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Impacts of gut microbiota on 

drug metabolism  
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Which body organ is the major site for drug metabolism? 



Drug metabolism pathway 
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Gut microbiota-drug interaction 
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GI 

Interaction 

Drug Host 
Bioavailability 

Gut microbiota 

100 trillion cells (3-fold) 

5 million genes (100-fold) 



First discovery 
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Prontosil (inactive in vitro) 

Prontosil (active in vivo) 

LANCET 1936 



Drug metabolism by gut microbiota (cont.)  
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5-Fluorouracil 

Balsalazide 

BILR 355  

Chloramphenicol 

Clonazepam  
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Digoxin  

Eltrombopag 

Glyceryl trinitrate 

Indicine N-oxide 

Levodopa 
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Methamphetamine 

Metronidazole 

Misonidazole 
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Sulfasalazine 

Sulfinpyrazone 
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Zonisamide 

zetirelin  

Benzylpenicillin 

Calcitonin  

Chloramphenicol 

Diclofenac glucuronide 

Glycyrrhizin  

Indomethacin glucuronide 

Insulin 
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Lovastatin 
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Flucytosine 

Anti-bacterial, anti-cancer, anti-hypertension,  anti-parkinson... >50 



 Digoxin:  derivatives of plants of genus Digitalis, has been widely used for hundreds   

of years to treat the heart failure and arrhythmia.  

 Mechanism: inhibits the Na+/K+ATPase in cardiac myocytes , causing an influx of 

calcium and enhancing muscular contraction 

 

 

 

 

 

 

 

 

Digoxin 
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Digoxin  Heart failure 



Digoxin inactivation 
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Digoxin  

(active) 

Dihydrodigoxin  

(inactive) 

 >10% patients receiving digoxin therapy excreted the inactive metabolite, dihydrodigoxin. 



Key finding  
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Digoxin 
(active)  

Dihydrodigoxin  
(inactive) 

 Co-administration of antibiotic can decrease the dihydrodigoxin production, and increase the  

level of digoxin. 
 

Antibiotic 

？ 



E. lenta is responsible for the inactivation  
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Science 1983 

Eggerthella lenta 

>400  colonies 

Culture-dependent 

Digoxin 

(active)  

Dihydrodigoxin  

(inactive) 



E. lenta is not a biomarker for digoxin inactivation  
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Puzzle:  E. lenta was screened from patients who did not excrete dihydrodigoxin. 

digoxin inactivation Attemption:  

E. lenta 



Cgr operon correlates with digoxin inactivation  
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Science 2013 

RNA-seq >100 fold upregulated in 

the presence of digoxin  

 



Cgr operon: predictor for digoxin inactivation  
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digoxin inactivation 
Cgr  operon  

The abundance of the cgr 

operon relative to the E. lenta 

16S ribosomal RNA (rRNA) 

gene (the “cgr ratio”) in 

microbial community is 

measured using microbial 

community DNA from 20 

unrelated healthy people by  

q-PCR. 



What we can do? 
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Dietary protein intervention  
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Dietary protein: 

Arginine 
Cgr 

Dihydrodigoxin  

(inactive) 

Digoxin 

(active)  

In vitro growth of E. lenta showed that, arginine 

can supress cgr operon expression. 

 

Dietary intervention  can increase the bioavailability of digoxin.  



serum 

Gut microbiota elevates irinotecan toxicity  

  

15 

SN-38 

(active) 

CPT-11 

(prodrug) 

liver 

SN-38G 

(inactive) 

UGT-enzyme  

Injection 

Colorectal 

cancer 

Biliary duct 

SN-38 

(active) 

Gut 

SN-38G 

(inactive) 



Solution for the elevated toxicity 
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β-glucuronidases 

Specific inhibitors 

Antibiotic 
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Inhibitors target gut bacterial enzyme  
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>10,000 chemicals 



Assessment for selectivity  
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Inhibitors 

gut microbiota 

Inhibitors 

liver 



Inhibitors eliminate the toxicity caused by irinotecan 
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Blood diarrheal events 

Histological damage Screened Inhibitor 

In vivo 



Summary 
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Active 

Inactive 

Toxic 

Inctive 

Active 

Gut microbiota  

 Apart from the liver, the gut microbiota plays a critical role in drug metabolism. 

 The gut microbiota is involved in prodrug activation, drug inactivation, and even drug 

toxicities elevation. 

Which body organ is the major site for drug metabolism? 



Future directions 
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 Study of the  interaction between gut microbiota  and drug metabolism could add a new 

dimension for personalized medicine.  

 Manipulation of the gut microbiota with dietary intervention or developed drugs could be a 

novel approach to enhance the efficacy or decrease the toxicity of drugs. 

Active 

Gut microbiota  

Inactive 

Toxic 
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Active 
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Thank you! 


