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Wellness from Within: 
Novel Insights into the Microbiota-Gut-Brain axis 

for Metabolic and Mental Health

“All diseases begin in the gut”

Hippocrates (c. 460 – c. 370 BC)

“Let food be thy medicine and 
medicine be thy food”

“A healthy diet is essential 
for a healthy gut and a 

healthy mind”

The gut-brain axis: A gut feeling………

…language of gut-brain



The gut-brain axis: Living in a Microbial world…

mind 
your 

microbiome

The microbiota contributes to host
energy metabolism and alter the
way we store fat, how we balance
levels of glucose in the blood, and
how we respond to hormones that
make us feel hungry or full.

Gut microbiota can shape brain and behaviour.

The last decade has seen an enormous expansion 
on our knowledge of the microbiome. 

Humans and other animals share an mutualistic 
relationship with resident microorganisms

The Evidence: The gut microbiota is critical 
for brain and behavior

Without microbes, brains do NOT 
develop normally 

Luczynski et al Eur J. Neuro. 2016 



PLEASE PASS THE MICROBIOTA!!

TRANSFORMING FAT TO THIN

Ridaura et al. 2013

TRANSFERRING THE BLUES

Kelly et al. 2016

✓ FMT has illustrated the influence of microbiota 
on our METABOLIC AND MENTAL HEALTH

MICROBIOTA MEDIATOR OF GUT-BRAIN FUNCTION

DIET & 
Nutrition

MICROBIOTA

LIFESPAN Torres-Fuentes, Schellekens, et al, Lancet Gastro & Hepat 2017 

MOLECULAR MECHANISM TRANSLATION

METABOLIC & 
MENTAL HEALTH

GUT-BRAIN AXIS

OBESITY                                     STRESS

Host metabolism 
& homeostasis;
Energy harvest,    
storage & 
expenditure 

Microbiome-Gut-Brain Axis in Obesity & Stress



Dinan and Cryan, J. Physiol, 2017

Across the Lifespan

…unique needs across the lifespan

Priming for Life: (Early-life) Stress

• MILK FAT GLOBULE, POLYPHENOLS, FISH OIL,
OMEGAs, FATTY ACIDS, PREBIOTICS, PROBIOTICS

Ratsika A, et al, 
Early Life Nutrition and the
Microbiota-Gut-Brain Axis, 2021

Microbiota 
Interventions

[O'Mahony et al., Eur J Neurosci. 2020; Neufeld et al., Neuronal Signal. 2020; Donoso et al., Neurobiol Stress, 2020; Schverer et al., Neurosci Biobehav Rev, 2020; Egerton et al., Nutr 
Neurosci, 2020; Provensi, et al., PNAS, 2019; Donoso et al., Int J Neuropsychopharmacol, 2019; Donoso et al.,Psychoneuroendocrinology. 2020; Butler et al., Nutrients, 2020]

PERINATAL
critical 
developmental 
windows (first 
1000 days) of life



Dinan and Cryan, J. Physiol, 2017

Microbiota and ageing: FOREVER YOUNG?

PREBIOTIC (OligofructoseE-Inulin)

Fibre-not-fast cars as answer to mid-life (microbiome) crisis!!

…a live organism that, when ingested  in adequate amounts, produces 
a health  benefit in patients suffering from psychiatric illnesses

Develop Microbiota-targeted approaches 

DIET

METABOLIC & 
MENTAL HEALTH



Clinical studies supporting probiotics 
with anti-obesity effects

2020 Jul; 12(7): 2041.

Nutrients, 1 June 2021

Towards Psychobiotics: Clinical evidence



Finding the right strain? A needle in a haystack….

“Culture to Product”
platform

Isolated Human      
bacterial strains

BUGS TO DRUGS:
Pharmaceutical approach to mine microbes & metabolites 

APC
Culture 

Collection

Targeted approach for the IDENTIFICATION of 
functional bacterial strains and their 

metabolites and to gain MECHANISTIC insight 
into gut bacteria-derived metabolites as 

modulators gut-brain axis function

NT; 
5HT, 
GABA

ROS

[Long-Smith, et al., 2020]

Human Studies

Human GPCRs cell lines currently available: GHS-R1a, OXTR, 
VP, 5-HT2A, 5-HT2B, 5-HT2C, GLP-1R, MCR3, D1, D2, CB1



The Gut Feeling: GPCRs Enlighten the Way 
for Gut Microbiota-Metabolite Bioactivity

Bhattarai, et al. 
2018

Microbiota-derived GPCR ligands impact 
local and systemic host physiology

MINE MICROBES FOR GPCR MODULATION

[Yildiz, et al, PNAS, 2004] Human plasma ghelin levels

Ghrelin and the GHSR-1a receptor



Ghrelin and the Gut Microbiota

Duca et al, 2012

2021 Apr 1

Changes in microbial composition and diversity
have been correlated with changes in gut
peptide secretion, and specific gut bacteria have
been shown to be capable of modulating EECs

Mining the GUT Microbiota 
for Ghrelin Receptor modulation

“Culture to Product”
platform

Isolated Human      
bacterial strains

Healthy 
donors



APC1472 has inverse agonist activity & bias 
towards β-arrestin-mediated ghrelin signaling
signalling bias HIGH 

THROUGHPUT 
CELLULAR ASSAYS

APC
Culture 

Collection

↓ Weight gain
↓ Leptin plasma

High-fat diet fed↓ Ghrelin receptor signalling Anti-obesity effects

Bifidobacteria Longum APC1472 attenuates weight gain

Schellekens, et al. EBioMedicine, The Lancet, 2021



APC
Culture 

Collection

↓ Weight gain 
↓ Leptin plasma
↓ Fat Depots

High-fat diet fed↓ Ghrelin receptor signalling Anti-obesity effects

Bifidobacteria Longum APC1472 attenuates weight gain

Schellekens, et al. EBioMedicine, The Lancet, 2021

APC
Culture 

Collection

↓ Weight gain
↓ Leptin plasma
↓ Fat Depots
↑ Glucose tolerance
↓ Corticosterone

High-fat diet fed↓ Ghrelin receptor signalling Anti-obesity effects

Bifidobacteria Longum APC1472 improves glucose tolerance
AND reduces stress hormone

Schellekens, et al. EBioMedicine, The Lancet, 2021
Schellekens, et al. EBioMedicine, The Lancet, 2021



APC
Culture 

Collection

↓ Weight gain
↓ Leptin plasma
↓ Fat Depots
↑ Glucose tolerance
↓ Corticosterone

High-fat diet fed↓ Ghrelin receptor signalling Anti-obesity effects

Translational validation of Bifidobacteria Longum APC1472
anti-obesity effects in overweight/obese humans

Study Outline
Randomised, double-
blinded, parallel, 
placebo-controlled study 
N= [74 active; 48 
placebo]

BMI btw 28.0 – 34.9 
Kg/m2 124

Identifier: NCT04042181

Normal fasting blood sugar <5.6mmol/L
Prediabetic 5.6 to 7.0 mmol/L. 

-0.295 mmol/L, effect-size 0.092 (η2) 

All             Overweight        Obese

overweight ≥ 25, 
obese ≥ 30

Bifidobacteria Longum APC1472
effects in overweight/obese humans

-0.266 mmol/L, effect-size 0.075 (η2) 

Blood glucose Cortisol Ghrelin

obesity hungerstress

……….findings reinforce the concept of the link between
metabolic disease, mental health, and the potential
amelioration of both via microbiome targeted approaches

Schellekens, et al. EBioMedicine, The Lancet, 2021

No diet modification! Not (pre-)diabetic!



Psychiatric disorders, Mood and Reward

• Kelly, et. al., The role of the gut microbiome in the development of schizophrenia, 
Schizophrenia Research, 2021.

• O’Connor,  et. al., Strain differences in behaviour and immunity in aged mice: Relevance to 
Autism, Behavioural Brain Research, 2021.

Behaviour (Social, Cognition / anxiety)

Corticosterone   

PREBIOTICS fructo- and galacto- oligosaccharides (FOS/GOS) 
have anxiolytic and antidepressant like effects 

Exaggerated interleukin 6 response to concanavalin A(jack bean legume lectin)

Spleen cytokine 
production 

Chronic social unpredictable stress (6 week social defeat/overcrowding)

Immune



2015

5.5g fructooligosaccharides [N=15; 8 males, 7 females] or Bimuno®-
galactooligosaccharides [N=15; 7 males, 8 females]) or maltodextrin 

[N=15; 7 males, 8 females] _3 weeks

Triple-blind, randomized, placebo-controlled intervention trial, colonic SCFA-
mixture delivery in doses equivalent to fermentation of 10 g or 20 g of
arabinoxylan oligosaccharides on responses to psychosocial stress and fear
tasks in 66 healthy men_1 week (no effect on cortisol awakening response),
using Maastricht Acute Stress Test (MAST) to elicit a robust subjective and
physiological stress response.

Towards Psychobiotic diet: Clinical evidence
2020

09 March 2021

Towards a Psychobiotic Diet

FIBRE KEFIR



➢ Positive correlation of positivity score with Bifidobacterium, Haemophilus,                                                  
IL-8, Dipeptidylpeptidase-4 (degrades incretins like GLP1)  and subcutaneous fat mass,                                    
which can predict or mediate the beneficial effects of inulin on behaviour in obesity. 

➢Inulin intake may improve mood in obese subjects                        
exhibiting a specific microbial profile. 

Food4gut, clinicaltrial.gov: NCT03852069, https://clinicaltrials.gov/ct2/show/NCT03852069

➢ A randomized, single-blinded, multicentric, placebo-
controlled trial (n=106 obese patients), receiving 16 g/d
of native inulin or maltodextrin combined with dietary
advice to consume inulin-rich or -poor vegetables for 3
months & CR.

➢ Inulin supplementation in obese subjects had moderate
beneficial effect on emotional competence and
cognitive flexibility.

➢Positive responders exhibiting specific microbial signature -elevated Coprococcus levels at baseline-
were more prone to benefit from prebiotic supplementation in terms of mood.

Towards PERSONALISED Psychobiotic diet

Witlof-with love?

The Microbiome-Gut-Brain Axis 
& Nutritional Neuroscience

“Let Food 
_for your microbes_ 
be thy medicine!

“For Mind _Body_Soul”

• Overall relatively little data as yet

• Small studies, Observational, no dose

• No consistent readouts, Behavior versus Biomarker

• Mechanisms (in)completely understood

• Microbiome & Metabolites rarely measured

• Integrated nutritional intervention

• Mechanistic studies and Human interventions

Harriët Schellekens, et al., Nutritional Neuroscience, 2022
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