisphere and allows for communication between the hemisphere.
6. Brain stem It serve as a relay station, passing message between various parts of the body and the
cerebral cortex. Primitive function essential to survival (breathing and heart rate control)
are lacated here.
7. Cerebellum It fine tunes our motor activity, regulate balance, body movements, coordination and the

muscles used for speaking .

CONCLUSION: Autism is a classified as complex
neurodevelopmental  disabilities,  which s
characterized by significant difficulties in social,
communicative, and behavioral functioning. Given
the consequence of autism for understanding of
normative and unusual development of social
behavior, investigation in autism has the potential
to crucially update awareness in biological,
medical, social and behavioral sciences.
Consequently, research continues to improved
understand the composite development of autism,
to discover disease-specific interventions, and
improved conduct to enable communities to give
resources for families.
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