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Abstract: The major non-P450 enzymes involved in the oxidative metabolism of drugs are: the flavin-
containing monooxygenase (FMO), the monoamine oxidase (MAO), the aldehyde oxidase (AO), the xanthine
oxidase (XO), the alcohol dehydrogenase (ADH) and the aldehyde dehydrogenase (ALDH). In recent years,
the role of non-P450 enzymes in drug oxidative metabolism has garnered increasing attention. However, the
contribution of non-P450 enzymes to the drug oxidative metabolism is possibly underestimated in many cases, as
most metabolism studies in drug discovery and lead optimization are conducted using in vitro test systems related
to P450 enzymes. In this article, these non-P450 enzymes in terms of catalyzed reaction types, common substrates,
gene polymorphism and drug interaction are reviewed, and the in vitro models and factors for non-P450-mediated
oxidative metabolism are summarized. Similar to P450 enzymes, non-P450 enzymes can directly catalyze the
oxidation of drugs, yielding therapeutically active metabolites or toxic metabolites. These enzymes can also
oxidize the toxic metabolites, generated from P450-catalyzed reaction, to nontoxic metabolites. In general,
most non-P450 enzymes (such as FMO and MAQ) appear to be much less inducible than P450 enzymes.
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Figure 1 Flavin-containing monooxygenase (FMO)-mediated
oxidative metabolism of deacetyl-ketoconazole (A), tamoxifen
(B) and cimetidine (C)
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Figure 2 Monoamine oxidase (MAO)-mediated oxidative

metabolism of sumatriptan (A) and MPTP (B)
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Figure 3 AO-mediated oxidative metabolism of BIBX1382 (A),
MTX (B) and allopurinol (C)
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Table 1 The AO isoforms expressed in the liver and other tis-
sues of humans, chimpanzees and popular animal experimental
models™”

. . Liver Other
Animal species . . Pseudogenes
isoenzyme(s)  isoenzyme(s)
Human AOXl1 - AOX3, AOX3L1

Chimpanzee AOX1 - AOX3, AOX3L1

Rhesus monkey AOX1 AOX311 AOX3, AOX4
Guinea pig AOX1 AOX4, AOX311 -

Dog - AOX4, AOX31l AO0XI, AOX3

Cat - AOX3l1 AOXI, AOX4

Pig - AOX3l1 AOXI, AOX3, AOX4
Mouse AOX3, AOX1 AOX4, AOX3ll —

Rat AOX3, AOX1 AOX4, AOX3ll -

Rabbit AOX3, AOX1 AOX4, AOX3ll -
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Figure 4 Xanthine oxidase (XO)-mediated oxidative metabolism
of hypoxanthine (A) and allopurinol (B)
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Figure 5 Alcohol dehydrogenase (ADH)-mediated oxidative metabolism of felbamate (A) and abacavir (B)
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Figure 6 Aldehyde dehydrogenase (ALDH)-mediated oxidative metabolism of cyclophosphamide
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Table 2 Non-P450-mediated drug oxidative metabolism
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Figure 7 Decision tree to guide decision-making on the

enzymes involved in drug oxidation
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Enzyme Oxidative reaction Examples of substrate Inducer Inhibitor Polymorphism
Flavin monooxygenase N-Oxidation Deacetyl-ketoconazole; Phenobarbital; Sex Indole-3-carbinol; FMO3
(FMO) Tamoxifen hormones Methimazole
S-Oxidation Cimetidine
Monoamine oxidase Oxidative 5-Hydroxytryptamine; Estradiol Clorgiline; Almoxatone;
(MAO) deamination Sumatriptan Lazabemide; Phenelzine
Dehydrogenation MPTP
Aldehyde oxidase (AO) C-Oxidation BIBX1382; Methotrexate; Phthalazine; TCDD; Estradiol; Menadione;
(N-Heterocycles)  Allopurinol; SGX523; FK3453 Melatonin Raloxifene; Hydralazine
Xanthine oxidase (XO) C-Oxidation Hypoxanthine; Allopurinol Interferon; TCDD; Allopurinol; Oxipurinol;
(Purines) Lipopolysaccharide Methotrexate
Alcohol dehydrogenase Alcohol oxidation  Celecoxib; Butylphthalide; Estradiol; Androgen 4-Methylpyrazole ADH2; ADH3
(ADH) Abacavir; Felbamate; Tivantinib
Aldehyde dehydrogenase Aldehyde oxidation Cyclophosphamide Phenobarbital; TCDD; Disulfiram ALDH2

(ALDH)

Methylcholanthrene
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