
Microbiota-Gut-Brain Axis





Learning Objectives

•Explain the concept and significance of the 
microbiota-gut-brain axis (MGBA)
•Describe key mechanisms linking gut microbes to 
brain function and behavior
•Critically evaluate experimental approaches used to 
study the MGBA
•Discuss the clinical relevance of the MGBA in 
mental, neurological, and gastrointestinal disorders
•Analyze current research and identify open 
questions in the field



What is the Microbiota-Gut-Brain Axis?

•Signals travel via neural (vagus nerve, enteric 
nervous system), immune, endocrine, and 
metabolic pathways.

•Gut microbes influence brain function, mood, and 
behavior by producing neuroactive compounds and 
modulating inflammation.

•The brain also affects gut physiology and 
microbiota composition through stress and 
hormonal responses.

•Disruptions in this axis are linked to neurological 
and psychiatric disorders, highlighting its 
importance for health and disease.

The microbiota-gut-brain axis is a bidirectional communication 
network connecting the gut microbiota, the gastrointestinal tract, and 
the brain.



What is the Microbiota-Gut-Brain Axis?

O’Mahony et al., 2011



Gut Bacteria May Manipulate Your Mind



GUT CHECK: A complex, independent nervous system lines the 

gastrointestinal tract that has been dubbed the "second brain".



What is the Microbiota-Gut-Brain Axis?

O’Mahony et al., 2011



Enteric Nervous System



Enteric Nervous System





Microbiota Gut Brain Axis



Microbiota Gut Brain Axis



Pathological processes in which the microbiota–gut–
brain axis has been implicated.



MICROBIOTA

• The human intestine harbors nearly 100 trillion bacteria that 
are essential for health.

• The largest microbial component of the human microbiome 
is located in the large intestine of the gastrointestinal (GI) 
tract. 

• Critical contributions to metabolism by helping to break 
down complex polysaccharides - critical to the normal 
development of the immune system. 

• Recent studies reveal the importance of gut microbiota to 
the function of the CNS.



The human intestine harbors nearly 100 trillion bacteria that are essential for health.
The largest microbial component of the human microbiome is located in the large 
intestine of the gastrointestinal (GI) tract. 

- critical contributions to metabolism by helping to break down complex polysaccharides 
- critical to the normal development of the immune system. 

Recent studies reveal the importance of gut microbiota to the function of the CNS.

MICROBIOTA–GUT–BRAIN AXIS: 

A complex network of communication between the gut, the intestinal microbiota, and 
the brain, modulating 
-    immune
-GI
-and CNS functions.

It encompasses the CNS, the sympathetic and parasympathetic branches of the 
autonomic nervous system, as well as the enteric nervous system and the 
neuroendocrine and neuroimmune systems.

MICROBIOTA



Impact of the gut microbiota on 
the brain–gut axis.



In healthy individuals:
the normal dominant microbiota is relatively stable and forms a mutually beneficial rapport 
with the host. 

Impact of the gut microbiota on 
the brain–gut axis.



Perturbations may have serious consequences and has 
the potential to exacerbate brain, digestive, and 
metabolic disorders. 

Bidirectional communication between the microbiota 
and the CNS influences stress reactivity, pain 
perception, neurochemistry, and several brain– gut axis 
disorders. 
 
The composition of the gut microbiota during critical 
periods of CNS development is affected by a broad 
range of factors. Perturbation of any of these factors 
can lead to host stress or disease. 

Impact of the gut microbiota on 
the brain–gut axis.



Pathologies with associated dysbiosis.



Neurological disorders with associated dysbiosis.





Transmitting stress-induced inflammatory signals to the brain.



Transmitting stress-induced inflammatory signals to the brain.



Microbiota Gut Brain Axis at cellular level



Microbiota Gut Brain Axis



Intestinal barrier and neuropsychiatric diseases



Microbiota Development



Microbiota Development



Childhood and adolescence are critical developmental windows sensitive to damage. 
Disruptions of dynamic microbiota increase the risk of (or lead to) neurodevelopmental 
disorders. 

Microbiota And Brain Development 



Strategies used to investigate the role of the MGB 
axis in health and disease.





Microbiota And Neurodevelopmental Disorders



The gut microbiota may be modified in throughout life and possibly pregnancy.  
Early preweaning and adolescence periods appear to be critical periods for modifying 
enteric microbiota with the potential to prevent the development of abnormal 
behaviors. 
Consequently, it is becoming clear that understanding the early interaction between the 
intestinal microbiota and the host opens novel avenues for nutritional/therapeutic 
interventions in at-risk populations, particularly for infants and young children. 

Both clinical and preclinical studies 

Important role for the gut microbiota in the pathogenesis of ASDs, 
novel therapeutic strategies in managing neurodevelopmental disorders via microbiome-
based treatment. 

Bacteroides fragilis given in early adolescence has been shown to ameliorate some, but not 
all, of the behavioral dysfunctions 

Microbiota And Neurodevelopmental Disorders



Childhood and adolescence are critical developmental windows sensitive to damage. 
Disruptions of dynamic microbiota increase the risk of (or lead to) neurodevelopmental 
disorders. 

Microbiota And Brain Development 



there is a ‘‘critical period’’ that is a developmental window during which the gut flora can
influence the developing brain. 

Microbiota And Neurodevelopmental Disorders: Critical period



Microbiota And Neurodevelopmental Disorders



Microbiota And Neurodevelopmental Disorders



Microbiota And Neurodevelopmental Disorders



Microbiota And Neurodevelopmental Disorders



Microbiota And Neurodevelopmental Disorders



Microbiota And Neurodevelopmental Disorders



Microbiota And Neurodevelopmental Disorders



RESCUE?

Microbiota And Neurodevelopmental Disorders



Microbiota And Neurodevelopmental Disorders



Microbiota And Adult Neurogenesis



Microbiota Gut Brain Axis at cellular level



The Microglial Side Of The Microbiota–gut–brain Axis 



The Microglial Side Of The Microbiota–gut–brain Axis 



GF animals display global defects in microglia:
• Increased expression of maturation and 

activation marker in GF microglia. 
• M1- and M2-related genes were only 

marginally changed, whereas most differently 
regulated genes were found to localize in the 
M0 cluster, indicating that microglia steady-
state condition was severely altered in the 
absence of microbiota.

The Microglial Side Of The Microbiota–gut–brain Axis 



Lack Of Microbes Impairs Microglia Morphology

Increased microglia cell numbers with significantly longer 

processes and increased numbers of segments, branching 

and terminal points.



Antibiotic Treatment Induces Immature And Malformed 
Microglia That Can Be Restored By SCFA Administration



Microglial Control Of Synaptic Development



Developing CC3CR1 KO Mice Display Immature Synaptic
Features



Defective Microglial Development In CX3CR1 KO Mice
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