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Gut microbiota and mood/neurological impairments 

Global research trends in microbiota-gut-brain axis during 2009–2018: a 

bibliometric and visualized study 

Sa’ed H. Zyoud et al. (2019) 



The intestinal microbiota regulates 

the gut-brain axis through: 

 

 Vagus nerve 

 

 Microbial metabolites (SCFAs) 

 

 Neurotransmitters 

 

 Cytokynes 

Microbiota-Gut-Brain Axis 

Neurotransmitters and neuropeptides 

Microbial by-products and metabolites 

Cytokines 

 

Bacterial debris 

Livia H. Morais et al. (2021) 



Microbiota-Gut-Brain Axis 



Microbiota-Gut-Brain Axis 

 FMT from aged donors determined a strong 

reduction of bacteria associated with SCFAs 

production (Lachnospiraceae, Faecalibaculum, 

and Ruminococcaceae) and disorders of the CNS 

(Prevotellaceae and Ruminococcaceae) 



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 



Microbiota-Gut-Brain Axis 



The intestinal microbiota is involved in 

regulating brain reward functions, both in 

natural and non-natural reinforcers 

 

 

 Targeting the microbiota-gut-brain axis  

could be a promising therapeutic strategy 

for disorders associated with alterations in 

the reward system  

Rubén García-Cabrerizo et al. (2020) 

Gut microbiota and reward processes 



GM and Cocaine-Animal Studies 



GM and Cocaine-Uman Studies 

Fu et al. (2021) 



repetitive Transcranial Magnetic Stimulation (rTMS) 

 Pharmacological treatments       

 Psychotherapeutic and socio-rehabilitative treatments  

 Non-Invasive Brain Stimulation  

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. 

 

 

 

Diana, et al. Nat Rev Neurosci, 2017 



Enrolled subjects: 
• 58 CUD (cocaine use disorder) 

• 20 controls  

Intervention: 
• 15 rTMS sessions  

• Frequency of 15 Hz (40 trains per 

signal) 

• 60 stimuli/train with a 15-sec 

pause, for a total of 2400 stimuli in 

a 13-minute time period. 

Methods - Randomised Controlled Trial 

Scarpino et al. (2019) Stool and saliva samples collection  



Sampling DNA extraction 

Library preparation 

16S rRNA sequencing on 

Miseq Illumina platform 

Bioinformatic and 

statistical analysis 

Methods - 16SrRNA sequencing of stool and saliva samples 



 

 
• Collection of stool 

samples 

 

• Storage al -80°C 

 

 

 

 

 
• 200 μL of sample + 50μL  of 

ISTDs mixture + 1000 μL of 

MTBE + 100 μL  of  HCl 6 M 

+ 0,5 M  NaCl 

 

• Vortexing (5’), 
centrifugation (1000 rpm 

for 3’) and collection of 

supernatants 

 

• GC/MS Analysis 

 

 

 

• Addition of sodium 

bicarbonate (buffer) 

10mM (1:1 w/v) 

• Ultrasonication (5’) and 
centrifugation (5000 

rpm for 10’) 
• Collection of the 

supernatants 

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



 The severity of craving mediated by cocaine-

related cues was decreased in the rTMS-

treated patients 

 

 rTMS-treated patients reported a significant 

reduction of daily cocaine use 

 

 Psychometric impulsivity parameters and 

depression scales improved in rTMS-treated 

patients 

Results - Toxicological and psychiatric assessments 



CUD HC CUD HC CUD HC 

Stool samples 

Results - Microbiota composition in CUD and HC 

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

HC 

CUD 

PERMANOVA Pr (>F)=<0,0001 



CUD HC CUD HC CUD HC 

Results - Microbiota composition in CUD and HC 

Saliva samples 

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

HC 

CUD 

PERMANOVA Pr (>F)=<0,0001 



HC CUD 

Stool samples 

Results - Microbiota composition in CUD and HC 

Cud patients showed lower abundances of health-promoting, Alistipes spp., Barnesiella spp. and  Odoribacter spp.  



HC CUD 

Stool samples 

Results - Microbiota composition in CUD and HC 

Cud patients showed higher levels of pro-inflammatory Clostridium, Romboutsia, Streptococcus and Sutterella genera  



Saliva samples HC CUD 

Results - Microbiota composition in CUD and HC 

Treponema spp., Staphylococcus spp., Rothia spp. and Olsenella spp., all genera related to periodontal 

inflammation and other oral disease, resulted overrepresented in CUD patietns 



Results - Functional evaluation of gut microbiota: PICRUSt2 analysis 

Stool samples Saliva samples 

  Several inflammatory  

  pathways  

  Glutamate and glutamine 

  biosynthesis 

  Tyrosine, lysine, arginine, 

phenylalanine biosynthesis  

Various metabolic functions of either salivary and intestinal microbiota resulted differentially 

expressed between CUD patients and HC 

  Isoleucine biosynthesis 

  Valine biosynthesis  

  Pentose phosphate pathway 

  Pyruvate fermentation 
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Results - Functional evaluation of gut microbiota: SCFAs and MCFAS analysis 

SCFAs 

Potent anti-inflammatory 

properties 
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Functional evaluation of gut microbiota: SCFAs and MCFAS analysis 

MCFAs 

Pro-inflammatory 

effects 



Saliva samples 

Results – rTMS effects on fecal and oral microbiota 

 Beneficial reduction of periodontal disease 

associated bacteria like Lactobaccillales, 

Acholeplasma spp., Peptoanaerobacter spp. 

and Scardovia spp.  

 

 Beneficial increase of Oribacterium spp. 



Saliva samples 
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Results – rTMS effects on fecal and oral microbiota 



 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  

 rTMS-induced cocaine abstinence and craving may represent a promising 

avenue for future therapeutic development. 
 

  Diet rich in butyrate or psychobiotic supplementations could represent a 

supporting strategy to rTMS, modulating the gut brain communication and 

improving cognitive functions 

Conclusions 
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