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EXPLORING MULTIFACETED APPROACHES
IN AUTISM SPECTRUM DISORDER: INTEGRATING
GUT MICROBIOME, DIET, AND ADAPTOGENS

S. Barua, D.A. Fomicheva, N.V. Iakovchenko

Background. Autism Spectrum Disorder (ASD), a complex neurodevelopmental
condition, exhibits diverse social, communication, and behavioural features. Ex-
ploring genetic, environmental, and physiological factors reveals the heterogeneous
nature of ASD. Recent research delves beyond traditional aspects, highlighting the
roles of the gut microbiome, dietary influences, and adaptogens in understanding
and managing ASD.

Materials and methods. This review integrates evidence from neuroscience,
microbiology, and nutritional science, analysing peer-reviewed studies and clinical
trials. The objective is to elucidate mechanisms, assess dietary interventions, and
explore adaptogen research in ASD.

Results. The gut-brain axis, emphasizing microbial metabolites like short-chain
fatty acids, influences neurodevelopment. Dietary interventions, including glu-
ten-free, casein-free, mediterranean and ketogenic diets, modulate the gut micro-
biome and address specific ASD behaviors. Novel adaptogen exploration hints at
stress response modulation and neuroprotection.

Conclusion. This review underscores intricate ASD connections, suggesting
adaptogens as alternative therapeutics. Challenges in standardizing methodolo-
gies persist. Collaborative efforts are vital for navigating ASD heterogeneity and
advancing personalized, holistic approaches. Unraveling complexities offers hope
for targeted interventions and improved outcomes in ASD individuals.
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Haywunsre 0630p5t

N3YYEHUE MHOI'OCTOPOHHHUX ITOAXO0B
K TEPAITUA PACCTPOUCTB AYTUCTHUYECKOT O
CIHEKTPA: HHTETI'PAIIMSA KHIHEYHOI'O
MHUKPOBUOMA, TUETHBI U AJAIITOI'EHOB

C. bapya, /I.A. @omuuesa, H.B. Ikoéuenko

Obocnosanue. Paccmpoiicmeo aymuueckozo cnexkmpa (PAC), croscroe 3abone-
6aHUe HePBHOU CUCTEMbL, KOMOPOe OeMOHCIPUPYEn pazHO0Opa3Hble COYUATbHYIE,
KOMMYHUKaAmMuegHbule, u nogedenyueckue ocooennocmu. Mzyuenue 2eHemuyeckux, yKo-
J02UNECKUX U PUUONO2ULECKUX (haAKIMOPO8 pACKPLIGAEH 2EeMEPO2EHHYI0 NPUPOOY
PAC. Iocnednue uccnedoganus 8bIX005m 3a pamku mpaouyuoHHbIX ACneKmos,
N004epKUBaAs Poib KUUWLEUHO20 MUKPOOUOMA, BIUSAHUA OUembl U A0ANmMo2eHos 6
nonumanuu u nevenuu PAC.

Mamepuanot u memoowt. /[annviii 0630p 00beOUHAEM C8eOeHUs U3 HEUPOHA-
VKU, MUKPOOUONO2UU U HYMPUYUOTOUU NOCPEOCTNBOM AHANU3A PEYEeHIUDYEeMbIX
UcCred08anull U KIUHUYeckux ucnvimanutl. Llenv ucciedosanus cocmoum 6 mom,
UmoObl U3YUUMb MEXAHUZM OeUCMBUs A0ANMO2EeH08 U OYEHUMb UX UCNONb308AHUE
6 ouemomepanuu npu PAC.

Pezynvmamut. Céa3b KuuleyHUK-m032, @ KOMOpoil 0coboe 3HaUeHue NPUOAemcsi
MUKPOOHBIM MEMabOIUmMam, makum Kaxk KOpomKoyenoueyvle HCupHole KUCI0mbl,
6nUsem Ha pazeumue HepeHoll cucmemul. [Juemomepanus, xuouarouas 6esenome-
HOBYIO, 6E3KA3CUHOBYIO, CPEOUIEMHOMOPCKYIO U KEMO2EHHYI0 OUenbvl, MOOYIUpYem
KUeuHblll MUKpoouom u popmupyem konkpemmuoe nogedenue npu PAC. Ha ocnose
HOBUIX UCCIE008AHUTL CEOUICE A0ANIOEHO8 Mbl MONHCEM NPEONONOACUMb UX G-
Hue Ha MOOVIAYUIO PeaKyuu Ha CIpecc U HeupoOnpomeKyuro.

3aknrouenue. Jlannolii 0030p NOOUEPKUBAET BANCHOCb CTLONCHOU 63AUMOCESI3U
numanus u 300posws npu PAC, u npednazaem adanmozenul 6 kauecmee anvmepHa-
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MUBHBIX Meno0os feverus. OOHaKo, npodnemvl 6 CMAHOAPMUZAYUL MEeMOOOL02UTL
coxpansiiomes. Coemecmuvie yeunus 6 usyvenuu PAC umeiom ducusnenno adicnoe
3Hauenue O NPeoOONeHUs 2emepOeHHOCU 3a00N1e6aHUs U NPOOGUICEHUS NEPCO-
HAUBUPOBAHHBIX, YENOCHIHBIX N0OX0008. Packpvimue monkocmetl 3abonesanus daem
Haoexcoy Ha yelenanpasientvie Mepbl u yiyduienue pesyiomamos y aooeti ¢ PAC.

Knrouegvle cnosa: paccmpoiicmeo aymucmuyecko2o CneKmpa, KUMeuHbli MUKpo-
ouom; adanmozenvl; OUeMU4ecKue GMelamerbCmed; pa3eumiue HepeHoL CUCmeMvl

Jna yumuposanusn. bapya C., @omuuesa /{.A., Axoeuenko H.B. Usyuenue
MHO20CMOPOHHUX NOOX0008 K PACCMPOUCMEAM AYMUCMUYECKO20 CHeKmpa. UH-
meepayus KUMeyHo20 Mukpoouoma, ouemnl u aoanmoeeros // Siberian Journal of
Life Sciences and Agriculture. 2024. T. 16, Ne5. C. 525-542. DOI: 10.12731/2658-
6649-2024-16-5-917

Introduction

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condi-
tion characterized by challenges in social interaction, communication deficits,
and repetitive behaviors [2]. As our understanding of ASD continues to evolve,
researchers are delving into the intricate interplay between genetic, environmen-
tal, and physiological factors that contribute to the heterogeneous nature of this
disorder [12]. In recent years, emerging evidence has pointed towards the role
of the gut microbiome and dietary influences in shaping the developmental tra-
jectory of individuals with ASD [13; 29].

The human gut microbiome, a diverse community of trillions of microor-
ganisms residing in the gastrointestinal tract, plays a pivotal role in maintain-
ing gut homeostasis, influencing immune function, and contributing to overall
health [28]. This dynamic ecosystem has garnered increasing attention due to
its potential impact on neurodevelopmental disorders, including ASD [18]. Ex-
ploring the intricate relationship between the gut microbiome and ASD holds
promise for unravelling the mysteries surrounding its etiology and presenting
novel avenues for therapeutic interventions.

Dietary factors, comprising the nutrients and compounds individuals con-
sume, have long been recognized as influential determinants of health [5]. In the
context of ASD, dietary patterns and specific nutritional components have been
scrutinized for their potential roles in modulating symptom severity and over-
all well-being [1]. Understanding how diet interacts with the gut microbiome
and, consequently, influences the manifestation of ASD is an area of growing
interest that could yield valuable insights into developing and managing this
complex disorder.
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This review aims to comprehensively examine the existing literature about
the intricate relationship between ASD, the gut microbiome, and diet. By syn-
thesizing findings from diverse fields such as neuroscience, microbiology, and
nutritional science, we seek to elucidate the potential mechanisms through
which the gut-brain axis may contribute to the pathophysiology of ASD [17].
Furthermore, we will explore the impact of dietary interventions on the mod-
ulation of the gut microbiome and their implications for ameliorating ASD
symptoms.

In navigating this multidimensional landscape, there would be consider-
ations on the promising avenues of research and clinical interventions that may
pave the way for a more holistic understanding and targeted management of
ASD. As we embark on this exploration, it becomes evident that unravelling
the intricate connections between the gut microbiome, diet, and ASD holds
immense promise for advancing our knowledge and fostering innovative ap-
proaches to support individuals affected by this complex neurodevelopmental
disorder.

The Role of Gut-Brain Axis in Autism Spectrum Disorder

The gut-brain axis, a bidirectional communication system between the gas-
trointestinal tract and the central nervous system, has emerged as a focal point
in understanding the pathophysiology of ASD [17]. Microbial metabolites, such
as short-chain fatty acids (SCFAs) produced by gut bacteria, have been implicat-
ed in modulating neurodevelopment and behavior [29]. The intricate interplay
between the gut microbiome and the central nervous system raises intriguing
questions about how alterations in microbial composition might contribute to
the core features of ASD.

Recent studies have highlighted the role of specific bacterial strains, such
as Bifidobacterium and Prevotella, in influencing neurodevelopment and neu-
rotransmitter production [13]. Additionally, dysregulation of the gut-brain axis
has been associated with increased intestinal permeability, commonly referred
to as “leaky gut,” potentially allowing neuroactive substances to enter the blood-
stream and impact brain function [28].

Impact of Diet on Gut Microbiome and ASD Symptoms

Dietary interventions have gained attention as potential strategies for man-
aging ASD symptoms by modulating the gut microbiome. Gluten-free and
casein-free diets, in particular, have been explored due to their potential to al-
leviate gastrointestinal symptoms and improve behavior in some individuals
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with ASD [1; 3]. Moreover, the ketogenic diet, characterized by high fat and
low carbohydrate intake, has shown promise in influencing the gut microbiome
and ameliorating certain behavioral aspects of ASD [8].

Understanding the intricate relationship between dietary components, gut
microbial communities, and neurological outcomes remains a critical area of
investigation. The influence of specific nutrients, such as omega-3 fatty acids,
vitamins, and minerals, on neurodevelopment and the gut-brain axis further
underscores the potential for personalized dietary interventions in individuals
with ASD [19].

In exploring this avenue, it is informative to draw parallels with other neu-
rological disorders where diet has emerged as a modifiable factor. For instance,
in Parkinson’s disease, a neurodegenerative disorder, certain dictary patterns,
such as the Mediterranean or the MIND diet, have been associated with a lower
risk [21]. These diets, rich in antioxidants and anti-inflammatory components,
showcase the potential of dietary interventions in neurological conditions.

Gluten-Free and Casein-Free Diets. Specifically, gluten-free and casein-free
diets have been explored in ASD due to their potential to alleviate gastrointestinal
symptoms and improve behavior in some individuals [1]. Similar dietary modi-
fications have shown promise in conditions like multiple sclerosis, emphasizing
the interconnectedness of gut health and neurological function [24].

A notable case study involved a 6-year-old boy diagnosed with ASD [30].
The implementation of a strict GFCF diet over 18 months showed improve-
ments in social interactions, communication skills, and a reduction in repetitive
behaviors. The case highlighted the potential influence of dietary components
on behavioral aspects in ASD.

Ketogenic Diet. The ketogenic diet, characterized by high fat and low car-
bohydrate intake, has shown promise in influencing the gut microbiome and
ameliorating certain behavioral aspects of ASD [8]. Its therapeutic effects on
epilepsy, a neurological disorder, further underscore the potential relevance of
dietary strategies in neurodevelopmental conditions [16].

A case series involving children with ASD explored the effects of a keto-
genic diet on behavior and cognition [8]. Over 6 months, participants exhibited
improvements in social behaviors, attention, and a reduction in hyperactivity.
While preliminary, this case series suggests a link between dietary modulation
and behavioral improvements in ASD.

Mediterranean Diet. The Mediterranean diet, rich in fruits, vegetables,
whole grains, and lean proteins, has gained attention for its potential neuro-
protective effects.
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A recent case report documented a positive response to a modified Mediter-
ranean diet in a teenager with ASD [10]. The dietary intervention was associ-
ated with improvements in mood, sleep patterns, and a reduction in aggressive
behaviors. This case underscores the diverse dietary approaches that may hold
promise in managing ASD symptoms.

Nutritional Influences on Neurological Disorders:

Implications for Autism Spectrum Disorder (ASD)

Understanding the intricate relationship between dietary components, gut
microbial communities, and neurological outcomes is pivotal. Specific nutri-
ents, such as omega-3 fatty acids, vitamins, and minerals, have been implicated
in neurodevelopment and the gut-brain axis [19]. The role of these nutritional
components in other neurological conditions, like Alzheimer’s disease, provides
valuable insights into their potential impact on ASD [11].

Understanding the impact of various nutrients on neurological health is cru-
cial, especially in the context of complex conditions like autism spectrum disor-
der (ASD). This section explores the role of specific nutrients and their potential
relevance to ASD, drawing insights from recent research studies.

1. Omega-3 Fatty Acids. Omega-3 fatty acids, particularly eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA) play a vital role in brain de-
velopment and function [14]. Studies have suggested a potential link between
omega-3 supplementation and improved cognitive function, which is pertinent
to individuals with ASD.

A systematic review and meta-analysis found a significant association be-
tween lower omega-3 levels and ASD, indicating a potential avenue for nu-
tritional intervention [19]. Incorporating omega-3-rich foods or supplements
may contribute to addressing nutritional imbalances associated with ASD [7].

2. Vitamins and Minerals. Vitamin D is essential for overall health, and
its deficiency has been implicated in various neurological disorders. Limited
exposure to sunlight, often observed in individuals with ASD due to behavioral
patterns, may contribute to vitamin D insufficiency. Research suggests a poten-
tial correlation between vitamin D deficiency and ASD severity [20]. Adequate
vitamin D levels, either through sunlight exposure or supplementation, may
represent a modifiable factor in improving outcomes for individuals with ASD.

The B-vitamin complex, including B6, B9 (folate), and B12, is crucial for
neurological function and may influence ASD symptoms [9]. These vitamins
are involved in neurotransmitter synthesis and methylation processes, both of
which play key roles in brain health. Studies exploring the impact of B-vitamin
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supplementation on ASD symptoms have shown mixed results [9]. However,
the complex interplay of these vitamins in neurological processes warrants fur-
ther investigation for targeted nutritional interventions.

3. Antioxidants. Oxidative stress has been implicated in the pathophysi-
ology of ASD [5]. Antioxidants, such as vitamin C, vitamin E, and selenium,
counteract oxidative damage and may have neuroprotective effects. Research
has demonstrated altered antioxidant status in individuals with ASD [14]. In-
tegrating antioxidant-rich foods or supplements into the diet may offer a com-
plementary approach to managing oxidative stress in ASD.

4. Zinc and Magnesium. Zinc and magnesium are essential minerals in-
volved in numerous physiological processes, including neurotransmission and
synaptic plasticity [23]. Studies have reported alterations in zinc and magne-
sium levels in individuals with ASD [23]. Investigating the impact of targeted
supplementation on specific ASD symptoms could provide insights into the role
of these minerals in neurological function.

Exploring Alternative Therapeutic Avenues in ASD:

The Potential Role of Adaptogens

In recent years, the exploration of alternative therapeutic approaches for
managing autism spectrum disorder (ASD) has extended beyond traditional in-
terventions. Among these alternatives, adaptogens have garnered attention for
their potential neuroprotective and stress-modulating properties. Adaptogens
are natural compounds, often derived from plants, that are believed to help the
body adapt to stressors and maintain physiological balance. At the moment,
there are already developments of specialized products with targeted action,
which include adaptogens [27]. Table 1 presents adaptogens with potentially
beneficial effects in ASD.

Rhodiola rosea: A Potential Adaptogen in ASD. Rhodiola rosea, com-
monly known as golden root or roseroot, contains bioactive compounds such
as salidroside and rosavin [26]. These compounds are believed to contribute
to the adaptogenic effects of Rhodiola. Rhodiola rosea has been studied for its
ability to modulate the body’s stress response through interactions with the hy-
pothalamic-pituitary-adrenal (HPA) axis. By influencing the release of stress
hormones, Rhodiola is thought to promote a more balanced physiological state,
potentially mitigating symptoms associated with stress and anxiety. Research
on Rhodiola extends beyond ASD, with studies suggesting its potential benefits
in various neurological conditions. For instance, it has been investigated for its
antidepressant effects and cognitive enhancement properties [26].
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Ashwagandha (Withania somnifera): Exploring Neuroprotective Poten-
tial. Ashwagandha, also known as Indian ginseng, contains bioactive compounds
like withanolides, which are believed to contribute to its adaptogenic properties.
Ashwagandha has been studied for its anti-inflammatory and neuroprotective ef-
fects [4]. It interacts with various molecular pathways associated with stress re-
sponse and inflammation, potentially influencing neurological outcomes. Studies
on Ashwagandha have explored its potential benefits in conditions such as anxiety,
depression, and neurodegenerative disorders [4]. While research on ASD specif-
ically is limited, its broader neuroprotective effects make it a subject of interest
for potential applications in managing neurological symptoms.

Basil (Ocimum sanctum): An Emerging Adaptogen. Basil, also known as
Ocimum sanctum or Holy Basil, contains compounds like eugenol and ursolic
acid, which contribute to its adaptogenic properties. Research suggests that basil
may exert adaptogenic effects by modulating the HPA axis and influencing the
release of stress-related hormones [6]. Additionally, its antioxidant properties
may contribute to neuroprotection. While specific studies on basil and ASD are
limited, its adaptogenic and neuroprotective properties make it a candidate for
further exploration in the context of neurological conditions.

Ginseng (Panax ginseng): A Traditional Adaptogen. Ginseng, particularly
Panax ginseng, contains ginsenosides that are considered the active compounds
responsible for its adaptogenic effects. Ginsenosides are believed to modulate
the HPA axis and influence the release of stress hormones, contributing to the
adaptogenic properties of ginseng. Research on ginseng has explored its po-
tential benefits in neurodegenerative disorders, cognitive function, and stress
management [15]. While studies specific to ASD are limited, its adaptogenic
and neuroprotective effects make it relevant for consideration.

Siberian Ginseng (Eleutherococcus senticosus): Exploring Stress Re-
sponse Modulation. Siberian ginseng, also known as Eleutherococcus senti-
cosus, contains compounds such as eleutherosides believed to contribute to its
adaptogenic properties. Eleutherosides are thought to modulate the HPA axis
and stress response, potentially influencing the release of stress-related hor-
mones [25]. While research on Siberian ginseng and ASD is limited, its adap-
togenic properties and potential role in stress response modulation make it a
subject for further investigation.

Licorice (Glycyrrhiza glabra): A Potential Adaptogen for Neuroprotec-
tion. Licorice contains glycyrrhizic acid and flavonoids, which are considered
active compounds with potential adaptogenic properties. Glycyrrhizic acid, in
particular, has been studied for its anti-inflammatory and neuroprotective ef-
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fects, potentially influencing the stress response [31]. While studies specific
to ASD are limited, licorice’s potential neuroprotective and anti-inflammatory
properties make it a candidate for further exploration in the context of neuro-
logical conditions.

Rosemary (Rosmarinus officinalis): Exploring Cognitive Enhancement
Potential. Rosemary contains compounds like rosmarinic acid and ursolic acid,
which are believed to contribute to its adaptogenic and cognitive-enhancing
properties. Rosmarinic acid has been studied for its antioxidant and anti-inflam-
matory effects, potentially contributing to cognitive enhancement. Research on
rosemary suggests its potential benefits in cognitive function and neuroprotec-
tion [22]. While specific studies on ASD are limited, its adaptogenic and cog-

nitive-enhancing effects make it a subject for further investigation.

Table 1.
Adaptogens, their active components and potential properties
Active . . .
Adaptogen Compounds Mechanism of Action | Potential Effects | Note
modulate the body’s antidepressant
salidroside, | SUCSS response through effects and cog-
Rhodiola Rosea . | interactions with the hy- | .~ g [26]
rosavin o nitive enhance-
pothalamic-pituitary-ad- ment properties
renal (HPA) axis prop
cooperate with diverse
molecular pathways potential effect
Ashwagandha associated with stress with anxiety,
(Withania som- | withanolides response and inflam- | depression, and | [4]
nifera) mation, potentially neurodegenera-
influencing neurological | tive disorders
outcomes.
modulating the HPA
axis and influencing the dapt e and
Basil (Ocimum | eugenol, urso- | release of stress-related adaptogenic an
sanctum) lic acid hormones; antioxidant neuroprotective (6]
properties may contrib- properties
ute to neuroprotection.
potential benefits
Ginseng modulate the HPA axis | ™ peurdqdeg;ner—
(Panax gin- ginsenosides | and influence the release ative. .1sorf ers, [15]
seng) of stress hormones cognitive func-
tion, and stress
management
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Siberian Ginseng . modulate the HPA axis potential role in
(Eleutherococcus | eleutherosides stress response | [25]

) and stress response .
senticosus) modulation
L _ anti-inflammatory and | potential neuro-
Licorice glycyrrhizic . .
. . neuroprotective effects; | protective, an-
(Glycyrrhiza acid, flavo- . . . s [31]
. potentially influencing | ti-inflammatory
glabra) noids .
the stress response properties
.. antioxidant and anti-in- | potential bene-
Rosemary rosmarinic : o
. . . flammatory effects, po- | fits in cognitive
(Rosmarinus acid, ursolic . - X [22]
R . tentially contributing to function and
officinalis) acid L .
cognitive enhancement | neuroprotection

Stress Response and Neurological Function

Adaptogens, such as Rhodiola rosea and Withania somnifera (Ashwagand-
ha), have been investigated for their ability to modulate the stress response and
potentially alleviate symptoms related to anxiety and sensory sensitivities com-
monly observed in individuals with ASD [4; 26]. These botanicals are thought
to act on the hypothalamic-pituitary-adrenal (HPA) axis, influencing the release
of stress hormones and promoting a more balanced physiological state.

Anti-Inflammatory and Neuroprotective Effects

Some adaptogens, including Panax ginseng and Eleutherococcus senticosus
(Siberian ginseng), possess anti-inflammatory and neuroprotective properties
[25]. In the context of ASD, where neuroinflammation has been implicated,
exploring adaptogens as agents that may modulate the inflammatory response
holds promise. Additionally, their potential to enhance cognitive function and
reduce oxidative stress may offer a novel approach to addressing specific chal-
lenges faced by individuals on the autism spectrum.

Challenges and Considerations

Despite the intriguing potential of adaptogens, it is essential to approach their
use in ASD with caution. Limited clinical trials and heterogeneous study designs
make it challenging to draw definitive conclusions about their efficacy and safety.
Furthermore, the individualized nature of ASD, with significant variability in symp-
tomatology, emphasizes the need for personalized approaches to adaptogen therapy.

As research on adaptogens in ASD is in its early stages, future studies should
focus on rigorous clinical trials, examining both short-term and long-term out-
comes. Integrating adaptogens into existing therapeutic frameworks, such as
behavioral interventions and dietary strategies, may offer a more comprehensive
approach to managing the diverse symptoms associated with ASD.
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Conclusion

In conclusion, the integration of gut microbiome research, dietary interven-
tions, and adaptogen exploration marks a pivotal moment in our quest to com-
prehend and manage ASD. As we delve deeper into the intricate connections
between genetics, environment, and physiology, interdisciplinary collaboration
and continued research will be vital in unraveling the complexities of ASD. This
multifaceted approach holds the potential to provide targeted, holistic interven-
tions for individuals along the autism spectrum, offering hope for enhanced
quality of life and improved outcomes.
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