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Analisi del microbiota orale e fecale in pazienti con disordini da
uso di cocaina: stimolazione magnetica transcranica ripetitiva
(rTMS) come nuovo potenziale trattamento per il ripristino

della condizione di eubiosi

Dr. Simone Baldi, PhD

Department of Experimental and Clinical
Medicine — University of Florence
simone.baldi@unifi.it
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Gut microbiota and mood/neurological impairments
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Global research trends in microbiota-gut-brain axis during 2009-2018: a
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Sa’ed H. Zyoud et al. (2019)
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Microbiota-Gut-Brain Axis

The intestinal microbiota regulates
the gut-brain axis through:

» Vagus nerve

» Microbial metabolites (SCFASs)

Neurotransmitters and neuropeptides 3 . - f

Microbial by-products and metabolites =]

> Neurotransmitters

Cytokines s

Bacterial debris @@ | .. ..
BRI
o

» Cytokynes

Livia H. Morais et al. (2021)
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Microbiota-Gut-Brain Axis

T neuronal cell apoptosis l the number of dendritic spine
Brain COgnltIVG T mitochondrial dysfunction 1 the number of microglia
a T hippocampal oxidative stress T activity of microglia
DySfun‘:tlon l hippocampal synaptic plasticity T Amyloid-beta deposition
I1 n 1 l Blood-brain barrier integrity 1
Other possible mechanisms Systemic inflammation Effects of metabolites
ik e i pituitary-adrenal  YAQUS nerve
axis, amino acid metabolism, neurotransmitters |
‘l 1' LPS
Alteration of gut microbiota composition | intestinal integrity
1 Firmi B 1A ja T Inflammation

Normal Gut microbiota Gut dysbiosis

Gut 1 Proteobacteria | Verrucomicrobia - Sikhaee I
E , !hi LPS

High fat diet

Other environmental factors
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Microbiota-Gut-Brain Axis
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Faecal microbiota transplant from aged donor mice

FianaiBestun affects spatial learning and memory via modulating
sd hippocampal synaptic plasticity- and
0.15 neurotransmission-related proteins in young recipients
0.10 4 Alfonsina D'Amato, Lorenzo Di Cesare Mannelli, Elena Lucarini, Angela L. Man, Gwenaelle Le Gall, Jacopo J.

S V. Branca, Carla Ghelardini, Amedeo Amedei, Eugenio Bertelli, Mari Regoli, Alessandra Pacini, Giulia

0059 —— Luciani, Pasquale Gallina, Annalisa Altera, Arjan Narbad, Massimo Gulisano, Lesley Hoyles, David Vauzour
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% g Microbiome 8, Article number: 140 (2020) | Cite this article
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Microbiota-Gut-Brain Axis

» FMT from aged donors led to impaired
spatial learning and memory in young
adult recipients

» Determined an altered expression of
proteins involved in synaptic plasticity
and neurotransmission in the
hippocampus.

» Microglia cells of the hippocampus
fimbria, acquired an ageing-like
phenotype

Faecal microbiota transplant from aged donor mice
affects spatial learning and memory via modulating
hippocampal synaptic plasticity- and
neurotransmission-related proteins in young recipients

Alfonsina D'Amato, Lorenzo Di Cesare Mannell, Elena Lucarini, Angela L. Man, Gwenaelle Le Gall, Jacopo J

V. Branca, Carla Ghelardini, Amedeo Amedei, Eugenio Bertelli, Mari Regoli, Alessandra Pacini, Giulia

Luciani, Pasquale Gallina, Annalisa Altera, Arjan Narbad, Massimo Gulisano, Lesley Hoyles, David Vauzour

B & Claudia Nicoletti

Microbiome 8, Article number: 140 (2020) | Cite this article
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Microbiota-Gut-Brain Axis

> Front Aging Neurosci. 2022 Oct 31;14:1032494. doi; 10.3389/fnagi.2022.1032494, eCollection 2022

Effects of probiotic supplements on cognition,
anxiety, and physical activity in subjects with mild
and moderate Alzheimer's disease: A randomized,
double-blind, and placebo-controlled study

Camellia Akhgarjand 1, Zahra Vahabi 2 3, Sakineh Shab-Bidar 4, Farnaz Etesam %, Kurosh Djafarian '

Probiotics

!

Modulation of gut microbial
composition, SCFAs production, and
reduction of intestinal permeability,
LPS translocation

Modulation of
Immune pathways
Neuronal pathways
Metabolic pathways

910100010/0/9/0/970/09)

Gut wall

> World ) Gastroenterol. 2021 Oct 21;27(39):6715-6732. doi: 10.3748/wjg.v27.i39.6715.

Microbiota shaping - the effects of probiotics,
prebiotics, and fecal microbiota transplant on

™.

’ Microbiota/gut-brain axis ‘ 1

cognitive functions: A systematic review

Prebiotics

e

Review > Microorganisms. 2021 Nov 6;9(11):2310. doi: 10.3390/microorganisms9112310.

The Potential Utility of Prebiotics to Modulate
Alzheimer's Disease: A Review of the Evidence

Jea Woo Kang !, Angela M Zivkovic *

Increase neurochemical
production, Modulation of
Immune pathways
Neuronal pathways
Metabolic pathways

Review > Eur Neuropsychopharmacol. 2020 May;34:1-18. doi: 10.1016

120 Mar 30

The role of prebiotics in cognition, anxiety, and
depression

gor Henrique R Paiva !, Eduardo Duarte-Silva 2, Christina Alves Peixoto 2

Simone Baldi ', Tiziana Mundula !, Giulia Nannini ', Amedeo Amedei !

BBB disturption

Cerebral LPS, IL-6, TNF-a

TLR4, AB 40-42, BDNF,
Microglial activation

P13K/AKT, pTrK, pERK 5

k. ;

Neurological disorders, inflammation
AD, PD, stress, mental problems l
anxiety, depression and ASD
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Gut microbiota and reward processes

Natural Rewards Drugs of Abuse

The intestinal microbiota is involved in
regulating brain reward functions, both in
natural and non-natural reinforcers

» Targeting the microbiota-gut-brain axis

i T e e could be a promising therapeutic strategy
= .¥%0g, "'ﬂ’a'gd Metabolites ' == . Peptide Sequences ° . ,' y . . . . .
oot 0| % 001 o Bu® 2 for disorders associated with alterations in
Y oo the reward system
Microbiome i,nq Lactococcus e
Interventions S sifdobacterim o 2
Prebiotics Probiotics FMT

Rubén Garcia-Cabrerizo et al. (2020)
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GM and Cocaine-Animal Studies

> Neurotox Res. 2019 Jan;35(1):111-121. doi: 10.1007/s12640-018-9936-9. Epub 2018 Jul 31.

Alterations in the Gut Microbiota of Rats Chronically
Exposed to Volatilized Cocaine and Its Active
Adulterants Caffeine and Phenacetin

Cecilia Scorza ', Claudia Piccini ¢, Marcela Martinez Busi 3, Juan Andrés Abin Carriquiry 2,

> Reg 19 Aug 21,9(1):12187. doi: 10.1 41 19-484

Cocaine Induces Inflammatory Gut Milieu by
Compromising the Mucosal Barrier Integrity and
Altering the Gut Microbiota Colonization

wadurai Thangaraj ', Palsamy Periyasamy

> Brain Behav Immur
The gut microbiota alone and in combination with a
social stimulus regulates cocaine reward in the
mouse

Rubén Garcia-Cabreriz Thaisa Bal antos ¢, David Campos *

> Sci Rep. 2016 Oct 18:6:35455. doi: 10.103¢

Alterations of the Host Microbiome Affect Behavioral
Responses to Cocaine

> Cell Host Microbe. 2022 Nov 9;30(11):1615-1629.e5. doi: 10.101 6/j.chom.2022.09.014.
Epub 2022 Nov 1

Gut colonization by Proteobacteria alters host
metabolism and modulates cocaine neurobehavioral

responses morphine dependence

Santiago Cuesta !, Paula Burdisso 2, Amir Segev 2, Said Kourrich #, Vanessa Sperandio ®

The gut microbiota mediates reward and sensory
responses associated with regimen-selective

Helen E Vuong <, David J Nusbaum <, Elaine Y
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GM and Cocaine-Uman Studies

Associations of cocaine use and HIV infection with the B Saliva Phylum
intestinal microbiota, microbial translocation, and 100 -
inflammation. T I = Fusobacteria
o 80 MW Bactercidetes . .
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repetitive Transcranial Magnetic Stimulation (rTMS)

a Optogenetic modulation

NAc~ 1
VIA' SN
>— Glutamatergic projection
>— Dopaminergic projection
@ Subcortical reward circuitry

b TMS modulation

Stimulation of the dorsolateral prefrontal cortex
(DLPFC) with the repetitive Transcranial Magnetic
Stimulation (rTMS) in humans is able to restore the
normal functioning of the gratification circuits,
returning the neurotransmitter systems to
homeostasis.

» Pharmacological treatments
»  Psychotherapeutic and socio-rehabilitative treatments

> Non-Invasive Brain Stimulation

Diana, et al. Nat Rev Neurosci, 2017
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Methods - Randomised Controlled Trial

Enrolled subjects:

TREATMENT GROUP
rTMS 5 sessions/week AN . .
for SN FAR * 58 CUD (cocaine use disorder)
[/ T 0T
] . 2| RN * 20 controls
Ul Recruitment |9 3:’:::5 ot 8 weeks 0 : {Unblinding .
ﬂ o gE bl El. U | o | pnalysis Intervention:
U | randomization | G coapichss dis G|+ Follow Up U | e | (Results .
\ : K * 15 rTMS sessions
2 . .
N \éx e amingy W * Frequency of 15 Hz (40 trains per
e S sessions/week * Cocaine urine tes! imes/wee - 1
for 3 weeks . ECQ 2 times/m:eeiz ¥ i : s I g n a I )
S e 60 stimuli/train with a 15-sec
G T ‘\ ; pause, for a total of 2400 stimuli in
Sognd S 2 a 13-minute time period.
{"1 stool and saliva samples collection Scarpino et al. (2019)
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Methods - 165rRNA sequencing of stool and saliva samples

DNA fragmentation and sequencing

Bioinformatic and
statistical analysis

Mlnber}d repair h
—_— DNA fragment
= 2o s D = =
Y - '3 adapter ligation ~ L2
\g/ ﬁ % é - s -
ONA fragment [EREIORE. =/
1
. . adapter fill-in
Sampling DNA extraction
Library preparation

16S rRNA sequencing on

Miseq Illumina platform
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Methods - Analysis of fecal SCFAs and MCFAs profile with GC/MS

s

: '\‘)

* Addition of sodium * 200 pL of sample + 50uL of
° Co”ectlon Of StOOI bicarbonate (buffer) ISTDs mixture + 1000 pL of
samples 10mM (1:1 w/v) e tog ik I\TZCTG N
* Ultrasonication (5’) and
centrifugation (5000 «  Vortexing (5),
* Storage al -80°C rpom for 10’) centrifugation (1000 rpm
for 3’) and collection of

e Collection of the

supernatants
supernatants .

*  GC/MS Analysis
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Results - Toxicological and psychiatric assessments

Randomized Controlled Trial > Neurophysiol Clin. 2019 Feb;49(1):1-9. > Th e Seve rity Of C raVi ng m ed iated by CO Ca i n e_

doi: 10.1016/j.neucli.2018.10.002. Epub 2018 Oct 26. .
Efficacy of high-frequency (15Hz) repetitive related cues was decreased in the rTMS-

transcranial magnetic stimulation (rTMS) of the left treated patie nts
premotor cortex/dorsolateral prefrontal cortex in
decreasing cocaine intake (the MagneTox study): A

study protocol for a randomized placebo-controlled . . .r
ilot trial » rTMS-treated patients reported a significant
Maenia Scarpina ', Giovanni Lanza 2, Maya Salimova 3, Francesca Lolli 4, Amedeo Del Vecchio 3, red u Ctio n Of d a i Iy Coca i n e u Se

Cesarina Cossu 2, Maria Bastianelli 2, Brunella Occupati 3 Cecilia Lanzi ?, Stefano Pallanti 2,

Aldo Amantini 2, Guido Mannaioni #, Antonello Grippo ®

» Psychometric impulsivity parameters and
depression scales improved in rTMS-treated
patients
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Results - Microbiota composition in CUD and HC

PCoA computed with Bray-Curtis distance
on sqrt proportional ASV
041 PERMANOVA Pr (>F)=<0,0001 HC

0.2

PC2: 7.3 % variance
o
>

0.2
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W
o
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n
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o
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-0.4 0.2 02

0.0
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0.4

Observed Shannon Evenness
= 0.0000022 p = 0.0092 0.85- p= 0.45|
4.5 . I ¢
* 0.80 'S |
: i
¥ : .4 :
-
- 4.0 P =
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3 ] 3
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381 0.704
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Principal coordinates analysis (PCoA) and alpha-diversity indices both highlighted clearly differences between HC and CUD samples
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Results - Microbiota composition in CUD and HC

PC2: 7 % variance

Saliva samples

PCoA computed with Bray-Curtis distance

on sqgrt proportional ASV
PERMANOVA Pr (>F)=<0,0001 HC Observed Shannon Evenness
4004 . p=1 | p = 0.059 p=0.0012
0.804
0.2
§
3004 | 4 3
g 0.764
2
D
< |
2 s .
o
. .
0.01 € 200 : 070 .
[=)
2]
= 31
<C .
L2
0.65 4
100
.
-0.24 ;
0.60 4
5] . .
i '
HC CuD HC CuD HC CuD
-0.50 -0.25 0.00 0.25

PC1: 14.8 % variance

Principal coordinates analysis (PCoA) and alpha-diversity indices both highlighted clearly differences between HC and CUD samples
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Results - Microbiota composition in CUD and HC

Genera
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Cud patients showed lower abundances of health-promoting, Alistipes spp., Barnesiella spp. and Odoribacter spp.
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Results - Microbiota composition in CUD and HC

Genera

= s e

EJ HC W cup

No O ;o woLomOwm
0d &5 5555855555
g

Stool samples
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Cud patients showed higher levels of pro-inflammatory Clostridium, Romboutsia, Streptococcus and Sutterella genera
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Results - Microbiota composition in CUD and HC
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Treponema spp., Staphylococcus spp., Rothia spp. and Olsenella spp., all genera related to periodontal
inflammation and other oral disease, resulted overrepresented in CUD patietns
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Results - Functional evaluation of gut microbiota: PICRUSt2 analysis

Stool samples Saliva samples

- -0
)

- — U0

| several inflammatory
pathways [ 1soleucine biosynthesis
{ Glutamate and glutamine [ valine biosynthesis
biosynthesis | Pentose phosphate pathway
| Tyrosine, lysine, arginine, | Pyruvate fermentation

phenylalanine biosynthesis

Various metabolic functions of either salivary and intestinal microbiota resulted differentially
expressed between CUD patients and HC
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Results - Functional evaluation of gut microbiota: SCFAs and MCFAS analysis
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Functional evaluation of gut microbiota: SCFAs and MCFAS analysis
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Results — rTMS effects on fecal and oral microbiota

Saliva samples

Genera

3.50
3.004

g 251 . » Beneficial reduction of periodontal disease
c 2001
E 151 associated bacteria like Lactobaccillales,
Qo
Sief — Acholeplasma spp., Peptoanaerobacter spp.
0.75 1 .

$ o5 and Scardovia spp.
& 0.254
gor ' "“'l > Beneficial increase of Oribacterium spp

EE = 1 i_ - ﬁ

.q%o/ 'C/)”» 'ch‘?ai : % Q,,

%49\, Ds?&/ v /"”eo,
o’c? “G%
()%\?0,

Time W pre_rTMS E3 post_rTMS

WWW;Sitox.org




[iTe]Re 11 11.§20-22 Febbraio 2023 Pericolo, rischio e rapporto rischio-beneficio

O
@ 21 COﬂgreSSO NOZiOﬂOIe Societa Iraliana di Tossicologia www.sitox.org

Results — rTMS effects on fecal and oral microbiota

Saliva samples

Fecal SCFA

Butyric acid

*

1

Genera
3.50
3.00 20
® 2.50
LC) -
g 2.00
5 150 154
S
- -
=
0.75 o
£ X 104
g 0.50
Q .
e .
a 0.254 5
= .
- ' *I .
TN —=Hm [ m B = (=B 0
' SN A Y V. N ;
Y, % 4/0@ % 9{‘4’?0 4 . 64 . ,/ét?c.! %/% fs”o, s, 4’6“9 ‘go,,/% /;D(%
o{?.s-, %@, %o ("o, I %, oesf @//‘95 ~, % "oy
% N %4, o G, e 2 “o
& % e N & %
2 % 3 o) N o
. £ Gy, % 05,
e/ ) Xy,
7 7 W
% Yo
%, &
Uy

Time W@ pre rTMS E3 post rTMS

pre-r'TMs post-erMS

WWW;Sitox.org




O
@ 21 COﬂgreSSO NOZIOﬂOIe Sociera ralian Www.sitox.org

[iTe]Re 11 11.§20-22 Febbraio 2023 Pericolo, rischio e rapporto rischio-beneficio

Conclusions

v' CUD patients showed a profound dysbiotic fecal and oral microbiota
composition and function, confirming the evidence suggesting the important
role of microbes in the pathogenesis of neuropsychiatric pathologies, including
reward processes and substance-related disorders

v" rTMS-induced cocaine abstinence and craving may represent a promising
avenue for future therapeutic development.

v Diet rich in butyrate or psychobiotic supplementations could represent a
supporting strategy to rTMS, modulating the gut brain communication and
improving cognitive functions
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