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Potential influences of the gut 

microbiota on host gut– brain 

axis.  

 

The gut microbiota has been 

associated with changes in 

anorexigenic and orexigenic 

peptide levels in the brainstem 

and hypothalamus, as well as 

with changes in motor control, 

memory, and anxiety behavior, 

 while the development and 

activity of the ENS has been 

shown to be affected by an 

altered or absent gut microbiota. 

 In addition, the gut microbiota 

has been associated with 

changes in EEC 

differentiation, expression of 

nutrient receptors, the 

expression and release of gut 

peptides, and activation of 

EECs via SCFAs. 

 CNS central nervous system, ENS 

enteric nervous system, EEC 

enteroendocrine cell, SCFA short-chain 

fatty acid 



The effects of the gut microbiota on the host via hormones. Gray arrows and text refer 

to the effects of the gut microbiota on various hormone levels. Pink arrows and text 

refer to the effects of these hormonal alterations on host outcomes (e.g. behavior). 

Host effects on the microbiota. A variety of host factors (such as diet, exercise, 

mood, general health state, stress and gender) lead to alterations in hormonal 

levels, which in turn lead to a variety of effects on the microbiota (including growth, 

virulence and resistance). 



The multidirectional dialogue 

between the gut microbiota, the 

(mucosal) immune system, and 

the neuroendocrine system.  

 

Within the gastrointestinal tract, 

the intestinal microbiota (via 

microbial signals) stimulates 

the immune system and the 

enteric nervous system, which in 

turn modulate the functionality of 

the central nervous system by 

various means of communication,  

including vagus nerve activation 

and cytokine release. In 

response, the brain modulates 

these multiple signaling pathways 

via the hypothalamic–pituitary–

adrenal axis and sympathetic 

and vagal efferents.  

 
GCPRs = G protein- coupled receptors.  



The gut lumen is the major site of production of SCFA but the concentration gradient falls from the 

lumen to the periphery with selective uptake of butyrate at the epithelium, propionate at the liver 

and acetate in the periphery. The significance for host physiology of this biological gradient is 

poorly understood 



Effects of an altered gut microbiome 

on the gut–brain axis potentially 

contributing to obesity.  

 

High fat feeding can alter host gut 

microbiota to impair gut–brain axis 

signaling pathways, which can lead 

to increased food intake and weight 

gain.  

Currently known mechanisms through 

which the gut  microbiota can negatively 

impact the gut–brain axis control of 

energy homeostasis, such as changes 

in both nutrient sensing and gut 

peptide response, production of 

bacterial metabolites, namely SCFAs, 

and via  increased intestinal 

permeability and metabolic 

endotoxemia. 

 Furthermore, perturbations in early life 

development or use of antibiotics 

may lead to an aberrant gut 

microbiota that can promote similar 

harmful physiological changes. 
 
EEC enteroendocrine cell, LPS lipopolysaccharide, 

SCFA short-chain fatty acid 



Cold exposure causes browning of white fat in mice, with increased insulin sensitivity and heat production in addition to weight loss. 

Chevalier and colleagues reported that cold exposure also changes the composition of the gut microbiota and causes a large increase 

in the absorptive surface of the gut. Transplantation of the cold-adapted microbiota from cold-exposed mice is sufficient to 

promotebrowning, enhanced insulin sensitivity, and increased intestinal surface area in warm recipient mice. A companion article 

from the same group suggests that antibiotic therapy, which depletes the gut microbiota, also induces browning and weight loss. 

Chevalier C, Stojanović O, Colin DJ, et al. Gut microbiota orchestrates energy homeostasis during cold. Cell 2015; 163: 1360-74. Suárez-Zamorano 

N, Fabbiano S, Chevalier C, et al. Microbiota depletion promotes browning of white adipose tissue and reduces obesity. Nat Med 2015; 21: 1497-

501. 



Microflora hypothesis.  

 

Environmental changes 

influence the 

development of NCDs, 

including allergic 

diseases, by decreasing 

the environmental and 

human microbiota 

diversity during crucial 

periods of life, which 

induces immune 

dysregulation.  



Potential links between diet , obesity and obesity-associated disease 



(A) In physiological condition, the composition and the activity of the gut microbiota is stable. The gut barrier function is maintained via several mechanisms 

such as the appropriate localization and distribution of tight junction proteins (claudin, ZO-1 and occludin), a normal endocannabinoid system tone and LPS 

detoxification by intestinal alkaline phosphatase.  

(B) Obesity and type-2 diabetes are characterized by gut barrier alterations leading to disruption in the gut microbiota-host symbiotic relationship. This 

increase in gut permeability results from different disturbances:  

1 alterations in the gut microbiota composition and/or activity;  

2 alterations in the expression, localization and distribution of tight junction proteins (claudin, ZO-1 and occludin) leading to an increase in paracellular gut 

permeability;  

3 overactivation of the CB1 receptor;  

4 a decrease in intestinal alkaline phosphatase activity leading to a decrease in LPS detoxification.  

Gut barrier alterations are responsible for metabolic endotoxaemia leading to low-grade inflammation and metabolic disorders (i.e., alterations of glucose and 

lipid homeostasis). Prebiotic treatment restores these alterations in the gut microbiota, modulates enteroendocrine peptides and improves gut permeability 



Endocrine Disruption 
 

 

 
    Endocrine disrupting compounds (EDCs) 
 
  can be defined as exogenous agents that change endocrine 

function and cause adverse effects at the level of the 
organism, its progeny, and/or subpopulations of 
organisms   

 
(Environmental Protection Agency - 1997). 
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CHEMICALS CLASSIFIED AS EDCs 

Herbicides 
2,4-D 
2,4,5-T 
Alachlor 
Amitrole 
Atrazine 
Metribuzin 
Nitrofen 
Trifluralin 

Fungicides 
Benomyl 
Hexachlorobenzene 
Mancozeb 
Maneb 
Metiram-complex 
Tributyl tin 
Zineb 
Ziram 

Insecticides 
Carbaryl 
Chlordane 
Dicofol 
Dieldrin 
DDT and metabolites 
Endosulfan 
Heptachlor 
Heptachlor epoxide 
Lindane 
Methomyl 
Methoxychlor 
Mirex 
Oxychlordane 
Parathion 
Synthetic pyrethroids 
Toxaphene 
Transnonachlor 

Nematocides 
Aldicarb 
DBCP 

INDUSTRIAL CHEMICALS PESTICIDES 

Alkyl phenol polyethoxylates 
Alkyl phenols 
Cadmium 
Dioxins and Furans 
Kepone 
Lead 

Mercury  

Nickel 
PBBs 
PCBs 
Pentachlorophenol 
Penta- to nonylphenols 
Phthalates 
Styrenes 
 



Struttura chimica dei principali EDCs 

pesticidi 

diossine 

Ac.perfluorooctanico e sali 

Ritardanti di fiamma 

ftalati 

Altri composti 



Unità di misura della quantità di calore, simbolo cal, pari a 
quella necessaria per innalzare la temperatura di 1 g di 
acqua distillata da 14,5 a 15,5 °C  













Nickel 



  

Bioaccumulation is the process through which toxic substances build up in animals at the top of the 

food chain. Many toxic substances are retained within the fat of animals and are not readily 

excreted from their bodies. Such substances are considered to be “lipophilic”. When a predator 

catches and consumes its prey, it accumulates all of the lipophilic chemicals that have been 

preserved within the prey’s body. This process is then repeated if the original predator is eaten by 

an even bigger animal. As a result, top predators are the organisms that receive the greatest 

exposure to toxics.  



Half-lives of polychlorinated dibenzo-p-dioxins 
(PCDDs) in rats  and adult human  



A simplified model for 

mechanisms by which 

pesticides induce and 

develop chronic disease 

 
ROS: reactive oxygen species,  

Cyt c: cytochrome c,  

UPS: ubiquitin proteasome system,  

ER stress: endoplasmic reticulum 

stress,  

ERAD: endoplasmic reticulum 

associated degradation,  

ER: estrogen receptor,  

AR: androgen receptor,  

AHR: aryl hydrocarbon receptor,  

TR: thyroid receptor,  

RAR: retinoic acid receptor,  

RXR: retinoid X receptor,  

PPAR: peroxisome proliferator-activated 

receptor,  

RE: response element,  

ALS: amyotrophic lateral sclerosis, 

COPD: chronic obstructive pulmonary 

disease. 



The potential importance of timing in the exposure of the 
human breast to environmental oestrogens. 

Levels of physiological oestrogens are highest only between puberty 
and menopause, and levels cycle during the monthly menstrual cycle. 
Exposure to environmental oestrogens can occur at any stage of life 
and is not regulated in a physiological way. 

Best Practice & Research Clinical Endocrinology & Metabolism Vol. 20, No. 1, pp. 121–143, 2006 



Model illustrating how early life exposures may cause functional changes at cellular levels that lead to changes in 

physiological status, and ultimately adult disease. 

Model depicting how EDCs can alter 

methylation patterns and normal 

epigenetic programming in cells. 

Alterations in the epigenetic status 

of somatic cells can lead to 

disease in developing tissues, 

whereas changes in the 

epigenetic programming in stem 

cells can lead to multi- and 

transgeneration effects in the 

offspring. 



       NUCLEARI SPECIFICI 

PPAR RXR 

AhR 

VDR 



Receptor-mediated effects of bile acids on various tissues and organs involved in energy homeostasis. CAR, 

constitutive androstane receptor; EGFR, epidermal growth factor receptor; FXR, farnesoid X receptor; M3R, muscarinic M3 receptor, PXR, pregnane X receptor; 

S1PR2, sphingosine 1-phosphate receptor 2; TGR5, G protein-coupled bile acid receptor; VDR, vitamin D receptor. 



While pollutants are well-established ligands of AHR, 

the precise identity of other physiological exogenous and 

endogenous ligands is still matter of debate.  

Dietary ligands of AHR have been reported. Among them 

is the glucobrassicin derivative Indole-3-Carbinol (IC3), a 

chemical found in high concentrations in vegetables of the 

Brassica genus.. Other described dietary ligands of AHR 

are natural flavonoids present in fruits and vegeta-bles, 

such as galangin, genystein, chrysin, apigenin, quercetin 

and resveratrol. 

 Known endogenous ligands of AHR are derivatives of 

the essential amino acid tryptophan.. l-kynurenine, a 

catabolic metabolite of tryptophan formed along the 

pathway to generateniacin, is also a high-affinity AHR 

ligand. Kynurenine can begenerated by the enzyme 

trypthophan 2,3-dioxigenase (TDO) or the enzymes 

indoleamine2,3-dyoxigenase (IDO1 and IDO2), and these 

enzymes have different roles in different biological 

scenarios.  

Interestingly, bacteria, including commensals such as 

Bacillus subtilis, also produce tryptophan and can 

regulate tryptophan synthesis by sensing tryptophan 

concentrations due to dietary intake. Bacteria and 

fungi can also metabolize tryptophan into ligands that 

can activate AHR. Several species of lactobacilli, including 

Lactobacillus bulgaricus and Lactobacillus reuteri produce 

AHR ligands, and modulate mucosal immune response.  
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Developmental Exposure to EDCs and the Obesity epidemic 

BODY WEIGHT 

R. R. Newbold, Reprod Toxicol. 2007 ; 23(3): 290–296. 



Pulmonary disease 
obstructive sleep apnea 
hypoventilation syndrome 

Nonalcoholic fatty liver disease 
steatosis 
steatohepatitis 
cirrhosis 

     CHD 

     Diabetes 

     Dyslipidemia 

     Hypertension 

Gynecologic abnormalities 
abnormal menses 
infertility 
polycystic ovarian syndrome 

Osteoarthritis 

Skin 

Gall bladder disease 

Cancer 
breast, uterus, cervix 
colon, esophagus, pancreas 
kidney, prostate 

Phlebitis 
venous stasis 

Gout 

Medical Complications of Obesity 
Idiopathic intracranial hypertension 

Stroke 

Cataracts 

Severe pancreatitis 

Metabolic 

syndrome 

 Dementia  Parkinson disease  





 

 

                  

Nickel e alimenti 



 
L'esposizione umana al Ni avviene  per inalazione, ingestione, e assorbimento dermico. 

 

Il Ni particolato insolubile entra nelle cellule dei vertebrati per fagocitosi, mentre il Ni-carbonile è solubile nei lipidi e 

attraversa la plasma membrana per diffusione o attraverso i canali del calcio e / o trasportatori di cationi bivalenti (DMT-1), 

coinvolti nell’assorbimento del ferro. 

 

L'esposizione cronica può produrre malattie respiratorie, cardiovascolari e renali gravi. Alterazioni immunitarie in modelli 

animali sono state osservate a seguito del contatto con Ni. 

 

Il Ni induce la produzione di specie reattive dell'ossigeno (ROS) nei neutrofili e monociti che può  provocare l'apoptosi in un 

certo numero di tipi cellulari, compresi neutrofili umani e cellule T.   

 

L‘ elevata esposizione al Ni compromette la normale omeostasi di ioni metallici essenziali, diminuendo i livelli di calcio, 

magnesio, manganese, zinco  in diversi tessuti  e può  interferire con il normale legame del ferro a specifiche proteine.  

 

Il Ni ha dimostrato proprietà teratogeniche e carcinogeniche nell’uomo documentate dall'IARC nel 1990.  

 

Il Ni è un elemento necessario nel sito attivo di diversi metallo-enzimi essenziali nei batteri e negli eucarioti inferiori. Alcuni 

batteri patogeni  (come E.Coli e H. Pilori) utilizzano gli ioni Ni per la colonizzazione ambientale e la crescita. 

 

Ad oggi, non sono noti enzimi o cofattori contenenti Ni negli animali superiori Tuttavia, questo metallo è stato inserito nel 

gruppo di "elementi eventualmente essenziali"  per gli animali e gli esseri umani già nel 1970 .  

 

Molti esperimenti su modelli animali  hanno mostrato che il Ni può essere utile , se non essenziale, per la riproduzione , la salute 

del tessuto osseo, il metabolismo energetico, e la  funzione degli organi di senso.  

 
Le ragioni di questa essenzialità restano oscure.  

 



L’assunzione giornaliera alimentare media di Ni in Italia è 300-400 mg.  
La principale proteina di trasporto del Ni è l’albumina, alcuni piccoli peptidi e alcuni aminoacidi (ad esempio, istidina) .  
Per assunzione prolungata, il Ni si deposita a livello del polmone, dell’ipotalamo, dell’ipofisi, delle ghiandole surrenali, 
della tiroide, dei reni, del cuore, del fegato, della milza, del pancreas, del piccolo e grande intestino, del tessuto adiposo.  
 
L’eliminazione avviene attraverso i reni; in minor misura con le feci, con il sudore e attraverso la bile.  
L’escrezione urinaria di Ni riflette i livelli circolanti ed è un marker affidabile di esposizione recente 

 



IL NICKEL 
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Some metals cause oxidative stress and inflammation 

that are associated to insulin resistance and may be the 

cause for acute hyperglycemia. If these conditions 

become chronic, beta-pancreatic cell may be damaged 

or exhausted and it couldl ead to chronic hyperglycemia 

and diabetes. Other mechanism involved in acute 

hyperglycemia might be the abnormal release of 

glucagon and insulin. 

Some metals cause hypoglycemia by different 

mechanisms that are involved with insulin 

release or its receptor activation. Some 

examples are: vanadium and chromium trigger 

the insulin receptor; zinc improves insulin 

signaling or magnesium alters insulin release 

that leads to hypoglycemia 



filtered air (FA), fine-sized nickel sulfate particles alone 
(Ni) at 0.44 μg/m3, concentrated ambient air PM2.5 
(CAPs) at a mean of 70 μg/m3, or CAPs+Ni 





Met Ions Life Sci. 2011;8:263-303. 

http://www.ncbi.nlm.nih.gov/pubmed/21473384




A Picarelli, M Di Tola, A Vallecoccia, V Libanori, M Magrelli, M Carlesimo, A Rossi 

Epicutaneous Patch Test 

A patch containing 5% solution of Ni sulfate (NiSO4·6H2O) in Vaseline was applied on the upper back of patients. After 

48 h the patch was removed to look for any lesion or reaction in the test site, repeating the inspection at 72 h. The 

presence of erythema, edema, and/or vesicles on the test site was considered a positive result.  

Oral Mucosa Patch Test 

The omPT was performed inside the upper lip after removal of excess saliva with sterile gauze. 

Briefly, a 5-mm filter paper disk saturated with a 5% solution of Ni sulfate in Vaseline was 

applied on the test site and held in place by an adhesive transparent film. After 2 h, the patch was removed and the site 

of application was closely observed to determine the presence of any lesion or reaction, repeating the inspection at 24 

and 48 h. Even the occurrence of any general reaction was carefully evaluated. The appearance of erythema, edema, 

and/or vesicles on the test site, as well as itching and dermographia, were considered as positive result. 



Esposizione multipla, protratta e  a basse dosi    bioaccumulo 

Perturbazione di molteplici processi del sistema  
neuroendocrinoimmunologico 

Effetti diversi indotti dallo stesso agente 



The dose doesn’t make the poison 



Gut microbiota 





Xenobiotics Alter the Gut Microbiome Community Structure 

In general, xenobiotics have been known to alter the GM for some time. However, recent developments in culture-free 

methods, such as 16S rRNA sequencing, have allowed us to actually profile the specific changes that occur in the GM 

community structure as a result of exposure to xenobiotics (antibiotics, pesticides, air pollutants, polychlorinated 

biphenyls (PCBs), and heavy metals). 

 

Antibiotics Several recent publications using animal models suggest that antibiotic alteration of the gut microbiome 

shows promise in treating metabolic and gastrointestinal disorders such as insulin resistance, body weight gain, and 

irritable bowel syndrome. However, there is still a need for more clinical trials in order to formulate appropriate antibiotic 

therapies for humans. 

 

Pesticides Little is known about the impact of pesticides on the digestive system and especially the gut microbiome. 

One study in a rat model observed that chronic, low-dose exposure to chloripyrifos (an organophosphate 

insecticide) was associated with a decrease in Lactobacillus spp. and Bifidobacterium spp.. An in vitro study 

employing the poultry microbiome found that glyphosate, a herbicide known to be genotoxic and teratogenic, was 

associated with a decrease in beneficial bacteria such as Enterococcus spp., previously noted to have protective 

effects against disease-causing bacteria.  

 

Air Pollutants Several public health studies have associated air pollution exposure with adverse health effects 

such as lung cancer, sickle cell disease, asthma, high blood pressure, and gastrointestinal diseases. The 

association of air pollution with gastrointestinal diseases is important because the gut microbiome plays a significant role 

in the development of these diseases., PM-10 exposure in a mouse model of colonic inflammation was associated 

with alterations to the composition of the gut microbiome as well as greater decrease in butyrate, a metabolite 

formed by the gut microbiome previously found to suppress colonic inflammation by inhibition of interferon gamma 

STAT1with an increase in pro-inflammatory cytokines.. 



Polychlorinated Biphenyls (PCBs). In a mouse model, PCBs decreased the overall abundance of gut bacteria (by 

2.2% from baseline) and primarily decreased the levels of proteobacteria . Interestingly, exercise by the mice altered 

the PCB-associated perturbation to the gut microbiome and elevated bacterial abundance (about 2.9% from 

baseline): physical activity may have stimulated excretion of antimicrobial bile acids to the gastrointestinal tract, which 

could have selectively inhibited growth of some bacterial species while promoting growth of others.  

 

Heavy Metals 

Mercury. Mercury exposure altered the gut community structure by increasing both the abundance of mercury-resistant 

bacteria—several of which were also antibiotic resistant—as well as antibiotic-resistant plasmids in the GM of monkey. A 

later study employing 16S rRNA profiling of the gut microbiome of Porcellio scaber (an isopod) not only confirmed that 

mercury exposure increased the abundance of mercury-resistant bacteria, but also found that mercury exposure 

completely eliminated Bacteroidetes and elevated levels of Actinobacteria, Betaproteobacteria, and 

Alphaproteobacteria.  A recent epidemiological study found that probiotics have a protective effect against increases 

to blood levels of mercury in pregnant women. 

 

Cadmium and Lead. Cadmium exposure had significantly diminished Bacteroidetes growth and decreased levels of 

short-chain fatty acids such as the anti-inflammatory metabolite butyrate, which signifies that cadmium exposure 

could perturb the gut microbiome and promote gut inflammatory diseases.  

 

Arsenic Arsenic exposure via drinking water significantly perturbed the gut microbiome composition in C57BL/6 mice, 

with a significant decrease in several species of the Firmicutes phylum. For example, fatty-acid carnitines, involved in fatty 

acid oxidation, were reduced in the urine of arsenic-treated mice,suggesting that an arsenic-altered GM could decrease 

energy metabolism by the host. We also found the reduction of several glucuronide metabolites in the urine, which 

suggests that gut-microbiome perturbation could also negatively affect phase-II detoxification within the body. 



Impact of the Gut Microbiome on Xenobiotic Biotransformation 

 Xenobiotics have been shown to induce the GM to express genes having to do with the metabolism of 

xenobiotics, even during short-term exposure. Recent studies have shown how the GM can indirectly regulate 

xenobiotic metabolism in the liver, which means that the gut microbiome may not have to “see” a particular metabolite 

in order to be able to affect its metabolism.  

 

Digoxin was found to be inactivated by the GM into reduced metabolites that were unable to have any medical effect. A 

later study determined that the particular gut bacterium Eubacterium lentum was most likely responsible for this (the 

modern name is Eggerthella lenta). The authors of this study proposed the use of a high-protein diet to help prevent 

the GM deactivation of digoxin, since arginine was found to inhibit the conversion of digoxin by E. lenta. 

 

Polycyclic Aromatic Hydrocarbons 

the polycyclic aromatic hydrocarbons are known to be transformed into potentially toxic metabolites. One study reported 

that the human GM can modify several polycyclic aromatic hydrocarbons (PAHs; naphthalene, phenanthrene, 

pyrene, and benzo(a)pyrene) to produce esterogenic metabolites, which resulted in a significant, positive signal in a 

gene-reporter assay for the human estrogen receptor. This study indicates that the risk of PAH toxicity to humans 

may be underestimated if bacterial metabolism is not considered.  

 

 Heavy Metals 

Mercury-resistant bacteria in the fecal flora of primates can biotransform Hg(II) to volatile Hg(0) in a detoxification 

pathway. On the other hand, bismuth, even at low administered concentrations, can be transformed into the toxic, volatile 

trimethylbismuth by the GM of both humans and mice.  



GI microbiota of B. raddei from a heavily heavy-metal-polluted area (Baiyin, 

(BY)) and a relatively unpolluted area (Liujiaxia, (LJX)) 



The divalent cations of nickel are essential nutrients for 

bacteria, which require trace elements at nanomolar 

concentrations. However, Ni2+ at micro or milli molar 

concentrations is toxic to bacteria. In the present study, we 

documented the toxic effect of NiCl2 on intestinal bacterial 

counts, some beneficial bacteria such as Bifidobacterium 

spp. and Lactobacillus, were decreased and some 

bacterial species (E. coli, Enterococcus spp.) possibly 

harmful to the animals increased.  

 

The mechanisms responsible for these effects are undefined, 

but the following possibilities may be considered:  

 

(1) nickel replaces the essential metal of metalloproteins; 

(2) nickel binds  to catalytic residues of non-metalloenzymes;  

(3) nickel binds outside the catalytic site of enzymes to inhibit 

them  allosterically, indirectly causing oxidative stress  and 

the generation of free-radicals in various tissues;  

 

these effects could lead to modifications in DNA bases, 

enhanced peroxidation of lipids, and altered homeostasis of 

calcium and sulphydryl compounds. The change in the 

bacterial counts may indicate that the intestinal microflora 

balance was disturbed, and the intestinal health condition was 

disturbed as well.  



It was found that  the abundance of components of the peptides/nickel 
transport system differed between low and high BMI related samples, likely 
indicating a link between this system and obesity 



. 
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EDC may act at  

•hypothalamic level 
by altering endocrine 
and immunological 
signal  transduction and 
at 

•efferent level by 
modifying weight  
hormonal and 
immunological control 
systems 
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EFFECT OF NON-DIGESTIBLE NUTRIENTS WITH PREBIOTIC 

PROPERTIES ON HOST PATHOPHYSIOLOGY RELATED TO OBESITY.  

In intervention studies in animals and humans, non-digestible nutrients with prebiotic 

properties, such as inulin-type fructans, galacto-oligosaccharides, arabinoxylan and 

arabinoxylan oligosaccharides derived from wheat, fungal chitin-glucan and several 

phenolic compounds present in pomegranate or grapes, have been shown to change the 

gut microbiota composition by favouring bacteria that confer health benefits to the host. 

Prebiotics reinforce the gut barrier and promote gut hormones that control appetite, 

glucose homeostasis and systemic inflammation. The prebiotic approach also 

counteracts hepatic steatosis (lipogenesis), hepatic insulin resistance, and adiposity by 

modifying gene expression at the tissue level. LPS = lipopolysaccharide, APJ = apelin 

receptor, eCB = endocannabinoid.  

Modulation of Gut Bacterial Diversity with Food Approach to 

Prevent Type 2 Diabetes .  

Food patterns that provide both complex carbohydrates and 

greater levels of phytonutrients such as polyphenols can increase 

gut bacterial diversity and reduce postprandial glucose response. 

Such communities may protect against type 2 diabetes. The 

personalized  nutrition approach. may help us understand which of 

these types of features will apply to everyone and which will need 

to be applied to specific individuals 











•In more than 20 years of medical practice, I have yet to meet anyone who chose to be fat. 

We often look at diabetes, heart disease or cancer as the result of bad genes, bad luck 

or both, most people (also among health professionals) attribute obesity to simply making 

poor choices. What most people fail to fully realize is that obesity, like diabetes, heart 

disease or cancer, has a complex causation  (genetic, physiological, lifestyle, environmental, 

etc.)  

 

 

•Whatever the cause, once established, obesity often becomes a chronic condition for 

which  we have no cure – only treatments. Whether the treatment consists of 

behavioural interventions such as diet or exercise, anti-obesity drugs, or even surgery, 

when the ‘treatment’ stops, the weight comes back. Thus, the dieter has to keep dieting, the 

runner has to keep running, the bypassed stomach has to stay bypassed – for life.   
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