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What about

brain functions?

✓ Neural pathways

✓ Enteroendocrine signaling

✓ Serotonin and tryptophan metabolism

✓ Immune signaling
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Stress & gut-brain axis: regulation by the microbiome
Foster et al., 2017 Neurobiology of stress



Crayan and Dinan, 2012

Studies in animal models:

gut microbiome involved:

• brain development

• stress sensitivity

• Depression

• Anxiety

• Autism

• Stroke

• Parkinson

• Alzheimer desease
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Microbiota

signaling

• Immune activation

• Production microbial peptides

• Acivation vagus nerve

• Production various neurotransmitters

Supplementation of live bacteria (Bifidobacteria and 

Lactobacillus) can lead to natable improvements in social 

behavior both in early life and adulthood
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, 2011
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2011

Postnatal microbial colonization programs 

the hypothalamic–pituitary–adrenal system 

for stress response in mice

Sudo N. et al, 2004

2015
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inhibition
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Is the treatment with 

Bifidobacteria capable to 

alter GABAARs subunit

expression in Sprague

Dawley Rats hippocampus

Is long term plasticity and its

mechanisms altered by 

Bifidobacteria treatment?

What kind of behavioral

aspects are subjected to 

modification after the 

treatment?

Hippocampus

✓ Learning

✓ Memory

✓ Cognition

✓ Stress related responses (HPA)



• Controls: animals treated for 2 moths with 
vehicle

• Treated: animals treated for 2 month with B-
MIX

Experimental groups

• Bifidobacterium longum (BB536, 3x109 CFU/kg)

• Bifidobacterium breve (M-16V, 1x109 CFU/kg) 

• Bifidobacterium infantis (M-63, 1x109 CFU/kg)

B-MIX
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Time table

• Gavage

From PND 45

(daily from 12:00 to 13:00)

• Experiments

• Immunohistochemistry

• Electrophysiology

• Behavior
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Probiotic Bifidobacterium longum NCC3001 Reduces Depression Scores
and Alters Brain Activity: a Pilot Study in Patients With Irritable Bowel
Syndrome
Pinto-Sanchez et al., 2017, Gastroenterology

BDNF expression in the hippocampus of maternally separated rats: 
does Bifidobacterium breve 6330 alter BDNF levels?
O'Sullivan et al., 2011, Benef Microbes

Effects of the probiotic Bifidobacterium infantis in the maternal
separation model of depression.
Desbonnet et al., 2010, J. Neurosci
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Talani et al. (In preparation)
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Talani et al. (submitted)
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Adult microbiota-deficient mice have distinct dendritic

morphological changes: differential effects in the 

amygdala and hippocampus

Luczynski et al., EJN, 2016
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Motility meter

✓ Motor impairments

Barnes maze

✓ Memory and cognition

impairments

Novel Object Recognition

✓ Memory and cognition

impairments
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Our results, conducted in healthy animals, suggest that the treatment

with tree different strain of Bifidobacteria, alters the expression of

different subunit of GABAA receptors, enhancing the excitability of

granule neurons of the hippocampal formation, the principal output of

this important brain area.

The decrease of GABAergic inhibition causes, in turn, an enancement of

long term plasticity at glutamatergic synapses in CA1 neurons that

represent the principal output of the hippocampal formation.

The increased plasticity observed at hippocampal level is accompained

enanced levels of BDNF and dendritic structures in pyramidal CA1

neurons.

All these effects may explain the results obtained in behavioral

experiments, in which animals perform better in cognitive tests without

any significant modification in motor functions
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……….future directions

The mechanisms of action of probiotics at the brain

level appear still to be very complex and many

efforts are yet to be made to evaluate the

properties of different strains of gut bacteria.

Our findings suggest the potential utility of these

three Bifidobacteria strains to ameliorate, even in

humans, emotional and affective diseases as well

as age- and stress associated cognitive decline.
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