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The effect of high-altitude hypoxia on drug metabolism is mediated
by gut microbiota
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Abstract: The activity and expression of drug metabolizing enzymes and transporters changes significantly
under high altitude hypoxia. The gut microbiota is an important factor affecting the metabolism of drugs through
direct and indirect actions, changing the bioavailability, biological activity or toxicity of drugs and affecting the
efficacy and safety of drugs. High altitude hypoxia significantly changes the structure and diversity of the gut
microbiota, which may play a role in drug metabolism. This article reviews the effects of high-altitude hypoxia on
the gut microbiota and the effects these changes on drug metabolism.
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Table 1 Summary of drugs metabolized by gut microbiota. T : Increase; | : Decrease

Drug Involved bacteria or enzyme Effect Metabolic outcome Reference

Acetaminophen  Clostridium difficile, p-cresol ~ Activity | Microbial metabolite p-cresol compete for clearance by hepatic [46]
sulfotransferase and diminish the host's metabolic capacity for phase I1
sulfonation of acetaminophen

Digoxin Eggerthella lenta Activity | Metabolism of digoxin to dihydrodigoxin by Eggerthella lenta causes a [47]
decrease in cardio-activity to inhibit Na*/K"-atpase and/or toxicity

Tenofovir Bacteroides spp. Toxicity T Inactivation of the hepatic enzyme dihydropyrimidine dehydrogenase, [48]
by which the detoxication of 5-fluorourail

Nitazepam Nitroreductase, Clostridium,  Toxicity T Gut microbial enzymes convertion to 7-aminonitrazepam, followed by [49]

Bacteroides, Eubacterium acetylation to 7-acetylaminonitrazepam in the liver

Levodopa Enterococcus faecalis Activity |  Gut microbes convert L-tryptophan into the bioactive neurotransmitter [50]
tryptamine but generate a toxic byproduct

Tacrine S-Glucuronidase Toxicity T Gut microbial enzymes reactivate glucuronidated with associated [51]
gastrointestinal side effects

Irinotecan S-Glucuronidase, Escherichia  Toxicity T Irinotecan is converted to SN-38-G by the host and converted back into [52]

coli, Streptococcus agalactiae cytotoxic SN-38 in intestine with associated gastrointestinal side effects

Indomethacin p-Glucuronidase Toxicity T Gut microbial enzymes reactivate glucuronidated with associated [53]
gastrointestinal side effects

Diclofenac p-Glucuronidase Toxicity T Gut microbial enzymes reactivate glucuronidated with modulated the [53]
susceptibility to tacrine-induced transaminitis

Enalapril Carboxylesterase Activity T De-esterification by gut microbial enzymes may partly contribute to- [7]
ward the metabolism of enalapril

Aspirin Carboxylesterase Toxicity T Gut microbial enzymes may modulate the pharmacokinetics of aspirin, [54]
consequently leading to the potentiation of its therapeutic or side-effects

Sulfasalazine Azoreductase Activity T Sulfasalazine is prodrug converted to the active agent 5-aminosalicylic [55]
acid by gut microbes azoreductase

Balsalazide Azoreductase Activity T Enzymatic cleavage of azo-bond to sulfanilamide 5-aminosalicylic acid [55]

Olsalazine Azoreductase Activity T Enzymatic cleavage of azo-bond to sulfanilamide 5-aminosalicylic acid [55]

Sulfonamide Azoreductase Activity T Enzymatic cleavage of azo-bond to sulfanilamide 5-aminosalicylic acid [56]

Oxaliplatin Butyric acid Activity T Gut microbial metabolite butyrate could promote antitumor therapeutic [57]

efficacy through the ID2-dependent regulation of CD8" T cell immunity
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Figure 1 The sites and enzymatic processes involved in the drug metabolism by gut microbiota. There are both direct and indirect mecha-

nisms through which the gut microbiome can influencedrugs metabolism to modulate efficacy, absorption, and bioavailability
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Figure 2 A hypothetical network view on the interactions between gut microbiota and transcription factors under hypoxia. The network

contains gut microbiota and its target genes. Hypoxia condition affects the function and composition of the gut microbiota. Inflammation

activates the family of transcription factor called nuclear factor-kappa B (NF-xB). The IxB kinase (IKK) complex is the signal integration

hub for NF-«B activation. IKB: NF-«B inhibitory protein. After ligand binding, NRs and some components of the chaperone complex trans-

locate to the nucleus, where NRs binds DNA-responsive elements to control gene expression
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