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Executive Summary 
Butyrate is one of several short-chain fatty acids (SCFA) produced by anaerobic bacterial             
fermentation in the human colon. Butyrate-producing bacteria belong to the Clostridia,           
especially the families Lachnospiraceae and Ruminococcaceae. Their abundance and         
subsequent butyrogenic health effects are largely a function of diet, especially the ingestion of              
high amounts of fiber from plants. Lower abundance of butyrogenic organisms in the colon is               
correlated with prediabetes, diabetes, and obesity. Interventional studies in rodents support the            
idea that butyrate and butyrogenic organisms improve glucose homeostasis and protect against            
diet-induced obesity. These effects are thought to occur through several mechanisms, including            
promotion of intestinal gluconeogenesis, increasing energy expenditure, and regulation of          
energy intake and satiety through the induction of neuroendocrine peptides (e.g., GLP-1 and             
PYY). Additionally, butyrate protects the gut epithelial lining and may serve to ameliorate             
chronic gut inflammation associated with type 2 diabetes and other diseases. Butyrate is an              
important energy source for colonocytes and promotes healthy cell proliferation, expression of            
gut barrier proteins, and maintenance of balanced anaerobic conditions. Furthermore, by           
regulating inflammatory responses and T cell differentiation, butyrate modulates immune          
homeostasis at the gut epithelial barrier. The impacts of butyrate extend beyond the intestinal              
lumen, and systemic circulation of butyrate impacts immune cells, adipose, hepatic, and            
pancreatic tissue–largely through activation of G-protein-coupled receptors. Finally, the healthful          
impacts of butyrate in protection against colorectal cancer, irritable bowel diseases, and            
neurological diseases are briefly outlined here.  
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Fiber and the microbiome 

Fiber contributes to butyrate production by gut commensals  
Short-chain fatty acids (SCFA) are small molecules created as end-products of bacterial            
fermentation in the gut. Food that is not broken down in the stomach and small intestine passes                 
into the colon, where it is consumed by bacteria. There are hundreds if not thousands of                
different bacteria in the cecum and colon that harbor unique enzymes, capable of breaking              
down food products–-namely, dietary fibers and some proteins–-into useful small molecules in a             
process called fermentation. The principal end-products of bacterial fermentation are SCFA,           
primarily acetate, butyrate, and propionate.  
 
Nondigestible carbohydrates, or fibers, consist of polysaccharides, oligosaccharides and         
resistant starches. A typical Western diet contains ~20-25g fiber per day1, and gut bacteria in               
the proximal colon ferment fiber (as well as some proteins and peptides) into SCFA. Overall,               
significant and sustained ingestion of dietary carbohydrates, especially from plants, positively           
impacts the abundance of butyrate-producing bacteria2. For example, in an 8-week, whole-grain            
diet intervention in Danish adults correlated with increases in Clostridiales and the butyrate             
producer Faecalibacterium prausnitzii3. In another study, different dietary fibers supported          
different organisms and SCFA profiles: crystalline maize enriched for Eubacterium rectale and            
increased butyrate production, while tapioca starch enriched for Parabacteroides distasonis and           
increased propionate production4. Ongoing research is aimed at sorting out specifically how            
different types and amount of ingested food impact the bacterial species that will thrive and the                
amount of SCFA produced5,6. While fiber certainly impacts our microbiome, the presence or             
absence of specific bacteria can also impact how the body processes fiber. Ridaura et. al used                
faecal microbiota transfer from lean and obese human twins to high-fiber-fed, germ-free mice to              
investigate the effects of microbiota on metabolism. The authors reported that lean-donor mice             
had lower adiposity and higher caecal butyrate concentrations than obese-donor mice,           
demonstrating that differences in metabolism and weight gain are dependent on fiber intake and              
the microbiome7. 

‘Missing’ butyrate producers are linked to type 2 diabetes and obesity.  
The transplantation of lean or obese microbiome and concomitant differences in adiposity and             
butyrate concentrations in animals suggests a link between bacterial commensals, butyrate, and            
key aspects of metabolism7. Indeed, lower butyrate producing microbes in the gut have been              
correlated to prediabetes, type 2 diabetes and metabolic syndrome8–11. These ‘missing’ bacteria            
include a group of Gram-positive microorganisms called the Clostridia, especially the families            
Lachnospiraceae and Ruminococcaceae, but also in the Erysipelotrichaceae and         
Clostridiaceae12,13. Within these families of bacteria, organisms such as Eubacterium hallii,           
Clostridium butyricum, and Clostridium beijerinkii produce butyrate directly from ingested          
substrates as well as from  metabolic end-products lactate and acetate2.  
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Butyrate production pathways  
From fiber, butyrate production proceeds following the breakdown of carbohydrates in           
glycolysis. The biochemistry of butyrate production begins when two molecules of acetyl-CoA,            
formed from glycolysis, are combined to form acetoacetyl-CoA. This is then reduced stepwise to              
butyryl-CoA, after which two different methods are possible for conversion to butyrate: either             
butyryl-CoA:acetate CoA-transferase or phosphotransbutyrylase and butyrate kinase14. The        
butyrate producing organisms of PGC use both pathways: Eubacterium hallii uses the former             
and Clostridium butyricum, and Clostridium beijerinckii use the latter. Both pathways are            
efficient means of transforming carbohydrates in the colon into butyrate.  

Butyrate Maintains Gut Homeostasis  
In the luminal compartment of the large intestine, butyrate is found in high concentrations and               
has well studied effects on gut health by providing energy for colonocytes and supporting gut               
barrier integrity. 

Butyrate as energy source for colonocytes 
The cells in the epithelial tissue of the intestine rapidly metabolize butyrate in a process called                
𝛽-oxidation. 𝛽-oxidation of butyrate supports healthy cellular proliferation in the epithelium15. Up            
to 95% of microbially produced butyrate is consumed by the colonic epithelium, which provides              
up to 70% of cellular energy16. Additionally, 𝛽-oxidation consumes oxygen which in turn prevents              
growth of potentially pathogenic organisms like Escherichia and Salmonella that thrive under            
more aerobic conditions17.  

Butyrate in maintenance of gut barrier 
The gastrointestinal tract allows nutrient and water absorption while preventing pathogenic           
microorganisms from gaining access to the colonic tissue. This complex dual function of the              
gastrointestinal barrier is possible because of its semipermeable structure, consisting a mucosal            
layer (replete with antimicrobial peptides and pathogen-targeting antibodies), an epithelial          
monolayer that contains surveilling immune cells, and the lamina propria, a layer of connective              
tissues beneath the epithelium. Tight junctions (TJs) seal the intracellular space between cells             
in the epithelial layer, therefore helping control the transport of molecules between the intestinal              
lumen and the lamina propria. Several studies have shown that the addition of butyrate can               
enhance gut barrier function and preserve TJ integrity. When human colonic epithelial cells             
were incubated with butyrate, a stronger barrier and enhanced TJ integrity was observed as              
measured by a transepithelial electrical resistance assay18. Butyrate is thought to regulate tight             
junction assembly by increasing both AMP-activated protein kinase (AMPK) and          
G-protein-coupled receptor 109A (GPR109A) activity18–20. These results are supported by in vivo            
studies. Early-weaned piglets given dietary butyrate showed higher TJ protein expression, lower            
incidence of diarrhea, and improved intestinal barrier as measured by urinary metabolites            
compared to control group20. The effect was driven by increased GPR109A signaling. In another              
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study, butyrate-treated mice with induced colitis showed decreased intestinal permeability and           
maintained higher TJ expression when compared to untreated mice, again as a result of              
GPR109A activity19.  
 
In addition to tight junctions, gastrointestinal mucosa is an important part of the gut barrier as                
the first line of defense. The mucosal layer is composed of glycoproteins called mucins.              
Butyrate regulates the expression of MUC genes (the gene product of which encodes the              
backbone of mucin) through histone deacetylase (HDAC) inhibition, thus helping modulate           
mucin production from goblet cells21–23. Butyrate upregulates prostaglandin production which in           
turn upregulates MUC-2, a prominent member of the MUC gene family24. However, in vivo              
studies correlating luminal butyrate content and mucin levels have been ambiguous, possibly            
due to confounding environmental factors such as other SCFA25,26.  

Butyrate and Metabolic Disease 
In addition to its role in maintaining gut barrier integrity, microbially-produced butyrate may             
protect against type 2 diabetes, insulin resistance, and obesity. In cohorts of patients with type II                
diabetes, prediabetes, or metabolic syndrome, lower proportions of butyrate producing bacteria           
were found relative to controls8–11. Additionally, numerous models in rodents have shown that,             
along with propionate and acetate, butyrate improves glucose homeostasis and protects against            
diet-induced obesity and insulin resistance27–31. Although results in humans remain relatively           
sparse, promising data exists: overweight and obese men receiving colonic infusions of SCFA             
mixtures reported increased fasting and postprandial plasma peptide YY (PYY) concentrations,           
increased fat oxidation, and decreased lipolysis32. Likewise, treatment with vancomycin, an           
antibiotic targeting Gram-positive butyrate producers, decreased peripheral insulin sensitivity33.         
Finally, transfer of intestinal microbiota from lean donors to individuals with metabolic syndrome             
temporarily improved insulin sensitivity as well as increased numbers of intestinal           
butyrate-producing organisms34. 
 
Butyrate impacts glucose homeostasis and insulin sensitivity through several mechanisms.          
These include induction of peptides that contribute to energy intake and satiety, contributions to              
intestinal gluconeogenesis, and regulation of energy expenditure32. Some of these effects are            
regulated via activation of GPR41 and GPR43, two G-protein-coupled receptors that bind            
SCFA35. In addition to being expressed in the gut epithelium, GPR41 and GPR43 are expressed               
in endocrine organs such as adipose tissue, liver, and skeletal muscle, immune cells, and in the                
brain, suggesting that SCFA affects the function of all of these organs.  

Energy Intake 
Butyrate, acetate, and propionate regulate secretion of neuroendocrine factors, or incretins,           
including GLP-1 and PYY36,37. GLP-1 and PYY are co-stored and co-released by the             
enteroendocrine L-cells in the gut and regulate metabolism by affecting appetite and satiety in              
the brain, stimulating insulin secretion in the pancreas, and altering motility in the gut38,39. PYY is                
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known to support glucose consumption and influence satiety, while GLP-1 induces glucose to             
stimulate insulin secretion in β-cells, inhibits glucagon release, induces satiety, and slows            
gastric transit38,40,41.  
GPR41- and GPR43-deficient mice showed impaired GLP-1 secretion, and GPR41-deficient          
mice showed reduced secretion of PYY42,43. Dietary fiber, known to support butyrate production,             
reduces energy intake and fat mass in rats, and also increases secretion of GLP-144,45. Such               
diets can also increase PYY secretion, and improve glucose tolerance46.  
 
Butyrate also influences energy intake and homeostasis via induction of intestinal           
gluconeogenesis. De Vadder et al. showed that the benefits of butyrate and propionate,             
including improved glucose tolerance and insulin sensitivity, were dependent on intestinal           
gluconeogenesis30. Butyrate promotes de novo synthesis of glucose in the gut by gene             
regulation. The resultant increase of glucose in the portal vein then signals a decrease in               
hepatic glucose production and an increase in satiety. 
 

Energy Expenditure  
In addition to the regulation of satiety and incretin release, the anti-obesogenic effect of butyrate               
is explained by increased energy expenditure. Gao et al. reported that oral butyrate increased              
the expression of genes involved in thermogenesis and fatty acid oxidation, and increased             
mitochondrial function, leading to body weight loss without affecting food intake29. Butyrate            
inhibition of histone deacetylase partially explains the gene regulation.  

 

Metabolic Regulation Beyond the Gut  
Most of the butyrate produced in the colon is consumed by colonocytes and the remainder is                
taken up by the liver47. It is estimated that only 2% reaches systemic circulation48. In contrast, up                 
to 36% of acetate and 9% of propionate become systemically available48. The systemic             
circulation of these SCFA is important, because GPR41 and GPR43 are found throughout the              
body in immune cells, adipose tissue, and the pancreas. GPR43 is expressed highest in              
immune cells such as polymorphonuclear cells, monocytes, and B-lymphocytes but can also be             
found in adipose tissue, bone marrow, spleen, and the pancreas39,49. GPR41 is more widely              
expressed throughout the body, but is principally expressed in adipose tissue where, when             
activated, it signals the production and secretion of leptin39. In the pancreas, evidence suggests              
that GPR41 directly regulates insulin secretion. Additionally, rats fed a diet enriched in SCFA              
showed improved glucose tolerance through activation of the nerve fibers of the hepatic portal              
vein39. In skeletal muscle as well as the liver, butyrate promotes glucose and fatty acid uptake                
and metabolism via mitochondrial gene regulation29. Finally, butyrate indirectly affects glucose           
metabolism and insulin sensitivity in peripheral organs through the action of GLP-1 and PYY50,51.              
As an insulinotropic peptide, GLP-1 signaling stimulates insulin secretion from and proliferation            
of pancreatic beta cells, and inhibits glucagon secretion. Outside of the pancreas, GLP-1             
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supports glucose clearance from the blood by enhancing glucose uptake in the liver, adipose              
tissue and skeletal muscle, while reducing hepatic glucose production. These results           
demonstrate the beneficial metabolic effects of butyrate throughout the body.  

Inflammation and immune homeostasis  
Chronic low-grade inflammation is associated with a number of diseases including type 2             
diabetes52. Gut bacteria and their cellular components may contribute to this inflammation and             
its metabolic consequences following translocation across the gut barrier53. Butyrate helps           
protect against inflammation and bacterial translocation through regulation of inflammatory          
responses and immune homeostasis at the gut barrier. These effects are achieved through             
transcriptional regulation of inflammatory responses as well as T cell differentiation. 
 
Butyrate exerts anti-inflammatory effects by regulating NF-κB. NF-κB is a crucial transcription            
factor that governs inflammatory processes; activation of NF-κB enables expression of           
inflammatory enzymes NOS and COX-2 and proinflammatory cytokines IFN-γ, TNF-α, IL-1β,           
IL-6, and IL-8. Butyrate has been shown to have an inhibitory effect on NF-κB and associated                
proinflammatory signaling. When ulcerative colitis patients were treated with butyrate,          
decreased active mucosal NF-κB was reported as well as decreased immune cell infiltration and              
disease activity score54. Segain et. al demonstrated a decreased cytokine production after            
butyrate treatment and showed decreased activation of NF-κB55. Butyrate reduces reactive           
oxygen species which in turn inhibits NF-κB56. Butyrate produced by commensal bacteria also             
acts by upregulating PPARγ, another anti-inflammatory transcription factor. Patients with IBD           
report impaired PPARγ expression in colonocytes, and in a colonic epithelial cell culture model,              
butyrate treatment increased PPARγ expression up to 7-fold compared to other SCFA            
propionate and valerate57. This data suggests that PPARγ may be a promising target for colon               
inflammation, and microbially produced buyrate may further aid this process.  
 
In addition to regulating inflammatory responses through the transcription factors NF-κB and            
PPARγ, butyrate can modulate transcription of anti-inflammatory genes through HDAC          
inhibition. Chang et. al. reported that treating bone-marrow derived and colonic macrophages            
with butyrate down-regulated inflammatory signals including nitric oxide, IL-6, and IL-12. The            
authors found that this resulted from HDAC inhibition rather than Toll-like receptor (TLR) or GPR               
signaling, thus indicating another pathway by which butyrate can modulate the immune system             
and reduce inflammation58.  
 
Finally, butyrate binding to GPR41, GPR43, and GPR109A also affects inflammation and both             
innate and adaptive immune function. Imbalance between anti-inflammatory Tregs and          
pro-inflammatory T-helper and cytotoxic T cells is associated with obesity, and butyrate            
treatment has been shown to induce differentiation of colonic Tregs32. GPR109A, a            
butyrate-specific GPR, is found in colonic macrophages and dendritic cells in addition to             
colonocytes. Stimulation of GPR109A results in the differentiation of IL-10 producing T cells and              
Tregs, and increased secretion of IL-18 by the gut epithelium59. GPR109A is also expressed in               
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adipose tissue; butyrate binding exerts an anti-inflammatory by its signaling in the adipose as              
well. Further, both by binding GPR109A and through HDAC inhibition, butyrate promotes the             
differentiation of naive T cells to Treg cells and increases anti-inflammatory cytokine IL-10             
production56,60. GPR41 and GPR43 are highly expressed on immune cells and in the colonic              
mucosa, and it has been shown that SCFA promote neutrophil migration by binding GPR43 and               
reducing the production of reactive oxygen species54,61. In colonocytes, GPR43 binding activates            
the Nod-like receptor protein-3 (NLRP3) inflammasome and induces IL-8 signaling, which           
improves barrier function of the intestinal lining60. GPR43 also regulates the size and function of               
the colonic regulatory T cell (Treg) pool, modulates recruitment of immune cells during             
inflammatory response, and impacts TNF-α secretion from macrophages39. This data          
demonstrates the broad anti-inflammatory effects of butyrate in colonic tissue and beyond, and             
shows how butyrate contributes to immune homeostasis through T cell regulation.  
 
 

Butyrate in other diseases 

Colorectal cancer 
A high-fiber diet is inversely correlated with colorectal cancer rates54. Additionally, lower butyrate             
to acetate ratios have been observed in patients with polyps or colon cancer when compared to                
healthy controls62. In vitro experiments have consistently shown butyrate to have an apoptotic             
effect on cancerous cells, and several animal studies support inhibition of carcinogenesis54. This             
activity is controlled through changes in gene expression brought about by modifications to             
histones, which are proteins bound to DNA. By inhibiting HDAC, butyrate indirectly controls             
transcription factor access to DNA, thus altering the gene expression profiles of cells. In colon               
cancer cells, central metabolism becomes altered, leading to butyrate accumulation in the            
nucleus and greater histone acetylation following HDAC inhibition. This results in greater            
expression of apoptotic genes and cancer cell death63. 
 

Irritable Bowel Disease 
Dysregulation of inflammatory processes in the gut is a cornerstone of inflammatory bowel             
diseases. As described by Hamer et. al, butyrate levels have been measured in different colitis               
conditions. Different studies have reported both increased and decreased fecal butyrate levels            
in patients with active ulcerative colitis, while patients with diversion colitis, a complication of IBD               
surgery, reported severely lowered butyrate levels54. Despite conflicting results, research into           
anti-inflammatory effects of butyrate have revealed multiple pathways of interest that shed light             
onto the complicated but often beneficial effects of butyrate.  
 
Over the course of the inflammatory process, oxidative stress occurs, which can lead to DNA               
damage. In a cell culture model, it was shown that butyrate exerts a protective effect against                
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oxidative DNA damage15. Similarly, Sauer et. al reported that treating primary human colonic             
cells with butyrate reduced oxidative stress by upregulating catalase, which detoxifies hydrogen            
peroxide, and downregulating COX-2, an important inflammatory gene64. Using these          
mechanisms, butyrate reduces the oxidative damage and inflammation that are hallmarks of            
IBD and colorectal cancer.  

Neurological Diseases 
Several neurological disorders have been associated with gut dysbiosis although the causal            
relationship remains unclear. Disturbance of the gut microbiota in early life has shown             
irreversible damage to brain development65. An intact blood brain barrier is essential to the              
development of the brain, and SCFA-producing bacteria strains have been shown to restore the              
brain endothelial barrier function and promote normal development in germ-free mice66. By            
acting as an HDAC inhibitor, butyrate treatment can affect diseases associated with reduced             
histone acetylation, such as Parkison’s disease model and cisplatin-induced hearing loss67. In            
ischemic stroke models, butyrate reduced brain damage and improved behavioral results. In            
Alzheimer’s disease mouse model, butyrate increased the expression of learning-linked genes           
by preserving histone acetylation68. While more research is needed, butyrate-producing bacteria           
could prove therapeutic for these diseases.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

8 

http://sciwheel.com/work/citation?ids=5144031&pre=&suf=&sa=0
http://sciwheel.com/work/citation?ids=8980201&pre=&suf=&sa=0
http://sciwheel.com/work/citation?ids=155446&pre=&suf=&sa=0
http://sciwheel.com/work/citation?ids=75270&pre=&suf=&sa=0
http://sciwheel.com/work/citation?ids=3306904&pre=&suf=&sa=0
http://sciwheel.com/work/citation?ids=3874357&pre=&suf=&sa=0


 

Bibliography 

1. Bingham, S. A. et al. Dietary fibre in food and protection against colorectal cancer in the 

European Prospective Investigation into Cancer and Nutrition (EPIC): an observational 

study. Lancet 361, 1496–1501 (2003). 

2. Korpela, K. Diet, Microbiota, and Metabolic Health: Trade-Off Between Saccharolytic and 

Proteolytic Fermentation. Annu. Rev. Food Sci. Technol. 9, 65–84 (2018). 

3. Roager, H. M. et al. Whole grain-rich diet reduces body weight and systemic low-grade 

inflammation without inducing major changes of the gut microbiome: a randomised 

cross-over trial. Gut 68, 83–93 (2019). 

4. Deehan, E. C. et al. Precision Microbiome Modulation with Discrete Dietary Fiber Structures 

Directs Short-Chain Fatty Acid Production. Cell Host Microbe 27, 389-404.e6 (2020). 

5. Wu, G. D. et al. Linking long-term dietary patterns with gut microbial enterotypes. Science 

334, 105–108 (2011). 

6. Holmes, A. J. et al. Diet-Microbiome Interactions in Health Are Controlled by Intestinal 

Nitrogen Source Constraints. Cell Metab. 25, 140–151 (2017). 

7. Ridaura, V. K. et al. Gut microbiota from twins discordant for obesity modulate metabolism 

in mice. Science 341, 1241214 (2013). 

8. Le Chatelier, E. et al. Richness of human gut microbiome correlates with metabolic 

markers. Nature 500, 541–546 (2013). 

9. Karlsson, F. H. et al. Gut metagenome in European women with normal, impaired and 

diabetic glucose control. Nature 498, 99–103 (2013). 

10. Larsen, N. et al. Gut microbiota in human adults with type 2 diabetes differs from 

non-diabetic adults. PLoS ONE 5, e9085 (2010). 

11. Qin, J. et al. A metagenome-wide association study of gut microbiota in type 2 diabetes. 

9 

http://sciwheel.com/work/bibliography
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/750611
http://sciwheel.com/work/bibliography/4679117
http://sciwheel.com/work/bibliography/4679117
http://sciwheel.com/work/bibliography/4679117
http://sciwheel.com/work/bibliography/4679117
http://sciwheel.com/work/bibliography/4679117
http://sciwheel.com/work/bibliography/4679117
http://sciwheel.com/work/bibliography/4679117
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/5926399
http://sciwheel.com/work/bibliography/8165917
http://sciwheel.com/work/bibliography/8165917
http://sciwheel.com/work/bibliography/8165917
http://sciwheel.com/work/bibliography/8165917
http://sciwheel.com/work/bibliography/8165917
http://sciwheel.com/work/bibliography/8165917
http://sciwheel.com/work/bibliography/8165917
http://sciwheel.com/work/bibliography/8165917
http://sciwheel.com/work/bibliography/8165917
http://sciwheel.com/work/bibliography/653202
http://sciwheel.com/work/bibliography/653202
http://sciwheel.com/work/bibliography/653202
http://sciwheel.com/work/bibliography/653202
http://sciwheel.com/work/bibliography/653202
http://sciwheel.com/work/bibliography/653202
http://sciwheel.com/work/bibliography/653202
http://sciwheel.com/work/bibliography/653202
http://sciwheel.com/work/bibliography/2670854
http://sciwheel.com/work/bibliography/2670854
http://sciwheel.com/work/bibliography/2670854
http://sciwheel.com/work/bibliography/2670854
http://sciwheel.com/work/bibliography/2670854
http://sciwheel.com/work/bibliography/2670854
http://sciwheel.com/work/bibliography/2670854
http://sciwheel.com/work/bibliography/2670854
http://sciwheel.com/work/bibliography/2670854
http://sciwheel.com/work/bibliography/185534
http://sciwheel.com/work/bibliography/185534
http://sciwheel.com/work/bibliography/185534
http://sciwheel.com/work/bibliography/185534
http://sciwheel.com/work/bibliography/185534
http://sciwheel.com/work/bibliography/185534
http://sciwheel.com/work/bibliography/185534
http://sciwheel.com/work/bibliography/185534
http://sciwheel.com/work/bibliography/185534
http://sciwheel.com/work/bibliography/185466
http://sciwheel.com/work/bibliography/185466
http://sciwheel.com/work/bibliography/185466
http://sciwheel.com/work/bibliography/185466
http://sciwheel.com/work/bibliography/185466
http://sciwheel.com/work/bibliography/185466
http://sciwheel.com/work/bibliography/185466
http://sciwheel.com/work/bibliography/185466
http://sciwheel.com/work/bibliography/185466
http://sciwheel.com/work/bibliography/75119
http://sciwheel.com/work/bibliography/75119
http://sciwheel.com/work/bibliography/75119
http://sciwheel.com/work/bibliography/75119
http://sciwheel.com/work/bibliography/75119
http://sciwheel.com/work/bibliography/75119
http://sciwheel.com/work/bibliography/75119
http://sciwheel.com/work/bibliography/75119
http://sciwheel.com/work/bibliography/75119
http://sciwheel.com/work/bibliography/2921819
http://sciwheel.com/work/bibliography/2921819
http://sciwheel.com/work/bibliography/2921819
http://sciwheel.com/work/bibliography/2921819
http://sciwheel.com/work/bibliography/2921819
http://sciwheel.com/work/bibliography/2921819
http://sciwheel.com/work/bibliography/2921819
http://sciwheel.com/work/bibliography/2921819
http://sciwheel.com/work/bibliography/2921819
http://sciwheel.com/work/bibliography/387822
http://sciwheel.com/work/bibliography/387822
http://sciwheel.com/work/bibliography/387822
http://sciwheel.com/work/bibliography/387822


 

Nature 490, 55–60 (2012). 

12. Barcenilla, A. et al. Phylogenetic relationships of butyrate-producing bacteria from the 

human gut. Appl. Environ. Microbiol. 66, 1654–1661 (2000). 

13. Louis, P. & Flint, H. J. Formation of propionate and butyrate by the human colonic 

microbiota. Environ. Microbiol. 19, 29–41 (2017). 

14. Louis, P. et al. Restricted distribution of the butyrate kinase pathway among 

butyrate-producing bacteria from the human colon. J. Bacteriol. 186, 2099–2106 (2004). 

15. Guilloteau, P. et al. From the gut to the peripheral tissues: the multiple effects of butyrate. 

Nutr. Res. Rev. 23, 366–384 (2010). 

16. Pryde, S. E., Duncan, S. H., Hold, G. L., Stewart, C. S. & Flint, H. J. The microbiology of 

butyrate formation in the human colon. FEMS Microbiol. Lett. 217, 133–139 (2002). 

17. Byndloss, M. X. et al. Microbiota-activated PPAR-γ signaling inhibits dysbiotic 

Enterobacteriaceae expansion. Science 357, 570–575 (2017). 

18. Peng, L., Li, Z.-R., Green, R. S., Holzman, I. R. & Lin, J. Butyrate enhances the intestinal 

barrier by facilitating tight junction assembly via activation of AMP-activated protein kinase 

in Caco-2 cell monolayers. J. Nutr. 139, 1619–1625 (2009). 

19. Chen, G. et al. Sodium Butyrate Inhibits Inflammation and Maintains Epithelium Barrier 

Integrity in a TNBS-induced Inflammatory Bowel Disease Mice Model. EBioMedicine 30, 

317–325 (2018). 

20. Feng, W. et al. Sodium Butyrate Attenuates Diarrhea in Weaned Piglets and Promotes 

Tight Junction Protein Expression in Colon in a GPR109A-Dependent Manner. Cell. 

Physiol. Biochem. 47, 1617–1629 (2018). 

21. Gaudier, E. et al. Butyrate specifically modulates MUC gene expression in intestinal 

epithelial goblet cells deprived of glucose. Am. J. Physiol. Gastrointest. Liver Physiol. 287, 

10 

http://sciwheel.com/work/bibliography/387822
http://sciwheel.com/work/bibliography/387822
http://sciwheel.com/work/bibliography/387822
http://sciwheel.com/work/bibliography/387822
http://sciwheel.com/work/bibliography/1154320
http://sciwheel.com/work/bibliography/1154320
http://sciwheel.com/work/bibliography/1154320
http://sciwheel.com/work/bibliography/1154320
http://sciwheel.com/work/bibliography/1154320
http://sciwheel.com/work/bibliography/1154320
http://sciwheel.com/work/bibliography/1154320
http://sciwheel.com/work/bibliography/1154320
http://sciwheel.com/work/bibliography/1154320
http://sciwheel.com/work/bibliography/2482105
http://sciwheel.com/work/bibliography/2482105
http://sciwheel.com/work/bibliography/2482105
http://sciwheel.com/work/bibliography/2482105
http://sciwheel.com/work/bibliography/2482105
http://sciwheel.com/work/bibliography/2482105
http://sciwheel.com/work/bibliography/2482105
http://sciwheel.com/work/bibliography/3297418
http://sciwheel.com/work/bibliography/3297418
http://sciwheel.com/work/bibliography/3297418
http://sciwheel.com/work/bibliography/3297418
http://sciwheel.com/work/bibliography/3297418
http://sciwheel.com/work/bibliography/3297418
http://sciwheel.com/work/bibliography/3297418
http://sciwheel.com/work/bibliography/3297418
http://sciwheel.com/work/bibliography/3297418
http://sciwheel.com/work/bibliography/5144031
http://sciwheel.com/work/bibliography/5144031
http://sciwheel.com/work/bibliography/5144031
http://sciwheel.com/work/bibliography/5144031
http://sciwheel.com/work/bibliography/5144031
http://sciwheel.com/work/bibliography/5144031
http://sciwheel.com/work/bibliography/5144031
http://sciwheel.com/work/bibliography/5144031
http://sciwheel.com/work/bibliography/1154321
http://sciwheel.com/work/bibliography/1154321
http://sciwheel.com/work/bibliography/1154321
http://sciwheel.com/work/bibliography/1154321
http://sciwheel.com/work/bibliography/1154321
http://sciwheel.com/work/bibliography/1154321
http://sciwheel.com/work/bibliography/1154321
http://sciwheel.com/work/bibliography/4050609
http://sciwheel.com/work/bibliography/4050609
http://sciwheel.com/work/bibliography/4050609
http://sciwheel.com/work/bibliography/4050609
http://sciwheel.com/work/bibliography/4050609
http://sciwheel.com/work/bibliography/4050609
http://sciwheel.com/work/bibliography/4050609
http://sciwheel.com/work/bibliography/4050609
http://sciwheel.com/work/bibliography/4050609
http://sciwheel.com/work/bibliography/2766387
http://sciwheel.com/work/bibliography/2766387
http://sciwheel.com/work/bibliography/2766387
http://sciwheel.com/work/bibliography/2766387
http://sciwheel.com/work/bibliography/2766387
http://sciwheel.com/work/bibliography/2766387
http://sciwheel.com/work/bibliography/2766387
http://sciwheel.com/work/bibliography/2766387
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/7736445
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/5851203
http://sciwheel.com/work/bibliography/9015762
http://sciwheel.com/work/bibliography/9015762
http://sciwheel.com/work/bibliography/9015762
http://sciwheel.com/work/bibliography/9015762
http://sciwheel.com/work/bibliography/9015762
http://sciwheel.com/work/bibliography/9015762
http://sciwheel.com/work/bibliography/9015762
http://sciwheel.com/work/bibliography/9015762
http://sciwheel.com/work/bibliography/9015762


 

G1168-74 (2004). 

22. Barcelo, A. et al. Mucin secretion is modulated by luminal factors in the isolated vascularly 

perfused rat colon. Gut 46, 218–224 (2000). 

23. Burger-van Paassen, N. et al. The regulation of intestinal mucin MUC2 expression by 

short-chain fatty acids: implications for epithelial protection. Biochem. J. 420, 211–219 

(2009). 

24. Willemsen, L. E. M., Koetsier, M. A., van Deventer, S. J. H. & van Tol, E. A. F. Short chain 

fatty acids stimulate epithelial mucin 2 expression through differential effects on 

prostaglandin E(1) and E(2) production by intestinal myofibroblasts. Gut 52, 1442–1447 

(2003). 

25. Hedemann, M. S., Theil, P. K. & Bach Knudsen, K. E. The thickness of the intestinal 

mucous layer in the colon of rats fed various sources of non-digestible carbohydrates is 

positively correlated with the pool of SCFA but negatively correlated with the proportion of 

butyric acid in digesta. Br. J. Nutr. 102, 117–125 (2009). 

26. Morita, T., Tanabe, H., Sugiyama, K., Kasaoka, S. & Kiriyama, S. Dietary resistant starch 

alters the characteristics of colonic mucosa and exerts a protective effect on trinitrobenzene 

sulfonic acid-induced colitis in rats. Biosci. Biotechnol. Biochem. 68, 2155–2164 (2004). 

27. Lin, H. V. et al. Butyrate and propionate protect against diet-induced obesity and regulate 

gut hormones via free fatty acid receptor 3-independent mechanisms. PLoS ONE 7, 

e35240 (2012). 

28. Hong, J. et al. Butyrate alleviates high fat diet-induced obesity through activation of 

adiponectin-mediated pathway and stimulation of mitochondrial function in the skeletal 

muscle of mice. Oncotarget 7, 56071–56082 (2016). 

29. Gao, Z. et al. Butyrate improves insulin sensitivity and increases energy expenditure in 

11 

http://sciwheel.com/work/bibliography/9015762
http://sciwheel.com/work/bibliography/750678
http://sciwheel.com/work/bibliography/750678
http://sciwheel.com/work/bibliography/750678
http://sciwheel.com/work/bibliography/750678
http://sciwheel.com/work/bibliography/750678
http://sciwheel.com/work/bibliography/750678
http://sciwheel.com/work/bibliography/750678
http://sciwheel.com/work/bibliography/750678
http://sciwheel.com/work/bibliography/750678
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/3263859
http://sciwheel.com/work/bibliography/9017105
http://sciwheel.com/work/bibliography/9017105
http://sciwheel.com/work/bibliography/9017105
http://sciwheel.com/work/bibliography/9017105
http://sciwheel.com/work/bibliography/9017105
http://sciwheel.com/work/bibliography/9017105
http://sciwheel.com/work/bibliography/9017105
http://sciwheel.com/work/bibliography/9017105
http://sciwheel.com/work/bibliography/9017105
http://sciwheel.com/work/bibliography/750410
http://sciwheel.com/work/bibliography/750410
http://sciwheel.com/work/bibliography/750410
http://sciwheel.com/work/bibliography/750410
http://sciwheel.com/work/bibliography/750410
http://sciwheel.com/work/bibliography/750410
http://sciwheel.com/work/bibliography/750410
http://sciwheel.com/work/bibliography/750410
http://sciwheel.com/work/bibliography/750410
http://sciwheel.com/work/bibliography/9015811
http://sciwheel.com/work/bibliography/9015811
http://sciwheel.com/work/bibliography/9015811
http://sciwheel.com/work/bibliography/9015811
http://sciwheel.com/work/bibliography/9015811
http://sciwheel.com/work/bibliography/9015811
http://sciwheel.com/work/bibliography/9015811
http://sciwheel.com/work/bibliography/9015811
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/894642
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/5353464
http://sciwheel.com/work/bibliography/605640
http://sciwheel.com/work/bibliography/605640
http://sciwheel.com/work/bibliography/605640
http://sciwheel.com/work/bibliography/605640


 

mice. Diabetes 58, 1509–1517 (2009). 

30. De Vadder, F. et al. Microbiota-generated metabolites promote metabolic benefits via 

gut-brain neural circuits. Cell 156, 84–96 (2014). 

31. Lu, Y. et al. Short Chain Fatty Acids Prevent High-fat-diet-induced Obesity in Mice by 

Regulating G Protein-coupled Receptors and Gut Microbiota. Sci. Rep. 6, 37589 (2016). 

32. Canfora, E. E., Jocken, J. W. & Blaak, E. E. Short-chain fatty acids in control of body weight 

and insulin sensitivity. Nat. Rev. Endocrinol. 11, 577–591 (2015). 

33. Vrieze, A. et al. Impact of oral vancomycin on gut microbiota, bile acid metabolism, and 

insulin sensitivity. J. Hepatol. 60, 824–831 (2014). 

34. Vrieze, A. et al. Transfer of intestinal microbiota from lean donors increases insulin 

sensitivity in individuals with metabolic syndrome. Gastroenterology 143, 913–6.e7 (2012). 

35. Brown, A. J. et al. The Orphan G protein-coupled receptors GPR41 and GPR43 are 

activated by propionate and other short chain carboxylic acids. J. Biol. Chem. 278, 

11312–11319 (2003). 

36. Yadav, H., Lee, J.-H., Lloyd, J., Walter, P. & Rane, S. G. Beneficial metabolic effects of a 

probiotic via butyrate-induced GLP-1 hormone secretion. J. Biol. Chem. 288, 25088–25097 

(2013). 

37. Larraufie, P. et al. SCFAs strongly stimulate PYY production in human enteroendocrine 

cells. Sci. Rep. 8, 74 (2018). 

38. MacDonald, P. E. et al. The multiple actions of GLP-1 on the process of glucose-stimulated 

insulin secretion. Diabetes 51 Suppl 3, S434-42 (2002). 

39. Kimura, I., Ichimura, A., Ohue-Kitano, R. & Igarashi, M. Free fatty acid receptors in health 

and disease. Physiol. Rev. 100, 171–210 (2020). 

40. Batterham, R. L. et al. Gut hormone PYY3-36 physiologically inhibits food intake. Nature 

12 

http://sciwheel.com/work/bibliography/605640
http://sciwheel.com/work/bibliography/605640
http://sciwheel.com/work/bibliography/605640
http://sciwheel.com/work/bibliography/605640
http://sciwheel.com/work/bibliography/605640
http://sciwheel.com/work/bibliography/75602
http://sciwheel.com/work/bibliography/75602
http://sciwheel.com/work/bibliography/75602
http://sciwheel.com/work/bibliography/75602
http://sciwheel.com/work/bibliography/75602
http://sciwheel.com/work/bibliography/75602
http://sciwheel.com/work/bibliography/75602
http://sciwheel.com/work/bibliography/75602
http://sciwheel.com/work/bibliography/75602
http://sciwheel.com/work/bibliography/2711705
http://sciwheel.com/work/bibliography/2711705
http://sciwheel.com/work/bibliography/2711705
http://sciwheel.com/work/bibliography/2711705
http://sciwheel.com/work/bibliography/2711705
http://sciwheel.com/work/bibliography/2711705
http://sciwheel.com/work/bibliography/2711705
http://sciwheel.com/work/bibliography/2711705
http://sciwheel.com/work/bibliography/2711705
http://sciwheel.com/work/bibliography/814831
http://sciwheel.com/work/bibliography/814831
http://sciwheel.com/work/bibliography/814831
http://sciwheel.com/work/bibliography/814831
http://sciwheel.com/work/bibliography/814831
http://sciwheel.com/work/bibliography/814831
http://sciwheel.com/work/bibliography/814831
http://sciwheel.com/work/bibliography/1149110
http://sciwheel.com/work/bibliography/1149110
http://sciwheel.com/work/bibliography/1149110
http://sciwheel.com/work/bibliography/1149110
http://sciwheel.com/work/bibliography/1149110
http://sciwheel.com/work/bibliography/1149110
http://sciwheel.com/work/bibliography/1149110
http://sciwheel.com/work/bibliography/1149110
http://sciwheel.com/work/bibliography/1149110
http://sciwheel.com/work/bibliography/1588048
http://sciwheel.com/work/bibliography/1588048
http://sciwheel.com/work/bibliography/1588048
http://sciwheel.com/work/bibliography/1588048
http://sciwheel.com/work/bibliography/1588048
http://sciwheel.com/work/bibliography/1588048
http://sciwheel.com/work/bibliography/1588048
http://sciwheel.com/work/bibliography/1588048
http://sciwheel.com/work/bibliography/1588048
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/598965
http://sciwheel.com/work/bibliography/7380359
http://sciwheel.com/work/bibliography/7380359
http://sciwheel.com/work/bibliography/7380359
http://sciwheel.com/work/bibliography/7380359
http://sciwheel.com/work/bibliography/7380359
http://sciwheel.com/work/bibliography/7380359
http://sciwheel.com/work/bibliography/7380359
http://sciwheel.com/work/bibliography/7380359
http://sciwheel.com/work/bibliography/8111578
http://sciwheel.com/work/bibliography/8111578
http://sciwheel.com/work/bibliography/8111578
http://sciwheel.com/work/bibliography/8111578
http://sciwheel.com/work/bibliography/8111578
http://sciwheel.com/work/bibliography/8111578
http://sciwheel.com/work/bibliography/8111578
http://sciwheel.com/work/bibliography/8111578
http://sciwheel.com/work/bibliography/8111578
http://sciwheel.com/work/bibliography/4681610
http://sciwheel.com/work/bibliography/4681610
http://sciwheel.com/work/bibliography/4681610
http://sciwheel.com/work/bibliography/4681610
http://sciwheel.com/work/bibliography/4681610
http://sciwheel.com/work/bibliography/4681610
http://sciwheel.com/work/bibliography/4681610
http://sciwheel.com/work/bibliography/4681610
http://sciwheel.com/work/bibliography/4681610
http://sciwheel.com/work/bibliography/7447662
http://sciwheel.com/work/bibliography/7447662
http://sciwheel.com/work/bibliography/7447662
http://sciwheel.com/work/bibliography/7447662
http://sciwheel.com/work/bibliography/7447662
http://sciwheel.com/work/bibliography/7447662
http://sciwheel.com/work/bibliography/7447662
http://sciwheel.com/work/bibliography/6907468
http://sciwheel.com/work/bibliography/6907468
http://sciwheel.com/work/bibliography/6907468
http://sciwheel.com/work/bibliography/6907468
http://sciwheel.com/work/bibliography/6907468
http://sciwheel.com/work/bibliography/6907468


 

418, 650–654 (2002). 

41. van den Hoek, A. M. et al. PYY3-36 reinforces insulin action on glucose disposal in mice 

fed a high-fat diet. Diabetes 53, 1949–1952 (2004). 

42. Samuel, B. S. et al. Effects of the gut microbiota on host adiposity are modulated by the 

short-chain fatty-acid binding G protein-coupled receptor, Gpr41. Proc Natl Acad Sci USA 

105, 16767–16772 (2008). 

43. Tolhurst, G. et al. Short-chain fatty acids stimulate glucagon-like peptide-1 secretion via the 

G-protein-coupled receptor FFAR2. Diabetes 61, 364–371 (2012). 

44. Cani, P. D., Dewever, C. & Delzenne, N. M. Inulin-type fructans modulate gastrointestinal 

peptides involved in appetite regulation (glucagon-like peptide-1 and ghrelin) in rats. Br. J. 

Nutr. 92, 521–526 (2004). 

45. Cani, P. D., Neyrinck, A. M., Maton, N. & Delzenne, N. M. Oligofructose promotes satiety in 

rats fed a high-fat diet: involvement of glucagon-like Peptide-1. Obes. Res. 13, 1000–1007 

(2005). 

46. Zhou, J. et al. Dietary resistant starch upregulates total GLP-1 and PYY in a sustained 

day-long manner through fermentation in rodents. Am. J. Physiol. Endocrinol. Metab. 295, 

E1160-6 (2008). 

47. Bloemen, J. G. et al. Short chain fatty acids exchange across the gut and liver in humans 

measured at surgery. Clin. Nutr. 28, 657–661 (2009). 

48. Boets, E. et al. Systemic availability and metabolism of colonic-derived short-chain fatty 

acids in healthy subjects: a stable isotope study. J Physiol (Lond) 595, 541–555 (2017). 

49. den Besten, G. et al. The role of short-chain fatty acids in the interplay between diet, gut 

microbiota, and host energy metabolism. J. Lipid Res. 54, 2325–2340 (2013). 

50. Cho, Y. M., Fujita, Y. & Kieffer, T. J. Glucagon-like peptide-1: glucose homeostasis and 

13 

http://sciwheel.com/work/bibliography/6907468
http://sciwheel.com/work/bibliography/6907468
http://sciwheel.com/work/bibliography/8669968
http://sciwheel.com/work/bibliography/8669968
http://sciwheel.com/work/bibliography/8669968
http://sciwheel.com/work/bibliography/8669968
http://sciwheel.com/work/bibliography/8669968
http://sciwheel.com/work/bibliography/8669968
http://sciwheel.com/work/bibliography/8669968
http://sciwheel.com/work/bibliography/8669968
http://sciwheel.com/work/bibliography/8669968
http://sciwheel.com/work/bibliography/509855
http://sciwheel.com/work/bibliography/509855
http://sciwheel.com/work/bibliography/509855
http://sciwheel.com/work/bibliography/509855
http://sciwheel.com/work/bibliography/509855
http://sciwheel.com/work/bibliography/509855
http://sciwheel.com/work/bibliography/509855
http://sciwheel.com/work/bibliography/509855
http://sciwheel.com/work/bibliography/509855
http://sciwheel.com/work/bibliography/894617
http://sciwheel.com/work/bibliography/894617
http://sciwheel.com/work/bibliography/894617
http://sciwheel.com/work/bibliography/894617
http://sciwheel.com/work/bibliography/894617
http://sciwheel.com/work/bibliography/894617
http://sciwheel.com/work/bibliography/894617
http://sciwheel.com/work/bibliography/894617
http://sciwheel.com/work/bibliography/894617
http://sciwheel.com/work/bibliography/8992133
http://sciwheel.com/work/bibliography/8992133
http://sciwheel.com/work/bibliography/8992133
http://sciwheel.com/work/bibliography/8992133
http://sciwheel.com/work/bibliography/8992133
http://sciwheel.com/work/bibliography/8992133
http://sciwheel.com/work/bibliography/8992133
http://sciwheel.com/work/bibliography/8992133
http://sciwheel.com/work/bibliography/8667932
http://sciwheel.com/work/bibliography/8667932
http://sciwheel.com/work/bibliography/8667932
http://sciwheel.com/work/bibliography/8667932
http://sciwheel.com/work/bibliography/8667932
http://sciwheel.com/work/bibliography/8667932
http://sciwheel.com/work/bibliography/8667932
http://sciwheel.com/work/bibliography/8667932
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/5117978
http://sciwheel.com/work/bibliography/1366039
http://sciwheel.com/work/bibliography/1366039
http://sciwheel.com/work/bibliography/1366039
http://sciwheel.com/work/bibliography/1366039
http://sciwheel.com/work/bibliography/1366039
http://sciwheel.com/work/bibliography/1366039
http://sciwheel.com/work/bibliography/1366039
http://sciwheel.com/work/bibliography/1366039
http://sciwheel.com/work/bibliography/1366039
http://sciwheel.com/work/bibliography/8940218
http://sciwheel.com/work/bibliography/8940218
http://sciwheel.com/work/bibliography/8940218
http://sciwheel.com/work/bibliography/8940218
http://sciwheel.com/work/bibliography/8940218
http://sciwheel.com/work/bibliography/8940218
http://sciwheel.com/work/bibliography/8940218
http://sciwheel.com/work/bibliography/8940218
http://sciwheel.com/work/bibliography/8940218
http://sciwheel.com/work/bibliography/472574
http://sciwheel.com/work/bibliography/472574
http://sciwheel.com/work/bibliography/472574
http://sciwheel.com/work/bibliography/472574
http://sciwheel.com/work/bibliography/472574
http://sciwheel.com/work/bibliography/472574
http://sciwheel.com/work/bibliography/472574
http://sciwheel.com/work/bibliography/472574
http://sciwheel.com/work/bibliography/472574
http://sciwheel.com/work/bibliography/4412367
http://sciwheel.com/work/bibliography/4412367


 

beyond. Annu. Rev. Physiol. 76, 535–559 (2014). 

51. Guida, C., Stephen, S., Guitton, R. & Ramracheya, R. D. The role of PYY in pancreatic islet 

physiology and surgical control of diabetes. Trends Endocrinol. Metab. 28, 626–636 (2017). 

52. Gurung, M. et al. Role of gut microbiota in type 2 diabetes pathophysiology. EBioMedicine 

51, 102590 (2020). 

53. Anhê, F. F., Schertzer, J. D. & Marette, A. Bacteria to alleviate metabolic syndrome. Nat. 

Med. 25, 1031–1033 (2019). 

54. Hamer, H. M. et al. Review article: the role of butyrate on colonic function. Aliment. 

Pharmacol. Ther. 27, 104–119 (2008). 

55. Segain, J. P. et al. Butyrate inhibits inflammatory responses through NFkappaB inhibition: 

implications for Crohn’s disease. Gut 47, 397–403 (2000). 

56. Liu, H. et al. Butyrate: A Double-Edged Sword for Health? Adv. Nutr. 9, 21–29 (2018). 

57. Dubuquoy, L. et al. PPARgamma as a new therapeutic target in inflammatory bowel 

diseases. Gut 55, 1341–1349 (2006). 

58. Chang, P. V., Hao, L., Offermanns, S. & Medzhitov, R. The microbial metabolite butyrate 

regulates intestinal macrophage function via histone deacetylase inhibition. Proc Natl Acad 

Sci USA 111, 2247–2252 (2014). 

59. Singh, N. et al. Activation of Gpr109a, receptor for niacin and the commensal metabolite 

butyrate, suppresses colonic inflammation and carcinogenesis. Immunity 40, 128–139 

(2014). 

60. Sun, M., Wu, W., Liu, Z. & Cong, Y. Microbiota metabolite short chain fatty acids, GPCR, 

and inflammatory bowel diseases. J. Gastroenterol. 52, 1–8 (2017). 

61. Vinolo, M. A. R., Hatanaka, E., Lambertucci, R. H., Newsholme, P. & Curi, R. Effects of 

short chain fatty acids on effector mechanisms of neutrophils. Cell Biochem. Funct. 27, 

14 

http://sciwheel.com/work/bibliography/4412367
http://sciwheel.com/work/bibliography/4412367
http://sciwheel.com/work/bibliography/4412367
http://sciwheel.com/work/bibliography/4412367
http://sciwheel.com/work/bibliography/4412367
http://sciwheel.com/work/bibliography/8993800
http://sciwheel.com/work/bibliography/8993800
http://sciwheel.com/work/bibliography/8993800
http://sciwheel.com/work/bibliography/8993800
http://sciwheel.com/work/bibliography/8993800
http://sciwheel.com/work/bibliography/8993800
http://sciwheel.com/work/bibliography/8993800
http://sciwheel.com/work/bibliography/8172496
http://sciwheel.com/work/bibliography/8172496
http://sciwheel.com/work/bibliography/8172496
http://sciwheel.com/work/bibliography/8172496
http://sciwheel.com/work/bibliography/8172496
http://sciwheel.com/work/bibliography/8172496
http://sciwheel.com/work/bibliography/8172496
http://sciwheel.com/work/bibliography/8172496
http://sciwheel.com/work/bibliography/7290209
http://sciwheel.com/work/bibliography/7290209
http://sciwheel.com/work/bibliography/7290209
http://sciwheel.com/work/bibliography/7290209
http://sciwheel.com/work/bibliography/7290209
http://sciwheel.com/work/bibliography/7290209
http://sciwheel.com/work/bibliography/7290209
http://sciwheel.com/work/bibliography/750465
http://sciwheel.com/work/bibliography/750465
http://sciwheel.com/work/bibliography/750465
http://sciwheel.com/work/bibliography/750465
http://sciwheel.com/work/bibliography/750465
http://sciwheel.com/work/bibliography/750465
http://sciwheel.com/work/bibliography/750465
http://sciwheel.com/work/bibliography/750465
http://sciwheel.com/work/bibliography/750465
http://sciwheel.com/work/bibliography/3311566
http://sciwheel.com/work/bibliography/3311566
http://sciwheel.com/work/bibliography/3311566
http://sciwheel.com/work/bibliography/3311566
http://sciwheel.com/work/bibliography/3311566
http://sciwheel.com/work/bibliography/3311566
http://sciwheel.com/work/bibliography/3311566
http://sciwheel.com/work/bibliography/3311566
http://sciwheel.com/work/bibliography/3311566
http://sciwheel.com/work/bibliography/4837905
http://sciwheel.com/work/bibliography/4837905
http://sciwheel.com/work/bibliography/4837905
http://sciwheel.com/work/bibliography/4837905
http://sciwheel.com/work/bibliography/4837905
http://sciwheel.com/work/bibliography/4837905
http://sciwheel.com/work/bibliography/4837905
http://sciwheel.com/work/bibliography/4837905
http://sciwheel.com/work/bibliography/2819537
http://sciwheel.com/work/bibliography/2819537
http://sciwheel.com/work/bibliography/2819537
http://sciwheel.com/work/bibliography/2819537
http://sciwheel.com/work/bibliography/2819537
http://sciwheel.com/work/bibliography/2819537
http://sciwheel.com/work/bibliography/2819537
http://sciwheel.com/work/bibliography/2819537
http://sciwheel.com/work/bibliography/2819537
http://sciwheel.com/work/bibliography/714337
http://sciwheel.com/work/bibliography/714337
http://sciwheel.com/work/bibliography/714337
http://sciwheel.com/work/bibliography/714337
http://sciwheel.com/work/bibliography/714337
http://sciwheel.com/work/bibliography/714337
http://sciwheel.com/work/bibliography/714337
http://sciwheel.com/work/bibliography/714337
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/159625
http://sciwheel.com/work/bibliography/2537537
http://sciwheel.com/work/bibliography/2537537
http://sciwheel.com/work/bibliography/2537537
http://sciwheel.com/work/bibliography/2537537
http://sciwheel.com/work/bibliography/2537537
http://sciwheel.com/work/bibliography/2537537
http://sciwheel.com/work/bibliography/2537537
http://sciwheel.com/work/bibliography/741617
http://sciwheel.com/work/bibliography/741617
http://sciwheel.com/work/bibliography/741617
http://sciwheel.com/work/bibliography/741617
http://sciwheel.com/work/bibliography/741617
http://sciwheel.com/work/bibliography/741617
http://sciwheel.com/work/bibliography/741617


 

48–55 (2009). 

62. Weaver, G. A., Krause, J. A., Miller, T. L. & Wolin, M. J. Short chain fatty acid distributions 

of enema samples from a sigmoidoscopy population: an association of high acetate and low 

butyrate ratios with adenomatous polyps and colon cancer. Gut 29, 1539–1543 (1988). 

63. Donohoe, D. R. et al. The Warburg effect dictates the mechanism of butyrate-mediated 

histone acetylation and cell proliferation. Mol. Cell 48, 612–626 (2012). 

64. Sauer, J., Richter, K. K. & Pool-Zobel, B. L. Physiological concentrations of butyrate 

favorably modulate genes of oxidative and metabolic stress in primary human colon cells. J. 

Nutr. Biochem. 18, 736–745 (2007). 

65. Borre, Y. E. et al. Microbiota and neurodevelopmental windows: implications for brain 

disorders. Trends Mol. Med. 20, 509–518 (2014). 

66. Braniste, V. et al. The gut microbiota influences blood-brain barrier permeability in mice. 

Sci. Transl. Med. 6, 263ra158 (2014). 

67. Bourassa, M. W., Alim, I., Bultman, S. J. & Ratan, R. R. Butyrate, neuroepigenetics and the 

gut microbiome: Can a high fiber diet improve brain health? Neurosci. Lett. 625, 56–63 

(2016). 

68. Govindarajan, N., Agis-Balboa, R. C., Walter, J., Sananbenesi, F. & Fischer, A. Sodium 

butyrate improves memory function in an Alzheimer’s disease mouse model when 

administered at an advanced stage of disease progression. J Alzheimers Dis 26, 187–197 

(2011). 

15 

http://sciwheel.com/work/bibliography/741617
http://sciwheel.com/work/bibliography/8940220
http://sciwheel.com/work/bibliography/8940220
http://sciwheel.com/work/bibliography/8940220
http://sciwheel.com/work/bibliography/8940220
http://sciwheel.com/work/bibliography/8940220
http://sciwheel.com/work/bibliography/8940220
http://sciwheel.com/work/bibliography/8940220
http://sciwheel.com/work/bibliography/8940220
http://sciwheel.com/work/bibliography/301283
http://sciwheel.com/work/bibliography/301283
http://sciwheel.com/work/bibliography/301283
http://sciwheel.com/work/bibliography/301283
http://sciwheel.com/work/bibliography/301283
http://sciwheel.com/work/bibliography/301283
http://sciwheel.com/work/bibliography/301283
http://sciwheel.com/work/bibliography/301283
http://sciwheel.com/work/bibliography/301283
http://sciwheel.com/work/bibliography/8980201
http://sciwheel.com/work/bibliography/8980201
http://sciwheel.com/work/bibliography/8980201
http://sciwheel.com/work/bibliography/8980201
http://sciwheel.com/work/bibliography/8980201
http://sciwheel.com/work/bibliography/8980201
http://sciwheel.com/work/bibliography/8980201
http://sciwheel.com/work/bibliography/8980201
http://sciwheel.com/work/bibliography/155446
http://sciwheel.com/work/bibliography/155446
http://sciwheel.com/work/bibliography/155446
http://sciwheel.com/work/bibliography/155446
http://sciwheel.com/work/bibliography/155446
http://sciwheel.com/work/bibliography/155446
http://sciwheel.com/work/bibliography/155446
http://sciwheel.com/work/bibliography/155446
http://sciwheel.com/work/bibliography/155446
http://sciwheel.com/work/bibliography/75270
http://sciwheel.com/work/bibliography/75270
http://sciwheel.com/work/bibliography/75270
http://sciwheel.com/work/bibliography/75270
http://sciwheel.com/work/bibliography/75270
http://sciwheel.com/work/bibliography/75270
http://sciwheel.com/work/bibliography/75270
http://sciwheel.com/work/bibliography/75270
http://sciwheel.com/work/bibliography/3306904
http://sciwheel.com/work/bibliography/3306904
http://sciwheel.com/work/bibliography/3306904
http://sciwheel.com/work/bibliography/3306904
http://sciwheel.com/work/bibliography/3306904
http://sciwheel.com/work/bibliography/3306904
http://sciwheel.com/work/bibliography/3306904
http://sciwheel.com/work/bibliography/3306904
http://sciwheel.com/work/bibliography/3874357
http://sciwheel.com/work/bibliography/3874357
http://sciwheel.com/work/bibliography/3874357
http://sciwheel.com/work/bibliography/3874357
http://sciwheel.com/work/bibliography/3874357
http://sciwheel.com/work/bibliography/3874357
http://sciwheel.com/work/bibliography/3874357
http://sciwheel.com/work/bibliography/3874357
http://sciwheel.com/work/bibliography/3874357

