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ABSTRACT ARTICLE INFO

Purpose: The human gastrointestinal tract harbors a complex microbial ecosystem that *Corresponding Author:
transcends its traditional digestive role, functioning as a dynamic endocrine organ capable of

producing bioactive signaling molecules. This emerging paradigm, termed microbial Dr. Abdurraouf Zaet
endocrinology, recognizes that gut microorganisms both respond to and synthesize Department of Dental
neuroendocrine hormones, establishing bidirectional communication pathways with host Technology, Faculty of

physiological systems. Medical Technology,

Materials and Methods: This review systematically examines the interplay between intestinal University of Zawia, Libya.
microbiota and host endocrine networks, with particular emphasis on elucidating mechanistic

pathways through which microbial-derived metabolites, neurotransmitters, and immune Email: a.zaet@zu.edu.ly
mediators govern metabolic homeostasis, stress physiology, thyroid function, and reproductive

health Received: 5 May 2024
’ Accepted: 17 June 2024
Results: Gut microbes demonstrate substantial capacity to modulate host energy metabolism, Published: 20 June 2024
with fecal microbiota transfer from obese donors inducing adiposity in recipient animals.
Dysbiotic configurations correlate with metabolic syndrome, type 2 diabetes, polycystic ovary
syndrome, and thyroid autoimmunity through mechanisms including short-chain fatty acid
signaling, lipopolysaccharide-mediated inflammation, bile acid transformation, and
enterohepatic hormone circulation. Therapeutic modulation via probiotics, prebiotics, and fecal
transplantation shows promise but requires personalization due to substantial inter-individual
heterogeneity in microbial composition.

Conclusion: The intestinal microbiome operates as an integral component of host endocrine
architecture, with dysbiosis representing a modifiable risk factor for metabolic and hormonal
pathologies. Precision microbiome interventions tailored to individual endocrine profiles
represent a transformative frontier for managing metabolic syndrome, diabetes, and endocrine
disorders. (Open J Biomed Res 2024,3:15-20)
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AUDIOABSTRACT l‘)))

The scale of this microbial metabolic capacity

INTRODUCTION warrants emphasis: the human gut accommodates
The conceptual framework of microbial approximately 10*14* microbial cells encoding genetic
endocrinology, pioneered by Mark Lyte, fundamentally machinery that outnumbers host genes by two orders
reconceptualizes  host-microbe interactions by of magnitude.® This extensive enzymatic repertoire
establishing that microorganisms actively participate in enables microbiota to function as a genuine endocrine

organ, synthesizing and modulating hormones,
neurotransmitters, and signaling metabolites that enter
systemic circulation.* Consequently, dysbiosis
characterized by disrupted microbial diversity and
composition has emerged as a central pathogenic

neuroendocrine signaling." Rather than serving as
passive inhabitants of the gastrointestinal tract,
bacteria demonstrate sophisticated capacity to detect,
produce, and respond to hormonal and neurochemical

signals including catecholamines and other bioactive mechanism underlying metabolic syndrome, type 2
cqmpoynds challenging_historical boundaries between diabetes mellitus, obesity, polycystic ovary syndrome,
microbial and host physiology.'? and thyroid dysfunction.
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THE GUT MICROBIOME AS AN ENDOCRINE
ORGAN

Microbial Production of Hormone-like
Molecules

Intestinal bacteria generate diverse bioactive
compounds that directly interface with host endocrine
physiology. Short-chain fatty acids primarily acetate,
propionate, and butyrate arise from bacterial
fermentation of dietary fibers and function as critical
signaling ligands. These metabolites engage G
protein-coupled receptors (GPR41, GPR43) on
enteroendocrine L-cells, triggering secretion of
glucagon-like peptide-1 (GLP-1) and peptide YY
(PYY) hormones that govern insulin release, satiety
signaling, and energy balance.®

Clinical investigations demonstrate that targeted
colonic delivery of propionate enhances insulin
sensitivity and reduces hepatic lipid accumulation,
confirming direct metabolic benefits beyond mere
energy substrate provision.®

Beyond short-chain fatty acids, commensal organisms
actively metabolize steroid hormones. The aggregate
genetic capability of microbiota to process estrogens
termed the "estrobolome" modulates circulating
hormone levels through B-glucuronidase-mediated
deconjugation, thereby influencing estrogen receptor
activation in distal tissues.” This microbial hormone
processing represents a fundamental mechanism
linking intestinal ecology to systemic endocrine
function.

Microbial Neurotransmitter Synthesis

Intestinal bacteria synthesize neuroactive compounds
capable of crossing the blood-brain barrier or
activating vagal neural pathways. Specific
Lactobacillus and Bifidobacterium strains produce y-
aminobutyric acid (GABA), the principal inhibitory
neurotransmitter, while Escherichia, Bacillus, and
Saccharomyces generate norepinephrine, serotonin,
and dopamine.®

Remarkably, the gastrointestinal tract produces
approximately 95% of bodily serotonin, with microbiota
regulating this synthesis through tryptophan
metabolism modulation and enterochromaffin cell
stimulation.® This  microbial  contribution to
neurochemical milieu establishes the foundation for
microbiota-gut-brain  axis communication  with
profound implications for both metabolic regulation
and psychological wellbeing.

GUT MICROBIOME AND METABOLIC
HEALTH

Obesity and Energy Homeostasis

Gut microbiota substantially influences host energy
extraction and adipose tissue accumulation.
Gnotobiotic mice receiving microbiota from obese
human donors exhibit greater weight gain and fat
deposition compared to those colonized with lean
donor material demonstrating causal involvement in
obesity pathogenesis.'® This enhanced energy harvest
stems from microbial degradation of otherwise
indigestible polysaccharides coupled with modulation
of host lipid metabolism gene expression."’

Individuals with obesity typically display reduced
microbial diversity and altered Bacteroidetes-
Firmicutes proportional representation, though precise
taxonomic  signatures remain  under  active
investigation.'?> Microbial metabolites directly impact
metabolic pathways: lipopolysaccharide from Gram-
negative organisms triggers low-grade systemic
inflammation a hallmark of obesity and insulin
resistance through Toll-like receptor 4 activation,'
whereas butyrate enhances insulin sensitivity and
skeletal muscle mitochondrial function.

Type 2 Diabetes Mellitus

Dysbiotic configurations strongly associate with
type 2 diabetes mellitus, marked by depletion of
butyrate-producing taxa such as Faecalibacterium
prausnitzii alongside expansion of opportunistic
pathogens.'® Metagenomic profiling reveals distinct
functional alterations in diabetic microbiomes,
including  diminished short-chain  fatty acid
biosynthetic capacity and enhanced oxidative stress
resistance machinery.'®

Microbiota additionally govern bile acid
metabolism, converting primary to secondary bile
acids that signal through farnesoid X receptor and
Takeda G protein-coupled receptor 5 mechanisms
that regulate glucose homeostasis and insulin
sensitivity.’ The therapeutic efficacy of metformin
partially derives from microbiome restoration toward
eubiosis, suggesting that intestinal microbial
modulation may constitute a primary pharmacological
mechanism for this widely prescribed antidiabetic
agent.'®

MICROBIAL ENDOCRINOLOGY OF MAJOR
HORMONAL AXES

The Hypothalamic-Pituitary-Adrenal (HPA)
Axis

Intestinal microbiota profoundly modulates
stress reactivity and glucocorticoid regulation.
Gnotobiotic animals display exaggerated HPA axis
responses to restraint stress, with elevated
corticosterone and adrenocorticotropic hormone
effects reversible through specific bacterial
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colonization.”  Chronic  psychological  stress
reciprocally  alters microbiome  composition,
increasing Clostridium abundance while reducing
overall diversity, thereby compromising intestinal
barrier  integrity and promoting systemic
inflammation.?°

Microbial metabolites modulate HPA axis tone
through multiple pathways: butyrate strengthens
intestinal barrier function and reduces
lipopolysaccharide translocation and subsequent
inflammatory HPA activation.?' Probiotic interventions
using Lactobacillus rhamnosus demonstrate anxiolytic
effects and cortisol normalization in both preclinical
models and human trials.?*?3

Thyroid Axis

Accumulating evidence implicates intestinal
microbiota in thyroid hormone regulation. Dysbiosis
correlates with reduced triiodothyronine (T3)
concentrations in experimental models, potentially
through microbial modulation of deiodinase enzymatic
activity. The gut-thyroid axis operates through several
convergent mechanisms: bacterial B-glucuronidase
influences hormone enterohepatic  circulation;
lipopolysaccharide-induced inflammation  impairs
thyroid hormone receptor expression; and short-
chain fatty acids modulate immune tolerance
relevant to autoimmune thyroiditis.>

Hypothyroid patients exhibit characteristic
microbiome signatures with reduced Bifidobacterium
and Lactobacillus representation, while autoimmune
thyroid disease associates with increased intestinal
permeability and dysbiotic configurations.?® Probiotic
supplementation demonstrates preliminary efficacy
in improving thyroid function parameters and
reducing antibody titers, warranting expanded
clinical investigation.?®

Reproductive Hormones

The estrobolome critically influences estrogen-
dependent pathologies. Microbial B-glucuronidase
deconjugates estrogenic compounds in the intestine,
enhancing their enterohepatic recirculation and
systemic  bioavailability.””  Dysbiosis  featuring
elevated B-glucuronidase activity associates with
estrogen-driven conditions including breast
malignancy, endometriosis, and polycystic ovary
syndrome. Women with polycystic ovary syndrome
display characteristic microbial alterations including
reduced diversity and diminished short-chain fatty
acid-producing bacteria correlating with
hyperandrogenism and insulin resistance.?

Testosterone metabolism similarly undergoes
microbial modification. Intestinal bacteria metabolize
testosterone and its precursors, with antibiotic-
induced dysbiosis altering circulating testosterone
concentrations and impacting reproductive function

in animal models.?° This bidirectional relationship
between sex steroids and intestinal microbiota
represents a crucial dimension of microbial
endocrinology with implications spanning
reproductive health and metabolic disease.

THE MICROBIOTA-GUT-BRAIN AXIS IN
ENDOCRINE REGULATION

The vagus nerve serves as the principal neural
conduit transmitting intestinal signals to central
neuroendocrine circuits. Vagal afferents express
receptors for short-chain fatty acids, hormones, and
cytokines, conveying microbial information to
hypothalamic and brainstem nuclei.®® This
communication influences appetite, metabolism,
mood, and stress responses integrating endocrine
and neurological functions into unified physiological
networks.

Microbial regulation of tryptophan metabolism
provides another critical interface. Intestinal
organisms’ direct tryptophan toward either
kynurenine or serotonin synthetic pathways,
profoundly affecting peripheral and central serotonin
availability.®" This metabolic diversion influences
psychological states while simultaneously
modulating glucose homeostasis through serotonin-
mediated insulin secretion and hepatic glucose
production regulation. The convergence of microbial,
neural, and endocrine signaling underscores the
holistic nature of physiological coordination.

THERAPEUTIC IMPLICATIONS AND
CLINICAL APPLICATIONS

Probiotics and Prebiotics

Strategic  microbiome  manipulation  offers
substantial therapeutic promise. Akkermansia
muciniphila supplementation improves metabolic
parameters in overweight and obese individuals
reducing insulin resistance and inflammatory
markers.*?> Prebiotic fibers that selectively nourish
beneficial taxa similarly enhance glycemic control
and satiety hormone secretion.® Current challenges
include identifying strain-specific effects and
optimizing delivery systems to ensure durable
colonization and functional metabolic activity.

Fecal Microbiota Transplantation

Fecal microbiota transplantation represents the
most direct microbiome intervention. In metabolic
syndrome, transplantation from lean donors
transiently enhances insulin sensitivity, though
response durability varies considerably.®®> Success
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depends upon donor microbiota engraftment and
recipient baseline composition, emphasizing
personalized therapeutic approaches.>* Ongoing
investigations explore applications for polycystic
ovary syndrome and additional endocrine disorders,
though long-term safety and efficacy require further
validation.

Dietary Interventions

Dietary patterns fundamentally sculpt microbiome
composition and endocrine output. Mediterranean
dietary patterns rich in polyphenols and fiber promote
short-chain fatty acid-producing bacteria while
reducing inflammatory potential, correlating with
improved metabolic and endocrine biomarkers.3®
Conversely, high-fat diets rapidly induce dysbiosis
and metabolic  endotoxemia  within  days,
demonstrating remarkable microbiome
responsiveness to nutritional change.®® Time-
restricted feeding and intermittent fasting beneficially
remodel microbiome composition, enhancing
circadian metabolic alignment.®’

CHALLENGES AND FUTURE DIRECTIONS

Despite considerable progress, substantial
obstacles persist. Establishing causality versus
association remains challenging in  human
investigations, while tremendous inter-individual
microbiome  variability = complicates  universal
therapeutic recommendations.*® The field requires
standardized analytical protocols, enhanced
functional gene expression characterization beyond
taxonomic profiling, and predictive modeling for
treatment stratification.

Future research must address temporal dynamics
of microbiome-endocrine interactions particularly
during developmental critical periods and aging
transitions. Multi-omics integration with detailed
phenotyping will enable precision microbiome
medicine tailored to individual metabolic and
endocrine profiles. Understanding cumulative
environmental  impacts  including  pollutants,
antibiotics, psychological stress on microbiome
endocrine function represents an essential priority
for public health strategies.

CONCLUSION

Microbial endocrinology provides an integrative
framework for comprehending how intestinal bacteria
influence host metabolic and endocrine health. The
microbiome functions as a pervasive endocrine
organ, generating hormones, neurotransmitters,
and metabolites that integrate with host physiology

through diverse signaling pathways. Dysbiosis
contributes to metabolic syndrome, diabetes, and
endocrine disorders pathogenesis, while targeted
microbiome interventions offer novel therapeutic
avenues. Recognizing the microbiome as a central
node within endocrine networks will prove essential
for developing next-generation treatments for
metabolic and endocrine diseases.
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