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Living in a Microbial World….
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Gut Feelings
➢ Brain-Gut-Microbiome Axis

➢ Health and Disease

➢ Psychiatry and Disorders of gut-brain axis

➢ Preclinical Research/Signalling Pathways

➢ Translation, causality and moving towards mechanisms?

➢ Psychotropic drugs and the gut microbiome

➢ Opportunities for intervention?
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Clarke et al., Pharmacological Reviews 2019
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Brain-Gut-Microbiota Axis
Scope and Mechanism Translation

Clarke et al., Pharmacological Reviews 2019 Dinan and Cryan, J. Physiol, 2017

Across the lifespan
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Microbiota, Brain and Behaviour

Clarke et al., Encyclopedia Metagenomics 2013
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Microbiota Regulates Anxiety

Germ-free animals 

have lower anxiety-like 

behaviours

Clarke et al., Mol Psychiatry 2013
Probiotic reduces 

anxiety-like behaviours

Bravo et al., PNAS Sept 2011



Stressors

“It’s not stress that kills us, it is our reaction to it”.

Hans Selye
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Microbiota Controls Stress Response

Probiotic Reduces 

Stress-induced 

Corticosterone Levels

Bravo et al., PNAS Sept 2011

Germ-free animals 

have an 

exaggerated stress 

response

Clarke et al., Mol Psychiatry 2013
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The Germ-free Phenotype

Spichak et al., Drug Dis Today 2019
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Clarke et al., Pharmacological Reviews 2019

Tryptophan – A (microbial) Building Block
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Microbiota Regulates Tryptophan Metabolism
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Acute Stress alters Host Tryptophan Metabolism

Gheorghe et al., Curr Opin Pharm 2019
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Gheorghe et al., Curr Opin Pharm 2019

Tryptamine
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Host and Microbial Factors affecting Metabolism and Availability of Tryptophan 
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Translational Research

Cryan et al., Trends in Pharmacol. Sci. 2002
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Transfer of Depressive Phenotype
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Irritable Bowel Syndrome
➢Disorder of gut-brain axis interactions

➢Abdominal pain, constipation, 

diarrhoea

➢Visceral Hypersensitivity

Mertz et al., Gastroenterology 2000

Vincent van Gogh’s “At 
Eternitys Gate”
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Only the 

microbiota from 

IBS subjects 

with comorbid 

anxiety induced 

both GI 

dysfunction and 

anxiety-like 

behaviours in 

the recipient 

animals
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Psychiatric Comorbidity in IBS

Wilmes et al., 2021, Neurogastroenterology and Motility

https://discoverie.eu/

https://discoverie.eu/
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Are Gut Feelings the Real Deal?
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Perspectives

• Probiotics
• Prebiotics
• Diet
• Faecal transplants
• Microbial consortia
• Metabolites

The gut 
microbiota 

plays a role in 
determining 

mental health -
we can mine 

for, and target 
with, 

psychobiotics



© APC Microbiome Ireland SFI Research Centre 2021

B. longum reduces stress response in 
healthy human volunteers

Stress
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Psychobiotic modulated resting neural activity and 

neural responses, measured using 

magnetoencephalography, during social stress
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Towards Psychobiotics: Focus on Mechanisms

Long-Smith et al 2019, Annual Review Pharmacology and Toxicology
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Summary & Conclusions (1)
➢ Promising preclinical and clinical research

➢ Regulates behaviours and physiology relevant to 
psychiatry and neurogastroenterology

➢Microbiome as a driver of psychiatric comorbidity?

➢Mechanistic insights and focus on causation

➢ Signalling pathways – common neurobiological 
ground?

➢Microbial-based strategies for the treatment of 
stress-related gut-brain axis disorders? 
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Drug-Microbiome Interactions

Hefner et al., Int Rev Psych 2013 Clarke et al., 2019, Pharmacological Reviews
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Factors Defining the Gut Microbiome

➢ Characteristics of gut microbiome

➢ Stable and chaotic periods

➢ Diversity narrows in disease states

➢ What about xenobiotics?
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Drug-Microbiome Interactions

Clarke et al., Pharmacological Reviews 2019



24% of  human targeted 

drugs evaluated had 

antimicrobial activity and 

antipsychotics as a class 

may have this property
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Dose Dependent Effects - psychotropics
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Dose Dependent Effects - psychotropics

➢ Dose dependent effects in vitro

➢ Lower microbial exposure escitalopram, fluoxetine
better?

➢ Compositional alterations in vivo after 28 days
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Dose Dependent Effects - psychotropics

➢ Stable communities of five gut bacterial
species (Bacteroides thetaiotaomicron,
Eubacterium rectale, Lactobacillus gasseri,
Ruminococcus torques and Streptococcus
salivarius) in the presence and in the absence
of duloxetine.

➢ E. rectale is the most sensitive to duloxetine
among the five species in vitro

➢ In vivo, presence of duloxetine markedly
shifted the community composition, allowing
E. rectale to increase its abundance by over
100-fold

➢ Metabolite secretion by duloxetine
bioaccumulator, S. salivarius, in response to
duloxetine could boost E. rectale
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Dose Dependent Effects

➢ Each dot represents a patient taking a specific drug dose, and is classified into one of the four enterotypes

➢ Change in the prevalence of the Bacteroides 1 and Bacteroides 2 enterotypes in patients with increasing metformin 
dosage (Bacteroides 2 enterotype is also associated with disease)

➢ For statins, dosage analysis strengthens the reported observation of microbiome shifts towards a heathier state away 
from the Bacteroides 2 enterotype
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Stick or Twist?
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Summary & Conclusions (2)

Leprun and Clarke, 
Current Opinion Pharmacology 2019

➢ Many psychotropic drugs have antimicrobial effects in vitro, dose-dependent effects assessed for some

➢ Evidence in vivo from animal studies of compositional alterations

➢ Associations reported in human studies that are likely dose dependent

➢ Unclear in many cases if these compositional alterations in vivo are ‘good’ or ‘bad’

➢ Antipsychotic-induced remodelling of the gut microbiome associated with weight gain

➢ For statins and metformin, remodelling might change to healthier state

➢ Possibility of bioaccumulation and the impact on host gastrointestinal physiology and immune system
complicates predictions

➢ Future of drug discovery will have to take account of the gut microbiome
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