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ECTODERMA
tessuto nervoso;
epidermide e suoi derivati

(peli, capelli, unghie, smalto dentario).

ENDODERMA
epitelio di rivestimento e ghiandolare

del tubo digerente, fegato, vie biliari MESODERMA
e pancreas; vie respiratorie; vescica,
uretra e prostata; tiroide,

paratiroide e timo;

cellule delle linee germinali

di ovociti e spermatozoi.

scheletro; muscolatura;
tessuto connettivo;
apparato cardiocircolatorio;
apparato renale.
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Two brains in one body ©NewsScientist

The entofic Nervous System in the gut, or “second bain”, shares many featunes with the brain in yous head
It can &t autonomously and even influences behanviour Dy sending messages ud the vagus nerve 10 the Drain

BRAIN SECOND BRAIN
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SPINAL CORD

‘ The enternc nervous system
COmprses a network of neurons
spread throughout two layers of
qut tisswe. the submucosal plexus

‘ and the myertons plosus
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[ Cingulate cortex
Fornix
Thalamus

Stria terminalis —

S5rees and Mamillary body

emotions

Oflfactory bulb
Amygdala
Hippocampus

Cytokines Bacterial
molecules
(fatty acids, GABA, Afferent nerve
5-HT precursors) cell of vagus nerve
or spinal cord
Entero
endocrine

Altered

microbiota

composition 0 p
‘ >3

Sympathetic
ganglia

Vaqus nerve —

Area postrema

Nature Reviews | Microbiology



Central Nervous System
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Central Ner\(ous System

“ Gut Microbiota <. .-



Vitamin D suffcent — healthy gut @ @-Fimicuts pyla gy N~ Proteobactra s
CGRed "’45%0 com@P e Vsl ol
0"0"e 00! 0%0 0 0 0 070 0" ¢" 0”0”0 ; } 0

’ , Activatio @ 4 -"-;_
< ,:5@_) | ‘ CD8aa T cell
iNKT cell pc | ’ Naive

CD4+ T cell

CD8¢a T cell

v ¢ Naive Trgg IL-10
D& CD4+ T cell l'r(;;:_ﬁ
IL-17



Volume 105, Issue 5

14 March 2011, pp. 755-764

Assessment of psychotropic-
like properties of a probiotic
formulation (Lactobacillus
helveticus R0052 and
Bifidobacterium longum
R0175) in rats and human
subjects

Michaél Messaoudi (@1), Robert Lalonde (32), Nicolas
Violle (@1), Hervé Javelot (@3) .. @
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Neuroscience
Volume 246, 29 August 2013, Pages 199-229

Neuroscience Forefront Review

Inflammatory cytokines in
depression: Neurobiological
mechanisms and therapeutic
implications %

J.C. Felger® 2= F.E. Lotrich ®



Read the complete PNAS article
at www.PNAS. org
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Pediatric
RESEARCH Y4
Review Article =~ Published: 25 September 2018

The contribution of

the gut microbiome to
neurodevelopment
and neuropsychiatric
disorders

Barbara B. Warner B4

Pediatric Research 85,216-224 (2019)  Download
Citation ¥
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Postnatal microbial
colonization programs the
hypothalamic—pituitary—
adrenal system for stress
response in mice

Nobuyuki Sudo, Yoichi Chida, [...], and

Yasuhiro Koga




Brain, Behavior, and Immunity
Volume 48, August 2015, Pages 258-264

A randomized controlled trial

to test the effect of
multispecies probiotics on
cognitive reactivity to sad
mood %

Laura Steenbergen »° & = .. Lorenza S. Colzato * P =




Pre-intervention

“** 1 <.001.

LEIDS-r
Aggression Placebo 8.80 (0.94) 8.45 (0.98)
Probiotics 8.68 (0.94) 6.25 (0.98)
Control Placebo 7.65 (0.80) 6.70 (0.82)
Probiotics 7.25 (0.83) 5.80 (0.82)
Hopelessness Placebo 5.60 (0.85) 4.70 (0.74)
Probiotics 4.75 (0.85) 4.0 (0.74)
Risk aversion Placebo 9.50 (0.93) 9.25 (0.87)
Probiotics 10.00 (0.93) 7.95 (0.87)
Rumination Placebo 11.75 (0.90) 11.85(0.93)
Probiotics 11.20 (0.90) 8.25 (0.93)
Acceptance Placebo 1.40 (0.34) 1.35(0.37)
Probiotics 0.90 (0.34) 1.10 (0.37)
Total Placebo 44.70 (3.24) 42.30(3.51)
Probiotics 42.75 (3.24) 33.35(3.51)
BDI Placebo 9.10 (1.00) 9.10 (1.19)
Probiotics 7.90 (1.00) 7.25(1.19)
BAI Placebo 12.21 (1.70) 11.21 (1.69)
Probiotics 11.35(1.66) 9.95 (1.65)
*p<.05
" p<.0L

Post-intervention
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RE MICROBIOLOGY
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(Table 1) contd

Clinical Target Treatment Evaluation Tool Behavioral and Biological Refs.
Concern Population ¥ gical O O
Prebiotics
Anxiety and Healthy B-GOS Emotional Increased vigilance Decreased waking Schmidt ez al.
cognition volunteers processing tasks attention cortisol level
Attentional
dot-probe task
Facial expression
recognition task
Emotional categorisa-
tion and memory
Probiotics
Anxiety and 124 Healthy Lactobacillus casei POMS Improvement of mood NA Benton er al.
Depression volunteers Shirota Wechsler Memory of those who initially
Scale poor
Retrieval from long- Better retrieval of long-
term memory terim memory in placebo
Verbal fluency
Eating-associated
behavior
NART
Anxiety and 55 Healthy L. helveticus, B. longum HSCL-90, HADS, PSS Improvement of Decreased urinary Messaoudi et
Depression volunteers anxiety and depression free cortisol al.
Anxiety and 70 healthy L. acidophilus, L. casei, GHQ, DASS Improvement of No changes in Mohammadi
Depression petrochemi- L. rhamnosus, anxiety and depression HPA axis activity et al.
cal workers L. bulgaricus, B. lactis,
B. breve, B. longum, S.
thermophilies
Cognitive 40 healthy B. bifidum, B. lac LEIDS-r. BDI. BAI Improvement of total NA Steenbergen
reactivity to sad volunteers L. acidophilus, score and rumination etal.
mood, anxiety L. brevis, L. casei, item of LEIDS-r, No
and depression L. salivarius, changes in BDI and
Lactococcus lactis BAI scores
IBS severity 50 IBS L. casei HADS No change in HADS IBS severity de- Dapoigny et
patients creased in only al.
subgroup with
predominance of
diarrhea
IBS severity 74 1BS L. bulgaricus, HADS No change in HADS IBS severity was Simren el al.
patients 8. thermophiles, similarly improved
L. paracasei, between treatment
L. acidophilus and control groups
Stress and 140 Healthy L. casei Shirota STAI No change in self- Decreased salivary Takada er al.
anxiety medical reported anxiety cortisol level
students
Anxiety and 35 Chronic L. casei Shirota BDI, BAI Decreased anxiety Microbiota com- Rao et al.
Depression fatigue syn- symptoms position change
drome pa-
tients
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Dietary Neurotransmitters: A
Narrative Review on Current
Knowledge
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Caviar Seafood

A

Dried cod

Seaweed Soy, noodle dishes, Tomato products

fermented beans

9 5

//1

Mushrooms Crackling Chlps and savoury Spinach
sancks

H
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CH2
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Aubergine Bitter orange Common bean Mung bean

P ﬁé&

Radish Spinach Squash

Wild strawberry Foxglove Mistletoe Nettle species
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Anchovy, sardine, Sgombridae,
herring Sgomberosocidae

Billfish

- ;,’:&}‘i{ %
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Sauerkraut

o (e

Alcoholic beverages Dairy products

Soybean food
products

\ 4

Dandelion

e

Sausages

Ketchup

Nettle species
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Plantain Avocado Orange
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Aubergine Spinach Pea

Velvet bean Common bean Tomato
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Cruciferous Soya bean Common bean Adzuki bean Lupin
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Tomato Spinach Mushrooms Buckwheat
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Oat, whcat, barlcy Rices

Potato, sweet potato

Wild celery

RN
!
Mouse-ear Pokeroot Valerian St John's wort Chestnut
hawkweed

1

H3N— CH2—— CH2—— CH2— COQ™
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Pawpaw Banana Plantain Passion fruit Pineapple Plum

D
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Pomegranate Strawberry Velvet bean Spinach Tomato Wild rice
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Chicory Chinese cabbage Coffee azelnut Nettle species Kiwi
Green onion Lettuce iap\ Potato Griffonia
simplicifolia
HO i
CH2——-CHz2 NH3
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