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Autism: Pathophysiology and Promising Herbal Remedies
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Abstract: Autism is a comprehensive growth abnormality in which social skills, language, communication, and
behavioral skills are developed with delay and as diversionary. The reasons for autism are unclear, but various
theories of genetics, immunity, biological, and psychosocial factors have been proffered. In fact, autism is a
complex disorder with distinct causes that usually co-occur. Although no medicine has been recognized to treat this
disorder, pharmacological treatments can be effective in reducing its signs, such as self-mutilation, aggression, re-
petitive and stereotyped behaviors, inattention, hyperactivity, and sleeping disorders. Recently, complementary and
alternative approaches have been considered to treat autism. Ginkgo biloba is one of the most effective plants with
an old history of applications in neuropsychological disorders which recently is used for autism. The present re-
view discusses the recent findings, pathophysiology, and etiology of autism and thereafter addresses the promising

results of herbal remedies.

Keywords: Autism, Children, Herbal medicines, Ginkgo biloba.

INTRODUCTION

Autism is a highly heritable disorder with variable neurodeve-
lopmental characteristics that generally appears in infancy and
childhood and usually follows a steady course with no remission.
Symptoms of autism usually begin after the age of six months,
become established by age two years, and usually continue through
adulthood [1]. Autism is a developmental disorder characterized by
deficits in verbal and nonverbal communications, impaired social
interaction, and stereotyped behaviors. The prevalence in the gen-
eral population is about 0.06% and is four times higher in boys than
in girls. Variations in autism prevalence are seen along ethnic, ra-
cial, and socioeconomic lines [2]. The emergence of autism early in
life and its chronic course profoundly impact families, resulting in
enormous emotional and financial costs [1]. Autism is characterized
not by a single symptom, but by a triad of symptoms including
repetitive behaviors, impaired and restricted interest in social
interaction and communication [3].

The main aim in the treatment of autism is to increase the
quality of life and reduce the associated deficits as well as family
distress. Treatment is usually based on the child's needs; no single
treatment is enough to control all symptoms [4]. In general, there is
little evidence for the effectiveness of treatment options. Most
interventions have not been effective, but, to some extent, treatment
protocols are preferable to no treatment. Available approaches
include social skill therapy, structured teaching, occupational
therapy, developmental models, and speech and language therapy
[4].

Many medications for the treatment of autism symptoms have
been studied. Antipsychotics, antidepressants, and stimulants are
the most common drug classes used to treat the disorder [5].
Risperidone and aripiprazole are the most common therapies for the
irritability of patients; however, the safety of these drugs is in
doubt. No known drug can relieve the core symptoms of autism, in
particular the communication and social impairments [4].

Although many alternative therapies are available, few have
been supported by scientific trials. Treatment is expensive and the
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indirect costs are also high [5]. A US investigation estimated an
average lifetime cost of $4.05 million, with about 10% of costs
being for medical expenses, 30% for extra education, and 60% for
lost productivity [6].

Recently, herbal medicines have received more attention than
before for the management of various diseases including psycho-
neurological disorders [7-9]. Some plants such as Ginkgo biloba
have revealed promising results in the management of autism. In
this paper, in addition to reviewing recent publications regarding
the pathophysiology of autism, neurochemical substances and the
effects of medicinal plants on autism are also discussed.

HISTORY

Historically, autism was included in the spectrum of schizo-
phrenic disorders as schizophrenia disorder with premature begin-
ning [10]. Canner first defined autism disorder by introducing 11
children who had been unable to communicate normally with peo-
ple since the beginning of their lives, showed unusual reactions to
their environment, and had problems in speaking such as pronoun
reversal and echolalia. The word autism was first applied by
Blouler to describe the status of schizophrenic patients. In 1978,
Rutter presented a new definition that included the following signs
[10]:

1. Social retardation not resulting from mental deficiency
2. Relationship problems not resulting from mental deficiency

3. Unusual behaviors including stereotyped and repetitive
movements

4. Showing of symptoms before the age of 30 months

Currently, autism is known as a heterogeneous syndrome be-
longing to a group of neurodevelopmental disorders classified as
pervasive developmental disorders (PDD). At first, the diagnosis of
autism was based on clinical criteria that included a range of behav-
ioral symptoms, such as a significant decrease in social relation-
ships accompanied by stereotypic signs and limited behaviors and
interests without the presence of an unnatural biologic marker [1].
Since studies proved that autism has an organic and not psychologi-
cal base, different studies have tried to determine different causal
aspects of the disorder [11].

© 2016 Bentham Science Publishers
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EPIDEMIOLOGY

In the first epidemiological study, the prevalence of autism was
reported as 4-5 in each 10000 children in the age range of 8-10
years. Subsequent studies, however, showed a prevalence of 0.7-
21.1 per 10000 . An even greater increase in prevalence has been
reported in recent studies. In terms of gender, boys show prevalence
four times as high as girls [2].

ETIOLOGY

The reasons for autism are uncertain. Genetics, immunity, bio-
logic and psychosocial theories have been proffered to explain the
etiology of autism [11]. In fact, it is presumed that autism is a
complex disorder with distinct causes that usually co-occur [12,
13].

Genetic Causes of Autism

Evidences have been obtained concerning the role of genetic
factors in the etiology of autism. Typically, however, it cannot be
traced to a single-gene mutation or to a single chromosome
abnormality. Numerous genes are candidates, but with a small
number of effects attributable to each particular gene [14.15].

The prevalence of autism among patient siblings is much higher
than that of the public population, but it is not as high as is expected
for a monogenic disease [15]. The prevalence of autism in males
creates the suspicion of a dependency to x, but the available evi-
dence concerning transfer from father to son proves this inheritance
model unlikely [16]. Regarding the complexity of autistic disorders
and the variety of its clinical board, it is possible that polygene
intervention and contact with environmental transformers are re-
sponsible for different expressions of this disorder [15]. Results of
chromosomal studies have shown that several sites for intervention
are resent, of which region 6q21 is supported by the highest number
of articles. It is noteworthy that this region includes the 6-glotumat
receptor gene that is considered a very good suspect in autism
pathogenesis [17].

Neuropsychosocial Reasons for Autism

There are two categories of cognitive theories about the links
between autistic brains and behavior. The first one focuses on
deficits in social cognition. Autistic individuals can develop internal
rules of operation to handle events inside the brain; however, they
are less effective at empathizing and handling events created by
other agents. It should be noted that most studies have not found
evidence for this [18]. The second category focuses on general or
nonsocial processing. It is clear that executive dysfunctions play a
role in cognitive and social deficits [19].

It has been hypothesized that the limited ability of autistic
individuals to see the big picture is related to central disturbances.
The “enhanced perceptual functioning theory” focuses on the
superiority of locally oriented operation in these patients [20, 21].
None of these theories is satisfactory on its own. The theories of
social cognition poorly address the repetitive behaviors in autism,
and the nonsocial theories have difficulty explaining the social
communication problems. A combined theory based on multiple
deficits in autism might be more useful [22].

Neurochemical Involvement in Autism

Numerous studies have addressed the extensive spectrum of
neurochemical systems including monoamines, neuropeptides,
stress-dependent hormones, oxytocin, cortisol, and neurotransmitter
amino acids, the most important of which are discussed below [23].
It should be noted that many of these studies had inappropriate
control groups and small sample size which make it difficult to
draw conclusions with confidence.

Serotonin seems to play the most roles in autism; however,
more investigation is needed before a reliable conclusion can be
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made. The possible dysfunction of oxytocin, amino acid neuro-
transmitters, and the cholinergic system has been proposed in re-
cently published studies [24].

Serotonergic System

Most neurochemical studies have concentrated on serotonin(5-
hydroxytrypamine or 5-HT). Serotonin is derived from the essential
amino acid tryptophan. The first motivation to study serotonin in
autism was the possible role of serotonin in understanding. The
strong effect of serotonergic hallucinogens like LSD was the first
core of serotonin studies in autism. Then, the observation that acute
depletion of dietary tryptophan, a serotonin precursor, worsened the
signs of autism became evidence of the role of serotonin in express-
ing the autistic symptoms. The role of serotonin in early neural
development has recently caused it to be investigated as a possible
factor in the development of autistic disorder [25].

Two important behavior clusters are presented in the dorsal and
medial raphe nuclei [26]. The dorsal raphe nucleus sends projec-
tions to the basal ganglia which are considered as important areas
for the regulation of motor performance. The median raphe nucleus
innervates a part of the hippocampal formation(the dentate gyrus),
which is an important site for the storage of memory [26]. High
levels of serotonin during brain development can cause a loss of
serotonergic terminals and secondary nerve growth. Interestingly,
children who are exposed to drugs that increase serotonin develop
higher levels of autistic disorder [27]. Primary studies of blood
levels of serotonin in individuals with autism show that hypersero-
tonemia exists in one-third of patients; this is related to an increase
of serotonin in the platelets of autistic individuals [28]. However,
recent researchers have hypothesized that the central serotonergic
function decreases in individuals with autism, and this hypothesis is
supported by the good effects of SSRI drugs in treating violence
and stereotypic motions of autistic patients. In fact, beyond the
serotonin hypothesis, the presence of repeated and limited move-
ments in patients with autism can justify the use of SSRI drugs [29].

Adrenergic System

Adrenergic system activity plays a main role in attention, filter-
ing unrelated stimulants, responding to stresses, and memory. Since
many of these performances are disturbed in patients with autism,
researchers seek a relationship between this system and autism.
Noradrenergic nerve cell bodies are located in the locus coeruleus
and the activity of this system is crucial to attention, anxiety, and
memory. Many of these functions are impaired in autistic patients.
Noradrenergic activities have been evaluated in autistic patients by
measuring noradrenaline and its metabolites in CSF, blood, and
urine [30]. Studies have reported higher levels of noradrenaline in
the blood of these patients compared with the control groups. Stud-
ies performed on the CSF of autistic patients, however, have shown
no significant difference with those of the control group in terms of
noradrenaline metabolite levels [31].

Overall, studies have shown that noradrenaline is not crucial in
the symptoms and causes of autism disorder. Moreover, the applica-
tion of agonist or antagonist noradrenergic drugs and their benefits
have not been highly presented. The consumption of o -2 agonists
like clonidine that lower noradrenaline activity has sometimes been
effective in controlling hyperactivity in young patients with autism,
yet these drugs have no effect on its core symptoms. B-Blockers
have been effective in controlling aggression, self- mutilation, and
febricity [32].

Cholinergic System

The role of cholinergic system in autism has recently been
evidenced. Hence, a growing interest is emerging in the cholinergic
modulation for targeting autistic symptoms. The cholinergic system
is considered an ‘‘action system’’ which helps develop the capabil-
ity of focusing on the environment and achieving a coherent behav-
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ioral response. However, the role of defects in the cholinergic sys-
tem in autism has not yet been fully studied. One report that showed
abnormalities in cholinergic neurons of the frontal brain in patients
with autism inspired interest in the study of acetylcholine in this
disorder. Since the cholinergic system influences the completion
and function of cognitive abilities, the hypothesis is that a disorder
of this system may relate to cognitive impairments of autism pa-
tients, including attention and learning [33, 34]. In some studies
conducted on the brain of patients with autism after their death, a
significant decrease of muscarinic receptors in the cerebral cortex
and potential abnormalities in nicotine receptors have been re-
ported. However, how these differences are related to the causes of
autism is not clear. Findings which have shown the decreased effi-
ciency of nicotine receptors suggest potential medicinal interven-
tions with agonists of nicotine receptors that increase attention [35].
Researchers have started using cholinesterase inhibitors like rivas-
tigmine, galantamine, and donepezil in autism. Two double-blind,
placebo-controlled studies have reported positive results which
provide evidence for the role of acetylcholine and the use of drugs
that inhibit cholinesterase enzyme in autism [36]. The augmentative
therapy of galantamine(a potentiator of nicotinic receptors and an
acetylcholinesterase inhibitor) was also shown in a double blind
clinical trial and this drug was suggested for alleviating some of the
autism-related symptoms [37].

Dopaminergic System

The dopaminergic system is involved in a wide variety of func-
tions such as motor functions, cognition, eating and drinking behav-
iors, reward mechanisms, neuroendocrine regulation, and sexual
behaviors [38,39]. Research into the role of dopamine in autism
began with the observation that some dopamine blocker drugs, like
antipsychotics, were effective in improving some aspects of autism
disorder. These drugs were especially effective in decreasing hy-
peractivity, stereotypy, and aggression and self-mutilation behav-
iors [23]. Studies on animals have also shown that stereotypy and
hyperactivity increase with dopaminergic activity stimulation.
These findings may suggest that dopaminergic neurons are highly
active in autism. Several studies that measured the dopamine me-
tabolite homovanillic acid(HVA) levels showed a significant in-
crease of HVA levels in CSF, and a higher level of HVA in CSF is
accompanied by hyperactivity and more severe stereotype behav-
iors. Of course at the present time, it is doubtful that central dopa-
mine increases in autism [40]. Clinically, using risperidone is ac-
companied by decreased scores in the Aberrant Behavior Check
List scale, especially in the field of stereotypic behaviors, hyperac-
tivity, and irritability. It has had some effects on both social isola-
tion and inappropriate speech(especially echolalia). Studies have
not shown a special effect on social interactions and communicative
skills, but whether the longer consumption of risperidone or other
atypical antipsychotics impose more stable effects on the core
symptoms of autism is not clear [41].

Opioid System

Some studies have shown high levels of endogenous opioids in
patients with autism, and some studies have reported unclear re-
sults. Making a conclusion from the available results is difficult. In
clinical work, opioid antagonists such as naloxone and naltrexone
are also used in patients with autism based on this hypothesis. In
most of the studies where naltrexone was used, few effects in the
main symptoms of autism have been achieved, but some studies
have reported a decrease in self-mutilation behaviors that in turn are
very valuable. Decreased signs of hyperactivity and impulsive be-
haviors in autistic patients were reported in another study [42, 43].

Glucocorticoids

The function of cortisol in autism has been studied, because it
seems that some related behavioral disorders can result from high
activity and chronic over-excitation which increase the levels of this
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stress hormone [44]. Some studies reported no differences in the
levels of ACTH or cortisol in the blood of autistic or that of control
individuals; however, a study of 48 autistic patients reported ele-
vated levels of both cortisol and ACTH [45].

Amino Acid Neurotransmitters

Glutamate and gamma-aminobutyric acid(GABA) are two
chemical transmitters related to extensive synaptic relationships in
CNS. Glutamate is an excitatory neurotransmitter in the spinal cord,
while GABA is responsible for the majority of inhibitory relation-
ships in the brain. GABA in the brain is provided by the effect of
Glutamic Acid Decarboxylase(GAD) on glutamate. Ionotropic re-
ceptors make up one group of glutamate receptors and play a role in
the development of the cortex [46]. Glu86, Glu M8, and one of the
NMDA receptors play a role in autism [47]. The over-expression of
some genes like the excitatory amino acid 1 transmitter and AMPA
1 have been observed in autism [48]. Deficits in the glutamate sys-
tem influence cortex growth [49]. GABA path is also important to
brain growth, and the equilibrium of the GABAergic and glutama-
tergic systems facilitate modeling of the cerebral cortex by replac-
ing main cells, pyramidal cells, and interneurons [50]. The estab-
lishment of the GABAergic system and the immigration of
GABAergic interneurons are critical in the growth of the inhibitory
part of the cortex that controls the excitatory glutamate system. It is
believed that autism is a hypoglutamic disorder [51].

Several findings have suggested that in autism the GABAergic
system is suppressed, which results in the excessive stimulation of
the glutamate system. In this regard, postmortem studies have re-
ported abnormalities of cellular development in the cerebellum and
limbic system [52]. These areas have glutamate receptors, and the
over-activity of glutamate receptors can result in excitotoxicity. In
children two years of age, which is a critical development period as
well as a time when symptoms of autism often emerge, the gluta-
mate activity may cause brain damage [53]. Excessive stimulation
of glutamatergic neurons is also associated with seizure, a common
phenomenon among autistic patients [54]. Glutamic Acid Decar-
boxylase is considered the main rate-limiting factor in the synthesis
of GABA. This enzyme has been shown to be reduced by 48-61%
in cerebellar and parietal areas of the brains of autistic patients in
comparison with non-autistic individuals. These differences may
provide evidence for abnormalities in the glutamate/GABA of
autistic patients [55]. How the imbalance in GABA and glutamate
neurotransmitters contributes to the etiology of autism, however, is
not yet clear and requires further research.

Immunologic Involvement in Autism

Recently, knowledge about the immune system and its close
relationship with the central nervous system(CNS) has been devel-
oped, leading to the development of psychoneuroimmunology. One
important theory about the etiology of autism disorder is that envi-
ronmental immunity factors play a role. Extensive studies have
been conducted on this theory. Common specifications are seen
between autism and autoimmune disorders, like genetic capacity,
relationship with viral infections, immunologic function disorders,
and sexual differences [56]. General changes that are seen in the
immune system as a result of autism disorder generally include
immune deficiency resulting from T lymphocytes, changes in the
performance of natural killer(NK) cells, an abnormal ratio of CD4-
CD8, more activated T lymphocytes, increased monocytes, the
relative increase of monocytes compared to total white globules,
and an increase in immunoglobulin levels. Moreover, changes in
the system of helper lymphocytes from Thl to Th2 activity that
simultaneously decrease IL-2 and IFNA production and increase IL-
4 production have been recorded [57]. Regulation of the immune
system is affected by genetic mechanisms. Different studies have
shown autoimmune antibodies against myelin basic protein, neuro-
filament proteins and SHT1A receptors [55, 58]. Autoimmune anti-
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bodies belonging to the two groups of IgM and IgG have been
found against endothelial proteins of cerebral capillary. Anti-brain
autoimmune antibodies in the plasma of 171 children with autism
disorder, normal individuals, and their parents have been studied
quantitatively. Results of the study showed a significant increase in
these antibodies in children with autism [59]. In addition to immu-
nogenic mechanisms, autism disorder has been studied in relation
with viral or bacterial infections early in life and even prenatal in-
fections [55]. Interest in this possibility was aroused by different
reports of changes in the metabolism of serotonin and oxytocin in
children with autism. Overall, reaching a final conclusion regarding
this subject is not practical, since the possibility of a relationship
between immunologic findings and the heterogeneity of this disor-
der should be considered.

CLINICAL DIAGNOSIS AND SYMPTOMS

The diagnosis of autism is based on the DMS-IV diagnosis
criteria. Clinical symptoms of the disorder, as presented in diagno-
sis criteria, include disorders in relationships, social interaction,
interests, and behavior. The patient cannot establish emotional rela-
tionships with others, does not like to be caressed or kissed, and
does not seem to notice other children. The patient handles objects
and humans similarly, avoids eye contact, and has some problems
in language, dialect, and nonverbal communication. Some patients
acquire verbal abilities, but then stop using them and regress. Pa-
tients that do learn language use reverse pronouns. Their speech is a
set of repetitive words and is one-way rather than an interactive and
mutual conversation. The patient does not play symbolic, fantastic,
or imitative games and does not use toys appropriately. These chil-
dren show unusual body movements including back-arching, hand-
flapping, rotating around, turning hands, toe walking, and stereo-
typed movements. They have sudden attacks of fear and anger and
may either have very low activity or be hyperactive, restless, and
inattentive. They annoy themselves or others and also have many
problems sleeping [60].

People with autism often present abnormal moods and emo-
tions(for example laugh or fuss without an obvious reason), may
not fear obvious risks or, vice versa, show extreme fear against safe
objects [56, 60]. Complementary psychiatry has provided a better
understanding of the social and communication deficiencies that are
available in autism. Studies have shown that children with autism
do not show common and continuous attention and theory of mind
is not formed. Joint attention includes three types of cooperation of
attention between child, another person, an object, or an event.
Theory of mind is a concept that others have thoughts that don’t
agree with one’s own thoughts, and one can be aware of another’s
emotional state and mood through facial signs, social signals, or by
listening to other’s speaking. Many children with autism have prob-
lems with sensory integration that is characterized by disorganized
sensory inputs to the body. They may have either intensive or mild
problems with interpreting environmental variables like smells,
noises, touch, or vibration. They may show proportional or in-
creased reaction to such stimulants that is accompanied by self-
excitation behaviors. These behaviors are an extensive spectrum of
obsession to self-mutilation(head banging and biting) [23, 60].

PROGNOSIS

The prognosis is not good in two-thirds of autism cases. Autism
is a lifetime disability, and patients are not able to live independ-
ently [60].

TREATMENT

Therapeutic purposes in affected children are decreasing de-
structive behaviors, reinforcing language, communicational skills,
and self-care. Main treatments are non-medicinal and include edu-
cational treatments like speech therapy, physical treatments, psy-
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chotherapy(to improve anxiety and depression signs and improve
problem-solving skills in patients with high performance) [23].

Drug Treatment

No medicinal remedy has been recognized to treat the disorder,
but signs like self-mutilation, aggression, repetitive and stereotyped
behaviors, inattention, hyperactivity, and sleeping disorders can be
treated using medications. Since these children are involved in edu-
cational remedies, drugs that do not disturb the education are more
useful. Different drugs for this disorder that have been tested in-
clude antipsychotics, serotonin reuptake inhibitors, B-blocker,
naltrexone, lithium, clonidine, thyroid hormones, and antidepres-
sants [23, 62]. Of such drugs, the most important positive findings
involved antipsychotics. Their consumption has been accompanied
by decreases in signs and does not affect learning abilities. Evi-
dence shows that, if consumed correctly, antipsychotics are effec-
tive long-term treatments for autism patients [23]. The most preva-
lent neurobiological disorder is increased serotonin in autistic pa-
tients. Medicinal interventions with SSRIs and atypical antipsychot-
ics that are effective on both dopamine and serotonin receptors have
therapeutic benefits [23, 62]. Different studies have reported the
role of atypical antipsychotics like risperidone and olanzapine in
controlling behavioral signs, aggression, self- mutilation, repetitive
behavior, and irritability. Moreover, clozapine has been reported to
induce improvements in relationships. Studies involving risperidone
have reported improvements in social interactions and language
[63]. Side effects reported in all studies have been related to
risperidone and were mainly drowsiness and weight increase. Some
studies also found motor effects like dystonia in patients treated
with risperidone, but they were transient and could be treated by
decreasing the drug dose [23]. The therapeutic dosage of risperi-
done for treating autism symptoms ranges from 1-3.5 mg per
day(approximately equal to 0.08 mg/kg/day) [23].

The therapeutic effect of pentoxyphiline in cerebral hypoxia has
been approved through increased blood flow, increased synaptic
serotonergic in CNS, and inhibited TNF production [64]. Methyl-
phenidate is a drug that stimulates the brain stem and cerebral cor-
tex through the mechanism of norepinephrine reuptake inhibition
and has been effective in treating hyperactivity accompanied by
autism [65].

It is supposed that autism is a hypoglutamatergic disorder, and
therefore, the glutamatergic system is also a target for therapeutic
strategy. Drugs like piracetam(with the mechanism of AMPA re-
ceptors stimulation) have had useful effects in treating autism [66].
Other drugs including lamotrigine(with the glutamate synaptic inhi-
bition mechanism) and dextromethorphan and amantadine(that are
NMDA receptor antagonists) have also been effective [23, 67].

Recently some medicinal plants such as the Ginkgo biloba have
revealed promising results, the most effective of which are pre-
sented below.

Medicinal Plants Effective Against Autism

Recently herbal medicines have been the focus of some re-
searchers. They have been tested and have shown promising results
in the treatment of a wide variety of complications such as neuro-
logical [68-70], cardiovascular [71-73] problems and in diabetes
mellitus [74-76]. These remedies have low side effects and may
also reduce the side effects of other drugs [77-79].

Defining autism is a new concept, and traditional medicine has
no diagnosis called autism. Thus, traditional healing terms are hard
to describe. For instance, there is a Chinese concept calling
“Phlegm in the heart orifice” in which a condition identical to mod-
ern autism is described. So, despite vocabulary challenges and indi-
cations, we can find medicinal plants effective in autism.

Fortunately, the preliminary results of using herbal medicines
for autism are promising. The mechanisms of medicinal plants are
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often unknown, and science is at the beginning of herbal under-
standing. It should be noted that medicinal plants, in general, are
remarkably safe, however, in most cases the safety profile espe-
cially for children, has not been established [80]. This paper pre-
sents here the medicinal plants most effective for autism.

Ginkgo Biloba

Ginkgo extract, extracted from of Ginkgo biloba leaves, is a
remedy that has shown promising results in treating a large range of
circulatory, brain, and nerve conditions. Ginkgo biloba is one of the
most widely studied plants with more than 200 published papers
about it. It was used in the United States for the first time to prevent
or treat memory problems. Its use history dates back more than two
thousand years in China. The most prevalent studies concerning the
effects of ginkgo on neurologic problems have been more con-
cerned with memory improvement, dementia with arterial origin,
Alzheimer’s, cognitive disorders, antioxidant effects, and along
with other psychiatric drugs in reinforcing their effect or decreasing
special side effects [81, 82]. In a recent trial performed on Ginkgo
biloba, significant improvement in sexual function resulting from
SSRI was found; this effect was more obvious in women(61). Other
placebo-controlled studies performed on symptoms of PMS syn-
drome have shown improvement in neuropsychological symptoms
[83]. There is evidence indicating that Ginkgo biloba can be used as
an antidepressant, and it has had a neuro-protective effect on cere-
bral damage(61). A review of 40 controlled clinical trials showed
that Ginkgo biloba was effective in treating people with memory
and concentration problems resulting from cerebral abnormalities.
In addition, Ginkgo biloba regulates blood flow in brain arteries and
may help to decrease hyperactivity caused by fatigue and lack of
attention [83]. Ginkgo biloba extract is effective on several neuro-
transmitter systems of the central nervous system. In one study, it
reversed the decrease in cerebral SHT1A receptors in old rats [84].
Recently, it has been approved that ginkgo extract can inhibit both
MAOA and MAOB enzymes reversibly. This mechanism empha-
sizes the mild anti-anxiety and anti-depression effects of ginkgo and
could help the treatment of ADHD [86]. Ginkgo has also increased
the dopaminergic activity of the brain. The pharmacologic effects
of ginkgo has also been attributed to a combination of the antago-
nism of platelet-activating factor, effects of anti-free radicals, and
the regulation of serotonergic, noradrenergic, and dopaminergic
systems [86]. One study reported the protective effect of GB extract
against Glutamate Induced Excitotoxicity in retina neurons [87].
Although there are many disagreements in studies related to the
effects of Ginkgo biloba in dementia, generally, the majority of
them agree that ginkgo is more effective compared with placeboes
in mild to intermediate ranges.

The main therapeutic components of Ginkgo biloba extract are
flavonoids and terpenoids which have antioxidant, anti-
inflammatory, and neuroprotective effects. Ginkgo also has positive
effects on cognitive and neurologic performance; it imposes this
effect through antioxidant activity, arterial regulation, and antago-
nism of platelet-activating factor that protects the brain against
ischemic damages [84].

The most prevalent side effect of Ginkgo biloba is headache
that can be inhibited by a gradual increase in dosage. The fact that
Ginkgo biloba may increase anti-coagulation effects or bleeding
time has not been yet confirmed. However, a recent study con-
cluded that caution should be applied in combining Ginkgo biloba
with anti-coagulant drugs like aspirin, especially when the bleeding
risk is high, for example in patients with active gastric ulcer or sub-
dural hematoma. Some cases of seizure have been observed in pa-
tients susceptible to seizure or people which lower seizure threshold
who use drugs. Drug cease is suggested at least 36 hours before
surgery. The safety of this drug use during pregnancy and lactation
has not been established [84]. Generally ginkgo is tolerated well,
and its side effects are rare and usually mild, including diarrhea,
nausea, headache, vertigo, palpitation, eczema, or vomiting [85-88].
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Poisoning signs include seizure, decreased consciousness level, and
ultimately death. Intravenous products might be accompanied by
anaphylactic shock. Its edible pill should not be chewed [89]. A
study performed on 40 children affected with autism evaluated the
effect of ginkgo on patients who were treated with risperidone [90].
The intensity of the disorder was evaluated using the Aberrant Be-
havior Check List(ABC). Medicinal side effects were measured
using the Side Effect Check List. Patients were studied for 10
weeks in two-week intervals. Risperidone dosage was in the range
of 1-3.5 mg daily(approximately equal to 0.08 mg/kg) and ginkgo
T.D. dosage was 80 mg/d for patients weighing under 30 kg and
120 mg/d for patients weighing more than 30 kg. Ginkgo dosage
was constant during the therapeutic period. Based on the results of
this study, adding ginkgo in dosages of 80 m/d for individuals with
a weight <30 kg and 120 m/d for individuals with a weight >30 kg
did not provide more improvement in any of the autism signs based
on the 5 subscales of ABC criterion(Inappropriate speech, Stereo-
type Hyperactivity, Irritability) [90].

Zingiber Officinale

Ginger is an herbal medicine used mostly to treat spasm, stom-
ach distress, motion sickness, nausea, and vomiting. It increases
digestive tract secretions, including saliva and bile, and neutralizes
toxins. Ginger can aid digestion by speeding the emptying time of
the stomach and by increasing the movement of food through the
gut. It cause a good feeling in cases of bloating and abdominal dis-
comfort. Up to 3 grams of ginger per day or even more is very
safe. It increases blood flow in the brain and has recently been rec-
ommended for autism [91, 92].

Astragalus Membranaceus

Astragalus membranaceus is an energizing and immune build-
ing herb which is mostly used as a stamina tonic or a healing rem-
edy for chronic illnesses other than autism. Astragalus mem-
branaceus increases stress adaptation, boosts energy, enhances the
efficiency of many types of immune function, and has antibacterial
and antiviral properties. It is also used for night sweats, chronic
ulcerations, and edema and numbness. It is used as an immune en-
hancer in children who have frequent infections. Astragalus mem-
branaceus is preferred for cold prevention; however, it might be
used for acute cold and flu as well as for the Coxsackie virus, a flu-
like virus that mainly affects children. Astragalus is frequently used
for the prevention and treatment of respiratory infections [93, 94].

Centella asiatica

Centella asiatica or Gotu kola is a plant with a long history of
brain building capacity. The plant grows in hot moist climates and
is commonly eaten raw as a green vegetable with many different
foods and salads, and no important toxicity for it has been reported.
This plant is very high in B-complex vitamins, including in B-1, B-
2, and B-6, which are important for the nervous system. Centella
asiatica has high anti-inflammatory and antioxidant activity. It is a
standout plant for the nervous system and is beneficial for cognition
and neurological recovery. It is used to promote circulation, espe-
cially to the blood vessels of the skin and mucous membranes [95,
96].

Centella asiatica is used to increase memory, concentration,
general brain function, mental acuity, neuromuscular disorders, and
the repair of nerve tissues from crushing traumas, including spinal
injuries. It is also used to treat epilepsy, hair loss, psoriasis, and
senility. Centella asiatica shows potential for treating Alzheimer’s
disease. The active substances in Gotu kola are mostly triterpenes
with steroid-like activity which improve the function and integrity
of the collagen matrix, the basic glue that holds the cells of the
body together [97, 98].

Acorus calamus

Acorus calamus or Calamus is a major plant for the mind in
Asian traditional medicine. It increases the power of self-expression
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and intelligence. The root increases the circulation to the brain,
enhances memory and awareness, and increases self-expression and
communication. It has a bitter taste and acts as a mucolytic and
anti-gas digestive aid. It is effective in relieving autism symptoms.
Calamus also possesses warming respiratory function. In attention
or memory deficit, it is used in combination with Centella asiatica,
licorice, valerian, and shankpushpi. This combination is also used
to treat epilepsy, especially absence seizures, and as a replacement
for anticonvulsant medications [99-101].

CONCLUSION

Autism is a lifelong developmental disability characterized by
repetitive interests and behaviours, social interaction difficulties,
impaired communication and restricted sensory sensitivities. More
than 1 in 100 children have autism and its prevalent is increasing.
The autism severity can be minimised by early diagnosis and with
suitable interventions. With no debt, autism is a heritable develop-
mental disorder [14-16]. It is unclear whether the real incidence of
autism is increasing or the diagnosed prevalence. If real incidence is
increasing, it may have a good implication in realizing the causes of
autism. The increase in incidence of autism in recent years may
point to environmental risk factors for some susceptible cases.
There is no reliable evidence for environmental pathogens. There is
a possibility that environmental factors act by interaction with ge-
netic vulnerabilities [14].

Oxidative stress is involved in a wide variety of diseases [102-
108] including neuropsychological complications [109-113]. How-
ever, the role of oxidative stress in autism is not clearly understood.
Oxidative stress and antioxidant activity have been studied by
measuring the detoxifying agents such as glutathione, lipid peroxi-
dation and the antioxidants involved in the defense systems. Lipid
peroxidation markers have been shown to increase in autism, which
indicates that oxidative stress is increased in this disease. A correla-
tion between reduced levels of antioxidant proteins and loss of pre-
viously acquired language skills has been shown in children with
autism. The membrane phospholipids, the prime target of reactive
oxygen sepsis, are altered, too [114]. Several studies have shown
alterations in antioxidant activities such as catalase, glutathione
peroxidase and superoxide dismutase in patient with autism. Fur-
thermore, altered homocysteine/methionine metabolism and glu-
tathione levels, as well as increased inflammation, excitotoxicity,
immune and mitochondrial dysfunctions have been reported in
autism. Genetic and environmental parameters may increase vul-
nerability to oxidative stress [115]. Hence, studies suggest en-
hanced oxidative stress in autism that may contribute to the devel-
opment of this disease. More importantly, all medicinal plants ef-
fective in autism have high antioxidant activities. However, how
much the antioxidant activity of these plants is important in their
anti-autism effects is not clear. If the antioxidant activity of these
plants play a crucial role in their anti-autism effects, other plants
with antioxidant properties [116-120] should be effective in this
disease, which worth examining.
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