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Complexity of the fate of drug

Nicholson, Nat Rev Drug Discovery, 2003, Vol2, 668-676 
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10-100 trillions of gut microbes

We do not live alone

1. defence against pathogens
2. development of intestinal

structure
3. fermentation of dietary fibre
4. metabolite of proteins
5. play a role in drug metabolism



Metabolomics provides method to detect the 
impact of gut microbes
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J. Swann, et al.  (2009) Mol. BioSyst, 5: 351-353

Germ-free rats showed different urinary metabolic 
profiles compared to conventional rats

PNAS2004; 101:15718-15723
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Germ-free rats showed different response to 
hydrazine compared to conventional rats

J. Swann, et al.  (2009) Mol. BioSyst, 5: 351-353
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GI tract disease

Non-alcoholic 
fatty liver disease

Obesity and 
diabetes

Coronary heart 
disease

Neurological 
diseases

Diseases associated with gut microbes



Reconventionalized GF mice :

14 days: 60%↑body fat and insulin resistance, food 
intakes↓

Microbiota promoted absorption of monosaccharides

Fatty liver is associated with gut microbes

F. Backhed, et al.  (2004) PNAS, 101: 15718-15723

Non-digestible fibers        Short chain fatty acids
Microbes

Essential for colonic cell Energy source



Obese mice (ob/ob):   
Firmicutes/Bacteroidetes increased 50%
Ob/ob mice harvest more energy from food

PNAS2005; 102:11070-11075

Mice: Obesity is associated with gut microbes

R. Ley, et al.  (2005) PNAS, 102: 11070-11075



Insulin resistance and metabonomoic
dysfunctions

Zhang, et. al, J. Proteome Res, 8:5118, 2009, 

M. Dumas, PNAS, 2006, Vol33, 12511-12516



Phosphatidylcholine-d9 Trimethylamine-d9 CV
Microbes

Coronary Heart Disease is associated with 
microbes   

Question: Diabetes and CV share common gut microbes  



Metabonomics investigation showed differences in 
fecal extracts between control and IBD patients  

Marchesi et al. J. Proteome Res., 6:546-551，2007
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Inflammatory bowel disease are associated with 
reduced levels of short chain fatty acids
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Neurological Disorder is associated with 
microbes   

Reduction of fatty acids is associated with autism



Two side of coin-short chain fatty acids

Increase

obesity and diabetes

Fatty liver

Decrease

Inflammatory bowel disease

Neurodegenerative disease
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Correlation between microbes and metabolites
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A-27 Alistipes uncultured 
bacterium 0.885

A-36 Prevotella uncultured 
bacterium 1.000

P-37 Barnesiella uncultured 
bacterium 1.000

E-42 Barnesiella uncultured 
bacterium 1.000

P-30 Barnesiella uncultured 
bacterium 1.000

I-25 Barnesiella uncultured 
bacterium 1.000

DGGE
band genus species S_ab

score

DCA

Zhao et al. J. Proteome Res., 12:2987-2999，2013



Microbe-Host co 
metabolites
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Antibiotics treatments also caused other 
metabolic changes
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Degradated by colon micr flora
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Nature 2006, 444/Doi:10.1038/nature05414
Mequindox induces metabolic changes in mice

Fumarate
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Energy 
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Disturbance of gut microbes

Oxidative stress β-oxidation

Zhao, J Proteome Res, 2011, 10, 5183-6190



Nature 2006, 444/Doi:10.1038/nature05414Microbes of obesity can be transferred

Feces from ob/ob can make mice fatter
Fatter mice harvest more energy from food

P. Turnbaugh, et al.  (2006) Nature, 444: 1027-1031
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Firmicutes
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Prevotella
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Humans1 Humans2

High caloric intake modulates gut microbes in 
primates

Amato, Microbiome, 2015, 3, 53

Increased levels of Bacteroides is similar to 
the effects of antibiotics treatment
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High caloric intake modulates gut microbes in rats

H. Lin, et al, Scientific Reports 6 (2016)
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High caloric intake modulates gut microbes
Family level Genus level

H. Lin, et al, Scientific Reports 6 (2016)

Firmicutes-
Clostridia

Clostridia family
Correlated with levels 
of Butyrate



High caloric intake increased bile acids 
production in liver of rats



gut microbes shape host metabolism



High fat diet-gut microbes-DCA-colon cancer

HFD-increased levels of DCA

colon cancer associated secondary bile acids



High fat intake (81 days) modulates other 
metabolic pathways

An, J Proteome Res, 2013, 12, 3755-3768



Nature 2006, 444/Doi:10.1038/nature05414
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J. Wu, J Proteome Res, 2016, 15, 2299-2308

High fat intake (74 weeks) modulates 
microbes associated metabolites in mice



Nature 2006, 444/Doi:10.1038/nature05414Summary

GI tract disease

Non-alcoholic 
fatty liver disease

Obesity and diabetes

Coronary heart disease

Neurological diseases

Dietary modulation

Drug modulation

Fecal transplantation

Affect drug response
Action of gut microbes

Short chain fatty acids

Choline metabolism

Bile acids metabolism

Polyphenols
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