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Let food be thy medicine



http://apc.ucc.ie

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

➢Health and Disease

➢ Preclinical Research/Signalling Pathways

➢ Implications for mental health

➢ Translation from bench to bedside and moving 
towards mechanisms?

➢ Therapeutic opportunities?



Where do we get our microbiota from?

Grenham et al., 2011



GI microbiota over lifetime

Stress response
Immune development

Inflammation
Immunosenesence

ELITE ATHLETE

ELITE ATHLETE

INFANT

FRAIL ELDERLY  

Cryan and Dinan, J Physiology 2017
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Factors Defining the Gut Microbiome

➢ Characteristics of gut microbiome

➢ Stable and chaotic periods

➢ Diversity narrows in disease states

➢ Modifiable

Clarke et al., Pharmacological Reviews 2019
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Microbiota and Neurodevelopment

Borre et al., Trends Molecular Medicine 2014
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Meckel and Kiraly, Nature 2020
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The Gold Standard

Borre et al. Trends Mol Med  2014
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High perceived 

stress during 

pregnancy 

associated with 

increased 

gastrointestinal 

permeability 

and increased 

inflammation
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Clarke et al., Pharmacological Reviews 2019

Permeability
Mood/

Emotion 

Basic Functions
Complex Functions

Secretion

Motility

Mucosal 
immunity

Visceral Pain

Hunger/ 
satiety

Cognition

The brain-gut –(microbiota) axis
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Pushing our Buttons and Pulling our Levers



Microbiota, Brain and Behaviour

Clarke et al., Encyclopedia Metagenomics 2013



Germ-Free Living?

Kirk, R, Bulletin of the History of Medicine, 2012



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 Psych 2013
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Dendritic Hypertrophy of 
Basolateral Amygdala Neurons

Microbiota Determines Amygdala Volume 
& Dendritic Morphology

CC = Conventionally Colonised
GF = Germ Free
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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



Microbial Regulation of Hepatic Gene Expression

Gheorghe et al, Unpublished dataKennedy et al., World J Gastro 2014
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Signalling Along the Brain-Gut-Microbiota axis

Clarke et al., Pharmacological Reviews 2019
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Drug-Microbiome Interactions

Clarke et al., Pharmacological Reviews 2019



http://apc.ucc.ie

Pharmacokinetics/Pharmacodynamics

Hefner et al., Int Rev Psych 2013 Clarke et al., Pharmacological Reviews 2019
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25% of  human targeted 

drugs evaluated had 

antimicrobial activity and 

antipsychotics as a class 

may have this property
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Sample Harvest

• Vehicle

• Probiotic: VSL#3 

(5·1010bacteria/kg/day): L. 

paracasei, L. plantarum, L. 

acidophilus, L. delbrueckii

subsp. Bulgaricus, B. longum, B. 

infantis, B. breve, Streptococcus 

thermophilus

• Antibiotic: ampicillin 1g/L; 

vancomycin 500mg/L, 

imipenem 250mg/L

Cussotto, Walsh et al., eBiomedicine 2021

Microbiome Depletion Modifies Olanzapine Pharmacokinetics?



Translational Research

Cryan et al., Trends in Pharmacol. Sci. 2002

Gary Larson



Microbiota-Gut-Brain Axis



http://apc.ucc.ie

Dinan and Cryan, Nature Microbiology 2019
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Transfer of Depressive Phenotype
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Kelly et al., J Psych Res 2016
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Psychiatric Comorbidity in IBS

Wilmes et al., Neurogastroenterology and Motility 2021

https://discoverie.eu/

https://discoverie.eu/


Are Gut Feelings the Real Deal?



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
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B. longum reduces stress response in 
healthy human volunteers

Stress

P
la

ce
bo

P
sy

ch
obi

otic

0

10

20

30

40 *

P
e
rc

e
iv

e
d

 s
tr

e
s
s

Cortisol output

Vis
it 

1

Pla
ce

bo

Psy
ch

obio
tic

0

100

200

300

400 *

*

A
re

a
 u

n
d

e
r 

th
e
 c

u
rv

e

Brain activity

Vis
it 

1

Pla
cebo

Psychobio
tic

0

1

2

3

4 *

*

Fz
 M

ob
ili

ty
 (

H
z)

Memory: total errors

Vis
it 

1

Pla
cebo

Psychobio
tic

0

2

4

6

8
*

†

P
A

L:
 T

ot
al

 e
rr

or
s

Allen et al., 2016, Trans  Psych 
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Psychobiotic modulated resting neural activity and 

neural responses, measured using 

magnetoencephalography, during social stress
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Andrea Levy, The Plain Dealer



Early Life Factors





Let food be thy medicine







Towards Psychobiotics: Focus on Mechanisms

Long-Smith et al 2019, Annual Review Pharmacology and Toxicology

The New Yorker
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Summary & Conclusions

➢ Promising preclinical and clinical research

➢ Regulates behaviours and physiology relevant to 
psychiatry across the lifespan

➢ Increasing translational efforts

➢Mechanistic insights and focus on causation

➢ Fact or fiction: Expect some attrition along the 
way

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