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Abstract Data analysis

Compounds that are potent inhibitors of one or more cytochrome P450 enzymes have a potential for drug-drug interactions. In vitro studies to CYP phenotyping:
determine IC,, or K. values for inhibition of the major human drug-metabolizing enzymes are currently very time consuming using traditional Half life (t, ) of the probe substrates was determined with the aid of Graph pad prism using non-linear regression.

methods (e.g., HPLC and fluorescent enzyme assays), which permit the evaluation of the activity of a single enzyme at one time. For most

CYP inhibition:

The IC,, values were calculated by non-linear regression,sigmoidal dose response curve using Graph pad prism software.

drugs, biotransformation is the major route of elimination, and oxidative metabolism by P450 enzymes is a common metabolic pathway.
Therefore, it is important to assess the relative contribution of metabolic pathways to the overall elimination processes and to identify the P450
isoforms responsible for oxidative reactions. A generic LC-MS/MS method for evaluating both the inhibition and phenotyping properties of NCEs

with respect to the major human drug-metabolizing P450 isoforms (3A4, 1A2, 2D6, 2C9 and 2C19) has been developed. The LC consisted of Resu Its and d iSCUSSion

binary mobile phase, 0.1 % formic acid in water (A) and 0.1 % formic acid in acetonitrile (B). The mobile phase was pumped at a flow rate of 1

ml/min using eclipse XDB-C18 column (5um, 4.6 X 150mm) with a gradient flow, 95% of A for 0.2 min and reaching to 5 % by 2.5 min and " The generic LC-MS/MS method developed has a unique feature wherein, 3200 QTRAP is used in both positive and negative scan modes
simultaneously and facilitates monitoring for probe substrates and metabolites having different polarities that require either negative or

maintained till 2.7 min, then regaining back to 95% at 2.8 min and maintained till 6.0 min. The MS/MS was tuned to the MRM transitions of
positive mode of detection

different compounds and the mass parameters were optimized for the analysis. For CYP inhibition studies, selective inhibitors towards specific
enzymes were used separately in HLM incubations. For CYP phenotyping analysis, respective substrates were incubated with individual = MRM transitions have been optimized for the probe substrates [Fig 1(a)] and metabolites [Fig 1(b)] in a cocktail approach

recombinant enzymes at pre-determined time points. The samples were processed and the supernatant from individual incubations was pooled - Exponential decay of probe substrates in the phenotyping assay is presented in Fig 2(a) individual analysis and 2(b) cocktail analysis
for LC-MS/MS analysis. This cocktail method offers an efficient, robust way to determine the cytochrome P450 inhibition and phenotype profile
of a large number of compounds. = Sigmoidal dose response curves for the measure of 1C, in the P450 inhibition assay Fig 3(a) individual and 3(b) cocktail analysis

= This method is applicable to resolve multiple substrates (CYP phenotyping) and metabolites (CYP inhibition) using cocktail approach

IntrOdUCtlon = CYP phenotyping results obtained using selective substrates for respective enzymes are in good correlation for both individual and
cocktail analysis (Table 6)

High-throughput compound screening methods and combinatorial chemistry employed in the drug discovery has led to increased number of

compounds to be evaluated rapidly in cytochrome P450 (CYP450) inhibition and phenotyping assays = The ICg, values obtained for CYP inhibition are comparable with the literature values (Table 7)

= Cytochrome P450 (CYP) enzyme family comprises multiple isoforms with different substrate specificities and catalyzes the

: : Fig 1(a): MRM transitions of probe substrates in a Fig 1(b): MRM transitions of metabolites in a
biotransformation of a vast number of drugs / ) ) g L ) . T
. . . . L L , _ cocktail mixture in the P450 phenotyping assay cocktail mixture in the P450 inhibition assay
| | Knowledge Of ‘the SpeCIfIC CYP Isoform responSIble for ‘the metabollsm Of a drug IS Crltlcal for ‘the predlctlon Of drug_drug Interactlons W XU of NMEM (3 para): Bxp 1, 190018200 amu rom Sample § {Testosterons_Sub_384-0 min-1) of DataSEDN . wit {Turbo Spray) Wax, 6.825 cpa. W XIG of <M (& paks]: Eop 1, 152.2 110.0 amu fom Semple 7 [HLA-GT anhi_Ln-metabolites_pookd_jWe10) of DELaGET 1wl |1 W5 Gprey... Mao 1.225 cpa.
= CYP isoform-selective substrates have been identified and commonly used for probing the role of specific CYP isoforms in drug metabolism Ethoxyooumaiin fL /\immphen
u Evaluation Of enzyme aCtiVity iS traditiona”y performed for a Single CYP iSOform at a time, WhiCh iS Iabor-intenSive, time'Consuming and .:"-lCQf:—hﬂHl‘Jl}!.l'il:-ExD‘.253.3‘|3;.35.rn||fl'OrHSEI:“NEBITe!t{ls;rOlE_Sll"p|_3.3«;-:lﬂ‘in-l'IO:—E:E.g‘;“.WfflTle-ﬁSD"!?"I . . . ;‘JE.X.Q.:IEJCPG. 1X|CQf~NﬂMI‘dD!.l'il:-ExD‘.ES.G'I:T:'.:IS.I'I'\IUf"OI“SE;I“GE?I‘HLM-E;'Mhi_Lﬂ-ﬂétib:Dlﬁéé_WO;E-r;11lg|OfDEIE.S.EFI.WIﬁITiI'DO-Sl}f!?'... : .h'Is:s:.J.Seecpe.
cost-ineffective o e f\ P /k
‘-% ‘% Dextromphan
" TO increase the throughpUt5 a miXture Of CYP prObe SUbStrateS Or indiViduaI SUbStrateS Can be inCUbated With Iiver microsomes and the _l XID{;fa.rmr.ﬂl'apats|::l:xp|2?131?'1:.:'35nwfron15_ril:pla3|Teatnsz:me St J-\j—ljnwln-l'lo:—.[;:::go?ri.wff|TL«Z;5591'5'."| : : 2 5:51.2.35‘5@6. :lXIG{;f.rli'dparﬂl:J:xp!335.3‘2;:35mnfromS::'\ple?l'HLh'l-;:w Lm-mat::-:utee m;:‘il:::-:glofD!Ii::rl.wlfflTlﬁ'D::prw... : : 5:5"‘1“-‘-?5‘@&
activities of several CYP isoforms are simultaneously assessed by cocktail analysis g 2o T g et
Ef Cckrarraihorpaan E B-betahydroxytestosterons

&
T T T T T T T T T T T = 208 T T T T T T T T T T T
0.5 1.0 1.5 240 25 g a5 49 4.5 5.0 8.5 0.5 1.0 1.5 240 2.5 a0 a5 49 45 540 8.8

Q.08

Time, min Time, min

= Here, we report a LC-MS/MS generic method based on 3200 QTRAP, for rapid and quantitative determination of multiple probe substrates
for CYP3A4, 2C9, 2019, 2D6, and 1A2 |Soforms |n a S|ng|e run, tha‘t Could be app“ed for both CYP phenotyp“’]g and |nh|b|t|on XIC of JRM 2 pairs); Exp 2, 204,00250,0 amu from Sample 8 (Testoserons_5ut_a84-0 min-1) of DalaBSE T 1w (Turbo Spray) B Wax. 3.325 opa. | W XIC of “MRM (& paks): Exp 1, 362.0212,0 amy from Sample 7 [HLWM-CT nhi_Lin-metabalites_pooled_ e 10) of DEtaSET Lwilt (Tubo Spray... Wex, 3.225 ops.

2385 W a2e5
Diclofenac o *
o5 i S-hydroxyomeprazele
2

T T T T T T T T T T T = 0.0 T T T
0.5 1. 1.5 20 25 30 3.5 4.0 45 50 85 0.5 1.0 1.5 2n 25 3.0 1.5 4.0 45 5.0 8.5
Time, min Tire, min
W XIC of -MRM (2 pairz); Exp 2, 217.07188.0 amu from Sample 8 (Testosterons_SuM_384-0 min-1) of DataSET Lwiff (Turbo Spray) Max. 850.0 cps. [ W XIG of -MRM (1 pair): Exp 2, 310.00268.0 amu from Sampe 7 (HLM-CT-inhi_Lin-metabolies_pookd_pM-10) of DalaSET 1 wiff (Turto Spray) Max. 4.295 cpa.

Intansity, cps

measurements

4.3z

4% hydroxydiclofenac

] 880
= 4
g 500 . 4
o S-mephenytoin
] 1.34 5
P e o
E ol ; ; 7 7 i i 7 r : : ; E 0.0 . T r T r . r T . T r
05 1.0 15 20 25 3.0 3.5 4.0 45 5.0 55 05 1.0 15 2.0 25 3.0 a5 40 &5 5.0 55

Timne, min Time, min

Intansity, cps
Intensity, cpa

Chemicals
Potassium phosphate, Nicotinamide adenine dinucleotide phosphate (NADPH), dimethylsulfoxide (DMSO), 6-B-hydroxytestosterone,
phenacetin, acetaminophen, dextromethorphan, dextrorphan, diclofenac, s-mephenyotin, omeprazole ethoxycoumarin, ketoconazole, Fig 2(a):Exponential decay of probe substrates F'Q_ 2(b):EqunentlaI c_lecay of probe substrates
furafylline, quinidine, sulfaphenazole and ticlopidine hydrochloride were purchased from Sigma-Aldrich. Testosterone was purchased from using individual analysis using cocktail analysis
Fluka, 4’-hydroxydiclofenac from Cayman Chemicals and 5-hydroxyomeprazole was purchased from [-DNA Biotechnology Pte Lid. 100 100
Recombinant CYP enzymes were purchased from Cypex Ltd and the human liver microsomes were purchased from BD Gentest. m EC m EC
100 v TST 10 v TST
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Table 1: Analytical method 21 o
LC parameters MS parameters 2 o2
0.1- (m 0.1+
System Agilent System AB 3200 QTRAP 0.0
: : ) Vi T T T T ) 0.01 T T T T !
Column ﬁ%l)e(n%%)%brﬁ;( Eclipse XDB-C18 column (5 um, Mode ES+ and ES- 0 10 20 30 40 50 0 10 20 20 20 20
Niobile phase | A: 0.1% HCOOH in water and B: 0.1 % HCOOH in | |lon spray voltage 5500 volts Time (min) Time (min)
acetonitrile
: : _ Table 6: Comparison of half life (t,,) between individual and cocktail analysis
Flow rate 1 mL/min Curtain gas (nitrogen flow) 10 psi -
. . Enzyme Substrate t,» (min)
Run time 6 min - . i - -
Injection volume | 10 pL (individual analysis) Temperature 650°C Individual analysls Cockiail analysls
| 59 uL (c?ocktall analysis) Collisionally activated NMedium CYP1A2 Ethoxycoumarin (EC) 4.7 4.3
Gradient '(I)'|(r)ne(m|n) ;/EA %58 dissociation (CAD) CYP3A4 Testosterone (TST) 24.5 22.9
0.2 95 5 CYP2D6 Dextromethorphan (DEX) 5.2 5.9
2.5 5 95 . CYP2C9 Diclofenac (Di) 14.3 17.3
27 5 95 lon spray gas 1 60 psi
28 95 5 : CYP2C19 S-mephenytoin (SM) 22.7 26.1
6.0 95 5 lon spray gas 2 65 psi
Fig 3(a): Sigmoidal dose response curve for Fig 3(b): Sigmoidal dose response curve for
i : . inati ing indivi | analysi | rmination usin ktail analysi
Table 2: MS/MS parameters of substrates used in Table 3: MS/MS parameters of metabolites used in CYP IC5, determination using individual analysis Cso dete ation using cocktail analysis
CYP phenotyping studies inhibition studies 1101 2
Compound ESI Transition pair | DP | EP | CE | | Compound ESI mode | Transition pair |[DP |EP |CE 100- s = CYP1A2 132‘ m CYP1A2
mode Q,/Q3 V) | (V) | (V) Q,/Q3 V) [(V) [(V) gg “ A CYP3A4 S 5o v CYP3A4
Eth ' Positi 191 /163 52| 10 | 24 | |A inoph Positi / S 70 CYPano :‘g 251 . ® CYP2D6
oxycoumarin ositive cetaminophen ositive 152 /110 16 | 4 | 25 £ 601 e CYP2C9 % o A CYP2CY
Testosterone Positive 289 /109 76| 5 33 | | 6-B-hydroxytestosterone | Positive 305 /269 75 | 9.5 | 19 £ 4518: CYP2C19 £ .25 a CYP2C19
= 2
Dextromethorphan | Positive 272 /171 60 | 10 | 52 ||Dextrorphan Positive 258 / 157 60 | 10 | 52 N gg: ° 32‘
Diclofenac Negative 294 / 250 -30 | -8 | -18 | |4’-hydroxydiclofenac Negative 310/ 266 -30 | -3 |-18 18: - -100+ a A
- . ) - - - ] — 10- ‘ : : : : : : -125 v v v v v v )
S-mephenytoin Negative 217 /188 47 | -10 27 | | 5-hydroxyomeprazole Positive 362 /214 45 6 | 18 0.0 0—*01 0001 061 01 o 100 1000 0.0001 0.001 0.01 0.1 1 10 100 1000
Inhibitor concentration Inhibitor concentration (M)
Table 4: CYP isoforms, substrates and their Table 5: Human liver microsomes, probe substrate
concentrations for CYP phenotyping concentrations and metabolites Table 7: Comparison of IC., using individual and cocktail analysis
Enzyme | Enzyme conc | Probe substrate | Substrate HLM protein | Probe substrate | Substrate conc Metabolite Inhibitor Substrate Enzyme IC;, (M) Literature
mol/ml conc (uM) mg/ml (M) IC;, (UM
(p ) (mg/mi) Single Cocktail so (M)
CYP1A2 150 Ethoxycoumarin 5 0.5 Phenacetin 20 Acetaminophen Furafylline Phenacetin CYP1A2 1.06 0.24 0.48 @
CYP3A4 50 Testosterone 5 0.25 Testosterone 50 6-B-hydroxytestosterone Ketoconazole Testosterone CYP3A4 0.04 0.04 0.1 0
CYP2D6 100 Dextromethorphan 5 0.5 Dextromethorphan 5 Dextrorphan Quinidine Dextromethorphan CYP2D6 0.11 0.06 <0.1 G
CYP2C9 75 Diclofenac 5 0.5 Diclofenac 5 4’-hydroxydiclofenac Sulphaphenazole Diclofenac CYP2C9 0.38 1.11 1.0 @
CYP2C19 100 S-Mephenytoin 10 0.5 Omeprazole 10 5-hydroxyomeprazole Ticlopidine Omeprazole CYP2C19 0.09 0.11 NA

NA:Not available

Assay procedure Summary

CYP phenotyping

The assay was done using recombinant CYP450 (CYP1A2, 3A4, 2D6, 2C9 and 2C19) along with the selective CYP probe substrate (Table 4). . : . , , N
= Allows for fast and simple assessment of the potential effects which drug candidates may or may not have on the metabolism and inhibition
Concentration of all the substrates was fixed at 5 uM except for S-mephenytoin, which was used at 10 pM. The substrate was incubated at 0, 5, of specific CYP450 probe substrates

The current methodology

15, 30 and 45 minutes. Percentage (%) remaining was calculated at each time point to determine the half life (t,,,)
» Takes advantage of fast gradient chromatography coupled to tandem mass spectrometry as a generic means of sample separation and
CYP inhibition analysis

The assay was done using human liver microsomes (HLM) monitoring for the individual enzymes (CYP1A2, 3A4, 2D6, 2C9 and 2C19) using their

= Provides early drug metabolism information with respect to drug-drug interactions that can be used to rationalize in vivo interaction studies

selective probe substrates (Table 5). The concentration of the selective substrates was at their K, values or less than K, values("). Amount of L .
required in the clinic

metabolite formed was calculated using standard curve ranging from 0.01-10 uM for respective metabolites. Percent inhibition was measured in

the presence of concentrations of test compounds ranging from 0.001 to 100 uM Refe re n Ces

Incubation mixture

The assay was done in a 96-well format. The incubation mixture consists of 100 mM potassium phosphate buffer (pH 7.4), optimized protein 1. Robert L. Walsky and R. Scott Obach (2004) Validated assays for human cytochrome P450 activities. Drug Metab. Dispos. 32:647-660

concentration of recombinant GYP enzyme or human liver microsomes (Tables 4 and 5), NADPH at final concentration of 1 mM in a total assay 2. Victoria A. Eagling, et al., (1998) Differential selectivity of cytochrome P450 inhibitors against probe substrates in human and rat liver
volume of 200 pL microsomes. Br J Clin Pharmacol. 45:107-114
Extraction procedure 3. Elizabeth A. Dierks, Karen R. Stams, Heng-Keang Lim, Ggeorgia Cornelius, Honglu Zhang, and Simon E. Ball (2001) A method for the

simultaneous evaluation of the activities of seven major human drug-metabolizing cytochrome p450s using an in vitro cocktail of probe

The extraction procedure used was common for both phenotyping and inhibition assays. After quenching the reaction with dimethylsulfoxide and ,
substrates and fast gradient liquid chromatography tandem mass spectrometry. Drug Metab. Dispos. 29:23—-29

acetonitrile (20:80), the sample was shaken for 15 min at 500-600 rpm on a plate shaker. Subsequently, the sample plate was centrifuged at
2000 rpm at 4°C. An aliquot of 75 pL of the supernatant was transferred to the polypropylene LC-MS plate for analysis. The supernatant collected 4. Richard Weaver, Ken S. Graham, lain G. Beattie, and Rob J. Riley (2003) Cytochrome p450 inhibition using recombinant proteins and

after extraction procedure was analyzed individually (single analysis) and was pooled for cocktail analysis mass spectrometry/multiple reaction monitoring technology in a cassette incubation. Drug Metab. Dispos. 31: 955-966



