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Gut Feelings 
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 Brain-Gut-Microbiota Axis 
 

Health and Disease 
 
 Irritable Bowel Syndrome (IBS) 

 
Anxiety, Depression, Stress and 

Cognition 
 

 ‘Mind altering microbes’ 
 

 Therapeutic opportunities? 
 

 
 



Brain-Gut Axis 
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 Bidirectional communication system 
between the brain and the gut 
 

 Brain can influence gastrointestinal 
function 
 

 Gut can influence brain 
 

 Neural, hormonal and immunological 
routes 
 

 Dysregulation important in disorders like 
IBS 

Yuliya Borre 



Brain-Gut-Microbiota Axis 
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Grenham, Clarke et al., Frontiers in Physiology 2011 



http://apc.ucc.ie 

Altered Microbiota in IBS  



Irritable Bowel Syndrome 
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Abdominal Pain Altered Bowel Habit 



CNS Dysfunction in IBS 
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Psychiatric comorbidity 
   - Depression 
   - Anxiety 
Visceral Hypersensitivity 

Mertz et al., Gastroenterology 2000 

Vincent van Gogh’s “At Eternitys Gate” 

The Scream (Edvard Munch) 



Cognition 
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Memory 

Attention Decision 
Making  

Learning 

Problem 
Solving 

Planning 



Altered Cognition in IBS  
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3 

6 MONTHS 12 MONTHS 

2 

Baseline: Visuospatial memory deficit   

6 & 12 months: Consistent memory deficit  

Hippocampus 

Kennedy et al., Psychological Medicine 2013 



Stressors 
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“It’s not stress that kills us, it is our reaction to it”.  
Hans Selye 
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Sustained Cortisol Response to Acute Stress in IBS  

Kennedy et al., Psychological Medicine 2014 



Irritable Bowel Syndrome 
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Germ-free Studies 
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Sterile uterus 
 
First exposure to 

bacteria during birth 
 
Postnatal colonisation 

of the gut 
 
Germ free animals-from 

their ‘mother’s womb 
untimely ripped’ 
 
 

Macbeth, William Shakespeare X 

Grenham, Clarke et al., Frontiers in Physiology 2011 



Microbiota Controls Stress Response 
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Probiotic Reduces 
Stress-induced 

Corticosterone Levels 

Bravo et al., PNAS Sept 2011 

Germ-free animals 
have an exaggerated 

stress response 

Clarke et al., Mol Psychiat 2013 



Microbiota Regulates Anxiety 
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Germ-free animals 
have lower anxiety-like 

behaviours   

Clarke et al., Mol Psychiat 2013 
Probiotic Reduces 

Anxiety-like behaviours 

Bravo et al., PNAS Sept 2011 



Microbiota Regulates Anxiety 
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Scream adapted, New Scientist, March 12 2013 
http://www.footballoffthepitch.com/2014/03/
award-winning-david-moyes-artwork.html  

Probiotics 
Microbiota 

Transplanation 

Antibiotics 
Infection 

Microbiota 
Transplanation 

http://email.newscientist.com/cgi-bin1/DM/t/nCvdH0MWmHU0BbwZ0qeEa0EB
http://www.footballoffthepitch.com/2014/03/award-winning-david-moyes-artwork.html
http://www.footballoffthepitch.com/2014/03/award-winning-david-moyes-artwork.html


Microbiota and Depression 
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Microbiota and Depression 
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Probiotic Reduces 
Depressive-like 

Behaviours 

Bravo et al., PNAS Sept 2011 

Probiotic Increases 
Circulating 
Tryptophan 

Desbonnet et al., J Psych Res 2008 



Microbiota, Brain and Behaviour 
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Clarke et al., Encyclopedia Metagenomics 2013 



Microbiota, Brain and Behaviour 
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Therapeutic Potential Beyond IBS? 
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Therapeutic Potential Beyond IBS? 
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Andrea Levy, The Plain Dealer 
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Microbiome Therapy? 



Diet and Microbiota 
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Early Life Factors 
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Gut microbiota can control stress response 

 Implicated in Anxiety, Depression, Cognition and Pain 

 Can regulate the supply of tryptophan 

 Implications for IBS and beyond 

 Translation to clinic? 

Microbial-based strategies for the treatment of brain 
disorders? All probiotics not created equal! 

 Treat your gut microbes well! 

 
 

Summary & Conclusions 
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www.npr.org  

http://www.npr.org/
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Spoke 3: Brain-Gut-Microbiota Axis 



Thank you 
 

g.clarke@ucc.ie 
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The Daily Mail, London Sept 2011 
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