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Gut-Brain axis
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Components of the gut-brain axis 



Vraag:

Ik gebruik het concept ”darm-

hersen as”:

-nooit

-ongeveer 1 keer per jaar

-tussen 1 keer per maand en 1 keer 

per jaar

-vrijwel elke maand

-vrijwel elke week



Mediators of bidirectional signalling

• Serotinin (5-HT)

• Mono-aminergic, opoid and 

endocannabinoid compounds

• Autonomic Nervous System (N.X)

• HPA-axis

• Gut hormones

• Cytokines

• Gut-derived (metabolic) signalling 

molecules (metabolites/ growth 

factors, etc.)

• Fatty acids

• ……



Serotonin (5-HT) as an example:

• 3% in the brain and …

• 95% in the gut, …

• but does not pass BBB

• Tryptophan is the substrate

• Synthesis of 5-HT is 

affected by inflammation 

and stress



Plac. ↓5-HT

Labus et al Gut 2011;60:1196-203



Serotonin - ATD study



Gut microbiota

• As many microbes as 

somatic nucleated cells

• Separate genome

• Most microbes hard to 

culture

• ‘Ecosystem’

• First years of life are pivotal

• Aberrant composition in 

many disorders

• Effect on brain function?



Healthy microbiota

Infections
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x
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König and Brummer, Benef Microbes 2014;5(3) 247-261



Gut microbiota diversity

• Compositional diversity

• Functional diversity

• Richness

• Metabolic networking

• Resilience

• “catastrophic event”



Gut microbiota ➔Brain 

mechanistic pathways

• Direct microbe-host 

interactions

• Indirect actions mediated 

by microbial metabolites



Examples of direct microbe-host 

signalling

• Activation of vagus nerve

• Activation of ENS

• Production of GABA

• Production of 5-HT

• Shift of “eCB tone”

• Modulation of epithelial 

cytokine production



Examples of microbial metabolites that

affect gut-brain signalling

• SCFAs including iso-

• Hydrogen

• Methane

• Carbon dioxide

• Ammonia

• Hydrogen sulfide

• !! Nutrition and metabolic 

cross-feeding



Short chain fatty acids

• Activation of GPR41 and 

GPR43 in e.g. 

macrophages, dendritic 

cells and mast cells

• Direct interaction with 

ENS and vagus nerve

• Release of 5-HT

• Transfer across BBB 

• (CLA production)



Colonic lumen

IEC membrane

Tumor
suppression
Inflammation

Nucleus

2 Acetyl CoA

Krebs cycle

Butyrate

Mitochondria

Energy 

BT; butyrate, MCT1; monocarboxylate transporter 1, SMCT1; 

sodium dependent MCT1, HDAC; histone deacetylase, Ac; acetylation

Microbial fermentation

Adapted from Ravinder et al., 2011 AJP Cell Physiol; Flint et al., 

2012 Nature Rev; 

Cox et al., 2013 Cell Metab

Hormone regulation
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Butyrate – Mode of Action 

A)

B)                                               C)                                             D)                           E)
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Vraag:

Darmdoorlaatbaarheid (i.e. 

permeabiliteit) wordt wel als een 

maat voor darmbarriere functie 

gebruikt.

Verhoogde doorlaatbaarheid duidt 

op:

-verbetering van darmbarriere 

functie

-verslechtering van darmbarriere 

functie



Intestinal barrier function



Examples of aberration in intestinal 

barrier function

• Inflammatory Bowel Disease

• Irritable Bowel Syndrome

• Metabolic Syndrome

• Ageing

• Stress

• Strenous exercise

• Dehydration

• Etcetera..



Gut microbiota, intestinal barrier and 

brain function

• Impaired intestinal barrier function will 

cause:

• local/systemic immune responses

• mast cell degranulation/ VIP release

• Neuroinflammation/ ENS

• afferent vagus nerve activation

• Enteric glia cells 



Ussing chamber/ intestinal permeability



Non-invasive multi-sugar test



Inflammatory mediators, 5-HT, and 

brain function



Vraag:

Inname van prebiotica heeft een 

biofunctioneel effect 

voornamelijk in de: 

-dunne darm

-dikke darm



Pre-/probiotics and Gut-Brain Interaction –

mechanistic pathways

• Small bowel vs. colon

• Direct microbe-host 

interaction vs. microbe-

microbe and metabolites

• Enforcing intestinal 

barrier/ anti-inflammatory

• SCFA production/profile, 

uptake, utilisation

• Signalling compounds/ 

5HT, immune and 

metabolic pathways



Pre-/probiotics and Gut-Brain Interaction –

some potential functional applications

• Attenuating stress impact 

on gut function

• Improving affective 

symptoms/ disorders

• Modulating satiation and 

satiety

• Preventing/delaying 

neuro-degenerative 

disorders/ Parkinson’s

• Precision nutrition



The importance of diet

• ‘Food’ for bacteria

• Direct impact on gut 

and brain function

• Affects the brain’s 

composition 

• Affects intestinal 

barrier and immune 

function

• Effect on inflammation

• Production of bioactive 

compounds in the gut



What do we know on food and well-being?

• Animal studies give a hint

• Few human studies 

(placebo/control?)

• Gut health is important

• Gut ecosystem

• Anti-inflammatory diet

• Life style in general

• Personalised/ precision 

nutrition

• Effect markers?



Fecal

transplantation

Probiotics

& 

prebiotics

Antibiotics

x
x
x

“Microbial” therapy

König J, Brummer RJ, Ben Micr 2014;5(3):247-261



Probiotics in IBS







fMRI 

paradigm

38

“EAT” paradigm = Emotional Attention Task

Match shapes  (MS) Match emotions (ME)

Liebermann et al., 2007

Analysis model: ME - MS



Results

2021-04-22 39

Emotional Attention Task = EAT paradigm

Match 

shapes

Match emotions (fear 

or anger)

Liebermann et al., 2007

Figure 2. Sub-clusters that were found to be associated with significant (p < 0.1) changes in brain activity 

between both interventions (probiotic > placebo) before multiplicity correction, during the EAT paradigm. 



Vraag:

Gezonde buik – beter brein?

-ja

-nee

-ik weet niet

-kan niet antwoorden i.v.m. sanitaire 

pauze
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