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Abstract: The aim of this study is to establish the in vitro methods for the study of induction and inhibition
on CYP450 by drugs, and to validate the analytical method and incubation system. A method for the simulta-
neous determination of eight metabolites of seven subtypes of CYP450 enzymes probe substrates in human
liver microsomes (HLM) was established and validated. The incubation system was optimized to confirm the
incubation time and protein concentration of HLM, the enzyme activity of seven subtypes of CYP450 enzymes
in HLM was determined, and the inhibition effects on each CY P450s were checked by positive controls. The
method for the simultaneous determination of three metabolites of subtypes of CY P450 enzymes was established
and validated in human primary cultured hepatocytes (HPCH) using the incubation medium. The enzyme
activity of three subtypes of CYP450 enzymes in HPCH was determined, and the total RNA was extracted from
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HPCH after incubation. The expression of CYP450 enzymes were measured by Tagman fluorescence probe
method. The induction effects on each CYP450s were examined using the positive controls. The established
methods for the determination of metabolites of probe substrates were fully validated, and the results were
conformed to the requirements of bioanalytical method validation. The induction and inhibition effects on each
CY P450s were checked by positive controls. The established in vitro methods for the study of drug induction
and inhibition on CYP450 were simple and reliable, which could be used in the investigation of enzyme
induction or inhibition properties of new drug candidates and to evaluation the metabolic interactions of
concomitant medication in clinical.
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Table1l Primersand probesfor the quantitative real-time RT-PCR of CY P450 isoforms

Target mRNA sequence Primer/probe Sequence

CYP1A2 NM_000761.3 5'-Primer 5-AAA TGCTGT GTCTTC GTA AAC CAG-3

3-Primer 5'-CGC TCA GGC CGG AACTC-3

Probe 5'-(FAM) CCA GAG CTG TGG GAG GAC CCC TC (TAMRA)-3'
CYP2B6 NM_000767.4 5'-Primer 5-GCC ACC CTA ACA CCCATGAC-3

3'-Primer 5-TGA GTA GGCCTCTTC TAT CCA TCT G-3'

Probe 5-(FAM) CAC CAG GGC CCC GCCCTCT (TAMRA)-3'
CYP3A4 NM_017460.5 5'-Primer 5-GTG TGT TTC CAA GAG AAGTTA CAAATTT-3

3-Primer 5-CCA CTCGGT GCT TTT GTG TAT C-3

Probe 5-(FAM) CGA GGCGACTTTCTTTCA TCCTTT TTA CAG A (TAMRA)-3'
B-Actin NM_001101 5'-Primer 5-GAC TAC CTCATGAAGATCCTCACC-3

3"-Primer 5-TCT CCT TAATGT CACGCA CGA TT-3'

Probe 5'-(FAM) CGG CTA CAG CTT CAC CAC CAC GGC (TAMRA)-3'
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Table2 Incubation and enzyme activity determination parameters for CY P450s

CY P450 P Incubation condition Enzyme activity

enzyme Protein concentration/mg-mL ™ Time/min Substrate concentration/ pmol-L ™
CYP1A2 Phenacetin 0.250 10 5.00, 10.0, 30.0, 50.0, 100, 200, 400
CYP2B6 Bupropion 0.100 15 5.00, 10.0, 30.0, 50.0, 100, 200, 500
CYP2C8 Amodiaguine 0.100 10 0.300, 0.600, 1.00, 2.00, 5.00, 10.0, 20.0
CYP2C9 Diclofenac 0.250 10 1.00, 2.00, 5.00, 10.0, 50.0, 100, 200
CYP2C19 S-Mephenytoin 1.00 60 2.00, 5.00, 10.0, 30.0, 60.0, 100, 200
CYP2D6 Dextromethorphan 0.100 20 0.100, 0.500, 1.00, 5.00, 10.0, 20.0, 30.0
CYP3A4/5 Midazolam 0.100 5 0.200, 0.500, 1.00, 3.00, 10.0, 20.0, 50.0
CYP3A4/5 Testosterone 0.100 15 5.00, 10.0, 20.0, 50.0, 100.0, 200, 300
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Table3 50% inhibition concentration (ICsg) determination parameters for CY P450s

(;:;4;2 Substrate Substrzjtfrggr Eiman on PO;t: \rlxsicb?trgrrd Positive control concentration/ pmol-L ™
CYP1A2  Phenacetin 150 a-Naphthoflavone 0, 0.00100, 0.00500, 0.0100, 0.0300, 0.0600, 0.100, 1.00, 10.0
CYP2B6  Bupropion 100 Thiotepa 0, 0.100, 0.500, 1.00, 5.00, 10.0, 20.0, 50.0, 100
CYP2C8  Amodiaguine 2.00 Quercetin 0, 0.0500, 0.100, 0.500, 1.00, 2.00, 5.00, 10.0, 20.0
CYP2C9  Diclofenac 10.0 Sulfaphenazole 0, 0.0100, 0.0500, 0.100, 0.300, 0.600, 1.00, 3.00, 10.0
CYP2C19 SMephenytoin 35.0 Ticlopidine 0, 0.00500, 0.0500, 0.500, 2.00, 5.00, 10.0, 20.0, 50.0
CYP2D6  Dextromethorphan 10.0 Quinidine 0, 0.100, 0.200, 0.500, 1.00, 2.00, 5.00, 10.0, 20.0
CYP3A4/5 Midazolam 2.00 Ketoconazole 0, 0.00100, 0.0100, 0.0500, 0.100, 0.500, 1.00, 5.00, 10.0
CYP3A4/5 Testosterone 50.0 Ketoconazole 0, 0.000100, 0.000500, 0.00100, 0.00500, 0.0100, 0.100, 1.00, 5.00
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Table 4 The multiple reaction monitoring (MRM) parameters of the metabolite of probe substrate and internal standard. IS: Internal
standard; DP: Declustering potential; EP: Entrance potential; CE: Collision energy; CXP: Collision cell exit potential
Study CY P450 enzyme Analyte MRM transition DPIV EP/V CE/V CXPIV
Inhibition CYP1A2 Acetaminophen 152.2 — 110.1 100 10 21 12
CYP2B6 Hydroxybupropion 256.1 — 238.1 65 7 20 18
CYP2C8 N-Desethyl amodiaquine 328.2 — 2832 120 10 26 22
CYP2C9 4'-Hydroxydiclofenac 312.1 — 266.1 100 10 175 20
CYP2C19 4'-Hydroxymephenytoin 2352 — 150.1 120 10 25 20
CYP2D6 Dextrorphan 258.3 — 157.1 130 10 47 13
CYP3A4/5 1'-Hydroxymidazolam 305.3 — 269.3 120 12 18 18
CYP3A4/5 6-Hydroxytestosterone 342.1 — 324.1 120 10 28,5 22
IS Ornidazole 220.1 — 128.0 120 10 20 13
Induction CYP1A2 Acetaminophen 152.2 — 110.1 120 10 21 12
CYP2B6 Hydroxybupropion 256.1 — 238.1 120 10 20 18
CYP3A4/5 6-Hydroxytestosterone 305.1 — 324.1 120 10 18 18
IS Ornidazole 220.1 — 128.0 120 10 20 13

Table5 Standard curves range, QC levels and typical standard curves for the assay of metabolites. SC: Standard curve; QC: Quanlity

control
Study Analyte SC range/nmol -L* QC level/nmol-L ™t Typical standard curve

Inhibition Acetaminophen 25.0-2 500 60.0, 300, 2 000 f=4.65e°xC-1.18*r=0.9990
Hydroxybupraopion 10.0-1 000 24.0, 120, 800 f=175¢*x C—2.22¢*1r=09997
N-Desethyl amodiaquine 5.00-500 12.0, 60.0, 400 f=290e*xC-9.77e > r=09999
4'-Hydroxydiclofenac 250-25 000 600, 3 000, 20 000 f=5.04e°x C+2.16e* r=0.9999
4'-Hydroxymephenytoin 100-10 000 240, 1 200, 8 000 f=216e°xC-175¢ % r=09997
Dextrorphan 5.00-500 12.0, 60.0, 400 f=1.34e*x C-9.90e > r=09999
1'-Hydroxymidazolam 5.00-500 12.0, 60.0, 400 f=419"*x C-1.99%* r=09993
64-Hydroxytestosterone 100-10 000 240, 1 200, 8 000 f=2726°xC-505">r=09998

Induction Acetaminophen 100-40 000 250, 3 000, 32 000 f=6.13e%x C+-541e* r=0.9992
Hydroxybupropion 100-40 000 250, 3 000, 32 000 f=241etxC+1.25¢°r=09976
6-Hydroxytestosterone 100-40 000 250, 3 000, 32 000 f=361e?xC-367e*r=09990
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Figure1l Typica chromatograms of the metabolite of probe substrate and IS in human liver microsome (HLM) or incubation median
(IM) of human primary hepatocyte. A: Blank human liver microsome sample; B: HLM sample spiked with the metabolite of probe
substrate and IS; C: HLM sample obtained after incubation; D: Blank IM sample; E: IM sample spiked with the metabolite of probe

substrate and IS; F: IM sample obtained after incubation.

ACE: Acetaminophen; OH-BUP: Hydroxybupropion; N-De-AMO: N-Desethyl

amodiaquine; 4'-OH-DIC: 4'-Hydroxydiclofenac; 4'-OH-MEP: 4'-Hydroxymephenytoin; DEX: Dextrorphan; 1'-OH-MID: 1'-Hydroxy-

midazolam; 64-OH-TES: 63-Hydroxytestosterone; |S: Ornidazole
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Table6 Enzyme activity of human liver microsomes and |Cs of positive control. n=3, X=+s
2:;4;2 Substrate Positive control — K/umol L * T ICsp/umol-L~*
CYP1A2 Phenacetin a-Naphthoflavone 114 + 33 1.7-152 0.0220+0.012 3
CYP2B6 Bupropion Thiotepa 158 + 108 67-168 0.444 + 0.068
CYP2C8 Amodiaquine Quercetin 2.61 + 0.06 24 155+ 0.69
CYP2C9 Diclofenac Sulfaphenazole 9.16 + 1.17 3.4-52 0.966 + 0.348
CYP2C19 S-Mephenytoin Ticlopidine 16.6 + 6.6 13-35 0.223 + 0.106
CYP2D6 Dextromethorphan Quinidine 202+ 12.8 0.44-85 0.685 + 0.266
CYP3A4/5 Midazolam Ketoconazole 1.60+0.34 1.0-14 0.773+0.178
CYP3A4/5 Testosterone Ketoconazole 781+ 4.7 52-94 0.968 + 0.144
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