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Abstract

Autism spectrum disorder (ASD) is a single spectrum disorder. It is characterized by marked social deficit, stereotype behavior, flexibility, sensory
sensitivity, and language impairment. However, ASD can also be accompanied by neuropathology and neuroendocrine dysfunction. Higher
testosterone level intrauterine is assumed to increase ASD risk in early childhood. There is limited research about the correlation between ASD
and neuroendocrine dysfunction.
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1. INTRODUCTION

The prevalence of autism spectrum disorder (ASD) is about 1 in 59 8-year-old children in the United States [1]. ASD children are
misdiagnosed with psychiatric disorders. Both disorders have same symptoms such as hyperactivity, anxiety, aggressive behavior,
and depression. The differential diagnosis of ASD includes Rett’s syndrome and selective mutism, communication disorder, intel-
lectual disability, stereotypic movement disorder, ADHD, and schizophrenia. Some of the ASD patients cannot understand facial
expression and emotion appropriately according to their age [2].

In ASD, there is different neuronal activation at amygdala, cerebrum, cerebellum, brain stem, and hippocampus related
to several endocrine hormones. Neuropeptides, neurotransmitter, hormone, and hormone-like substance encode social behav-
ior in developing brain [3].

2. NEUROPATHOLOGY

ASD involves multiple regression of brain, such as cerebrum, cerebellum, amygdala, and brain stem. Etiology is related to
interaction between genetic and environmental factors. However, there is only limited research investigating neuroendocrine
dysfunction in ASD [3].

2.1. Cerebral Cortex

Dorsolateral and medial parts of the frontal cortex grow larger than the rest of the cortex in the first year of life in ASD patients.
Fusiform gyrus is important in face processing. There is significant reduction in neuron density layer and enhanced activation
[4]. Temporal lobe is also affected in ASD [5].

2.2. Cerebellum

There are neuronal abnormalities in postmortem cerebellum of ASD patients. Decrease in mean Purkinje cell size, cerebellar
gray, and white matter are some of the abnormalities. Those abnormalities will affect inhibitory neurotransmitter mechanism of
action. The cerebellum projects the motor cortex, premotor cortex, frontal eye field, and frontal cortex. Selective genetic knock
out of Purkinje cell causes ASD in mouse [6].

2.3. Amygdala

Decrease in neuronal size, increased neuronal packing density, and decreased complexity of dendritic arbors in hippocampus,
amygdala, and other limbic structure were found in ASD. The amygdala is important in facial emotion recognition. There is
precocious enlargement of amygdala that persists through late childhood. It starts at approximately 3 until 5 years old [4].
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2.4. Spine
Increased density of the cervical spine is found in ASD patients. Abnormal spine generation and deficit in spine reorganization
may contribute in amygdala and cortical overgrowth. Sometimes, it is followed by stunted growth in adolescence [4].

2.5. Hippocampus
Hippocampus is important in memory consolidation and retrieval. Larger hippocampus and increased cell packing density, but
smaller neuron is found in ASD [4].

2.6. Nucleus Accumbens

Nucleus accumbens is related to social reward response in ASD. It is important in modulating the processing of reward and
pleasure [5]. Modulation of the serotonin (5-HT) release in the nucleus accumbens bidirectionally modifies sociability in a mouse
model. Serotonin release in nucleus accumbens rescues social deficits in mouse autism model [7].

3. NEUROENDOCRINE DYSFUNCTION

Several hormones are postulated to be related to ASD. Testosterone, cortisol, and oxytocin are the most common. Other hor-
mones such as growth hormones, vasopressin (antidiuretic hormone), melatonin, thyroid hormone, and estrogen have some
role in ASD risk [8].

3.1. Testosterone

Abnormal levels of testosterone in autistic children have been studied, and it may be the cause of violent behavior, explosive
aggression, and nonexplosive aggression. In a study of 35 prepubertal ASD boys (3-10 years old), the testosterone level was
determined by drawing venous blood. The results revealed that there was a positive correlation between testosterone level and
hyperactivity [8].

Incidence of ASD is in line with extreme male brain (EMB) theory. This theory is based on the principle that the human
brain has two important dimensions (i.e., empathizing and systemizing). In ASD, systemizing is overdeveloped and empathiz-
ing is underdeveloped. ASD boys were shown to have lower ratio second digit (index finger) to fourth digit (ring finger) than
normal [9, 10]. It revealed higher levels of prenatal testosterone exposure that would increase ASD risk later in childhood life [9].

ASD women had a high androgenic state condition (higher testosterone level) such as polycystic ovary syndrome,
an increased incidence of hirsutism (excessive growth of body or facial hair in women), irregular menstrual periods, delayed
puberty, and bad acne. These women will have an increased risk of ASD children due to hyperandrogenic state [11]. Majewska
et al. found that androgen levels were higher in prepubertal children with ASD, compared to the neurotypical patients. These
conditions were more obvious in 7-9 years old ASD children. They revealed early puberty [11].

Davies (2014) studied that elevated androgen level prenatally might increase ASD risk. Higher testosterone level intrau-
terine may have a role in etiopathogenesis of ASD. Boys tend to have aggressive and externalized behavior rather than girls. He
predicted that antiandrogen therapy might have potential value in ASD cases [12].

Pivovarciova et al. concluded that even though there was no significant association between testosterone level in
plasma and hyperactivity symptoms, it was revealed that androgen receptor sensitivity might be related to hyperactivity symp-
toms. The effect of testosterone might be modulated through increased sensitivity of androgen receptor. Hyperactivity symp-
toms in ASD are enhanced by increased prenatal testosterone effects. This will increase androgen receptor sensitivity [9].

3.2. Cortisol

Cortisol is associated with increase in repetitive behaviors. Cortisol secretion is controlled by hypothalamo-pituitary—adrenal
(HPA) axis. The role of cortisol is to help human to adapt toward environmental challenges (fight or flight mechanism). The
secretion of this hormone increases in stress condition. This can lead to adrenal gland fatigue due to excessive secretion of corti-
sol [13]. Highest peak of cortisol release is 20-30 min after awakening. It is also known as cortisol awakening response (CAR). The
CAR is influenced by genetic condition. It is important in orientation of self, time, and place. CAR dysfunction could be related
to difficulties in adaptation with environmental changes. These conditions are frequent in individuals with ASD. ASD children
had a decrease in morning cortisol and higher psychological measures of stress and sensory functioning. For this reason, an
ASD patient should have a consistency in their daily routines and environment condition [9]. There are many other benefits to
routine, but this can alleviate stress and stereotyped behaviors due to expectations being set and their insistence on sameness
(10S) [14].

3.3. Oxytocin

Oxytocin secretion is facilitated by estrogen. Oxytocin is associated with repetitive behavior, social recognition, and bonding.
Amygdala activity can be attenuated by oxytocin. Through oxytocin mechanism of action, negative feelings and anxiety in ASD
patients might be reduced. Patients would feel more secure in their social environment. Higher oxytocin level would overcome

E-ISSN: 2378-654X rabm.scholasticahq.com



Recent Advances in Biology and Medicine 3

negative feelings and compulsive behavior. Better daily living skills and social interaction are related to higher oxytocin level. The
oxytocin receptor (OXTR) gene is located at the 3p25 region. There is a single nucleotide polymorphism of OXTR in children
and adolescents with ASD [9].

Stereotyped behavior of children with ASD decreased significantly when they were given oxytocin infusion. They also
had improvement in emotion recognition and repetitive behavior when they were given systemic oxytocin. However, larger
cohort studies are needed to establish this result [9].

3.4. Insulin-like Growth Factor-1 (IGF-1)

Hyperinsulinemia in the prenatal period might lead to an alteration in brain development and regulation. This might increase the
risk of developing ASD [15]. ASD patients tend to have larger brain with a rapid acceleration at 1-2 months old and 6-14 months
old. IGF1, IGF2, insulin-like growth factor binding protein 3, and growth hormone binding protein levels are higher. However,
further studies need to be done to explain it thoroughly [9].

There is controversy regarding IGF-1 levels in ASD patients. IGF-1 level in cerebrospinal fluid of ASD children was sig-
nificantly lower than normal range. Lower IGF-1 level might cause cerebellar growth disruption. Purkinje cells in the cerebellum
were not able to survive without normal concentration of IGF-1. Reduced number of Purkinje cells may cause reduced cerebellar
activation. IGF-1 might be a promising treatment for ASD. However, longitudinal studies must be done to prove this hypothesis
[16].

Urinary IGF-1 excretion was significantly lower in autistic children than in age-matched controls. In contrast, Marchetto
et al. studied that there was higher levels of IGF-1 in children with ASD [17]. Insulin-like growth factor Il targets the mTOR (mam-
malian target of rapamycin) pathway to reverse autism-like phenotypes in mice. Further trials will be needed to determine the
exact efficacy of IGF-1 as a potential treatment in ASD patients [18].

3.5. Vasopressin

Arginine vasopressin is also known as antidiuretic hormone (ADH). The receptor distribution is throughout the nervous system,
especially in cerebral cortex, the nasal septum, hypothalamus, and hippocampus. Two main types of vasopressin receptors are
the V1a receptors (V1a R) and V1b receptors (V1b R). The V1aR gene has been related to ASD. V1aR and V1bR knock out (KO)
mice had social interaction impairment. Vasopressin in humans (males) is associated with social signals and aggression. AVP
facilitated agonistic responses in men and affiliative responses in women [20].

3.6. Melatonin

Melatonin is secreted by the pineal gland (or pineal body). It is important for photoperiod recognition, circadian and seasonal
rhythm adjustment, sleep induction, and immune response facilitation. About 44-83% of ASD children had some levels of sleep
disturbances. They are longer sleep latency, frequent awakenings, and decreased nonrapid eye movement (REM). This hormone
is lower in ASD. It might be due to acetylserotonin O-methyltransferase (ASMT) deficiency in melatonin pathway. However, this
condition is also connected to cortisol level [13]. Melatonin deficiency might cause abnormal synaptogenesis. Melatonin secre-
tion is often impaired in ASD [19].

3.7. Thyroid Hormone

Thyroid hormones are important in neurogenesis such as cerebellum cell proliferation, synaptogenesis, and myelination. Lack
of thyroid hormone in the neural development of fetal period might cause behavioral defect in ASD. However, extensive studies
between thyroid hormone and ASD are not yet available [20].

3.8. Secretin

Secretin has primary function in digestion. It is also produced in cerebellum and hippocampus. The receptors are found in cer-
ebellum, hippocampus, brainstem, cerebral cortex, thalamus, striatum, and amygdala. Secretin administration might improve
language skills, cognition, memory, and behavior. Deficiency of secretin receptor in mice might cause rigid social phenotype and
impaired social recognition, inability, which is similar to ASD condition [20].

4. CONCLUSION

ASD patients have neuropathology in cerebellum such as decrease in mean Purkinje cell size, cerebellar gray matter, and cerebel-
lar white matter. Decrease in neuronal size, increase in neuronal packing density, and decrease in the complexity of dendritic
arbors in hippocampus, amygdala, and other limbic structure were also found. Larger hippocampus and increased cell packing
density, but smaller neuron is obvious in ASD patient. Neuroendocrine dysfunction in ASD is increase of testosterone level and
decrease of some hormones, such as cortisol, oxytocin, IGF-1, melatonin, thyroid hormone, and secretin. Defect in arginine
vasopressin receptor might also cause ASD. However, further cohort studies with larger population study are needed to establish
the hypothesis.
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