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ABSTRACT

The paradigm of human physiological development has been fundamentally redefined by
the recognition of the microbiota-gut-brain (MGB) axis as a master regulator of systemic
homeostasis. This bidirectional communication network, which integrates the central
nervous system (CNS), the enteric nervous system (ENS), the autonomic nervous system
(ANS), and the hypothalamic-pituitary-adrenal (HPA) axis, serves as a conduit for neural,
hormonal, and immunological signals that program long-term health outcomes. In the
context of pediatric care, the first three years of life represent a critical window of
neuroplasticity and microbial assembly where environmental and biological inputs-
including mode of delivery, early-life nutrition, and psychosocial stress- establish the
developmental trajectory for cognitive and behavioral functions. Ayurvedic medicine, an
ancient system of holistic health, provides a strikingly congruent framework through the
concepts of Agni (metabolic fire) and its influence on Manas (the mind). In this traditional
physiology, the gut is considered the primary seat of Jathara Agni, whose equilibrium is
essential for the production of Prasada Dhatu (the pure essence of nutrition). This essence
is the precursor required to nourish the Majja Dhatu (nervous and marrow tissue) and
maintain the integrity of the Manovaha Srotas (the channels of the mind). When Agni is
impaired, a state known as Mandagni occurs, leading to the accumulation of Ama (metabolic
endotoxins). These toxins are theorized to cross the gut-blood barrier, a phenomenon
closely mirroring the modern concept of "leaky gut,” and obstruct neural pathways,
resulting in neurodevelopmental delays or behavioral pathologies. This review explores the
convergence of contemporary neurobiology and Ayurvedic scholarship, providing an in-
depth analysis of the developmental mechanisms and therapeutic protocols relevant to the
pediatric gut-brain-hormone axis.

INTRODUCTION
Anatomical Foundations and Communication

situated within the intestinal wall, primarily the

Pathways of the Axis

The physical structure of the gut-brain link
originates within the enteric nervous system, often
referred to as the "second brain" due to its ability to
operate independently of the cephalic brain. The ENS
consists of a dense network of neurons and glial cells
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myenteric and submucosal plexuses, which control
gastrointestinal motility, enzyme secretion, and blood
flow. This local intelligence ensures that the gut can
respond in real-time to the arrival of food and the
presence of microbial metabolites.

The primary physical bridge between the gut
and the CNS is the vagus nerve, which originates in the
brainstem and extends to the gastrointestinal tract
.Approximately 80% to 90% of the vagus nerve's fibers
are afferent, conveying sensory information regarding
nutrient status, gut wall distension, and microbial
signaling to the brain.[!l Conversely, efferent fibers
allow the brain to modulate gut functions, including
the regulation of inflammation and the release of
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gastrointestinal hormones. In Ayurveda, these
functions correlate with Prana Vata, which governs
sensory and motor impulses, and Samana Vata, which
regulates the local digestive process within the
Koshtha (abdominal cavity).[2]

Interspersed throughout the gut lining are
specialized enteroendocrine cells (EECs) that act as
chemosensors, detecting changes in the luminal
environment and releasing signaling molecules such as
cholecystokinin (CCK), ghrelin, and peptide YY (PYY).

These EECs directly communicate with the vagal
afferents, providing a rapid endocrine-neural link that
informs the brain about the metabolic state. This
system is integrated with the HPA axis, the body's
central stress response system. When a child
experiences stress, the hypothalamus triggers the
release of cortisol, which can increase intestinal
permeability and alter the composition of the gut
microbiota, thereby influencing the child’s emotional
regulation and cognitive development.[3]

Table 1: Structural Components and Signaling Mechanisms of the Microbiota-Gut-Brain Axis[3!

Component

Biological Role

Signalling Direction

Primary Mediators

Ayurvedic Correlation

ENS

Local gastrointestinal
control

Autonomous / Local

Acetylcholine, GABA,
serotonin

Samana Vata

Vagus Nerve

Main physical
bidirectional conduit

Afferent (Up) /
Efferent (Down)

SCFAs, acetylcholine

Prana Vata / Manovaha
Srotas

HPA Axis Neuroendocrine stress | Downward (Cranial | Cortisol, CRH, ACTH | Pitta-Vata Interaction
response to Adrenal)
EECs Chemosensing of gut Upward (Local to CCK, ghrelin, PYY Agni-Prasada Interaction
lumen Neural)
Microbiota | Production of Upward (Local to SCFAs, Krimi / Agni Synergy
neuroactive metabolites | Systemic) neurotransmitters,
LPS

Developmental Seeding and Early-Life Factors

The establishment of the pediatric gut-brain-
hormone axis is a non-linear process that begins in the
prenatal period and accelerates dramatically during
birth and the early postnatal years. While the womb
was historically considered a sterile environment,
recent evidence suggesting the presence of microbial
DNA in placental and amniotic tissues has shifted the
focus toward prenatal microbial programming.

The mode of delivery is perhaps the most
critical early-life determinant of the infant's microbial
ecosystem. During vaginal delivery, the neonate is
colonized by maternal vaginal and fecal microbiota,
specifically strains of Lactobacillus and
Bifidobacterium. These microbes provide the initial
metabolic inputs required for the maturation of the
immune system and the strengthening of the intestinal
barrier. Conversely, infants born via Cesarean section
are predominantly colonized by skin-associated
bacteria such as Staphylococcus and hospital-acquired
pathogens like Klebsiella and Enterococcus. This initial
state of "dysbiosis" has been linked to an increased
susceptibility to metabolic and neurodevelopmental
conditions later in childhood, including obesity,
asthma, and social-behavioral deficits.

Ayurvedic obstetrics (Prasuti Tantra) and
pediatrics (Bal Roga) have long emphasized the
importance of natural birth and specific neonatal
rituals (Jatakarma) to ensure the child’s resilience. The
practice of Jatakarma, which involves administering a
mixture of Madhu (honey) and Ghrita (clarified butter)

to the newborn, acts as an initial metabolic "kindling"
for Agni. Honey contains natural prebiotics that
support the growth of beneficial gut flora, while the
lipids in Ghrita provide the essential substrates for
myelin formation and brain development. This
transition from intrauterine to extrauterine life is
managed as a critical period for establishing Sahaja
Bala (innate immunity).

The Role of Postnatal Nutrition and the Critical
Window (0-3 Years)

Following birth, diet serves as the most potent
architect of the gut microbiota. Breast milk is uniquely
structured to facilitate the simultaneous growth of the
infant and its microbial symbionts. It contains human
milk oligosaccharides (HMOs), complex sugars that
remain undigested by the human infant but serve as a
selective energy source for Bifidobacterium infantis. As
these bacteria ferment HMOs, they produce short-
chain fatty acids (SCFAs), such as acetate and butyrate,
which are crucial for building the "tight junctions" of
both the intestinal epithelium and the blood-brain
barrier (BBB).[4

In children who are formula-fed, the microbial
profile tends to be more diverse but often includes an
increased abundance of inflammatory taxa, such as
Clostridium difficile, which can heighten the risk of
metabolic and immune dysregulation.[5! The first three
years constitute a developmental "critical window"
where gut bacteria reach adult-like stability. During
this period, gut microbes are required for the
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maturation of microglia- the brain's resident immune
cells- which perform essential functions in synaptic
pruning and the formation of neural circuits.
Disruptions in microbial signaling during this window
can lead to permanent changes in brain structure and
behavior, a concept known as "developmental
programming".[5]

Ayurveda addresses this nutritional transition
through the ceremony of Annaprashana, which marks
the introduction of solid foods. This phase is managed
by ensuring that the infant's Agni is sufficiently strong
to process complex nutrients without producing
Ama.lel The introduction of Deepana (appetizers) and
Pachana (digestives), such as Sunthi (Zingiber
officinale), helps prevent inflammatory responses in
the gut that could otherwise affect the child’s cognitive
stability. The goal is to maintain a high Sattva Guna
(clarity and calmness) within the mind through the
consumption of fresh, easily digestible foods (Sattvic
Ahara).l”]

Hormonal and Neurochemical Balance in
Childhood

The pediatric gut-brain-hormone axis relies on
a delicate balance of neurochemicals that govern
growth, mood, and satiety. Serotonin (5-HT) is a
primary example of this connection, as approximately
95% of the body's serotonin is synthesized within the
gut from the amino acid tryptophan.8l Gut microbiota
directly influence the availability of tryptophan and its
conversion into serotonin; a state of dysbiosis may
shift metabolism toward the kynurenine pathway,
resulting in the production of neurotoxic metabolites
rather than the neuroprotective serotonin. This
biochemical shift is frequently observed in children
with clinical anxiety and depressive symptoms.[]

Metabolic hormones like ghrelin and leptin also
play dual roles in hunger regulation and
neuroprotection. Ghrelin, which signals hunger, has
been shown to support hippocampal function and the
brain's reward mechanisms. Under conditions of
stress, ghrelin levels may rise as a compensatory
mechanism to protect the brain from cortisol-mediated
damage.[101 Leptin, conversely, signals satiety and is
essential for mood stabilization; low leptin levels in

pediatric populations have been correlated with
behavioral disorders.l'll These findings suggest that
the metabolic state of the gut is inextricably linked to
the neurochemical environment of the mind, a
relationship characterized in Ayurveda as the synergy
between Rasa Dhatu (nutrient fluid) and Manovaha
Srotas.

Neurodevelopmental Pathophysiology: ASD, ADHD,
and Stress

Disruptions in the programming of the gut-
brain-hormone axis are closely associated with
neurodevelopmental disorders, including Autism
Spectrum Disorder (ASD) and Attention-Deficit/
Hyperactivity Disorder (ADHD).

Autism Spectrum Disorder (ASD)

ASD is characterized by deficits in social
communication and the presence of restricted,
repetitive behaviors. Clinical observations indicate that
up to 70% of children with ASD suffer from chronic
gastrointestinal comorbidities, such as constipation
and abdominal pain. These children frequently exhibit
a microbiome lacking in Bifidobacterium and enriched
with Clostridium species.['2] The resulting "leaky gut"
allows toxins like lipopolysaccharides (LPS) to enter
the bloodstream and trigger neuroinflammation, which
is hypothesized to contribute to the core symptoms of
autism.[’3] Ayurveda interprets this pathology as Bala
Unmada (pediatric mental instability), often involving
an imbalance of Kapha and Vata Doshas and the
obstruction of the mental channels by Ama.
Attention-Deficit/Hyperactivity Disorder (ADHD)

The risk of ADHD has been linked to a lack of
microbial diversity in the first year of life. Children
with ADHD often show an overabundance of
Bacteroidaceae and lower levels of Bifidobacterium,
which may disrupt the production of dopamine and
GABA- neurotransmitters essential for attention and
impulse control.'4l From an Ayurvedic perspective,
ADHD is viewed as Vata Prakopa (aggravation of Vata),
manifesting as Anavasthitacittatvam (unsteadiness of
mind). The hyperactivity and inattention characteristic
of the disorder are seen as signs of Rajas (excessive
activity) overwhelming the mind's Sattva.[15]

Table 2: Clinical Mapping: Ayurveda vs. Modern Science for Neurodevelopmental Conditions

Modern Concept Ayurvedic Equivalent | Clinical Manifestation Treatment Goal
Dysbiosis Mandagni / Ama GI pain, constipation, Deepana-Pachana
malabsorption (kindle/digest)
Neuroinflammation | Pitta-Vata Kshobha Irritability, sensory sensitivity, | Sheetali / Medhya
heat (cool/nourish)
Vagal Tone Prana-Samana Vayu Digestive irregularity, anxiety | Basti / Abhyanga (stabilize)
Cortisol Spike Vata Prakopa Restlessness, sleep loss, fear Rasayana (adaptive resilience)
BBB Permeability Srotorodha Cognitive fog, delayed Ghrita Pana (lipid-based
milestones delivery)
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Early Life Stress and the Ayurvedic Concept of Majja Kshaya
Early life stress (ELS), stemming from trauma, neglect, or chronic illness, is a potent risk factor for long-
term psychological and physical ailments.[16] ELS leads to a sustained over-activation of the HPA axis, resulting in
chronically elevated cortisol levels. This state is neurotoxic, particularly to the hippocampus- the seat of memory-
and the prefrontal cortex, which governs executive function.[!7] Prolonged stress also induces epigenetic changes,
leaving lasting marks on the genome that link childhood trauma to adult depression and cardiovascular disease.!18]
The Ayurvedic concept of Majja Kshaya (depletion of nervous tissue) provides an ancient metabolic
explanation for these structural changes in the brain. According to the Sushruta Samhita (Sutra Sthana 15.13):

WWW ggaglsIRTdlG: \5/@'{2?76’7 | (When Majja is depleted, it leads to joint pain, pricking
pain in bones, and a sense of structural emptiness or hollowness in the bones).[19

In a neurological context, Asthi-shunyata (hollowness) metaphorically describes the cerebral atrophy and
hippocampal shrinkage seen in children with high cortisol burdens. The sharp, drying qualities of vitiated Vata and
Pitta "burn" through the Majja Dhatu, which is the sixth tissue in the successive formation of tissues (Dhatu
Parampara).l20] Because Majja is the precursor to Shukra (reproductive essence) and Ojas (vital resilience), its
depletion severely compromises the child’s long-term immunity and psychological stability.[2]

Table 3: Comparative Analysis of the Stress Response

Neurobiology (HPA Axis)

Ayurveda (Majja Kshaya)

Pathophysiological Consequence

High cortisol Aggravated Pitta / Vata Tissue drying and inflammation (Dhatu Paka)
Hippocampal atrophy Asthi-Shunyata Loss of brain density and volume
Neurotoxicity Dhatu Kshaya Impairment of nerve tissue regeneration

Loss of plasticity

Vata Vriddhi

Increased neural rigidity and cognitive deficits

Leaky BBB

Srotorodha / Khavaigunya

Accumulation of toxins in the mind

Therapeutic Pillars for the Agni-Manas Axis
The management of the pediatric gut-brain axis in

Ayurveda is inherently holistic, focusing on the

stabilization of Agni to provide a foundation for

psychological development.

Medhya Rasayana (Nootropic Rejuvenation)

Ayurveda employs a specific class of herbs known as
Medhya Rasayanas which possess a dual affinity for the
gut and the brain.22l These herbs are essential for
repairing the damage caused by dysbiosis and HPA

axis over-activity.

e Mandukaparni

e Brahmi (Bacopa monnieri): Modern clinical trials

suggest  that

standardized Brahmi

extracts

e Shankhapushpi

significantly reduce symptoms of ADHD, including
restlessness and impulsivity, in up to 93% of
studied children.l?31 Its mechanism involve the
modulation of cortisol levels, the upregulation of
cholinergic receptors, and the enhancement of

synaptic communication in the hippocampus.[24]
(Convolvulus pluricaulis):
Regarded as the premier herb for stabilizing the
Manovaha Srotas, Shankhapushpi has potent
anxiolytic and neuroprotective properties.[23]
Network pharmacology studies indicate it acts as a
GABA-A agonist, calming the CNS while
simultaneously supporting intestinal mucosal
integrity and reducing neuroinflammation.[26]
(Centella asiatica): This herb
enhances microcirculation to the brain and has
antioxidant effects that protect microglial cells from
transforming into a neurotoxic phenotype.[27]
Yastimadhu (Glycyrrhiza glabra): Known for its
anti-inflammatory and gut-protective effects, it
helps maintain the gut barrier and prevents the
translocation of Ama into the bloodstream.[28]

Table 4: Phytochemical and Pharmacological Profiles of Medhya Rasayanas

Herb Primary Constituents Mechanism of Action Ayurvedic Role
Brahmi Bacosides A & B, Cholinergic modulation, Medha Vardhana / Vata
Saponins cortisol reduction Shamaka

Shankhapushpi Scopoletin, convolvine GABAergic stimulation, Manasika Shanti / Medhya
AChE inhibition

Mandukaparni Asiaticoside, triterpenes | Microcirculation Rasayana / Varnya
enhancement, antioxidant

Yastimadhu Glycyrrhizin, flavonoids | Gut-barrier repair, anti- Pitta Shamaka / Balya
inflammatory
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Gut-Directed and Lipid-Mediated Therapies

To address the "bottom-up" signaling from the gut to
the brain, Ayurveda utilizes dietary and external
interventions that restore microbial balance and vagal
tone.

e Takra Sevana (Buttermilk): Takra is considered
the optimal natural probiotic in Ayurveda. Its
qualities-Laghu (light) and Grahi (absorbent)- make
it ideal for restoring the gut microbiome and
treating dysbiosis without aggravating Pitta.[2°]

e Ghrita Pana (Medicated Ghee): Since the brain is
primarily composed of lipids, Ayurveda uses
lipophilic formulations to bypass the blood-brain
barrier.30 Kalyanaka Ghrita and Saraswata Ghrita
are commonly used in children to deliver

neuroactive herbs directly to neural tissues,
supporting synaptic plasticity and executive
function.[31.32]

e Abhyanga and Shirodhara: These external

therapies modulate the ANS by stimulating skin
receptors and the forehead's sensory pathways,
which communicate with the ENS through the skin-
gut-brain axis.331 Shirodhara has been shown to

lower systemic adrenaline and cortisol levels,
providing a non-invasive way to stabilize the HPA
axis in children with ADHD and sensory processing
disorders.[3

Clinical Integration and Global Informatics

The successful implementation of Ayurvedic
protocols in modern pediatric medicine requires
standardized terminology and morbidity coding. The
National = Ayush Morbidity and Standardized
Terminologies Electronic (NAMASTE) Portal provides
a bridge for this integration, mapping Ayurvedic
diagnoses to the WHO's International Classification of
Diseases (ICD-11) under Module 2 of the Traditional
Medicine chapter (TM2).[3536

This "double-coding" system allows clinicians
to document conditions like Anavasthitacittatvam
alongside modern psychiatric diagnoses such as ADHD,
ensuring that the metabolic underpinnings of mental
health are captured in the medical record.i37.381 This
effort is essential for high-quality research, evidence-
based policymaking, and the expansion of insurance
coverage for integrative pediatric care.[39]

Table 5: Selected National Ayurveda Morbidity Codes (NAMC) for Gut-Brain Disorders

NAMC Code | Ayurvedic Term Modern Clinical Pathological Focus
Interpretation

AAB-2 Anavasthitacittatvam | ADHD /hyperactivity Mind instability

AAB-67 Bhiruta Anxiety/fearfulness Psychological distress

AAB-9 Asvapnah Insomnia/sleep disorders Disrupted circadian rhythm

AAB-91 Vishadah Depression/anhedonia Depleted mental energy

AAE-16 Sandhigatavata Joint pain/bone hollowness | Metaphor for brain atrophy

SAT-C Agnimandya Weak digestion/dysbiosis Primary metabolic root

AAB-69 Mukatvam Mutism/speech delay Communication deficit

Holistic Protocols for the Neonatal and Transitional Phases

Ayurveda suggests a phased approach to pediatric care that mirrors the developmental maturation of the
gut-brain axis. During the neonatal phase (Jatakarma and Ksheerapa), the focus is on establishing microbial-Agni
synergy and supporting Ojas (vital essence) through breast milk. The immediate administration of honey and ghee
with Brahmi or Vacha serves to prime the Prana Vata, which governs early reflex systems and sensory

processing.[40]

During the transitional phase (Annaprashana), the therapeutic goal shifts toward the prevention of Ama as
the child encounters a more complex microbial environment through solid foods. The use of Sattvic environments
and Achara Rasayana (behavioral medicine) is emphasized to regulate the hormonal output of the gut through
positive social interactions and emotional regulation. This biopsychosocial approach ensures that the "Mind" part
of the axis is addressed through environmental stability as much as through herbal intervention.[*1]

Table 6: Integrative Ayurvedic Pediatric Protocol Summary

Developmental | Focus Key Intervention Physiological Goal

Phase

Neonatal Birth to 6 months | Jatakarma / Swarnaprashana Establish Agni and Bala
Transitional 6 to 12 months Annaprashana / Takra Prevent Ama during weaning
Early Childhood | 1to 3 years Medhya Rasayana / Abhyanga Support synaptic pruning and CNS
Psychosocial Ongoing Achara Rasayana / Sattvic Ahara | HPA axis and hormonal balance

IJAPR | June 2026 | Vol 14 | Issue 6 301



Int. J. Ayur. Pharma Research, 2026;14(6):297-304

CONCLUSION

The gut-brain-hormone axis is the vital
foundation of pediatric health, growing and maturing
alongside the child during the first 1000 days of life.
The evidence synthesized in this review demonstrates
that disruptions to this axis- whether through early-life
stress, C-section delivery, or dietary imbalances- can
program adverse neurodevelopmental outcomes such
as ASD, ADHD, and chronic anxiety.

Ayurveda offers a sophisticated, holistic
paradigm for addressing these challenges by focusing
on the "root" (Mula) of the axis: the digestive fire
(Agni). By stabilizing metabolic function and
preventing the formation of Ama, practitioners can
ensure the proper synthesis of hormones and
neurotransmitters, providing a stable foundation for
cognitive and psychological growth. The intersection of
Ayurvedic Medhya Rasayanas, lipid-mediated delivery
systems, and external vagal modulation therapies with
modern microbiome science represents a
transformative path for pediatric medicine. As global
health systems move toward a more integrative future,
the standardization provided by the NAMASTE portal
and ICD-11 integration will be paramount in validating
these ancient wisdoms for the benefit of the next
generation. nurturing the mind through the gut
remains a timeless necessity for the resilience and
longevity of the human race.
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