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Modulation of drug-metabolizing enzymes and transporters under hypoxia environment
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Abstract: Drug metabolism is significantly affected under hypoxia environment with changes of pharmacokinetics, expression and
function of drug-metabolizing enzymes and transporters. Studies have shown that hypoxia increases the release of a series of inflam-
matory cytokines which can modulate drug metabolism. Besides, both hypoxia inducible factor 1a (HIF-1a) and microRNA-mediated
pathways play a role in regulating drug metabolism. This article reviewed the impact and single-factor modulating mechanisms of drug
metabolism under hypoxia, and put forward the speculation and prospects of multi-factor modulating mechanisms.
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Table 1. Effect of hypoxia on pharmacokinetics of drugs

Drugs MRT C,.. t Ke AUC Vd CL Major enzymes Model/hypoxia References
Theophylline — — — — 40%'  21%' 26%° CYP1A2 Rabbit/Pa0,= 55 mmHg  [2]
Acetylsalicylic acid — - 25%'  34%' — - 53%' CYP2CI19 Rabbit/Pa0, = 429 mmHg [3]
Gentamicin — — 62%'  57%' — 47%'  11%' CYP3A4 Same as above [3]
Phenobarbitone — — — — — — 31%' CYP2C19 Same as above [3]
Ibuprofen — — 2% — — — — CYP2C9 SD rat/7 629 m [4]
simulated plateau
Metoclopramide 33% — — — — — 64%' CYP2D6 Wistar rat/Acute exposure [5]
to plateau (4 300 m)
Furosemide 89%' 68%' 118%' — 110%' — 52%'  CYP2C9 Same as above [6]
Dexamethasone 8% 61%' 40%' — 80% — 44%' CYP3A4 Same as above [7]
Metoprolol 47%' — 138%' — — — — CYP2D6 Same as above [10]
Propranolol 57%' 353%' 63%' < — 443%" — 81%' CYP2D6 Same as above [11]

T

. increased; *: reduced; MRT: mean residence time; C,,,,: maximum concentration; t,,: half-life time; Ke: elimination rate constant;

AUC: area under the concentration-time curve; Vd: apparent volume of distribution; CL: clearance.
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K2 ARBIRIE T 2 40 R A Ao 7 ) T A
Table 2. Effect of hypoxia on expression and activity of CYP isoforms

CYP mRNA Protein Activity Model Cause of hypoxia References
levels  expression
CYPIA 1 l Rat/liver Acute exposure to plateau (4 300 m) [12]
l 1 Rabbit/liver Hypoxia 48 h in 8% O, [14]
1 1 Croaker/liver Oxygen level of water = 1.7 mg/L [15]
(normal = 5 mg/L)
CYP2C — — 1 Rat/liver Acute exposure to plateau (4 300 m) [16]
i Bovine retinal endothelial cells Hypoxia exposure for 648 hin 1% O, [17]
CYP2E | 1 H-4-1I-E cell (rattus hepatoma) Hypoxia exposure for 24 h in 1% O, [18]
1 1 l Rabbit, rat/liver 1% O,/Acute exposure to plateau (4 300 m) [12, 14]
CYP3A 1 l Rat/liver Hypoxia exposure for 3 d in 9% O, [19]
1 Rat/liver Acute exposure to plateau (4 300 m) [20]
1 Human fetal liver cells CoCl,-induced hypoxia [21]

t :increased; | : reduced.
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Table 3. Modulation of cytokines on drug-metabolizing enzymes and transporters

Cytokines Targeted protein mRNA level/Protein expression/Activity Model/Hypoxia References
IFNa-2b CYP1A2/2C19/2D6  Activity| Patients with high-risk melanoma [30]
TNF-a CYP2Cl11 Activity] Patients with congestive heart failure [31]
IL-1p/IL-2 CYP1A2/1A2/3A6  Activity|/Protein expression| Rabbit/Hypoxia 48 h in 8% O, [35]
LPS CYP2C11/3A2/2E1  Activity|/Protein expression| Rat/LPS-induced inflammation [36]
LPS P-gp Activity1/Protein expression? Proximal tubular epithelial cells [37]
IL-1B/IL-6/TFN-y P-gp Protein expressiont Caco-2 cell [38]

1: increased; |: reduced.
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Fig. 1. Multi-factor modulating mechanism of drug metabolism under hypoxia environment. 4: The degradation process of HIF-1a in

the normal condition. HIF-1a is recognized by the ubiquitin ligase enzymes (Von Hippel-Lindau syndrome, VHL) after prolyl hydrox-

ylase domain (PHD)’s hydroxylation, then it can be ubiquitinated and degraded by proteasomes, and so HIF-1a remains a relatively

low level. B: Hypoxia induces inflammation and the release of cytokines, then cytokines will influence HIF-1a, NF-kB and microRNA,

which can regulate the DNA of nuclear receptor, drug-metabolizing enzymes and transporters, and their expression and structure.
Besides, HIF-1a will halt the degradation and stay in organism, because hypoxia inhibits PHD. IKK: inhibitor of kB kinase; PXR:
pregnane X receptor; CAR: constitutive androstane receptor; RXR: retinoid X receptor.
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