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Abstract
Autism Spectrum Disorder (ASD) is a multifaceted neurodevelopmental disorder characterized by 
persistent, abnormal social impairment and restrictive, repetitive behavior. Though highly variable, a 
number of dysregulated physiological processes have been implicated in the pathogenesis of autism. 
Among these, the most commonly reported findings include heightened inflammation, inappropriate 
immune responses, oxidative stress, neuronal impairment and gastrointestinal disturbances. In western 
medicine, the medications prescribed to patients typically target the comorbidities experienced 
by individuals with autism, rather than these physiological disruptions. Stimulants, anxiolytics, 
antidepressants, antipsychotics, benzodiazepines and anticonvulsants are frequently prescribed to 
patients with ASD to address comorbidities, such as ADHD, anxiety, mood disorders and epilepsy. Due 
to the diversity in autism pathogenesis and its presentation, as well as the prevalence of comorbidities 
experienced by this population, multiple drugs are often simultaneously taken by patients with ASD 
and with variable efficacy. The resulting toxicities and side effects arising from these medications and 
their drug interactions have the potential to further complicate ASD symptomatology. In light of these 
concerns, the search for more efficacious and less toxic treatments remains crucial. In recent years, 
traditional herbal remedies have gained traction in western countries, and scientific support for their 
use in the treatment of various diseases and disorders, such as cancer, anxiety, depression, and ADHD, 
continues to be discovered. For individuals with ASD, herbal remedies have the potential to meet the 
need for individualized and minimally toxic treatments that address the spectrum of comorbidities and 
physiologic abnormalities presented within autism pathogenesis. This review of the literature is primarily 
intended to highlight molecular targets in the treatment of ASD and to kindle a discussion on promising 
herbal agents, such as Ashwagandha (Withania somnifera), Korean Ginseng (Panax Ginseng), Brahmi 
(Bacopa monneri) and Gotu Kola (Centella asiatica) in the use of ASD management within traditional 
and modern systems of medicine across the world. From a global health perspective, this review of the 
published material on ASD serves to deepen the understanding of herbal remedy use in the modern era 
and to explore ways of incorporating certain practices of traditional medicine into western medicine.
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Introduction
Autism Spectrum Disorder (ASD) is a multifactorial, complex 

disorder characterized by persistent, abnormal social impairment 
and restrictive, repetitive behavior. In the United States, the 
prevalence of autism is estimated to be 1 in 44 children, while the 
global prevalence has been estimated to be about 1 in 100 children 
[1,2]. The variable presentation and intricate pathophysiology of 
autism complicates both diagnosis and treatment of the disorder, 
emphasizing the need for further research into both these areas. In 
the first documented description of autism, Leo Kanner described 
11 children whose symptoms resembled, yet were distinct from 
previously defined psychiatric and developmental disorders in 
a paper titled Autisic Disturbances of Affective Contact. Kanner 
noted patterns of repetition, inclination towards aloneness, desire 
for sameness, sensory intolerance, and difficulties in forming 
affective interaction in these children [3]. Today, the definition of 
autism remains elusive and has even been broadened to account 
for the spectrum of manners in which autism presents. According 
to The American Psychiatric Association’s Diagnostic and Statistical 
Manual, Fifth Edition (DSM-5), a diagnosis of autism is defined by 
persistent deficits in social-emotional reciprocity, in nonverbal 
communication, and in forming, understanding and maintaining 
relationships.These deficits must also be accompanied by 
restrictive, repetitive patterns of behaviors, interests or activities 
[4]. 

Mirroring its presentation, the etiology and pathophysiology 
of ASD are likewise variable and poorly defined, making 
treatment equally complex. Many attribute this variability to 
the dynamic interaction between genetic, developmental and 
environmental factors. Reports of immune, neurologic, endocrine 
and gastrointestinal disturbances are common among autism 
patients. In addition, comorbidities are frequently experienced by 
this population. One population-based study found that of 83% 
of 8-year-olds with ASD had at least 1 comorbid developmental 
disorder, 16% had at least 1 comorbid neurologic disorder and 

10% had at least 1 comorbid psychiatric disorder [5]. Among these 
comorbidities, ADHD, intellectual disability, anxiety, depression, 
epilepsy, gastrointestinal disorders, autoimmune disorders and 
sleep disturbances are especially common [6]. 

In western medicine, pharmacological treatments for ASD are 
used to ameliorate the symptoms of comorbid conditions, such 
as ADHD, mood disorders, anxiety and epilepsy. The medications 
most frequently prescribed include stimulants, antidepressants, 
antipsychotics, benzodiazepines, anxiolytics and anticonvulsants 
[7]. Although these treatments are targeted, individual treatments 
fail to address the extensive symptomatology of ASD. As a 
consequence, patients with autism frequently take numerous drugs 
simultaneously, with each medication carrying its own toxicities as 
well as toxicities arising from drug-drug interactions. The toxicities 
and side effects that may arise from these allopathic medications 
and their interactions have the potential to further complicate 
the acute and long-term pathogenesis of autism. For this reason, 
the search for less harmful pharmacological treatments remains 
crucial. 

Current non-pharmacological treatments used in western 
medicine focus on ameliorating the associated behavioral, physical, 
and cognitive symptoms that are linked with autism. For example, 
cognitive-behavioral therapy, nutritional therapies, social skills 
training and educational interventions are common treatments for 
the management of autism symptoms. These treatments are widely 
used in conjunction with pharmacological treatments, with the goal 
of reducing disability and increasing functionality for individuals 
with autism. 

In looking towards future treatments for autism, it may 
ironically be useful to look into the past. For thousands of years, 
herbal treatments have been employed as broad-acting remedies 
to treat various illnesses in non-western countries. In traditional 
Ayurvedic and Chinese medicinal practices, the use of these herbal 
treatments is part of a larger, holistic approach to patient care. 
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In western medicine, many so-called “holy-grail” drugs, such as 
aspirin, paclitaxel, digoxin and pilocarpine, are plant-derived [8]. 
Additionally, the use of herbal remedies outside of these marketed 
drugs has also increased among patients, emphasizing the need 
for a more comprehensive understanding of the mechanisms and 
potential uses of these agents [9]. This review seeks to understand 
how these herbal agents can be used in the management of ASD 
within the framework of western medicine, as well as globally, by 
detailing autism pathogenesis and the molecular targets of herbal 
agents such as Ashwagandha (Withania Somnifera), Ginseng 
(Panax ginseng), Brahmi (Bacopa Monnieri) and Gotu kola (Centella 
Asiatica). Given the variability of autism pathophysiology, it is 
possible to consider the use of these traditional herbal remedies, 
which have wide-spread, holistic effects throughout the body, in 
conjunction with established, non-pharmacological therapies. 
In addition, these remedies carry much less toxicity and can be 
combined with one another to tailor treatment to an individual 
patient’s needs. This individualization of treatment may pose 
revolutionary in the treatment of patients with autism, whose 
symptoms, needs and physiological responses can differ widely 
from one another.

Pathophysiology of ASD
Although the exact pathophysiology of ASD continues to 

be investigated, many studies highlight the involvement of 
inappropriate immune responses, gastrointestinal disturbances, 
neuronal impairment and endocrine abnormalities in individuals 
with autism [10]. The synergistic effects of these disruptions, as 
well as others still in need of further study, are likely to account 
for autism symptomatology and are therefore key targets for 
treatment.

Immune impairment

Immune dysregulation is a commonly reported finding in 
the pathogenesis of ASD. Abnormalities in T-cells, B-cells, natural 
killer cells and monocytes have been noted and are suspected to 
be one mechanism by which autism pathogenesis develops [11]. 
Immune impairments in ASD have been characterized by both 
abnormal innate and adaptive immune responses. The body’s 
innate or first line of defense is altered in patients with autism, 
who display elevated monocyte levels and decreased natural 
killer cell activity [12]. Inability to coordinate a normal response 
to pathogens also presents at the adaptive level of immunity. Early 
studies demonstrated that subjects with ASD displayed decreased 
lymphocyte responsiveness when stimulated with Pokeweed 
Mitogen (PWM) and Phytohemagglutinin (PHA), which are T- cell 
mitogens [13]. Since then, studies have found decreased total CD4+ 
T cell counts, disrupted immunoglobin levels and the presence of 
autoantibodies in the CNS of individuals with autism, providing 
further evidence of an abnormal adaptive immune response [12]. 
Imbalances in CD4+ T cell subsets, Th1 and Th2, have also been 
reported in ASD, with skews towards Th1 pro-inflammatory 
cytokines being associated with more severe behavioral 
impairment [14]. The aberrant cytokine production resulting 
from these disruptions in CD4+ T cell subsets further contribute 

to the amplified inflammatory state present in ASD pathogenesis. 
Collectively, these deviations in immune response place individuals 
with autism at a greater risk for other physiologic disruptions that 
mediate the pathogenic profile of the disorder.

Inflammation

Proinflammatory mediators have the potential to serve as 
pathologic markers and targets for treatments that stabilize the 
body’s dysregulated immune response in ASD. Studies have found 
elevated levels of several proinflammatory mediators, such as IL-6, 
IL-8, TNF-a and IFN- y in the brain tissues of individuals with ASD 
[15]. To understand how regulation of these markers may attenuate 
the symptomatology of autism, it is important to understand 
the signaling pathways propagated by these proinflammatory 
molecules. 

In addition to the imbalances in cytokine-producing Th1 and 
Th2 cells, another mechanism by which dysregulation of these 
proinflammatory molecules is proposed to occur is through 
inappropriate activation of mast cells, which synthesize and secrete 
cytokines, histamine, proteases, prostaglandins, leukotrienes and 
other inflammatory molecules [16]. A study from Tsilioni et al. [17] 
reported elevated levels of mammal-specific peptides, Neurotensin 
(NT) and Corticotropin-Releasing Hormone (CRH), in the serum of 
children with autism [17]. These peptides are released in response 
to stress and can activate mast cells, resulting in an exaggerated 
inflammatory response characterized by aberrant cytokine 
production.

IL-6 is a key cytokine elevated in autism that has a host of effects, 
including modulating B-cell differentiation, assisting neutrophil 
trafficking, promoting inflammation and preventing apoptosis 
[18]. Through Signal Transducer and Activator of Transcription 3 
(STAT3) signaling, IL- 6 upregulates COX-2, VEGF, INF-y and a variety 
of cytokines and chemokines, all of which create an environment 
favorable for inflammation [19]. In addition, STAT3 inhibits 
apoptosis by altering apoptotic regulator genes such as BcL-x, MCL-
1, and c-myc, as well as by binding to tumor suppressor gene p53 
[19]. Through targeting IL-6 and its downstream substrates, it may 
be possible to control the downstream inflammatory processes 
that contribute to autism pathophysiology. 

Another related inflammatory marker elevated in ASD is IL-
17, which is produced primarily by Th17 cells, a subset of CD4+ 
T-cells. There is a bidirectional relationship between IL-17 and 
IL-6, possibly explaining the elevation of both cytokines in autism 
pathogenesis. IL-6 and TGF-B are responsible for inducing Th17 
maturation at the expense of regulatory T-cell (Treg) maturation 
[20]. This is consistent with findings of elevated Th17 levels and 
decreased Treg levels in ASD [21]. Induction of Th17 differentiation 
by IL-6 and TGF-B is thought to be mediated by enhanced mTOR 
signaling through several mechanisms including one involving 
STAT3 [22]. This is supported by evidence of elevated mTOR 
activity in patients with autism [23]. Activation of Th17 leads to 
activation of leukocytes and innate cells, which release additional 
proinflammatory cytokines and chemokines [24]. Additionally, IL-
17 plays an important role in autoimmunity, with dysregulation 
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of Th17 being linked to autoimmune diseases, such as multiple 
sclerosis and rheumatoid arthritis [24]. For patients with autism, 
this dysregulation manifests as a markedly increased inflammatory 
response. 

Similarly, TNF-a is another proinflammatory cytokine with 
diverse signaling pathways that can be targeted in autism 
treatment. TNF-a signaling recruits a number of adaptor proteins, 
including Receptor-Interacting Protein (RIP), TNF-R–Associated 
Factor 2 (TRAF2) and Fas-Associated Death Domain (FADD) [25]. 
The FADD pathway activates a series of proteases, which ultimately 
promote apoptosis. On the other hand, TRAF2 interaction with RIP 
is suspected to have anti-apoptotic effects via NF-kB activation, 
preventing effective T-cell death at sites of inflammation [25]. NF-
kB further modulates the inflammatory response by increasing the 
production of cytokines, chemokines and adhesion molecules. In 
addition to NF-kB activation, TRAF2 and RIP association can also 
induce a signaling pathway that leads to p38 activation [25]. P38 
is thought to aid in macrophage-mediated inflammation, inducing 
the expression of TNF-a, PGE2, COX-2 and a variety of interleukins 
[26]. Interestingly, the pathways elicited by these TNF-a-associated 
adaptor proteins have been shown to communicate with one 
another, facilitating amplified, directed responses [25].

An exaggerated inflammatory response is consistently 
observed in patients with ASD; however, the exact inflammatory 
profile appears to be variable, with elevations in particular 
cytokines differing among studies. Ultimately, the actions of 
these proinflammatory molecules represent only a portion of a 
larger inflammatory picture. In individuals with autism, normal 
immune functioning becomes dysregulated, leading to this broad 
inflammation that further impairs neuronal, gastrointestinal 
and endocrine functions. It stands to reason that since these 
systems are vastly interconnected, suppression at the level of 
these key inflammatory mediators may significantly improve the 
pathogenesis of autism.

Oxidative stress

Along with dysregulated immune and inflammatory responses, 
increased oxidative stress is also thought to be involved in autism 
pathogenesis. Reactive Oxygen Species (ROS) are naturally occurring 
by-products of cellular metabolism that are thought to play a role 
in the exacerbation of many disease states. A moderate level of ROS 
is required for normal cell signaling, apoptosis and differentiation; 
however, when there is overproduction of these species or their 
clearance by antioxidant enzymatic defenses are impaired, the 
imbalance in ROS can propagate significant cellular damage. 
Malondialdehyde (MDA) is a key marker of lipid peroxidation, a 
process that occurs under states of oxidative stress. In a study 
conducted by Chauhan et al. [27] children with autism were found 
to have significantly elevated plasma MDA levels in comparison to 
their siblings without ASD, indicating greater oxidative stress [27]. 
These researchers also noted that ASD subjects had decreased 
levels of ceruloplasmin and transferrin, glycoproteins that bind to 
and prevent the oxidative damage caused by copper and iron [27]. 
These deficits in ceruloplasmin and transferrin levels were further 
correlated with increased language impairment in subjects with 

autism [27]. Many studies have supported these findings, reporting 
increased levels of oxidative stress markers, such as Nitric Oxide 
(NO) and Xanthine Oxidase (XO) [28]. Additionally, decreased levels 
of key antioxidant enzymes, such as Glutathione Peroxidase (GPx), 
Catalase (CAT) and Superoxide Dismutase (SOD) have also been 
noted, suggesting defective capability to combat the elevations in 
oxidative stress witnessed in patients with ASD [28,29]. The damage 
caused by oxidative stress is thought to modulate inflammatory 
and immune imbalances seen in ASD individuals. Together, these 
disruptions alter the normal functioning of processes throughout 
the body, resulting in amplification of the observed neuronal, 
gastrointestinal and endocrine disturbances commonly associated 
in ASD [28,29].

Neuronal impairment

Immune system functioning and neuronal health are closely 
linked. In studies of postmortem brain tissues from patients with 
autism, excessive astroglial and microglial activation were present 
as part of an abnormal neuroinflammatory process [30]. Reactive 
oxidative species, cytokines and chemokines, which are all altered as 
part of the dysregulated immune response in autism, can contribute 
to these neuroglial changes [30]. More specifically, stimulation by 
stress-induced neurotensin and corticotropin-releasing hormone 
leads to mast cell release of histamine, tryptase, IL-6 and TNF-a, 
which activate microglial cells [16]. In turn, the normal involvement 
of microglial cells in synaptic stripping, cortical plasticity and neural 
connectivity is disrupted [30]. This microglial disruption in animal 
models has been associated with behavioral, cognitive, language 
and motor deficits similar to those observed in individuals with 
autism [31]. The observed neural impairment in ASD individuals 
has also been characterized by defective neural migration, dendritic 
spine abnormalities and GABAergic and glutamatergic receptor 
malfunctions [30]. Many of these abnormalities have been linked 
to dysregulation of mTOR signaling, a finding commonly associated 
with ASD [32]. Both downregulation and hyperactivation of these 
pathways can result in disruptions in neural stem cell proliferation, 
apoptosis, neural migration, axonal growth, dendritic growth, 
synaptic plasticity, myelination and autophagy [32].

Gastrointestinal impairment

Alongside immune and neurologic abnormalities, gastrointestinal 
disturbances are also common among individuals with ASD. These 
disturbances include abdominal pain, stool changes, vomiting and 
gastrointestinal reflux [10]. The severity of these GI disturbances 
has been correlated with the severity of behavioral abnormalities in 
ASD [10]. Immune and neurologic impairment are also implicated 
in this branch of ASD pathogenesis through the involvement of the 
gut-brain axis. The gut-brain axis describes the interconnection 
and communication between the enteric nervous system and the 
central nervous system. It is theorized that an imbalanced gut 
microbiota causes intestinal epithelial damage, which increases the 
permeability of the gut. This increased permeability allows for the 
migration of proinflammatory molecules, such as lipopolysaccharide 
and bacteria into the systemic circulation, causing an inflammatory 
response within the body. This inflammatory process can migrate 
to the CNS, increasing the permeability of the blood-brain-barrier 
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and ultimately propagating neuroinflammation [33]. Conversely, 
inflammation in the body can alter the gut microbiota itself, 
highlighting the bidirectional nature of these interactions [34]. 

It is also important to note the involvement of Hypothalamus-
Pituitary-Adrenal (HPA) axis signaling in these interactions. Stress-
induced release of cortisol can cause shifts in gut microbiota 
composition and increase intestinal permeability, precipitating the 
previously mentioned GI inflammation [33]. This finding, along 
with the involvement of stress in mast cell release and reports 
of exaggerated cortisol release in response to stressful stimuli in 

children with autism highlights the value of decreasing stress as a 
goal for ASD treatment [35]. 

This complex connection between the immune, endocrine, 
neurological and gastrointestinal systems implies a diverse range 
of molecular targets available for ASD treatment and emphasizes 
the need for a multifaceted approach to treatment. By controlling 
stress, immune dysregulation, oxidative stress, and consequently 
the gastrointestinal and neurologic dysfunction in ASD, it may be 
possible to lessen the severity of ASD symptoms (Figure 1).

Figure 1: Physiologic disturbances associated with autism spectrum disorder.

Current Pharmacological Treatments in ASD
Rather than targeting these physiologic processes involved in 

autism pathogenesis, allopathic pharmacological treatments are 
directed at treating comorbidities associated with ASD. Stimulants, 

antidepressants, antipsychotics, benzodiazepines, anxiolytics and 
anticonvulsants are commonly prescribed among ASD patients to 
address comorbidities, such as ADHD, mood disorders, anxiety and 
epilepsy [7]. 
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One of the most frequently reported comorbidities is Attention-
Deficit/Hyperactivity Disorder (ADHD), which is estimated to have 
a lifetime prevalence of 40.2% among individuals with ASD [36]. 
ADHD is often treated with stimulants and a2-adrenergic agonists. 
Stimulants, such as methylphenidate and amphetamine have been 
shown to enhance focus and executive function by increasing 
synaptic dopamine and norepinephrine levels [37]. Despite their 
widespread use, these drugs have been reported to carry significant 
side effects, such as high abuse potential, sleep disturbances, 
neuroinflammation, and elevated heart rate and blood pressure [37]. 
A2-adrenergic agonists, which inhibit presynaptic norepinephrine 
release, are also associated with major side effects in ASD patients, 
such as somnolence, dizziness, irritability, GI abnormalities and 
headaches [38]. In light of these adverse effects, it is also important 
to note that these ADHD medications have shown to display 
decreased efficacy and increased risk for side effects in children 
with ASD compared to children without ASD [38]. 

Medications prescribed to treat other comorbid disorders 
associated with ASD show similar risks for toxicity. Antipsychotics, 
such as haloperidol, are associated with dystonic reactions 
[39]. Antidepressants, such as SSRIs, have been shown to cause 
gastrointestinal effects, increased anxiety, sleep disturbances 
and serotonin abnormalities, which are all symptoms already 
experienced by many individuals with autism [40]. Patients taking 
anxiolytic agents, such as benzodiazepines, have reported increased 
dependence, hyperactivity, GI distress and confusion, among other 
side effects [39]. 

In looking at each of these drugs individually, their adverse 
effects pose concern when considering these as treatments for 
patients with autism. These concerns are amplified when we take 
into account the multitude of drugs often prescribed to patients with 
ASD to address multiple comorbidities and the resulting toxicities 
arising from these drug-drug interactions. This phenomenon of 
simultaneous drug use, known as polypharmacy, has been reported 
in up to 87% of individuals with autism according to a systematic 
literature review conducted by Ritter et al. [41]. Given the 
likelihood of patients with autism to experience polypharmacy and 
its heightened potential for toxicity, the search for more efficacious 
and less toxic remedies remains salient. Herbal remedies, such 
as Ashwagandha, Korean ginseng, Gotu Kola and Brahmi, have 
the potential to address these concerns by targeting multiple key 
players in autism pathogenesis, while displaying minimal toxicity, 
broad accessibility and the ability to be individualized to a patient’s 
needs.

Herbal Agents
Ashwagandha (Withania somnifera)

Ashwagandha (Withania somnifera), commonly referred to as 
“winter cherry” and “Indian Ginseng”, is an evergreen shrub found 
in India, Africa and the Middle East that has been commonly used 
in traditional Ayurvedic medicine for its vast health benefits. This 
herbal agent has been renowned for its anti-inflammatory, anxio-
lytic, antioxidant, anticancer, sleep-promoting, neuroprotective and 
immunomodulatory properties among many other health benefits 

[42]. Ashwagandha’s extensive health-enhancing properties can 
be attributed to its diverse chemical composition, which includes 
active steroidal alkaloids, steroidal lactones and saponins [42]. 
Among its many uses, its role in attenuating inflammation, anxi-
ety, sleep disturbances, neuronal impairment and oxidative stress 
makes Ashwagandha a promising remedy for individuals with au-
tism, who experience abnormalities in these domains. 

Considering the increased inflammation observed in individuals 
with autism, Ashwagandha’s well-documented role in decreasing 
inflammation may suggest its efficacy in autism treatment. Grunz-
Borgmann et al. [43] measured the effect of Ashwagandha treatment 
on the expression of proinflammatory chemokines, CCL5 and CCL2, 
and transcription factor NF-kB in rat proximal tubular epithelial cell 
lines [43]. In a typical inflammatory process, increased expression 
of these molecules can be induced by TNF-a and lipopolysaccharide. 
Ashwagandha diminished this effect, inhibiting TNF-a and LPS-
induced CCL5 expression as well as attenuating TNF-a and LPS-
induced CCL2 and NF-kB expression [43]. This finding is supported 
by studies that demonstrate the role of Withaferin A, a major active 
component of Ashwagandha, in blocking the DNA-binding activity 
and nuclear translocation of NF-kB [44]. The outcome of this blocked 
NF-kB signaling is decreased activity of downstream inflammatory 
mediators, such as chemokines, cytokines, iNOS and COX-2. 
Withaferin A also has been found to exhibit anti-inflammatory 
activity through downregulation of AKT/mTOR, MAPK and JAK/
STAT pathways, which are implicated in kinase signaling cascades 
that propagate inflammation [45]. A study conducted by Sikandan 
et al. [46] found that root extracts of Ashwagangha exerted similar 
effects, blocking nuclear translocation of NF-kB and suppressing 
p38 MAPK signaling [46]. In addition, this study demonstrated the 
ability of Ashwagandha root extract to decrease the expression 
of proinflammatory cytokines, such as IL-6, IL-8, TNF-a and IL-
1B, as well as to increase the expression of the anti-inflammatory 
cytokine, TGF-B1 [46]. Taken together, these findings support 
Ashwagandha’s role in decreasing inflammation and its potential in 
ameliorating autism pathogenesis, which involves an exaggerated 
inflammatory response. 

Ashwagandha can additionally be beneficial for autism patients 
with regards to its antioxidant properties. Individuals with ASD 
reportedly have higher levels of reactive oxygen species, lipid 
peroxidation and other markers of oxidative stress [29]. It is thought 
that minimizing this oxidative stress may lessen the severity of 
ASD symptomatology. One important indicator of oxidative stress 
observed in patients with ASD is low levels of reduced glutathione 
(GSH) in regions of the brain [47]. The role of GSH as an antioxidant 
is vital in maintaining redox homeostasis, so its deficiency creates 
an environment vulnerable to oxidative stress. Studies have found 
that W. somnifera root and leaf extracts have been able to elevate 
low GSH levels in mice experiencing oxidative stress [48]. Other 
signs of oxidative imbalance in ASD individuals include elevated 
Nitric Oxide (NO) and Malondialdehyde (MDA) levels, both markers 
of lipid peroxidation. Prakash et al. [49] showed that Ashwagandha 
treatment was able to lower elevated levels of NO and MDA in mice 
experiencing oxidative stress associated with Parkinson’s Disease 
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[49]. In conjunction with these decreases in oxidative stress markers, 
Ashwagandha also increased Catalase (CAT) activity in these mice, 
enhancing the crucial antioxidant function of this enzyme [49]. 
Other antioxidant enzymes, such as Superoxide Dismutase (SOD) 
and Glutathione Peroxidase (GPx), which catalyze the dismutation 
of superoxide and the reduction of hydrogen peroxide respectively, 
have also shown to be increased in the presence of Ashwagandha 
[50]. Many studies analyzing Ashwagandha’s antioxidant properties 
corroborate these findings, reiterating the herb’s ability to reverse 
either direction of dysregulation in GSH, NO, MDA, CAT, SOD and 
GPx activity [48]. 

The anti-inflammatory and antioxidant properties of 
Ashwagandha further have implications for improving CNS and GI 
health, which are worsened by inflammation and oxidative stress 
in ASD pathogenesis. These two systems are in communication 
with each other through the gut-brain axis, suggesting that 
inflammatory and oxidative abnormalities in one system will 
propagate disruptions in the other. Inflammation and oxidative 
stress can directly impair CNS functioning through disrupting 
synaptogenesis and neuronal homeostasis [51]. Ashwagandha 
has the potential to attenuate these disruptions, acting as a potent 
neuroprotectant. In mouse models of Alzheimer’s Disease, W. 
somnifera extracts have been shown to stimulate axonal growth, 
increase synaptic connectivity, enhance dendrite formation and 
aid in neuronal differentation [42]. In human neuronal SK-N-MC 
cell lines, Ashwagandha protected cells from β-amyloid-induced 
toxicity, attenuating neuronal cell degeneration and death [52]. 
Sominone, a metabolite of Withanoside IV, has been shown to play 
a role in Ashwagandha’s neuroproliferative and neuroprotective 
effects, increasing phosphorylation of RET, a receptor for the 
Glial Cell Line-Derived Neurotrophic Factor (GDNF). This results 
in promotion of neurite growth, oligodendrocyte formation and 
neuronal survival and differentiation [53]. These neuroprotective 
and neuroproliferative functions of Ashwagandha may prove 
critical in lessening the severity of vast CNS abnormalities observed 
in ASD and its associated comorbidities.

Modulating much of autism’s pathogenic disturbances 
are anxiety and stress. Among its most documented effects, 
Ashwagandha’s role as an anxiolytic and stress-reducing agent 
can be incredibly beneficial for patients with autism, who have 
been shown to more frequently report anxiety and have increased 
cortisol levels in comparison to patients without autism [35]. 

One proposed mechanism by which Ashwagandha exerts its 
anxiolytic effects is through downregulation of the HPA axis pathway, 
which produces glucocorticoids, such as cortisol and corticosterone 
in response to stress. Ashwagandha’s downregulation of this 
pathway results in a reduction in stress, as evidenced by lower 
standardized stress assessment scores and serum cortisol levels in 
adults taking the herbal extract as part of randomized, double-blind, 
placebo- controlled studies [54]. Ashwagandha’s well-documented 
GABA-mimetic effects have also been thought to play a role in the 
herb’s attenuation of stress. As a potent inhibitory neurotransmitter, 
GABA is thought to be highly involved in the management of stress 
and anxiety [55]. Ashwagandha has been found to directly interact 

with GABAA receptors, increasing GABAergic neurotransmission 
in a similar manner to GABAA receptor agonists, which are 
commonly used to treat anxiety [56]. This has been supported by 
studies finding that GABAA agonists enhance the hypnotic effects 
of Ashwagandha treatment in mice, as opposed to cotreatment 
with GABAA antagonists, which reversed Ashwagandha’s effects 
[57]. It is also important to mention the herbal agent’s sleep-
enhancing properties, which are important given the role of sleep 
deprivation in stress and ASD pathogenesis. In a study conducted 
by Kumar and Kalonia [57] mice given W. somnifera extract prior 
to induced sleep deprivation had increased total sleep time and 
slow-wave sleep, as well as decreased sleep latency and total wake 
time [57]. Furthermore, these researchers found that muscimol, 
a GABA agonist, enhanced these effects, while picrotoxin, a GABA 
antagonist, opposed these effects, suggesting the role of GABA 
neurotransmission in Ashwagandha’s sleep-promoting actions 
[57]. In addition to sleep enhancement, Ashwagandha extracts 
also demonstrated the ability to prevent sleep deprivation-related 
disturbances, such as weight loss, locomotor deficits and anxiety 
[57]. 

Although Ashwagandha has many benefits favorable to ASD 
patients, it is also important to consider the remedy’s side effects 
and drug interactions. Due to evidence of its thyroid-stimulating 
properties, Ashwagandha’s use should be limited in patients with 
hyperthyroidism to avoid potential thyrotoxicosis [58]. In addition, 
Ashwagandha should be avoided by pregnant and nursing women, 
due to lack of evidence on the herb’s effects during pregnancy 
as well as reports of abortifacient properties in certain active 
components of Ashwagandha [59]. Other reported adverse effects 
appear to be very uncommon and mild if present. These include 
rhinitis, drowsiness, constipation, cold symptoms and decreased 
appetite [54]. Drug interactions with Ashwagandha still need to be 
studied further; however, a few interactions have been reported. 
One interaction includes Ashwagandha’s ability to falsely elevate 
digoxin levels in fluorescence polarization immunoassays [60]. 
Ashwagandha has also been found to have hypoglycemic, diuretic, 
hypocholesterolemic effects that should be considered in patients 
with diabetes, abnormal cholesterol levels and renal disturbances 
[61]. These adverse effects and drug interactions appear to be 
rare and of low significance; however, further studies should be 
conducted to better ascertain the drug’s safety, particularly in 
patients with ASD.

Korean ginseng (P. ginseng)

As suggested by the similar common nomenclature, Korean 
Ginseng, formally known as Panax ginseng (P. ginseng), and Indian 
Ginseng (Ashwagandha) have many overlapping actions. The name 
Panax translates to “all-healing”, alluding to this herb’s broad-acting 
effects, which like those of Ashwagandha, may be instrumental in 
attenuating autism’s variable and diverse symptomatology. The 
complexity of P. ginseng’s effects can be attributed to its many 
ginsenosides and other active phytochemicals, which can produce 
numerous effects in a given tissue [62]. As a result, P. ginseng 
demonstrates immunomodulatory, anti-inflammatory, antioxidant, 
neuroprotective and anxiolytic effects. 
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One of P. ginseng’s most common uses is as an immunomodu-
lator. The body’s first line of defense against a pathogen involves 
coordinated responses between macrophages, dendritic cells, neu-
trophils and other innate immune system mediators. As phagocyt-
ic cells that are involved in producing proinflammatory secretory 
molecules and aiding in antigen presentation, macrophages are im-
portant modulators of both innate and adaptive immune responses. 
Ginsan, a polysaccharide component of P. ginseng, has been found to 
accentuate the cytotoxicity and phagocytic activity of macrophages 
in mice [63]. CD14 expression was also elevated in these macro-
phages, suggesting that P. ginseng activation of macrophages and 
subsequent cytokine release may be dependent on the interaction 
between ginsan and CD14 [63]. These researchers further observed 
upregulation of Major Histocompatibility Complex (MHC) class II 
molecules in ginsan-treated macrophages, demonstrating ginsan’s 
ability to enhance MHC class II antigen presentation to CD4+ T-cells 
and stimulate adaptive immune responses [63]. Dendritic cells 
are also involved in the innate and adaptive immune responses, 
being critical in antigen recognition, antigen presentation, activa-
tion of lymphocytes and release of inflammatory cytokines. Active 
components of P. ginseng and their byproducts have been shown 
to enhance the antigen presentation of dendritic cells by upregu-
lating MHC Class II, CD80, CD83 and CD86 and to further increase 
T-cell proliferation [64]. Red ginseng (Korean ginseng that has been 
steamed and dried) can also induce neutrophil accumulation, in a 
similar manner to lentinan, an established immunomodifier [65]. 
These combined effects bolster both the innate and adaptive im-
mune responses, providing substantial benefit to those needing 
increased protection. 

In a similar manner to Ashwagandha, Korean ginseng also 
targets key players involved in inflammatory pathways. Treatment 
with P. ginseng has been shown to reverse dysregulations in 
inflammatory processes, which can benefit patients with ASD, 
who experience exaggerated inflammatory responses. Ahn et al. 
[66] observed that mice treated with P. ginseng and subsequently 
exposed to Staphylococcus aureus were shown to have suppressed 
Toll-Like Receptor (TLR) signaling, which plays a key role in 
the overactivation of inflammatory and immune responses 
[66]. Downstream p38 MAPK activity and subsequent cytokine 
production were also suppressed with researchers finding 
decreased levels of TNF-a, IFN-Y and other proinflammatory 
cytokines in the ginseng-treated mice [66]. These mice ultimately 
had increased survival in comparison to control mice, suggesting 
that that the herbal treatment provided protection against 
Staphylococcus aureus induced sepsis [66]. COX-2 expression, which 
is induced by inflammatory stimuli and states of physiologic stress, 
such as hypoxia, is reduced in the presence of Korean Red Ginseng 
[67]. Given the role of COX-2 in the production of Prostaglandin 
E2 (PGE2), which mediates inflammation, pain and angiogenesis, 
suppression of this pathway can be useful in attenuating 
inflammation and tumorigenesis [67]. As with Ashwagandha, 
one mechanism by which P. ginseng attenuates inflammation is 
through downregulation of JAK/STAT signaling. In human gastric 
epithelial cells, pretreatment with Red Ginseng Extract (RGE) 
reversed increases in JAK2/STAT3 expression in Helicobacter pylori 

infected cells [68]. This inhibition of JAK2/STAT3 signaling further 
resulted in decreased protein levels of iNOS and MCP-1, which are 
inflammatory mediators [68]. 

P. ginseng has also been established as an effective antioxidant 
in published literature. In healthy males undergoing strenuous 
exercise, increased lipid peroxidation, as signified by increased 
Malondialdehyde (MDA), was attenuated by P. ginseng extract, 
while Catalase (CAT) and Superoxide Dismutase (SOD) levels 
were increased [69]. This implies that ginseng-induced decreases 
in oxidative stress, indicated by lowered MDA levels, were likely 
modulated, in part, by increased SOD and catalase antioxidant 
activity. Kim et al. [70] also found that 1g/day administration of 
P. ginseng extract reduced elevated serum ROS and MDA levels in 
idiopathic chronic fatigue patients [70]. These patients ultimately 
demonstrated significantly lower mental fatigue assessment scores 
compared to control group participants, highlighting P. ginseng’s 
ability to modulate the severity of idiopathic chronic fatigue [70]. 

Ginseng’s antioxidant and anti-inflammatory effects have been 
linked to the herb’s ability to improve cardiovascular function. P. 
ginseng can protect oxidative stress-induced myocardial damage 
through upregulation of SOD and glutathione reductase as well as 
through minimization of lipid peroxidation and ROS production [71]. 
In addition, the herbal agent has been found to stimulate Endothelial 
Nitric Oxide Synthase (eNOS), resulting in increased angiogenesis 
and NO production [71,72]. NO-induced vasodilation is proposed 
to be one mechanism by which P. ginseng regulates blood pressure 
and enhances vasomotor functioning [71]. In hypertensive patients, 
Korean, Chinese and American ginseng all contributed to lowering 
blood pressure without producing any negative side effects [73]. 
Ginsenoside Rg3 has also been established as having antiplatelet 
activity with the potential to inhibit thrombus formation, which 
may prove beneficial in the management of coronary artery disease 
[74]. 

The effect of P. ginseng on the central nervous system is also 
well-studied and one of its most promising therapeutic properties. 
The herbal agent has been reported to aid in neurotransmission 
through modulation of voltage-gated ion channels, to protect 
against states of neuronal stress, including glutamate-induced 
excitotoxicity, and to improve neuronal cell proliferation, 
differentiation, survival and regeneration among other CNS effects 
[72]. In human neuroblastoma SK-N-SH cells, methanol extracts 
of P. ginseng and relatives of the Panax family, such as Ye-Sanchi, 
significantly improved neurite outgrowth in a dose-dependent 
manner [75]. Active ginsenosides, Rb1 and Rb3, were found to 
contribute to this extension and to increase the multipolarity of the 
neurites [75]. P. ginseng even enhanced axonal outgrowth after Aβ-
induction of neuron atrophy, highlighting the herb’s regenerative 
potential in neurons [76,77]. Rb1 further contributes to P. ginseng’s 
ability to protect neurons from glutamate-induced excitotoxicity 
and H2o2-induced oxidative stress, which are implicated as major 
causes of neuronal dysfunction in patients with autism [78]. Xie 
et al. [78] found that Rb1 attenuated the oxidative stress, lipid 
peroxidation, decreases in Bcl/Bax ratio and caspase-3 activation 
induced by β-amyloid (Aβ) [78]. This facilitated cell survival in 
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treated cells, demonstrating the ginsenoside’s efficacy in preventing 
the β-amyloid (Aβ)-induced cell injury commonly associated with 
Alzheimer’s Disease [78]. This is consistent with studies that have 
reported P. ginseng’s ability to improve memory and learning. In 
healthy middle-aged individuals, capsules of P. ginseng and Ginkgo 
biloba have increased scores on an index of memory quality that 
tested participants’ working memory and episodic secondary 
memory [79]. 

Ginseng has also been well-established an anxiolytic and sleep 
tonic. First Night Effect (FNE) describes a phenomenon in which 
study participants have decreased total sleep time, increased sleep 
latency, less stage I REM sleep and decreased overall sleep efficiency 
on the first night of sleep in a laboratory setting [80]. Stress and 
anxiety disorders reportedly exaggerate FNE, implicating FNE 
severity as a marker for stress severity [81]. In a study conducted by 
Kitaoka et al. [80], study participants taking fermented ginseng were 
found to have increased total sleep time, decreased wake time after 
sleep onset and increased sleep efficiency compared to the placebo 
group [81]. The fermented ginseng group also had lower scores 
on the State-Trait Anxiety Inventory (STAI) and Kwansei-Gakuin 
Sleepiness Scale (KSS) questionnaires [80]. These researchers have 
also found that fermented ginseng showed anxiolytic effects in 
mice subjected to light-dark transition and maze tests [80]. In the 
hippocampi of these mice, there was decreased expression of GABA 
catabolic enzyme (Abat) and neuronal GABA Transporter (GAT1). 
This suggests that, similarly to Ashwagandha, P. ginseng’s anxiolytic 
effects may be modulated by increased GABAergic activity [80]. 

As with Ashwagandha, there are limited reports of adverse 
effects associated with P. ginseng and the herb is generally 
well tolerated [81]. In a systematic review conducted by Kim 
et al. [82] only 16 out of 44 analyzed studies reported adverse 
effects in patients taking P. ginseng [82]. In one of these studies, 
mild symptoms, such as dyspepsia, hot flashes, insomnia, and 
constipation were reported by both participants taking P. ginseng 
and those taking the placebo [82]. A long-term study that evaluated 
P. ginseng administration in chronic atrophic gastritis patients 
found that side effects, such as headache, increased heart rate, 
rash, elevated blood pressure, sweating and nasal bleeding, were 
reported in 9.9% of patients who took ginseng daily for 3 years, but 
this number was not significantly different than the placebo group 
[83]. Gastrointestinal symptoms were also reported in both groups 
and were not significantly different between the groups. These 
symptoms were therefore likely attributed to the patients’ chronic 
atrophic gastritis [83]. Reports of drug-interactions associated with 
P. ginseng are also limited, yet important to consider. Hu et al. [84] 
reports evidence that P. ginseng increases ethanol clearance [84]. 
The review attributes this accelerated clearance to delayed gastric 
emptying and activation of alcohol-oxidizing pathways, such as the 
CYP2E1 system [84]. Additional studies are needed to understand 
the effect of P. ginseng on other drugs metabolized by CYP enzymes. 

Our discussion of ginseng in this paper has focused on the 
therapeutic properties of Korean ginseng (Panax ginseng), for which 
there is substantial evidence for health-promotion. However, there 
are many other related Panax species, such as Panax notoginseng (P. 

notoginseng) and American ginseng (Panax quinquefolium), which 
have shown therapeutic potential. The similarities and differences 
between these species are likely due to the major bioactive 
components present in each. Ginseng saponins, also known as 
ginsenosides, are among the most unique active components of 
ginseng species and are responsible for much of their therapeutic 
properties. Zhang et al. [85] found that the main ginsenosides 
among P. ginseng, American ginseng and P. notoginseng were 
similar, including ginsenosides Rb1, Re, Rg1 and Rb2 [85]. However, 
there were noted differences between the chemical compositions 
of these species. Supported by previous studies, these researchers 
observed that the Rg1/Rb1 ratio in American ginseng was over 4 
times greater than that in P. ginseng [86]. P. notoginseng root was 
also reported to have higher ginsenoside content than P. ginseng 
and American ginseng roots, while P. ginseng stem leaves had higher 
ginsenoside content than P. notoginseng and American ginseng 
stem leaves [85]. This finding highlights an important observation 
that phytochemical composition not only varies between species, 
but also within the different parts of a single species. As with any 
herbal remedy, it is important to consider the specific chemical 
composition of the herbal agents involved, which can vary based 
on a host of factors, including season, age of the agent, geographical 
location of growth and preparation method [86].

Brahmi (Bacopa monneri)

Brahmi (Bacopa monneri) is another herbal agent commonly 
used in traditional Ayurvedic practices as a memory-enhancer and 
cognitive stimulant. This perennial herb can be found growing in 
India, Nepal, Sri Lanka, China, Taiwan and southern United States, 
and its chemical components include bacosides, Brahmin, nicotine, 
herpestine, D-mannitol, hersaponin and potassium salts [87]. 
Along with its well-documented cognitive and neurologic benefits, 
Brahmi’s roles as an antioxidant, anxiolytic, anti-inflammatory, 
antiepileptic, and gastroprotective agent have the potential 
ameliorate ASD pathogenesis [87]. 

The most well-studied and promising therapeutic property 
of B. monneri is its ability to promote neuronal and cognitive 
health. As with both Ashwagandha and Korean ginseng, Brahmi is 
able to protect neuronal cells from β-amyloid-induced cell-death, 
partially through its antioxidant properties and ability to inhibit 
acetylcholinesterase activity [88]. B. monneri’s antioxidant effects 
in the central nervous system result in therapeutic benefits, such as 
memory enhancement, information processing and improvements 
in learning. In a study conducted by Hota et al. [89], mice exposed 
to hypobaric hypoxia and treated with bacosides demonstrated 
improved long-term performance in a water maze test in comparison 
to control groups exposed to the same hypoxic conditions [89]. 
This demonstration of enhanced learning ability and memory 
acquisition was linked to bacoside modulation of N-Methyl-D-
Aspartic Acid (NMDA) signaling and attenuation of hypoxia-induced 
neurodegeneration [89]. Human subjects have experienced similar 
cognitive benefits in response to Brahmi, showing improvements 
in memory acquisition, learning ability and information processing. 
A double-blind, placebo-controlled study revealed that healthy 
human subjects administered B. monneri extract for 12 weeks 
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exhibited enhanced information processing, verbal learning rate 
and memory consolidation [90]. The participants in this group 
also had lower reported anxiety after treatment, as measured by 
the State-Trait Anxiety Inventory, highlighting another important 
therapeutic property of Brahmi [90]. In a separate human study 
however, Brahmi administration was only found to minimize the 
amount of information lost, without showing significant effects 
on learning, memory acquisition or anxiety [91]. These results 
demonstrate differing benefits of Brahmi on the brain, emphasizing 
the need for further study on the specific neurocognitive effects of 
Brahmi in humans. 

As previously mentioned, much of B. monneri’s neuroprotective 
effects are attributed to its ability to reduce damage induced by 
oxidative stress in the brain. Most of Brahmi’s antioxidant activity 
is modulated through increasing GSH and the activity of antioxidant 
enzymes, such as SOD, CAT and GPx [92]. The increased activity of 
these enzymes facilitates the scavenging of free radicals, which 
ultimately curtails downstream oxidative damage. In human 
fibroblasts, methanol extract of B. monneri exhibited dose-
dependent free radical scavenging activity and protected against 
H2O2 UV photolysis-induced DNA cleavage [93]. Bacoside A has 
been found to be responsible, in part, for this antioxidant activity 
of Brahmi, showing evidence of minimizing cigarette-induced 
oxidative stress in rat models [94]. 

Attenuation of oxidative stress is also a mechanism by which 
B. monneri administration is proposed to possess anxiolytic effects. 
In a study conducted by Bhattacharya & Ghosal [95], B. monneri 
treatment in rats minimized fear-induced conflict, increased 
exploratory behavior and promoted socialization in a similar, dose-
dependent manner as lorazepam, a benzodiazepine anxiolytic [95]. 
In addition to the previously mentioned Stough et al. [90] study, 
other researchers have similarly observed lower anxiety scores in 
human participants after Brahmi treatment [90,96]. In addition to 
decreasing anxiety scores, Calabrese et al. [96] reported that Brahmi 
administration also significantly decreased depression scores in 
treatment group participants, relative to the scores of control group 
participants [96]. This is supported by multiple studies that have 
found antidepressant activity in B. monneri-treated mice subjected 
to forced swimming, tail suspension and learned helplessness tests, 
which are established evaluations for depression in mice models 
[97]. The mechanism of these effects and their consistency in 
human studies warrant further study. 

Other reported therapeutic benefits of B. monneri include anti-
epileptic, anti-inflammatory and gastroprotective effects [98]. 
These properties also have the potential to ameliorate autism 
pathophysiology, but their lack of support, particularly with 
regards to human studies, make these effects less reliable as means 
by which patients will receive benefit. 

Consistent with those of Ashwaganda, Korean ginseng and 
other herbal agents, the adverse effects of Brahmi appear to be rare 
and minimal. In the Stough et al. [90] study previously mentioned, 
participants taking B. monneri extract for 12 weeks had a similar 
prevalence of adverse effects in comparison to control group 

participants, with higher percentages of mild symptoms, such as 
nausea, dry mouth and fatigue [90]. In a human study conducted 
by Roodenrys et al. [91], only one out of eighty-four participants 
reported mild gastrointestinal symptoms in response to the Brahmi 
tablets, while none of the other participants reported any adverse 
effects [91]. In mice models, administration of Brahmi suppressed 
spermatogenesis and fertility; however, these changes were 
reversed after cessation of Brahmi treatment [98]. B. monneri has 
also exhibited inhibitory activity on CYP450 enzymes, including 
CYP3A4, CYP2C9 and CYP2C19, which may interfere with drugs 
metabolized by these enzymes [99]. These interactions and their 
resulting herb-drug interactions must be further investigated.

Gotu kola (Centella asiatica)

Gotu Kola (Centella asiatica), also known as Indian or Asian 
Pennywort, is a perennial plant that has been used in traditional 
Ayurvedic, African and Chinese medicine. As with the herbal agents 
previously mentioned in this review, Gotu Kola is renowned as a 
nootropic remedy that also has noted antioxidant, antimicrobial, 
anxiolytic and wound healing properties [100]. The chemical 
constituents responsible for these observed benefits include 
sesquiterpenes, plant sterols, saponins, eugenol derivatives, 
caffeoylquinic acids, flavonoids and, most notably, pentacyclic 
triterpenoids, which are also known as “centelloids”. The effect of 
these constituents and their combined actions has great potential 
for attenuating many disease states, including those present in 
autism. 

One of C. asiatica’s earliest and most celebrated uses is as a 
brain tonic and modulator of several CNS pathways. Gotu Kola 
has been shown to facilitate neuronal growth, neuronal survival, 
learning, memory and protection against disease states, such as 
Alzheimer’s Disease, Parkinson’s Disease and cerebral ischemia 
[101]. Mukherjee et al. [102] found that Gotu Kola extract 
showed moderate inhibitory activity on Acetylcholinesterase 
(AChE), the enzyme responsible for hydrolyzing acetylcholine, 
the neurotransmitter deficient in Alzheimer’s Disease (AD) [102]. 
The herb has also shown potential for enhancing memory and 
ameliorating AD through its ability to increase phosphorylation of 
Cyclic AMP Response Element Binding protein (CREB) in amyloid-
beta expressing neuroblastoma cells [103]. CREB signaling is 
known to regulate synaptic plasticity, dendritic growth and memory 
encoding and storage, suggesting that C. asiatica enhancement of 
CREB activity provides benefit outside the context of AD as well. 
Rao et al. [104] found that mice administered Gotu Kola postnatally 
exhibited improvements in learning and memory as evaluated 
through maze and hole board tests [104]. The CA3 pyramidal 
neurons of these mice showed increased dendritic branching 
and number of intersections, demonstrating enhanced synaptic 
connectivity [104]. Cognitive benefits have also been observed in 
humans, with Wattanathorn et al. [105] finding that administration 
of standardized C. asiatica extract in healthy elderly subjects 
resulted in significantly improved reaction times and accuracy in 
working memory tasks [105]. These participants also reported 
higher alertness and calmness scores, which were significant when 
compared to control group participants [105]. Tiwari et al. [106] 
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similarly observed cognitive improvements with Gotu Kola, as 
assessed by the Mini-Mental State Examination (MMSE) [106], in 
elderly patients with Mild Cognitive Impairment (MCI). Attenuation 
of these impairments by C. asiatica suggests the potential ability 
of the herb to promote memory retention and delay the onset of 
dementia. 

As seen with Brahmi, the antioxidant properties of Gotu Kola 
are highly involved in the herb’s cognitive benefits. In mice models 
of AD, C. asiatica mitigation of Streptozotocin (STZ)-induced 
memory loss was associated with reductions oxidative stress, 
indicated by decreased MDA and increased GSH levels [107]. 
Madecassoside, an active saponin component of C. asiatica, has 
been shown to attenuate H2O2-induced oxidative stress in human 
umbilical vein endothelial cells (HUVECs) [108]. Cells treated 
with Madecassoside demonstrated increased viability, maintained 
morphology, decreased MDA levels, elevated GSH levels and anti- 
apoptotic activity, which was attributed to increased inhibition of 
caspase-3 and prevention of p38 MAPK phosphorylation [108]. The 
antioxidant properties of Gotu Kola have also been implicated in 
the herb’s wound-healing benefits. In a clinical trial conducted by 
Paocharoen [109], subjects treated with C. asiatica extract exhibited 
faster wound contraction and less granulation tissue formation, 
suggesting reduced scar formation [109]. 

The actions of C. asiatica on the central nervous system have 
been shown to improve neurobehavioral outcomes in disorders 
such as anxiety, epilepsy and depression. In a clinical trial involving 
patients with generalized anxiety disorder, two-month treatment 
with C. asiatica extract resulted in a significant alleviation of 
anxiety and depression indices when compared to baseline levels 
[110]. In support of these findings, Bradwejn et al. [111] found 
that Gotu Kola intake mitigated the acoustic startle response in 
experimental group participants when compared to control group 
participants [111]. The magnitude of the acoustic startle response 
has been positively correlated with anxiety severity within and 
outside the context of generalized anxiety disorder, signifying that 
Gotu Kola’s reduction of this response represents a reduction in 
anxiety [111]. As with Ashwagandha and P. ginseng, it is possible 
that Gotu Kola exerts anxiolytic effects through modulation of 
GABAergic pathways. Awad et al. [112] found that aqueous extracts 
of C. asiatica stimulated Glutamic Acid Decarboxylase activity 
(GAD) and preferentially inhibited GABA Transaminase (GABA-T) 
activity [112]. This high GAD:GABA-T ratio results in greater GABA 
levels and GABAergic neurotransmission, which aids in reducing 
anxiety levels [112]. 

GABAergic imbalances are also implicated in the pathogenesis 
and treatment of epilepsy. Therefore, treatments that can stimulate 
GABAergic activity, such as C. asiatica are promising candidates 
for antiepileptic drugs [112]. This potential has been exemplified 
by multiple studies, in which Gotu Kola has reversed the seizure-
promoting actions of Pentylenetetrazol (PTZ), a GABAA antagonist 
[113]. Visweswari et al. [113] demonstrated that mice with 
Pentylenetetrazol (PTZ)-induced epilepsy showed increased 
ACh levels and suppressed AChE activity, which was reversed by 
pretreatment with C. asiatica extracts [113]. This anticonvulsant 

activity in mice suggests the possibility of similar effects in humans, 
which would be especially beneficial for patients with autism who 
have comorbid epilepsy. 

As with other herbal agents, there is support for the safe use 
of Gotu Kola in humans; however, further studies should be done 
to confirm this, as well as determine effective and safe doses. LD50 
is a measure of toxicity that refers to the quantity of a substance 
required to cause death in half the population of test animals. In an 
acute oral toxicity study conducted in mice, the LD50 of C. asiatica 
leaf extract was found to be greater than 2000mg/kg body weight, 
suggesting low toxicity [114]. The mice in this study did not exhibit 
any changes in weight, behavior or organ gross anatomy, further 
exemplifying the safety of C. asiatica leaf extract [114]. Human 
clinical trials have been in support of these findings, with limited 
reports of adverse effects in response to the herbal agent. In the 
previously mentioned clinical study conducted by Jana et al. [110] 
involving 33 participants with generalized anxiety disorder, no 
adverse effects to C. asiatica extract were reported by any of the 
participants over the course of the two- month study [110]. A 
systematic review of 11 randomized control trials similarly found 
that none of these studies reported significant adverse effects to C. 
asiatica [115]. Reported adverse effects were only in response to 
Gotu Kola combination treatments and included GI disturbances, 
drowsiness, headache and rash; however, these side effects were 
comparable to those reported by placebo group [115]. Knowledge 
on herb-drug interactions associated with Gotu Kola is also limited, 
but the sedative effects of the herb should be considered in patients 
taking soporific medications [116]. Due to reports of Gotu Kola-
induced infertility in mice and human sperm in a very early study, 
as well as abortive effects observed in female mice, this herb should 
be avoided in pregnant women and those who plan to conceive in 
the near future [101].

Discussion
This paper has highlighted the targets and mechanisms 

of therapeutic action demonstrated by Ashwagandha, Korean 
Ginseng, Brahmi and Gotu Kola. Through acting on their respective 
targets, these herbal agents exhibit significant anti-inflammatory, 
immunomodulatory, antioxidant, neuroprotective, anxiolytic and 
sleep-promoting properties. These effects are relevant within the 
context of autism spectrum disorder, which is associated with 
heightened inflammation, immune dysregulation, oxidative stress, 
neuronal abnormalities, anxiety and sleep disturbances. 

The benefits posed by these herbal agents can act alone or 
synergistically with other herbal agents. In traditional systems of 
medicine, herbal agents have been used in conjunction with one 
another as polyherbal formulations. It is thought that the combined 
use of multiple herbal agents enhances therapeutic potency through 
strengthening the pharmacokinetic properties of each agent, 
amplifying herbal effects at shared targets and expanding the range 
of targets to produce broader effects. The amplifying potential of 
polyherbal formulations poses beneficial in cases where enhanced 
therapeutic potency is warranted; however, this should be used 
with caution, as excessive amplification at shared targets may 
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create additional physiologic disruptions. Polyherbal formulations 
further have the potential to expand the range of targets affected, 
allowing these formulations to address the multifaceted nature 
of many disorders, such as ASD. For example, a formulation that 
includes Ashwagandha and Korean Ginseng may have enhanced 
effects at targets that the two herbs share, such as JAK/STAT and 
GABAA, amplifying the anti-inflammatory and anxiolytic effects of 
these herbal agents [45,56,68,80]. Additionally, this polyherbal 
remedy would also contain the unique benefits of each herb, such 
as Korean Ginseng’s effects on cardiovascular stabilization and 
Ashwagandha’s attenuation of HPA-axis dysregulations [54,71]. 
The diversity seen in ASD pathogenesis, presentation and response 
to treatment warrants this type of broad-acting and customizable 
treatment. This paper has focused on the potential advantages 
Ashwagandha, Korean Ginseng, Brahmi and Gotu Kola may have in 
ASD treatment. However, many other herbal remedies may also be 
of benefit for these patients. Using a select combination of these 
herbal agents, a patient’s unique symptoms, comorbidities and 
physiology can be considered so that treatment is individualized to 
address the specific needs of the patient.

Another key benefit of herbal remedies is their relatively low 
toxicity and minimal risk for side effects in comparison to many 
western treatments. Ashwagandha, Korean Ginseng, Brahmi and 
Gotu Kola have all been well-tolerated in human studies with reports 
of only rare and mild side effects [54,82,90]. Though many studies 
support the safe use of these herbal agents in humans, further 
research must be conducted to determine therapeutic dosage, 
safety in conjunction with allopathic medications, and safety across 
vulnerable populations, such as pregnant and nursing women. Due 
to a lack of thorough study into the use of herbal agents in pregnant 
and nursing women, these remedies should be avoided in this 
population until further research supports otherwise. In addition, 
caution should be taken when combining herbal remedies with 
allopathic drugs, as these interactions have not been thoroughly 
studied. These unknowns emphasize a need for more extensive 
study into the use and safety of these herbal agents. 

When discussing the safety of herbal remedies, the importance 
of processing technique and standardization is especially relevant. 
Preparation of herbal extracts can involve harvesting, drying, 
extracting and concentrating. Lack of standardization and quality 
monitoring at any of these stages can lead to preparation variability 
and even contamination. Reports of toxicity with herbal remedies 
are rare, but are often attributed to the contamination of herbal 
preparations with metals or microbes [117]. These toxicities 
are particularly prevalent in regions where standardization 
and processing are not tightly regulated, and consequently, 
contaminated products can go out into circulation. These problems 
should not be major deterrents to herbal remedy use, especially 
considering rare reports of toxicity and the large potential benefit 
these remedies hold for autism patients as well as other patients. 
Instead, these occurrences emphasize the need for standardization 
and quality control of herbal preparations. Many organizations, 
such as the WHO, the USP and the EU have pushed for directives 
and guidelines that aim to provide a more universal protocol for 

herbal remedy standardization. The US Pharmacopeia is a nonprofit 
organization that has set out to improve medication availability and 
safety across the globe through establishing standards for quality 
control. This organization also provides quality verification for 
marketed supplements in the US and has set out to work with the 
FDA to create more modern and reliable monographs for herbal 
medications. These changes represent acknowledgement of 
widespread herbal medicine use and support of further study and 
standardization of these agents. 

The increasing prevalence of herbal remedy use signifies 
a change in western perceptions of treatment, which must be 
met with knowledge to guide this change. In a study conducted 
by Rashrash et al. [118] in 2017, 35% of surveyed Americans 
reported current use of herbal medicines [118]. Reports were 
higher among older individuals, those with higher education and 
those with chronic illness [118]. Whether in support of its use 
or not, physicians should be informed on the benefits, risks and 
applicability of herbal remedies, as patients will continue to explore 
their use. In many western clinics, patient use of herbal treatments 
often goes unreported due to a host of potential reasons. However, 
these herbal agents have the ability to affect a patient’s disease 
course, treatment and recovery, so it is important that healthcare 
providers ask about herbal or alternative medicinal use when 
taking a patient’s history.

Conclusion
Individuals with ASD show vast variability in genetic makeup, 

behavioral patterns, developmental trajectory, cognition, 
physiologic alterations and comorbidities, among other findings. 
Herbal remedies, which have broad-acting effects, minimal risks 
for toxicity and wide availability, have the potential to act as an 
individualized adjunct treatment to other therapeutic strategies 
used in ASD. In particular, Ashwagandha, Korean Ginseng, Brahmi 
and Gotu Kola have demonstrated significant anti-inflammatory, 
immunomodulatory, antioxidant, neuroprotective, anxiolytic and 
sleep-promoting effects through acting on a range of molecular 
targets, which are highlighted in this paper. In western medicine, 
these remedies have the potential to act as safe and effective 
alternatives or adjuncts to allopathic medications for patients with 
ASD and other chronic disorders. From a global health perspective, 
these herbs are widely available and can meet the demand for 
cost-effective treatment, reducing a gap in medication access 
that exists across the globe. As herbal medicine use continues to 
increase in prevalence throughout the world, the demand for in-
depth knowledge on the production, safety, mechanisms of action 
and therapeutic uses of these remedies becomes increasingly 
pressing. Further research must be conducted in order to better 
understand how these herbal agents function in the treatment of 
various disorders and interact with allopathic medications. With 
this information, healthcare providers will be better equipped to 
inform patients taking or interested in these alternative therapies. 
Through using western-based knowledge to supplement herbal 
medicine use, traditional and modern systems of medicine can 
cooperatively enhance treatment for patients with ASD and other 
complex disorders.
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