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AUC : Area under the plasma concentration—time curve
Cmax : Maximum plasma concentration

CYP : Cytochrome P450

FL : Fluorescence detector

FMO : Flavin-containing monooxygenase

GFJ : Grapefruit juice

HPLC : High performance liquid chromatography

IS : Internal standard

LC-MS/MS : Liquid chromatography-tandem mass spectrometry
LLOQ : Lower limit of quantitation

MAO : Monoamine oxidases

NAT : N-acetyltransferase

OATP : Organic anion transporting polypeptide

QC : Quality control

R? : The correlation coefficient

Tmax : Time to peak plasma concentration

UGT : UDP-glucuronosyltransferase
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Fig. 1 Clearance mechanisms for the top 200 drugs prescribed in the United States in 2002.
Left panel, listed enzymes contributing to clearance for metabolized drugs ; Right panel, proportion of
CYP substrates in the top 200 metabolized by each listed member of that subfamily.
CYP: cytochrome P450, UGT: UDP-glucuronosyltransferase, FMO: flavin-containing
monooxygenase, NAT : N-acetyltransferase, MAO : monoamine oxidases
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Table 1 CYP probe drugs of previous cocktail approach.

Cocktail name CYP probe drugs References

Cooperstown CYP1A2 (caffeine), CYP2C19 (omeprazole), Streetman et. al. (2000) 22
CYP2D6 (dextromethorphan), CYP3A4 (midazolam)

Cooperstown 5+1 CYP1A2 (caffeine), CYP2C9 (warfarin+vitamin K), Chainuvati et. al. (2003) 23
CYP2C19 (omeprazole), CYP2D6 (dextromethorphan),
CYP3A4 (midazolam, i.v.)

Karolinska CYPL1A2 (caffeine), CYP2C9 (losartan), Christensen et. al. (2003) 2%
CYP2C19 (omeprazole), CYP2D6 (debrisoquin),
CYP3A4 (quinine)

Inje CYP1A2 (caffeine), CYP2C9 (losartan), Ryu et. al.(2007) 29
CYP2C19 (omeprazole), CYP2D6 (dextromethorphan),
CYP3A4 (midazolam)
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Fig. 2 Structures of the CYP probe drugs and their metabolites.

(a): caffeine, (b): losartan, (c): omeprazole, (d): dextromethorphan, and (e): midazolam,
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(f): paraxanthine, (g): losartan carboxylic acid (E3174), (h): 5-hydroxyomeprazole, (i): dextrorphan,

(i): 1'-hydroxymidazolam.
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1-2-2.  HEH R OMCHIRE ORE
1-2-2-1.  (f4EY > 7 OFTLEE T ik
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KR T CARIEHLE L, 7%7E % methanol 300 pL CTHEEEE L., HEEEL T CRE Lz,
Methanol 100 pL CTHEAEEE L7-, FEMKRE~A 7 a7 4% — (Millex-LG, 0.20 pm, EMD
Millipore, Billerica, MA, USA) Tl L. 10 uL % LC-MS/MS HEEHE L7z,

1-2-2-2. RV > TV ORIAER S5k

SR> 7 0.1 mL (2 B-glucuronidase (500 U) ¢ 50 mM sodium acetate % (pH 5.0)1 mL %
WML, 37°C T4 Wl A »F 2 _X— M L7, A U FaX— K LR 70 0.3 mL 1T
U & L C nitrazepam (10 ng) Z¥RANL . acetonitrile 900 pL % b0z [EAH#EHE (Ostro™
96-Well Plate) %477, flitiikz~A 7 v 7 ¢ /L% —(Millex-LG, 0.20 um) TygiE L, 10 uL
% LC-MS/MS FI#lElE LTz,
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PR KO~ Y 7 2R OFHMIE, 5 & YR D Quality control (QC) o 7 /L% v
T2 1B (RBEKOHEE) TfTo7-, QC ¥ 7V IL, caffeine & O® paraxanthine (IfiL
3} OVR;10, 1000 ng/mL). losartan (IiL4%;1, 100 ng/mL. J&;10, 1000 ng/mL), E3174 (If%%;1, 100
ng/mL. J&; 10, 1000 ng/mL). omeprazole (Ifi.4%;1, 100 ng/mL). 5-hydroxyomeprazole (Ifi#;1, 100
ng/mL), dextromethorphan (ifi.#;0.2, 10 ng/mL, J&;0.1, 10 ng/mL), dextrorphan (fi.#i;0.1, 10 ng/mL,
JK; 10, 1000 ng/mL), midazolam (if. 4% &% OVK;0.1, 10 ng/mL). 1'-hydroxymidazolam (ifi5%;0.1, 10
ng/mL. JK;1,100 ng/mL) & L7z, ENERIL QC Yo T LRy 7o —27 =) 7 TH
HU7co~ B Y w7 220803 8y o 7 v e it o 7 rov—27 = U 7HTRI L. 2,

1-2-2-4. LC-MS/MS 41
HPLC % 1100 LC system (Agilent Technologies, Wilmington, DE, USA) % L7=, s Z
1% CAPCELL PAK C18 MGIII (150 mm x 2 mm; id, 5 pm, &A%, H0)&EH L, FLh T



2% CAPCELL PACK C18 MGIII S-5 (10 mm x 2 mm; id, 5pum, &A%, W) EH L=, &
7 LIRFEIL 40 °C & L7z, B#EFHIZ 10 mM ammonium acetate (A) X (¥ acetonitrile (B) % AV >, ¥
X 0.2 mL/min, JIERZ 12 57 & L7c, HIE 0-6 731 A:B (77.5:22.5), 6-12 731X A: B (1:
9L L7,

BB 4% API 3000 systems (Applied Biosystems, Forester City, CA. USA) i/ L7-, 1=
11t 1% Electro Spray lonization {512 X 0 51 A b3 H, ZALAEP D tranzition (m/z) O}
T RA—=Z 5B E LT (Table 2), T XTOENEROT —ZfEMTIZ. Analyst software (version
1.4.1, AB SCIEX, Framingham, MA, USA) % N TIT - 7=, MR Table 3 TR L7 4 1
WTTERK L, 1% CHIE L T2,

Table 2  Analytical parameters for LC-MS/MS.

/Cn:gagmz drugs Polarity Pr?;‘jgor PE;‘:;‘)“ DP(V) CE(eV) CXP(V)
CYP1A2
Caffeine + 195 138 60 30
Paraxanthine + 181 124 60 30
CYP2C9
Losartan + 423 207 60 22
E3174 + 437 235 60 16
CYP2C19
Omeprazole + 346 198 60 10 8
5-hydroxyomeprazole + 362 214 60 12 8
CYP2D6
Dextromethorphan + 272 171 60 38 8
Dextrorphan + 258 199 60 26 8
CYP3A4
Midazolam + 326 291 60 24
1'-hydroxymidazolam + 342 324 60 20
Internal standard
Nitrazepam + 282 236 60 52 8

DP, Declustering potential; CE, Collision energy; CXP, Collision cell exit potential.



1-2-3. fERERR A Z x5 & U iR
1-2-3-1. %%

PR IR A B 4 44 T, 4EHD 36.0+3.4 5%, AT 81.5+13.1 kg (¥ HEAERZE) T
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A 7Z—/LEE (omeprazole, 20 mg), A ¥ =2 > §E (dextromethorphan, 30 mg). K/L 3 4 AjE
(midazolam, 15 pg/kg) %17 73K E UCRIHICIRA Lo, WGl &5 0.5, 1, 1.5,
2, 3, 4, 6 KO8 HFMICERIM AT -7, LIEERMEIZ 7mL & L, MK L v iy 7 vz sy
it L —80°C CIRAF LT, ETEMIERT) O G4 8 KFfH £ THIR ATV, —80CTIRIEL 72,
AFE TR L 72 FiEa VT, i & OVR o DKW BE e OV ARSI B 2 e LT,
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1-3-1. K O E O fIE

MAER QSR D S FEHEY) & N5 DORBH O —7 13,44 5505 11.7 53 ORI Sz
(Fig. 3), IMAEH & QR FEEY IR EE DM BRI, Table 3 1Z/R Lz BB CHIN BIF72E
PR 2 7R L72(R?>0.946), & &IZH T DFEXIRAZE M OVEEREIT, 2 TOIEWITI Tl
BT NATHT G 15%LL R RV 7L T15% K (N 16%LL T T - 7=(Table 4 } U8 Table 5),
MAE R QPR > 7 AT BRI 66.4% &% N 7T7.5%LL ETH 7=, ~ MU v 7 ZEh5E,
MY > 7 TN T 89.6%-115%. SR> 7z T 86.0%-116% Tdh v . & ERIE &
mHEFELNY M v 7 ZARITRD b0 D),

1-3-2.  fEFERR A Z XIS E U BB~ DS

717 T VEEEe b 8 REff R £ T MR EHER 3G S i, FRIRFZEE O CYP 1EMEZ 37
HZEMABETH -T2 (Fig. 4), £7-. B 7 TV S 8 REi14 2 81T 5 I 3K OV O
YO IMFEPIEIEFE 1L, WIS ARFIED D 7 T ARBRICBIT D ERRALL ETH 72, F
7oy A7 TNEEE#HOKEEE R RZDORBMORPHEMEL ER®T 5 ENARETH -T2
(Table 6),



Caffeine Paraxanthine

1.0e5 4 5.5 5.0e* 4.4
5.0e*
1.0e*
Losartan E3174
1.0e5 10.6 10.3
1.0e*
5.0e°
Omeprazole 5-hydroxyomeprazole
10.8 1.0e6 104
2.0e® -
1.0¢6 - 301
Dextrormethorphan Dextrorphan
1.0e6 - 11.2 1.0e% 9.5
5.0e° 5.0e*
Midazolam 1I'-hydroxymidazolam
: 1.0e8 4 11.2
106 | 11.7 e
5.0e° 5.0e° 1
T 0 35 10 15
Nitrazepam (IS) Time (min)
11.1
1.0ef 4
5.0’ 1

0 5 10 15
Time (min)
Fig. 3 LC-MS/MS chromatograms of CYP probe drugs and their metabolites, present at a
concentration of 100 ng/mL in human plasma.



Table 3 Calibration curves, linearity, and sensitivity of the assay in human plasma and urine.

CYP probe drugs Retention time Calibration Correlation coefficients LLOQ
/metabolite (min) range (ng/mL) (R?) (ng/mL)
Plasma
Caffeine 55 10-10000 0.988 + 0.017 10
Paraxanthine 4.4 10-10000 0.946 + 0.043 10
Losartan 10.6 1-1000 0.988 £ 0.014 1
E3174 10.3 1-1000 0.968 + 0.018 1
Omeprazole 10.8 1-1000 0.990 £ 0.010 1
5-hydroxyomeprazole 10.4 1-1000 0.980 £ 0.014 1
Dextromethorphan 11.2 0.2-100 0.981 + 0.009 0.2
Dextrorphan 9.5 0.1-100 0.975+0.013 0.1
Midazolam 11.7 0.1-100 0.980 + 0.024 0.1
1'-hydroxymidazolam 11.2 0.1-100 0.986 +£ 0.011 0.1
Urine
Caffeine 5.5 10-10000 0.963 £ 0.027 10
Paraxanthine 4.4 10-10000 0.990 £ 0.012 10
Losartan 10.6 10-10000 0.986 £ 0.012 10
E3174 10.3 10-10000 0.983 £ 0.022 10
Dextromethorphan 11.2 0.1-100 0.974 + 0.003 0.1
Dextrorphan 9.5 10-10000 0.988 + 0.009 10
Midazolam 11.7 0.1-100 0.992 + 0.003 0.1
1'-hydroxymidazolam 11.2 1-1000 0.988 £ 0.011 1

Correlation coefficients represent as mean + SD.

LLOQ, lower limit of quantitation.

Calibration curves were generated using 6 different concentrations of each drug and metabolite within
the calibration range, and the data were analyzed by weighted linear regression (weighting factor, 1/x?).
LLOQ defined by the lowest concentration within the linear range of the calibration curves that gives
an acceptable accuracy from 80% to 120% and a precision of < 20% 27
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Table 4 Precision, accuracy, recovery and matrix effect in the quality control sample of plasma.

CYPProbe UGS concamrzion  concentraon  Precision. Accuracy - Recovery (o

(ng/mL) (ng/mL) (%)

Caffeine 10 9.92 +0.08 0.9 99.2 102 94.7
100 108 +8.56 7.9 108 - -

1000 911+46.1 51 91.1 94.1 105
10000 9130 £ 766 8.4 91.3 - -

Paraxanthine 10 10.4+£0.99 9.5 104 86.8 102
100 112 +10.5 9.4 112 - -

1000 995 £ 133 13.4 99.5 83.4 95.3
10000 10100 + 1315 13.1 101 - -

Losartan 1 0.98 + 0.02 2.2 97.8 100 96.2
10 10.3+0.49 4.7 103 - -

100 99.8+£9.19 9.2 99.8 102 97.5
1000 920 £59.3 6.4 92.0 - -

E3174 1 1.00 + 0.06 6.1 100 80.0 115
10 8.83+1.03 11.7 88.3 - -

100 90.6 +11.7 12.9 90.6 72.3 113
1000 1150+ 31.1 2.7 115 - -

Omeprazole 1 0.98 +0.04 3.7 98.3 104 90.9
10 9.73+£0.43 4.4 97.3 - -

100 99.1+8.27 8.4 99.1 103 95.2
1000 914 + 104 11.4 914 - -

5-hydroxyomeprazole 1 1.02 £0.03 34 102 95.1 93.9
10 9.59+£0.76 7.9 95.9 - -

100 88.6 +5.74 6.5 88.6 109 96.8
1000 1100 + 29.6 2.7 110 - -

Dextromethorphan 0.2 0.20 £ 0.004 1.8 100 97.4 108
2 1.73+0.26 15.0 86.5 - -

10 10.8 + 1.06 9.8 108 105 93.3
100 9.67 + 6.26 6.5 96.7 - -

Dextrorphan 0.1 0.10 £ 0.001 1.0 100 66.4 94.8
1 1.04 £0.14 13.4 104 - -

10 10.1+0.59 5.9 101 67.1 94.5
100 106 +9.07 8.6 106 - -

Midazolam 0.1 0.11+0.01 7.5 107 106 89.6
5 5.18 £ 0.60 11.6 104 - -

10 10.1+0.39 39 101 112 96.2
100 93.8 +3.37 3.6 93.8 - -

1'-hydroxymidazolam 0.1 0.11+£0.01 9.6 111 106 106
2 1.99+0.23 11.4 99.3 - -

10 10.6 + 0.67 6.4 106 102 107
100 90.3 £ 7.67 8.5 90.3 - -

Each value represents as mean = SD. The interday accuracy and precision were assessed by each QC
samples with 5 different determinations on 3 different days. The recovery and the matrix effect were

assessed for QC samples at 2 different concentrations (low and middle).
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Table 5 Precision, accuracy, recovery and matrix effect in the quality control sample of urine.

Nominal Measured . Matrix
C%@[gg&ﬂfaugs concentration  concentration Pre(%/los)lon Acg;or)acy Re((:%ery effect

(ng/mL) (ng/mL) (%)

Caffeine 10 9.84+£0.15 1.4 98.4 110 97.4
100 108 £ 2.26 2.1 108 - -

1000 1110 £57.3 5.2 111 79.6 80.6
10000 8740 + 1270 14.6 87.4 - -

Paraxanthine 10 10.1+0.48 4.8 101 91.3 106
100 107 £ 145 13.6 107 - -

1000 946 +47.3 5.0 94.6 116 110
10000 10200 + 1070 10.5 102 - -

Losartan 10 9.78 £0.15 1.5 97.8 97.0 100
100 115+ 11.8 10.3 115 - -

1000 939 £ 53.7 5.7 93.9 85.0 94.0
10000 8710 = 270 3.1 87.1 - -

E3174 10 9.92+0.23 2.3 99.2 76.2 87.9
100 106 £ 15.9 15.0 106 - -

1000 948 + 64.2 6.8 94.8 97.4 86.0
10000 9620 + 1180 12.2 96.2 - -

Dextromethorphan 0.1 0.10 £ 0.001 11 101 85.0 98.6
1 1.12 +0.05 4.3 112 - -

10 10.6 +0.74 7.0 106 103 92.0
100 84.4+£105 12.4 84.4 - -

Dextrorphan 10 9.89 + 0.05 0.5 98.9 88.1 112
100 104 + 6.46 6.2 104 - -

1000 1090 £ 60.8 5.6 109 96.7 116
10000 8720 =500 5.7 87.2 - -

Midazolam 0.1 0.10 £ 0.001 1.2 101 95.2 97.8
1 0.97 £0.06 5.9 96.6 - -

10 9.43+0.75 7.9 94.3 77.5 94.5
100 107 £ 2.33 2.2 107 - -

1'-hydroxymidazolam 1 1.01 £0.03 2.6 101 99.6 90.9
10 10.7+£1.32 124 107 - -

100 95.5+6.25 6.5 95.5 97.7 94.4
1000 1060 + 115 10.9 106 - -

Each value represents as mean = SD. The interday accuracy and precision were assessed by each QC
samples with 5 different determinations on 3 different days. The recovery and the matrix effect were
assessed for QC samples at 2 different concentrations (low and middle).
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Fig. 4 Time course of plasma concentrations of CYP probe drugs and their metabolites, following oral
administration to 4 healthy volunteers. Each point represents the mean + SD.

(a): caffeine and paraxanthine, (b): losartan and E3174, (c): omeprazole and 5-hydroxyomeprazole,
(d): dextromethorphan and dextrorphan, (e): midazolam and 1'-hydroxymidazolam.
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Table 6 Amount of excretion of CYP probe drugs and their metabolites and the 8 h urinary

metabolic ratio in 4 healthy volunteers.

) Amount of excretion (ug) Urinary metabolic
CYP probe drugs /metabolite )
Probe drugs Metabolite ratio
Caffeine/paraxanthine 653 + 322 3290 + 2490 0.391 £ 0.520
Losartan/E3174 588 + 291 901 + 633 0.614 + 0.362
Dextromethorphan/dextrorphan 20.2 £ 30.6 3240 + 1980 0.00808 + 0.0127
Midazolam/1'-hydroxymidazolam 2.38+2.19 385 + 265 0.00778 £ 0.00389

Values are presented as the mean = SD.
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RO AV Y

INETICHE SN A 7 TR T, BEED & ITEBOFTLEE &K OBIE D LEE T o
ofc, —H, RIETE, B—0ORME T~ N v 7 2R OERFKR L7225 ) VIFE A RE
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7'm b 22— LTI acetonitrile ZHhHIZ VNS 23, CYP2C19 F/E @ omeprazole 2351
NOARLERTO, HE acetonitrile Z W THIHEMEZ 1T o 72, F7o, RBIRITEEMESIE T
C 24 FFfH] B-glucuronidase ALEE A 1T 9 ME A & - 7o 7= %, omeprazole K UF 5-hydroxyomeprazole
ITEEARARETH o 72,

RITALER 1% O A K QR Y > 7 /L D LC-MSIMS IZ5 1T 5 FEE 3 O & DR EY O v —
713445305 10T STt S, 197 bz v 12 5 CRIERBE CTh o 72, e~
JVIZE T B i EfR I, caffeine & U paraxanthine (% 10-10000 ng/mL. losartan, E3174, omeprazole
K O 5-hydroxyomeprazole (& 1-1000 ng/mL. dextromethorphan (% 0.2-100 ng/mL. dextrorphan,
midazolam & O 1'-hydroxymidazolam {Z 0.1-100 ng/mL OO #iPH C B 4f 72 BLARE 2 78 U Te, &I
BT XA K OEBREITMAE Y > 7 v T i 15%, JRT > 7 /LT 16% K% OY 15%LL
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TTh, BAEHEMNEE FEMENE SN 2D, (KR K OVR R EEfEIR I 38 1 2 AR,
ETOILEDTB TSR OIRY > 7V TEIEI 66% &% O 76%LL EToh 7= (Table 4 &
W Table5), £72.~ b VU v 7 ZA2hFi, Y2 7 LT 89.6%70 5 115%, R Y > 7 /LT 86.0%
25 116%TH Y JIE EREE 2 5F L~ U v 7 ZRITERO b o7 2, Lo T,
H— ORI, 7>2 1 HIE 12 43 &\ 9 I C 5 F O FE 3K O F ) O R E 203 7l e
Lol

Wiz, T OHEE AW TR 4 4 23510k 7 7 VB &2 17 CYP IEMEDFHE A3 AT
REMRET LTe, 17 7VIRZ R OB E LU #8058 REff 1% £ CRRFFMICER ML OF IR Z1T o 72,
BB HE & AR O ME K ORI EE 2 JIE L7oRER . 2T O SE KL OGO i
BEHBENE LN, LEN-sT, 7 7 AEBRIZE N T, REICK Y &2 TOREEEDOEY
BHRE N MENT T& . CYP IEMEDFHlINAIRETH D L E X BTz, RETITo 2 ER TIX,
midazolam O AR HED 1/10, MOEEFIIFEAEZHE G LTS 2, LiL, 177
JVHEPR 5. 8 RE % O M SR B 134 C OB S R O B W CERIRMLL ETh o
7elo (Fig. 4). ARBRCTHW A 7 T AVEKITHERETH L EE R bID, W7 TIVEEZR
MELT 52 LT, BRI OB A ICRITER DR BT DR 2O 2 LW T 5,
T AT D" Inje cocktail" THEF Li=h 7 7 3 A AW TRFFE RZ21T - 728E5 Tk, 16%H
O 110 7205 17100 LW O IEAEDOIEHRZ KRG L TV 505, BEOFIRO R £ 4858 &
LTI, ROBFHIIT- TR0, LavL, CYP2C9 KT CYP2D6 JEMAHMIC X, £ <
D TIZ losartan K UF dextromethorphan @ JR H 3EW 3 FE & O EE DS VW BT ), —
AR TIIMAEIN Z B 7 7 VIR 5% O R W 3K FE (caffeine, losartan, dextromethorphan,
midazolam) K& OV & ORI ORI E R1E S HESL LTz,

AREDFEFR, W NOEEIZ T 7 TN R E TR 2 Z ENFREE R oTz, KIEITKY
7 T NVHEE % RSO CYPIEMZFHET 2 Z LB TEL LD IThkoTz,
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HHFFEIE, HFIED 2 7 v v — A7 B & Tz invitro sRER-CFEBRENY) & VO CIRNENRE & ft
T oEMEAER, R & D WVITEE T EBRITE A &G U CTRNENRE 2 B3 2 BRI 72
FSEIERFETITONTE Y, I 5ZEFETIE invitro EROFRERZHKICL T I T
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DH L, EEREERIC X DRSO BEN S RBE R A2 EEE h~ BT TE 57204
VXY RHEEV, Loc L, HEIORMEZLES L, #BREORAHNKE R0, #ERE
BEWET ZENHLWENIT ATy R, WRHEAGDERH DM EIER O
FTARCE AR TR 2 OIXEEN TR, — 5T, in vitro FRER-CENMY) FE5R CI3iBR
BEBOTZEERSTHLIN, A7r—AT v 735 invivo ot NOFERE KL 7202
EWBD D, ZDOT=W invitro RERRLENY) EER, ERKRER L & EIE I ORERO RS A BEAE L
THEWRTHUERS D, £ LT MBI 2IEMMHEAIEHOREZ BIFIC KT 58 E
Brd> B\ invitro BBR 7 £ L A FHIEDS RO HiLs,

FZTCHIETRAIZ LT, a7 TFARBNERSINTEX 29, ko, 8
D CYP 1EMEZ — \_aﬂﬂﬁ‘fé TEMTEDLLEHMMFEEIND, LILERL, ZTRETOH Y
TRBRITE FEXG L LTEY FREWICH LIlEIRITE A LR,

T ZTCAETIE, EREME L TLHSIND Ty bW 7 7T ARBROMESLZ B &
L. ”Inje cocktail”® EE I % T H 7 FARBRAIT\V N, Flx D CYP S O ES A
CYPIGMEIZH L TH 2 2 I DWW TR L7z,

28 RRITIE

2-2-1. I

Fluconazole % LTK Laboratories, Inc. (St Paul, MN, USA) /5 A L7-, Ketokonazole,
fluvoxamine & TF dexamethasone (ZFEAHTEE (KPR) HEEA LTz, Z OMMORIEITT X TH
— LA UREE 2 L7z,
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(T];l‘::le) -1440 -60 0 153045 75 105 135 165 195 255 375 615
| /l | I I | | | | | | | _// | /] |
| I | 111 | | | | | M/
Dexamethasone 80mg/kg I
(p.o.) . Blood Sampling
Cocktail drug B(p.o.)
- Caffeine 1 mg/kg
Ketoconazole 10 mg/kg Dextromethorphan 10 mg/kg
Fluconazole 10 mg/kg «Midazolam 10 mg/kg

Fluvoxamine 100 mg/kg
(p.o.)

=Losartan 10 mg/kg

Cocktail drug A (p.o.) —
’7 - Omeprazole 40 mg/kg

Fig. 5 Study design for administrations of cocktail drug and inducer or inhibitor.

2-2-2. ABRIGIE

AiiE & [A U <, caffeine, losartan, omeprazole, dextromethorphan, midazolam % CYP /B 3
(7T UTHER L, B SD %7 v & (7-9 Hlis, (A 2375+275 g, HRA=A=
JV—, Fli) 12 losartan (10 mg/kg) & OF omeprazole (40 mg/kg) % . 0.1% diethylamine % & ¢e
0.5% carboxymethylcellulose |Zf&# L 7= # 5-94k (B 7 7V 3EA) #HERAOKE L, £ 1547
# 12 caffeine (1 mg/kg). dextromethorphan (10 mg/kg) &z T8 midazolam (10 mg/kg) @ 1%
carboxymethylcellulose #&&i% (47 7 7 /VH B) #HERRO#E L=, 17 7 V3 A B 5% 30,
45, 75, 105, 135, 165, 195, 255, 375, 615 /I KERENRICFREA L= == — L L 0 £
ZiTo72, I HIZ, CYP#iEIE L L T dexamethasone (80 mg/kg) @ 1% carboxymethylcellulose
VR % T 7 T VIR P 24 BERETIC, B D\ CYP BEESK & LT ketoconazole (10 mg/kg).
fluvoxamine (100 mg/kg) @ 1% carboxymethylcellulose %% 72\ > L fluconazole (10 mg/kg) /Ki&
a7 77 VIR 1 RFRANC &S L CRBROEBR 21T > 72 (Fig. 5). 7235, control #£IZ134:
BRI KA S Uic, 1EBRMEIE 150 uL & L7z, iR &k v gy 7 %508 L —80°C T
HIE E TRAF LT,

2-2-3.  IMFEFIEY) K ORI ORI E

MAES > 7V ORI, 1 B HikE — s L TiTo 72, 77805 s 7L 50 ub
(ZNTAEUERY) ' & L C nitrazepam (100 ng/mL) 50 uL Z ¥ L. acetonitrile 150 uL % A0z 7=,
[EFEffH (Ostro™ 96-Well Plate) Z17V>, flitiika 0.2um O~ A 7 1 7 ¢ L% — (Millex-LG,
0.20 pm) TIEE L. 10 L % LC-MSIMS fHIatklE L7-. LC-MS/MS OHIEIX. 1-2-2-4 Dk
IZHEL T T 7,
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2-2-4. FEWENREFH)NT A —Z DR
FIW) o ORI OSEDBNREFHI ST A — 21X ) v a /S 3— F Ay MEFTEIC KD FEH L
72o AUCo|FLL T TEEIND ¢

t

AUC,_, = f Cdt
0

C : MHErpi s
t o SRt ]

AUC TR AEHIERR] (t)E T2 BERARICL v EH L,
£ AUC Hoid, ok v L

AUcmetabolite

AUC th =
AUCqryg

2-2-5. T —Z Mt

T — Z I R AR CROR Lc, SUAHRRT IR AT IX GraphPad Prism software
(version 5.0, GraphPad, San Diego, CA. USA) % H\\TiTo7z, 717 7 IVIEE GREF O3
FHHEH)/ 8T A —F OFFHEIA B ZOHEIL, Dunnett DZE IR EIZ L V772, &2 C
DFEFHAIIRNTIC B O CERRR 5% AR 2 A 52D D L HE Lz,
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B3 FEBRRR

2-3-1. Caffeine [ 0" paraxanthine oD ifil # t1 4 i 5 HE 2

Caffeine }2 " paraxanthine ™ i #EH I EEIL, control BEIZIWTH 7 7 /LK% 574 360 /0 £ C
B 7= (Fig. 6a), paraxanthine |Z control F£(Z35V T 600 73 TIEMHIRALL T TH - 7=,
caffeine @ Cmax S Y AUCo-360min 13 control # & bbik LT, fluvoxamine O G2 LD EEi
1.7 5 KON 2.5 I EICHN L= (Table 7), —J7. paraxanthine & caffeine ® AUC thiZiZf
BB ERBD /e~ 7= (Table 7), F7-. ketoconazole, fluconazole &% U* dexamethasone
ZRIBEE LB BV TIL, control B & bl U CIEMBNRESR1) /X T XA — X (2 B /e 2 biER
DO T,

2-3-2. Losartan K (X E3174 o Ifin 3 b 3R 430 FEHERS

Losartan 2 O E3174 DI R FE 1L, control BEIZIWNTH 7 TV 54 615 /9 £ THH
S#7= (Fig. 6b), Losartan @ Crax & T8 AUCo.e15min 13 control £ & Fhig: L C ., dexamethasone i
BHIZE D ZNZE 2.0 5L L9 REICHEIZHEI L7z (Table 7), % 7= losartan @ AUC thiZ,
fluvoxamine & %\ & dexamethasone DREEH-IZ LD ZHZEH 56% KT 81%H B2 L=
(Table 7)., F7-. ketoconazole & % \ i fluconazole % Hij# 5 L 7= #EIZ I CTik. control #E & kb
i U CHEMBRE TR/ ST A —ZICH BRI oo,

2-3-3.  Omeprazole } O* 5-hydroxyomeprazole o> IfiL 45 i FEHERS

Omeprazole } O} 5-hydroxyomeprazole O IfiL#iE i FE 13, control #EIZ3WNTH 7 7 /L3 5-1%
3754y £ TR S 4u7z (Fig. 6¢), Fluconazole @ i 5-1Z L ¥ . omeprazole @ AUCo.-s7smin I3 control
BELER LT, 22 (5ICHEICHIN L7278 (Table 7). Crax % OV AUC LLICIZA B R ZEITRD S
M7/ o 7= (Table 7)., % 7= ketoconazole, fluvoxamine & %\ (% dexamethasone % Rijf¢5- L 7= fE
2T, control # & thiz U CIMBNRE 1/ ST A — X IZH BREITERD bivieiroT-,

2-3-4. Dextromethorphan } OF dextrorphan o> Ifi i i FEHERS

Dextromethorphan DI 4EHFEE (X, control BEIZBWTH 7 7 V3 544 360 4y £ THRH &
7= (Fig. 6d), Fluconazole & %\ X fluvoxamine % gif¢ 5 L7=#EIZ3V ) CTiX, control #f & kb
B L CHERMENIE )N T A — X IZHBRELITRD b o T=, F7-. ketoconazole & 5\
I% dexamethasone % Bii#%¢5- L 72#£ D dextromethorphan D IMLBEFHEEE 1L, & 7 T /L3 EH#% 30
5 TRRHBRFLL N CTh o7 /o EYERE TR/ T A —Z Z R TE o7 (Table 7),

2-3-5.  Midazolam K O 1'-hydroxymidazolam o> IfiL 5 i i FEEHERS

Midazolam o> i 4% HH i FE 13 control BEIZ BT h 7 7 V3% 544 360 40 £ TR &7z (Fig.
6e), Midazolam ? Cpax (% control £ & iz L C., dexamethasone DRI 512 L 0 92% A &K
T L. AUCozs0min (% fluconazole DR 512L 0 133%ICHEICHIIM L 7= (Table 7), 7=
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dexamethasone DH{# 5-1Z £ W AUCo.ze0min 233~ 27123580 4172, —J5. midazolam @
AUC Lt id dexamethasone DI 512 X 0 338% 2 EIZ LFH L7= (Table 7),

(a) (b)
1500 + 2000 -+
’g o Catt SJ -e— Losartan
B atleine = . -0- E3174
< 1000 4 -0~ Paraxanthine g 1500
g g
Ev § 1000 <
5 2
2 500 3
3 £ 500 -
g &
7 [aW
~ 0 I | | 0 1 I I
0 200 400 600 0 200 400 600
Time (min) Time (min)
(© (d)
3 - —~ 100 -
g 2000 3
5 =
= &
= 1500 - -o-Omeprazole E -e— Dextromethorphan
.g -0-5-hydroxyomeprazole & =0~ Dextrorphan
S 1000 - = 50 -
2 @
g 2
2 =]
&)
£ 500 - o
8 £
O L] L] 0 ) 1 I
0 200 400 600 0 200 400 600
© Time (min) Time (min)
e
600
-o— Midazolam
400 - =0- 1'-hydroxymidazolam

Plasma concentration {ng/mL)

|
400 600

Time (min)

Fig. 6 Time course of plasma concentrations of CYP probe drugs and their metabolites, following oral
administration to 7 rats. Each point represents the mean + SD.

(a): caffeine and paraxanthine, (b): losartan and E3174, (c): omeprazole and 5-hydroxyomeprazole,
(d): dextromethorphan and dextrorphan, (e): midazolam and 1'-hydroxymidazolam.
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¥ 7= ketoconazole & %\ i fluvoxamine % Hij#¢5- L 72 BEIZ 88 CTi, control £ & il L T3
FREF) /N T A — X IZH BT 6N ho Tz,

Table 7 Maximum plasma concentration (Cmax) and AUC of caffeine, losartan, omeprazole,
dextromethorphan and midazolam after oral administration of cocktail drugs in rats treated with

vehicle (control), ketoconazole, fluconazole, fluvoxamine and dexamethasone.

Treatment Cmax (ng/mL) AUC (min-pg/mL) AUCretanotite! AUCarug
Caffeine (0-360 min)
control 851 + 299 110.4+61.9 0.810 + 0.625
ketoconazole 845 + 313 192.6 £ 76.3 0.242 £ 0.062
fluconazole 986 + 291 173.2 £ 63.5 0.356 £ 0.114
fluvoxamine 1451 + 215* 384.8 + 62.4* 0.059 + 0.030
dexamethasone 830 + 180 151.7 + 84.6 0.540 £ 0.841
Losartan (0-615 min)
control 1599 + 527 503.1 +187.9 0.996 +0.374
ketoconazole 1363 + 362 596.6 + 182.3 0.659 + 0.254
fluconazole 1850 + 1366 528.7 £ 216.2 1.239+£0.311
fluvoxamine 1560 + 1299 378.5+232.6 0.440 £ 0.103*
dexamethasone 3182 £ 711* 909.7 + 195.5* 0.185 + 0.087*
Omeprazole (0-375 min)
control 1028 + 712 1452+ 71.2 1.220 + 0.655
ketoconazole 600 + 385 93.1+57.0 1.221 +0.302
fluconazole 1840 + 940 322.4 + 143.0% 0.857 +0.238
fluvoxamine 1482 + 962 199.0+92.1 1.061 + 0.453
dexamethasone 264 + 115 34.1+12.6 1.544 + 0.658
Dextromethorphan (0-360 min)
control 30+ 39 3.2+3.38 0.447 £ 0.281
ketoconazole n.d. n.d. n.d.
fluconazole 62 + 60 6.3+4.8 0.596 + 0.270
fluvoxamine 46 +43 8.9+£77 0.682 + 0.235
dexamethasone n.d. n.d. n.d.
Midazolam (0-360 min)
control 336 + 267 37.2+238 0.338+0.135
ketoconazole 246 + 138 36.7 £22.7 0.367 +0.295
fluconazole 450 + 156 86.6 + 27.5* 0.291 +£0.143
fluvoxamine 594 + 65 55.9+13.9 0.555+0.163
dexamethasone 28 + 20* 3.0+17 1.479 + 0.464*

Values are mean = SD. (n = 4-7), *significant difference (P < 0.05) between control and ketoconazole,

fluconazole, fluvoxamine, or dexamethasone. n.d. = not detected.
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FHAF &

Pl

B 7 TIVRBIIEE O IE IR A IRAE LT 7 TV A WERE G L, T DKRNEIEL KR
MTHZEICEY ., EROOIEMEE invivo T—EICFHE CX 2RBRIETH D2, ZIVETH)
MEBIGH LTSI XIE e A ERhoTe, £ TRETIE, EREME L THIND T
v N ERAWTH 7 TARBRZIT, M7 CYP IEMEREE 2 AT RED R L2, X 512 CYP
PEILTH 5 dexamethasone, CYP BHEFELTH 5 ketoconazole, fluconazole % T fluvoxamine
DFEEGIZ L D CYP IEMEA~DEEZ OV TR L 72,

CYP1A V&ML caffeine & paraxanthine |2 & 0 34 L7z, Fluvoxamine DR 5125 Y Crax
K OY AUCo360min 1ZZ AVEIUAKT 2 £5 K OKI 3.5 5~ & A EIC L5 L7z, Culm-Merdek & I3 ERARRK
BRIZI\UN T, fluvoxamine #% 512 X D CYPLA2 H3fH5E S 4 caffeine @ Crax &2 Y AUC 23 Z 312
NLAER R BIE~EABICERTHZE2HE LTS ¥, F72 Kot b OMEIT LI,
fluvoxamine 1% in vitro FBRIZFB VW TH 172 CYPIA2 ORLERTH Y | BEIIR L2 L DODT
v MZBWTHIEI72 CYPIA [HEHKTHD L SN TWD ¥, KRIFEOFERITIZ N L OWE
ERIEEDFEFRTH Y . fluvoxamine |2 L 5 CYPIA LEEHZ M FRETH D L E 2 BTz,

CYP3A/EMEIX, B FETT v MIBWTHREMNZ CYP3A E TH S midazolam &,
¥ @ 1'-hydroxymidazolam |2 & ¥ 3l #4T > 7=, Fluconazole ®gi#:5-12 L Y midazolam @
AUCo.360min 235#J 2 i5 & 72 V) | 1'-hydroxymidazolam & @ AUC teidfsi’b L 7=, —J5 . dexamethasone
DHF#E-1Z 5D midazolam @ Crax. AUCoseomin 2 Y AUC tidisd L7z, 2 b OfERIL, &
FEROYT » MZET D ZivE TOME & —F3 % 34404, Ketoconazole DHi#5-1T K 2 FiH)
BRI A =2 DEBTRO bNRhoTc, ZHETIZT v MTEIT S ketoconazole P
CYP3A FHEMEHAOHEIL—E L TH 5 J . ketoconazole O i 5-1Z & - T nevirapine <°
midazolam @ Cmax X AUC 2 EA T2 LW &R H 5 44D—J5 T, ketoconazole (Z L%
CYPSABHEMEMIZ, B FEVD LT v MZBWTHW EHE STV S 4D, Kushimoto ©H D
#5C I ketoconazole D #5-&: % 5 mg/kg. 20 mg/kg. 50 mg/kg @ 3 HE TR AT > TH Y O,
B EIZE CYP3A EMERNTRLS 7o TS 728, KEOFHERTH ketoconazole D% 5- &%
R IT CYP3A DILEMRM 2R TE 2200 Liv7euy,

CYP2C |X, 7 v MZEUWT CYP2C6, CYP2C7, CYP2C11, CYP2C12, CYP2C13, CYP2C22,
MONCYP2C23 72 L DT A Y 7 — LG EN S0, CYP2CLL 1%, HEMET » h OfFlEH 03
BRT AV T+ —LTHD B, o TAETIE, b MIBWTEALH CYP2CI KT
CYP2C19 DIEIRAIILEIL T % losartan }z Y omeprazole D iili /5 Z{# H L T CYP2C {5 % 7
fili L7z, Fluvoxamine MRE# 512X V| losartan @™ AUC i34 1/2 & 72~ 7=, fluvoxamine |%
CYP1A2, CYP2D6 KT} CYP2C19 IZxI3 HMHEMEM > Z &Rl PO TWAH 0,
CYP2CY (24 D EMRMITH S TR\, ABFFETIZ, losartan @ AUCoeismin (T22LE
AUC LE D HNA BIIE T L T2, —J5 dexamethasone DR 5-12 L ¥ losartan @ AUCo-s15min
KON AUC LI ZENE K 2 (5 KO 1/3 & 72~ 7=, dexamethasone (ZB8 L C CYP #5338 /EH 1
WE SN TWAM, CYP LEMEMIZE BTV, SR ERIIEIC T 2RI 5 #%
HBX, . BAICIE dexamethasone & L C40mg Z 1 H 1 [ T&H Y st A DK % 60-65 kg
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LB L. 062-067 mglkg/H Th b, AEORBRTIE CYP OFEAHEEIKE - T7-HIc
dexamethasone O % 5-5& % BRIK H EIZ A TIEFIZTHE AR TH 5 80 mg/kg IZRE LT, S HIC
dexamethasone DL 4-5 FEHTH VY . F 5% 24 FEHICBWTHEAFAL TV D, Zhb
DL EEEEZ D L, dexamethasone (X H & TIL CYP2C #HEHET HEARH O . KfF5ED
B CILRT& 5- L 7= dexamethasone 23717 L T = 2 & 12 X Y losartan DT ASFEE S #u7=7)
REMEN S D,

%£7-. omeprazole & 5-hydroxyomeprazole MOIEMEHRELHINT A —Z 2R LIZL 25,
fluconazole DF#¢ 512 1YW AUCo.arsmin 23 EITHINN L. AUC HeANBA 3 B8 25 W, S 407,
v MFI 7 v Y —2%Fuizinvitro OBFFEIZISV T, fluconazole (% CYP2C9, CYP2C19 &Y
CYP3A4 OIHFEEMANHRE SN TS ), K5 T, omeprazole @ AUCo.arsmin DI,
fluconazole DREITHGIZL Y CYP2C MFEIN-T=DIE LB X B, —F ., dexamethasone
DORIEGIZE Y, CYP3A E CTH % midazolam & [F U <, omeprazole ™ AUCq.375min (75703
BN R, S 72, Omeprazole X512 CYP2C19 (2 L AR &2 31T 525, —#B CYP3A4 12 &
HRMEZTHZENMBNTND P, ZD7=H, 7 v MIBWTH omeprazole DLEHHT
CYP2C (Z/n % CYP3A 23B5- L TV % RIS E TE 720,

CYP2D (. B FEU'T v MIBWTHEWESIFE —MEE2HT 52 LAMRESINLTND 4,
CYP2D J&1Ei%. dextromethorphan & dextrorphan (2 0 3Ffi L7 & Z A, Cmax. AUC 2 TN AUC
HOWTNICBWTHABERZTRDO N7, Lo L, dextromethorphan & O
dextrorphan o> 45 2 R 1 It DM 2 bbl U TIRVMIECHERS L T\ 5, Zh bz s n v
fet & 2 T IR~ & HEill 4 5 72 9 dextromethorphan % W TIEMEFE 2 4 2 3551213 R
BiEZHNTITY 28 b d D, CYP2D IEM: 4 R T~ 2 ICITRRIRIC X 2 s s d L
AN

VLEDORER IO A7 T V% O MU P EYIREEHER 2> 5 AUC K OMRETEE 2N R S 4,
7w h® CYP {EMEOMEN AT A A HECTh - 7=, & 51T ketoconazole, fluconazole,
fluvoxamine } OF dexamethasone (2 X % CYP IEMEDEB P RB ST, Lo T, 7 TR
X7 v MTHISHFTRETH V AEE D CYPIEMEZ MR T& 5 Z BN E o T,
COFETT v bW EEREMRAEER A7 ) —= 7k LTHIIfF S D,
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B3 REERA Y 7 T LVRER A 7z rifampicin (2 K D CYP IEMEZS B oM FE AT

Yirso

1

=
il

Rifampicin 3R ICAR AR 2 3EAO—D>TH U | M D DNA (K7 RNA R Y A T —
BIMEH L. RNA Gl THET 5 2 & THREFEN 27T 9, #iEEomsges) & Btk
S HRPIZEE 2R TH 5 7=, rifampicin b F 72 BEARMIC EEH X TV 5, Rifampicin
RAFOEREXEIHEZROLA DR LN T=O, — AN rifampicin (2012, RIRHZEFEIE O OF
FHEAZRA L T\D, LaL, rifampicin (213587172 CYP FBEAEANM LI TEY | JHHK
DOMAFFIREZZE L KT IE, BRI R AL T IS W, ZivE TIT rifampicin (2 X 5 CYP
FHEMERICOWTILEIZ CYP3A4 1B L T 4L, ZHUchnz CYP2C9 X° CYP2C19 & 7%
HINDZ ERPEINTND 99, —J5 CYPIA2 X° CYP2D6 O#FFE (I L CIZA H20MC
S TWRUD,

717 T VBRI, BIFE TIZI~72 L 912, B CYPIEMEAZ —EICFHMi 5 2 & T
L2 LB, K& O CYPIEMLZ BMIZEHET 250 Ll #BRE 0AELBOIEL 2 L
NTELHEHMFEIND, Ll ZREThRINEA 7 T ARBROHE T, HEIE
DHIEE - & 1 7 T VI GIZB W COSEDBREDO LB OV TG L, EEEYF LI X
LI AAEHOFEELRIEL TWD b ONRE L BRI 7 7 VB a v TREEEE O
IO E IO PR L RG LTS 1Tb T 0 Th 5 2559,

iR & 912 rifampicin IRABE TIZZHOPEFRAN e & D 2 EBE 0, T HIBENICTH
TE 2 YR BAEF O " REME 2 Fll9~ 2 Z & 1%, rifampicin (C X 2 G B, FERICHERT
b, TITRETIIFE 1ECTHLLE 7 7 VEEBREZICH L, BERAZSSRE L7
TNRBRE T LT, T7bb, B MIBIT 572 CYP3AL FHEEHNHESNTND
rifampicin 2% & LT, TN E TITHE D20~ 7= CYP 5 FFfi% &3 5 fo CYP (CYP1A2,
2C9, 2C19, 2D6, 3A4) IEMEDOEB 2 MM L7c, S HICEN L OFFEEMD EN/ZT
OHIMEFE T 50OV T, CYP3A4 ZEH N ETITMOLILTWVARY, &I TARETIT
rifampicin 58 T2 h 7 TIVRBR A 0 K LITV . CYP &M D88 & BRI FEA L 7=,

W28 SEBRTIE
3-2-1. PRIE

Rifampicin (V 7 7 > B 72, F— =4t ()DL, ZOMo 332 TH
1E &R UREALEH LT,
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Rifampicin (V 7 7 ¥/ 71 7k )0)
450 mg/day, s.i.d.

Time (day) -7 0 3 7
1 1 | |
_ I 1 1 1
C;)ﬁ((i[;ﬂ control day 1 day 4 day 8
] ] 1
Cocktail drug (p.o.)
« Caffeine (7 7 = 1 ' K) 100 mg
+ Losartan (= = — 1 ¥ §F) 50 mg
+ Omeprazole (4" A 77 — /L EE) 20 mg
+ Dextromethorphan ( A ¥ = > ) 30 mg
+ Midazolam ( K/V 3 71 A7) 15 ng/kg

Fig. 7 Study design for administrations of cocktail drug and rifampicin.

3-2-2. %%

PR IR R A B 13 44 T 4R 33.6 2.4 5%, (A 71.1+109kg ThH o 7o, AT
ARREROBH), 7k, RIS 2205, BBRERICE 28B~O S0 K OV B fe oL 2
2T ONWTHZICHAE 2T, CEICTRBR~OSINICFEE L, 7238k 3 ARTL Y,
caffeine Z & H 9 DB OB R A £ 11 U7z, ASGRBR G0 L IAR R R RS2 B OV i BN K2
HEBSICBWTRR SN, ~Y X ES AT L TERM LT,

3-2-3. BRI

BB 1 rifampicin (U 7 7 ¥ 0 L, 450 mg) & ] 1B 1A RIAR L7-, rifampicin $%
5.1 (control), 1 H# 5% (day1), # 7 3 Hi% (day4). #& 17 7 H. (day8) (ZH 7 T Lk
BRaiToTc, 7 T NREBRIL 1-2-3-2 D FIEIZHE T TTo 72, T70bb, RE I 7 =1

[7R= A | (caffeine, 100 mg) . = = — = Z fE(losartan, 50 mg), A4 A 77 —/L6E(omeprazole,
20 mg), A ¥ = fE(dextromethorphan, 30 mg), K/L X 77 Ay (midazolam, 15 pg/kg)a 1 7 7
VERE UTCRIRRCARM Lo, WGl %54 05, 1, 1.5, 2, 3, 4, 6 XU 8 eI ERim
EATolc, LHERMEIZ 7 mL & L, Mk & 0 g 7z 58 L —80CTRFE Lz, 7
FEMERT D G1% 8RR £ THIRZ1TV. —80°C TIRIF L 72,

3-2-4. (AR OVR T 5 K OREIH i B O I E
3-2-4-1. YT IVHTALER ST 1A

1-2-2-1. ]} O 1-2-2-2.CRe L7= 5k & AW, mBER L OVR H o S B ) OB
ZUE LT,

3-2-4-2. LC-MSIMS £
1-2-2-4. \[CHEU 7= HiECTHIE AT - 7=,
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3-2-5. T —H iRk

3R Jo O D SEMENRE LR T A —Z 1L 2-2-4.12HE > TR LT, FREHEWIZ L 5
CYP {EMEDFHM L, A IE I DI ENRE TN T A — ZITMALL T Ot E Fviz, §7eb
H. CYP1A2 35 LU CYP2C19 {EMEDFAMICIX, EaLvELh 7 T3 E5#% 4 RHICHT 5
caffeine/paraxanthine I3 i 2 kb 35 & U omeprazole/5- hydroxyomeprazole i 45 H i B by 2 F
72 CYP2CY 35 L O CYP2D6 {EPEIZKT L Tld, E i 5-1% 8 Il & T losartan/E3174 ¥
& % dextromethorphan/dextrorphan JR 8 & bE 2 V7=, CYP3A4 IETEICR L Cid, Be5-% 8
IRFfl] & T midazolam & 1'-hydroxymidazolam @ AUC k. (AUCmidazotam/ AUC -hydroxymidazolam) 2 F
AV

T — Z IV AR R ZE TRAR LT, #EEH#EMNTIX GraphPad Prism software (version 5.0;
GraphPad, San Diego, CA, USA) # MW\ TiTo7, I 7 7V R O BIREFH) /T 2
— X DI FABZAOHEL, FIGDOH D tHREETT 72, Contorol % JEHEL L, day 1,
day 4 X OVday 8 # bk L7-7=®, AEF 3EDOREEIT -T2, & TOMEFRIMNT IV T,
Bonferoni i (E12 L ¥ fEfRER 1L.7%KRIE2 A E=EH Y & HE LT,

53 H SRR

3-3-1. Caffeine & O\ paraxanthine o i i FEHERS & O CYPLA2 JE P RTAH

717 T NEEEEE% | caffeine O MEFIREIT TR CTOEKE BIZBWT 0.5-2 R T %
7~ L. paraxanthine (% 0.5-3 K[l TheEifii a7~ L7z, caffeine, paraxanthine & 128514 8
FICBI 2 Mg RIE 2 HE C&, &5% 8 B ClImaciIilk L~ 72 (Fig. 8),
Caffeine & paraxanthine ¢ Cmax |3 control & He_ & DR IS A EREENIZB O 220N o 1273,
day 1 THllliE L 7= caffeine ™ AUC D% control (Zkb 37T%H E ML F L7= (Table 8),

Caffeine Paraxanthine
- —o— control
5000+ —e— control 2000 dav 1
—m— day 1 ay
- -
40007 —&— day 4 1500- a4
—%— day 8
—— day 8 T

Plasma concentration (ng/mL)
Plasma concentration (ng/mL)

3000 .
10004 T3 a4 &

20004 P
500/

1000 ;

0- T T T ] 0-T T T T
0 2 4 6 8 0 2 4 6 8
Time (h) Time (h)

Fig. 8 Plasma concentration of caffeine and paraxanthine after oral administration of cocktail drugs
on control day and days 1, 4 and 8 in healthy volunteers. Each point represents mean +SD. (n=13).
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3-3-2. Losartan } U8 E3174 o (i i FEHERS [ OF CYP2C9 T 4R

T RTOMERE 123 T losartan |3 0.5-3 IR D I MAE IR EE S e R & 70 0 (E3174 1% 2-6
e Tl B 2R Lz, E7-% 5% 0.5 BEEICI 1T 5 E3174 O Mg E 13 IR A LI T T
&7 (Fig. 9), Losartan 35 L TN E3174 @ Cmax X control (2t day 1 & day 4 TH EIZIK
T L. day 8 TlalfE L7z, FEEIZ AUCIZEBWTH day 1 Tl 51%., day 4 Tl 44%H & 72K
TERLEZ, 2O day 8 THERe L7= (Table 8),

3-3-3.  Omeprazole } O} 5-hydroxyomeprazole o Ifil #§E FH & FEEHERS J Y CYP2C19 1ML FAM
Control (23317 % omeprazole 33 L OF 5-hydroxyomeprazole o ifil §& Hii B8 13 3K P 5% 1.5 I
M E CHRHRALLT (Fig. 10) Tho7o, S BT, B 7 7NV E %, omeprazole i % 1.5-3 IFf
[#]. 5-hydroxyomeprazole (3 3-4 FF[H] T iR B 25 i =i 2 7= L7z, Omeprazole @ day 1 T
HE L7z Cmax 3 L NAUC 1 control IZHA_FE L AT L, 4 83%F LN 89% A E AT
BiEZR L2, ZOAERBA T day 4 THEHE L, day 8 (21Z[E1E L 7= (Table 8),

. Losartan . E3174
=) - 3 600~
é 250 trol é —o— control
By —— COontro =
oT1} d oT1} —1— day 1
£ 2004 - dayl =)
g . daya g 100 —A— day 4
- - - —7— day 8
£ 1504 —x— day 8 B Y
= =
= =
3 3
= 1004 c
S | S 200
o y o
£ 50| =
ol ol
= =
s s
0 T 0 44 T ]
0 2 4 6 8 0 2 4 6 8

Time (h) Time (h)

Fig. 9 Plasma concentration of losartan and E3174 after oral administration of cocktail drugs on
control day and days 1, 4 and 8 in healthy volunteers. Each point represents mean £ SD. (n=13).
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drugs on control day and day 1, 4 and 8 in healthy volunteers.

Table 8 Maximum plasma concentration (Cmax) and AUCo.-gn after oral administration of cocktail

Cmax AUCo-gn
Caffeine (ng/mL) (hr-pg/mL)
control 3.41+1.07 18.8£7.09
day 1 2.74£1.28 11.9 £5.83*
day 4 2.94 +1.86 13.3+7.67
day 8 3.09+1.23 159+8.91
Losartan (ng/mL) (hr-ng/mL)
control 210 £ 79.6 463 £ 111
day 1 101 £ 56.5* 225 + 106*
day 4 99.0 £ 31.4* 257 + 64.7*
day 8 156 + 69.7 368 + 135*
Omeprazole (ng/mL) (hr-ng/mL)
control 419 £ 307 802 + 847
day 1 70.8 £ 115* 84.9 £ 125*
day 4 109 + 126* 184 £+ 271*
day 8 316 + 351 716 £ 1240
Dextromethorphan (ng/mL) (hr-ng/mL)
control 2.02+2.21 957+113
day 1 1.42+1.76 4.63 £ 7.36*
day 4 1.39+1.89 4.87+7.25
day 8 1.49+1.84 6.47 £9.31
Midazolam (ng/mL) (hr-ng/mL)
control 571+294 15.2 £4.37
day 1 1.80 +0.71* 2.71 £ 1.26*
day 4 2.61+1.52* 4.32 £2.92*
day 8 4.66 +2.02 11.5+5.62

Value are mean +SD. (n=13)
*: significant difference (p<0.01) between the value on control day and that on days 1, 4 and 8.
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3-3-4. Dextromethorphan } OF dextrorphan o Ifil 8 1 EE HERS &% O CYP2D6 JiF P4 TAfh

Dextromethorphan % T dextrorphan O fiAEHHREL 1L, U 7 7 V5% 1.5-2 Rf#] Che il
Zor L, DAERRESIIZIB) L7z (Fig. 11), Dextromethorphan @ AUC i day 1 (28T DA
control |Z b~ T 52% A E MK N 278872 (Table 8),

Omeprazole 5-hydroxyomeprazole
3 600- 3 3001
= £ —0— control
e e
| %ﬁ —a— control %ﬁ —0— day 1
s —&— day 1 s ) —#— day 4
5 400 4 —a— day 4 = 200 1 —— day 8
=] —»— day 8 =]
= =
] ]
& ] & ]
g g
S 2004 g
] ]
= =
ol ol
= =
ol ol
0
0 2 4 6 8
Time (h)

Fig. 10 Plasma concentration of omeprazole and 5-hydroxyomeprazole after oral administration of
cocktail drugs on control day and days 1, 4 and 8 in healthy volunteers. Each point represents mean
+SD.(n=13).

Dextromethorphan Dextrorphan
6 - 10 -
—e— control —— control
—&— day 1 8 — day 1
4 ) —i— day 4 —5— day 4
—¥— day 8 6 —¥— day 8

Plasma concentration (ng/mL)
Plasma concentration (ng/mL)

4 =
2 =
T 0 4 T T T
0 2 4 6 8 0 2 4 6 8

Time (h) Time (h)

Fig. 11 Plasma concentration of dextromethorphan and dextrorphan after oral administration of
cocktail drugs on control day and days 1, 4 and 8 in healthy volunteers. Each point represents mean
+SD. (n=13).
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Midazolam 1’-hydroxymidazolam

8 5 4 -
—e— control —C— control
6 - —a— day 1 3 - ——day 1
—i— day 4 —— day 4

—»— day 8

Plasma concentration (ng/mL)
Plasma concentration (ng/mL)

Time (h)

Fig. 12 Plasma concentration of midazolam and 1'-hydroxymidazolam after oral administration of
cocktail drugs on control day and days 1, 4 and 8 in healthy volunteers. Each point represents mean *
SD. (n=13).

3-3-5.  Midazolam } O} 1’-hydroxymidazolam o> IfiL 71 FE HERS & OY CYP3A4 1 MEREAM

Midazolam % O 1'-hydroxymidazolam @ fi R EEIX T 7 7 V38 5-4% 1 Ref] Clemfl & 7
L. DAL RREE I8 LT= (Fig. 12), Midazolam } Of 1'-hydroxymidazolam @ day 1 &% U\ day 4
THIE L72 Cmax 33 L VAUC 1 control IZHA~FEF LK T L, day 1 TIEZNEA 68%F5 &
N 82%., day 4 TIZZNTI 54% B LV 2% A ZIZIKMETH - 7=, ZOHFERE 1T day 8
([ZF18 L 7= (Table 8),

3-3-6. FEEIY D CYP IEMEFRIE 2 AW I IEHERFA

FIE I X D CYPIEMEDRHEIIX, S E TOWEN D Z TN O REIEKYITR RN 7
CYP {GMEFEEE 2 H\ 7= (Fig. 13),

CYP1A2 iiEME % 1 7 7 VIR 5.4% 4 B o mAEHIEE L (caffeine/paraxanthing) Trx L7z &
A, BERICERBRA OB THRERAZRIIRD b o7 (P=0.382), CYP2C9 J&M:IE,
717 T VB 0-8 B D SR losartan KON E3174 JEEELLIC XV M L7, JRIPEE IR
control (0.79) (Ztt~day 1 TI% 0.61 & 23%{KfE Z /=34 A 23588 547z (P=0.025), CYP2C19
&ML, omeprazole & 5-hydroxyomeprazole 4 7 7 )V $ 5.4% 4 WpRE#4 oD I 5% i & b
(omeprazole/5-hydroxyomeprazole) TRl L 7=, IfEF I, day 1 & O day 4 (P = 0.009)iZ
F\U T control & il L CAE (P=0.002 2 (8P =0.0090)21& F L7=, CYP2D6 J&E:% 1 7 7 /v
A H 8 WifE] 1% £ T o R P P&t (dextromethorphan/dextrorphan) TREAT L 7= & 2 A, £k
HICAERZITRD N7z, CYP3A4 {EM: % 7R9 AUCmidazolam/ AUC -nydroxymidazolam 1+
day 1 KON day 4 IZBWTENZH 7T0% M O 54% 4 E (K%~ L, day 8 TiX control & A&
RERERD IR ST,
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(a) (b)

maEE mEEE

Concentration ratio (drug/metabolite)
Urinary ratio (drug/metabolite)
—
A

control day 1 day 4 day 8 control day 1 day 4 day 8
@ (d)
=
3 3
5 3
o

z 8 1 f . _g 10 1
& * E
_g B e ? g
.© = -
g 4 4 ?g/ S -
g s M
E g

g o —— . £ ol
§ control day 1 day 4 day 8 control day 1 day 4 day 8

(e)
6 e

% B r S |

5 —

£

U4

=]

&

LIBR

5

=

O =
control day 1 day 4 day 8

Fig. 13 Phenotype assessment of CYP isozymes. (a): CYP1A2, (b): CYP2C9, (c): CYP2C19,

(d): CYP2DS6, (e): CYP3A4.

AUC or concentration ratio was calculated using the probe drug as the numerator and its metabolite as
the denominator in plasma or urine samples. CYP1A2 and CYP2C19 activities were assessed using
caffeine/paraxanthine and omeprazole/5-hydroxyomeprazole concentration ratios, respectively, in a 4h
plasma sample. CYP2C9 and CYP2D6 activities were assessed using the 08 h urinary ratios of
losartan/E3174 and dextromethorphan/dextrorphan, respectively. For CYP3A, the ratio of the

AUC,g, of 1’-hydroxymidazolam relative to the AUCo.gn 0f midazolam was calculated. The decrease
in the ratio signifies enzyme induction. *P < 0.01, **P < 0.016 as compared with the ratio before
rifampicin administration. Values are presented as the geometric mean + SD.
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Pl

FHAF &

77 T VERBRIL O CYP IR Z — IR T 5 Z LN TEH LV RRAZA L TR,
%% O CYP{EMEZ HIMZFE T~ 5356 Ll RE OBH A SEL 2N TE L EE
26D, LnLIhnE T, BB 7 7 iBiad VT CYP OF B EIR O FA A
LTI R, FZTRETIE, b7 TIVRBROEYI EAEH O~ S A 2 B #Y
& LT, RN 13 A& xt5 & LIZERRRBR 21TV, B REIERIE TH Y . CYP3AL
FHENERA NG STV 5 rifampicin 3512 & 5 5 FED CYP &ML Eh 2 AL 3EAl L 7=,

Rifampicin 2 7 B354 25 Z L2 X V. CYP2C19 M () CYP3A4 JE HKod I 4 i i 1 33
LR T L7z, RERIZ, M CYP OIEMEFEIET&H 5 omeprazole & 5-hydroxyomeprazole @ i
H BE e K OY AUCmigazotam/ AUC 1 -hydroxymidazolam A AR T L7z, 2406 O FIZ rifampicin &
5 )72 CYP2C19 B L ONCYPAAFHENER 2T & D Th 5, & BT Z OFFELEH I rifampicin
BT IHBETRIL, ERT7HRIZEET L2 ZEBHLMNERoT,

E B IZAAIZE Tl rifampicin #5-12 5 Y CYP2C9 @ losartan @ AUC A & 72K TR L OURH
losartan/E3174 2R L OAK T 23388 B4, rifampicin @85V CYP2CY #FEMEH N RIR S

=, —J7.CYP1A2 }, 1) CYP2D6 iEMEIZ, rifampicin % 5-% O A B 2 A8 A3 380 H 9, CYP2C9

&ML rifampicin #6512 L0 RS DEmA ROz, o TARUFIEDOFER, rifampicin %5
R O 548 T 1413 CYP3A4 18 K1) CYP2C19 DALE & 72 B OF I, G BOFE /L
D ERHLMNE Tl FT2 CYP2CO FEHMIZ DN\ TIE— B Z T 5 rTREMEN
HY . —J CYPLA2 KX CYP2D6 FEEHE TlL, rifampicin # 5KV T H EFRRAICHE AAE
HeLIEHTE &2 615,

ABFFEDOFEFRND | rifampicin @ 7 B %512 & 5 CYP2C9, CYP2C19 K (O} CYP3A4 i& D
FHEOREIT, CYPIEMREIC LV EH T2 & 2T L3 /5. 26 5K U33ETH o7,
Z U E TIT rifampicin OFE/EAIZEIC CYP3AL [ZOWTHE I TWD A, WL OO
ZETIX CYP3A4 LISL D CYP, § 725 CYP2COX° CYP2C19 ~ DA ER &7k ST U5 5456),
L L7 B 26 ORBR TIZZ LD CYP G2 B Z FEf L CF Y | rifampicin ® CYP
HEAMEH OFLE 2 BHE T 5 Z LT LV, ARBFE TN 7 7 Vit a2 FvC 5 oD CYP
TEVEZ RIS LTl . 2N ENE—EENTOlENATEETH o7,

INETICOERERIC X D CYP IEMEAEN X, 2 CYP HEK /- I3HEE A2 B 5 LZE%
ICEW T SN TR Y | BEEE 72 13FFEE T 1L 5% ORMEIC K 5 CYP IEEOZE) L H
FVEHEIN TN o T2, £ ZTARETIL, rifampicin & 54& 7% D CYP {EMEEHIZ O
TH 7 TV A IS L C RIS FEM L 72, 2 OfE 5 rifampicin @ CYP3A4 J (X CYP2C19
FHEERIIR G TER (dayl) IZBW TR KX, 3H% (dayd) IZBWTHERH L, #&
H¥&T 7 B (day 8)ITIX 5T (control) D L~ LZEIET D Z E RO N E o7,
Beckman &%, rifampicin 544 T 4 HZIZEBW T, # A4S L7z midazolam @ AUC |d#
HRIOMED 13% &, F LA L7 Z L2 ®mE LTS 9, 5o T, 4513 rifampicin @ CYP
FEERIC L DMEAERDOY 2 71%, L7 & bIaEP % 4 H B £ CRific L, 72 CYP3A
DA E 275 EE R rifampicin #5488 T 1% 1-2 BREHE 95 S-S0 T b, ABEDORE R
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5 CYP3A4 EMEO R AL 19.9 FRf EFH Sz, 2 oxRLE, rifampicin (2 LY
P8 S L7 CYP3AL TEMEDS rifampicin #2584 T2 & Fiid 2 Z L Z/) L CER Y | rifampicin &
CYP3A4 SLE & OHW M EAE ML, RIRs G-I 721 T72 < rifampicin #2584 T4 1 8 [HI138%
MNTHMERHDL EZ2 BN,

Rifampicin DAt OFEEME I & > T CYP BEREFHEDORERF AL 2 J <7 H & Tl Imai 51
FYE K L LC midazolam Z ] L, St. John's wort (2 X V) #5& X7z CYP3A IEME D [a11E BEfH
Rt U7z %), 2R, REOFEE LR T <. St. John's wort O 5 EA/EF IZRIFIIZ I L,
TERT T AR GO LIRS T2 EMEL TV D, S5, W20 invitro LT
in vivo O, FHEE OVINED CYP3A O E £ 224 0.000321/min &Y
0.000481/min & BAEH HALTW D 9, fliJ5, Wang S IXAFHE D 5 fifs  E % (0.0005/min) %
T CYP3A Dy fiftidiE % 23 BEf] (#GPH : 14—35 BF]) EHEE LT 5 99, 216 Ok I,
AWFFEIZIH T 5 CYP3AL TEMEDEIEFHM L 1ZF—HTo2b0eEXLND, > T,
rifampicin (2 £ U 3538 L 72 CYP3AAL JEMEIIIESR ORI B H-RTD L~ VIZEIE T 5 &
EIND,

Vb, REOFRERNG, 7 7 VRBRIC X » THED CYP 5 % [RIFFICHGET L, rifampicin
2L 5% CYP FEEMEZFMT 22 N T, SHIZH 7 7 VERBRZIGH L, rifampicin
DHEREARH T 1115 0> CYP FHEANE M ORI 2 CYP MfEANCIET 2 2 L S ARETh o 7,
ZOEIC I TNVEBREISHT A ZLICLD . S E CREBNCEHME SN TX 2 CYP &40
T2 S EAE R A R EEE L, BRRMEH SN TV A EEGOL L 5T FillichsE s
NIZEIELIZBWTCHBENRMAAEFEREZHA LN T 22 R TE D NS,
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FAaE HITNRBREANE S L —TF I N—Y a2 — AL ACYP K NEKRT =4 T
AR — & —BHEAE A O [R R AT

=
il

5 14

IR, BARTITEEMESETe & HITEE~DORE LN E E > TEY | EEOHERFHHECZ R
DT %R TR RS ORI AN L T D, ZODERKMFEEIZL 27210 T2 GR
K> St.John’s Wort & W\ o 72 R B L -C & & EIREMZ P L2 5A8 OB b ER S5
Cl: ?j G: 720 7’*: 27,59,61-63)o

GFJ 1ZZ D Rksr Iz & £415 bergamottin, dihydroxybergamottin 72 £ ¢ furanocoumarin E-<°
naringin (2 X > THALE 2 BT 2 SR O CYP3A4 # fHET 25 Z L 12 X ¥ midazolam %5
DFIRLZHESR AL F L R3EWE D CYPIAL FEHEY O MEHIREA LR SE2 2 &l S
TN 88, F72 L DBV T LEEHHRIL GR) & OFAIFF Coex 2 1.1 705 1.4 512 B 5
SHELZENMOLNTEY D felodipine DHFHFETIX Crax 23 2.9 205 4 {512 B L, HiAIE
B#OMER T ARSI EDLN, G TIIREL RV ERARESNATND 8O, 207
DN DIND T T DAEHFEEOIRMT SCETIL GRI & OHFRIZHHIEE L 2> T 5,

S BT GRI TSR 7210 Tl <THLEITAAET D OATP ZPAET 2 Z &3 F b T
72 W0 s, BIEWTEETH S celiprolol RHLT LV X —3ThH 5 fexofenadine 72 E D
M A RN ALy T o AR—2 —=pHEFEIND 72D, YO MEFIREIXKRTT 5, B
W T & % celiprolol 13 ML ESETG R & U CEREAICHW SN TWA Y, GFI OFFHIC X
DIMAEFRENE LK T2 ERME SN TS 7202 = 0 celiprolol 75 OATP Cilig
BEINDHZ D OATP ORREIZ X 0 REYOWLERIME T Lzt B2 bivd,
ZOREOFRYE & L CHHEEICE £ 5 naringin <° hesperidin 235 S 71T U5 1967-68)

GF) ZRH L7, ZOMFEMN & OREFRHET 2 0 IFIRIICEE L LZ 2 6550
GF) OfEI%., CYP3A4 EMEIZE A EFTHEIIEK T LIS WO MENRH L DD, FEMGH
BEFIE ML E ORI O W TEFR IS B STV 2R 970, X 512 OATP HEFE
RN EDORRERHET 5020 TIE, BIED & Z A LT,

127 T VIRERIL, BHED CYP G 2 MR C& 2lBRIETH L8, ZNE TD
A7 T NVRBRIZ BV TIE, EEIZ CYP T DA ZRRLE L TBY, T U AR—Z—i%
P[RR L 722372200,

% ZTARETIZ.CYP L' kT v AR—F —iE 2 CYP3A4 FLE 3 & L T midazolam, OATP
FE K L LC celiprolol z A\ 7= 4 7 7 Vike &2 O ClRIBEREMT 2 3l 2x 72, 3725, CYP &
OATP %13 2 AEM ORI Z B E LTH 7 TARBREZITWV. GRIIZ L 52 b O
FAEH OFFoi s 22 Ll s Uiz, E7z, MM o Spihhe & O celiprolol D% (E, O
5 oW THE LT,
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2 EBRIIE

4-2-1. B R OCE

Celiprolol, pindlol [ZFnYAi3E T3kt (KFR) 2> &, midazolam (X Sigma-Aldrich Co. LLC.
(St. Louis, MO, USA) L W HEAN L7z, BERARER CHER L2 L2 b— V88X B ARFE (U#R).
RV B LEEFT AT 7 A8 OR) MOMA L, GRIIEHF A K 100% 7 L—7 71
—YVa—RA (FAKAE, KR)ZHEH L7, ZoMmoFIEIEE THROFHRBEMZHER L
72

4-2-2. %%

TEEER N BME 7 £ x5 & Uiz, 4Eip 23.140.7 5%, AT 68.1+11.6kg CEJ+IEHE(RE) T
ST, A IIARBRO B, Hik, THISLR. BRERIC X 28B~0 200 & OF
BEREIOEBEMZ EICOoWTHDICHA 2%, CECTRBR~OSIMCFE Lz, £7-.
BB XA AA 1 AT X 0 AR OB R A BRI Ule, ARRBRGHEEIRIRR ER R KO
FRIf EANT R EHEEEER B WK S, ~V U R ES 25T L CEMm LT,

4-2-3. RERFIE

PR 1T GFJ 200 mL Z5H, B, &% 1 A 3\, 3 HERA L7z, GFJ# 57 (control), 3
HHRAE T# (day 1), #& 7 3 H# (day 3). #7 7 H% (day 7) (ZERIRFRERZAT > 72, ERIR
AREBRICB W T, #REITE L2 F—/LEE (celiprolol, 100 mg) K& X KL 2 A7 (midazolam,
15ug/kg) &7 TAHLE LTRAKSE Lz, ¥k OE14% 1, 2, 3, 4, 6 X8I
PV Them » BARIME & D EEAERE L, iz To7-, 1 EHRMm&E7mL & L, iR
X 0 8% Sy EfE L —80°C CHllE £ THAAE LT,

control day 1 day 3 day 7

Time after the last intake of

grapefruit juice (h) -144 72 48 24 0
Hl | | | I

(AL | | |

Grapefruit juice (200 mL) ] I] ] II Ill I
1

Administration of celiprolol I
and midazolam

Fig. 14 A scheme of the study design.
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4-2-4. AP IR E O RIE
4-2-4-1. YT VRTER 5L

A% 0.3 mL ISP EBKEHEYET & L C pindlol (50 ng) Z#MNL. 0.1% formic acid 300 pL %/
Z 72, [EABHHH (OASIS HLB pElution Plate, Waters, Milford, MA, USA) %47\ >, acetonitrile 50
uL. 0.1% formic acid 50 pL THiit L7z, flfifH#k 10 uL % LC-MS/MS FaErE L7z,

4-2-4-2. LC-MS/MS 5:ft:

HPLC I Agilent #1:% 1100 LC system % L7z, 47Bf7 Z 213 Cadenza CD-C18 (150 mm x
2 mm, 3 um, Imtakt, 5#&) ZFEH L. 7 L7 A% Shiseido #1:4 CAPCELL PACK C18 MGII
S-5(10mmx2mm,5um) ZFEM L7, 7 AREIE 40 CL L7, BEHIT 0.1% formic acid
M OF acetonitrile (65:35) 4 AV, MIERFHEZ 555 & L7z, ¥l 0.2 mL/min & L7z,

E w1 API 3000 systems Z-fH L7z, #EAILA 421X Electro Spray lonization 412 X D
A 4 At < 87-, Celiprolol, midazolam ® tranzition (m/z) (%4 4 380—251, 326—291. CE
(eV) 134 %29, 20 & L7z, Celiprolol } " midazolam M &##(% 1-10000 ng/mL D %iPH THERK
L 1% THIIE L7z, & COEMIRE I DHxFAE K O EREUT 15.9% K% 1 10.1%LL T T
o1,

4-2-5. T — X fRHT

T = TR R 7S T HROR LTz, AUC X HRTZIETRD . MEHRIT I FHAEHT I3
GraphPad Prism software (version 5.0) % Fv 7=, Celiprolol & O midazolam #¢ 5-#% [l D Sy HEhEE
I RT A —F OFEFFIAEZEOREEX, wilcoxon O SNENFIfE % 1T > 7=, Contorol
BEARHEL L, dayl, day3 K OVday 7 2B L7=72, At 3RIOKREEZIT->T-, &2 TOH
FHFERFRHTIZ BT, bonferoni i 1IEIC X 0 falf L7% R A A EAH D L HE LT,
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B3 FEBRRR

4-3-1. Celiprolol o> I 4 o i B HER:

S H-1% | celiprolol @ B FIREE 134T O L B I\ T 3 R Chemifi 2/~ L7z (Fig.
15), Celiprolol ® it R FE 1L A 7 7V EEE 54 8 BEIC B W CH M 4L (63.9 ng/mL), 58
BT Lo 72, GRIEEE R O day 1 (28 T, celiprolol DM IEE LK TFL
72(Fig. 15A), Celiprolol ® Cpax &% T8 AUCoeniZ, contlol # & thiz L T day 1 TidZ=n £ 18%
KON 25%ICHBEIZIL T L, day 3. day 7 CidAERZ(LITRD vzl 72 (Table 9), GFJ
BB % 48 IEfE KON 144 FEfECd % day 3. day 7 Tl% AUCo.sn 13 control #i & ClEIfE L7
(Fig.16),

(A) (B)
3507 350
= - i —2 control = - i -~ control
2% 300 _e-day 1 (0 h after GFJ) S 300 —& day 3 (48 h after GFJ)
9 53 2507
o — o —
23 2% 2007
S o S o
=2 =& 1507
o Mo
50
0 iz T T T T T T T T
0 1 2 3 4 5 6 7 8
© Time (h) Time (h)
£ - control
S % -8 day 7 (144 h after GFI)
5=
23
g
= .=
I
=g
o

Fig. 15 Time profiles of the plasma concentrations of celiprolol after oral administration on the
control day, and days 1 (A), 3 (B), and 7 (C). Each point represents as the mean+SD.
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P=0375
- [
é P=0.016
‘go 1500 !
—
=
=)
S 1000
—
=)
=
(&)
B 500 -
O
=
0 T T T T

control day 1

Fig. 16 AUC,.sn values for celiprolol on the control day, and days 1, 3, and 7.

day 3 day 7

The horizontal line in each column indicates the mean of individual AUC.gh values.

Table 9 Pharmacokinetic parameters of celiprolol and midazolam after oral administration on the

control day and days 1, 3, and 7.

Pharmacokinetic control day 1 day 3 day 7
parameters
Celiprolol
AUCq.an (Nng'h/mL) 814 + 214 200 + 125 711+ 324 700 + 277
ratio vs. control - 0.251 + 0.142* 0.881 + 0.358 0.872 £ 0.390
Cmax (ng/mL) 259 +83.5 46.0 + 32.8* 219 £ 126 225+ 104
ratio vs. control - 0.181 + 0.106* 0.899 + 0.579 0.920 + 0.522
Tmax () 2.57 £ 0.572 2.86 +1.07 3.43+£0.787 2.86 £ 0.690
ratio vs. control - 1.14+£0.513 1.36 £ 0.339 1.17 £0.385
Midazolam
AUCq.gn (ng'h/mL) 11.3+£6.18 229+13.8 16.9 £ 9.63 15.1+105
ratio vs. control - 2.12 £0.758 1.47 £ 0.440* 1.33+£0.450
Cmax (ng/mL) 447 £2.56 7.56 + 3.80 6.82 + 3.36* 515+2.87
ratio vs. control - 212+1.21 1.64 £ 0.694* 1.30 £0.599
Tmax () 1.14+0.378 1.14+0.378 1.00 £ 0.00 1.00 £ 0.00
ratio vs. control - 1.07 £ 0.450 0.929 + 0.189 0.929 £ 0.189

The parameters are expressed as means + SD.
*P < 0.0167 compared to control.
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4-3-2.  Midazolam oD It i EEHER,

WP 5.4% . midazolam o L PR EE T AT OHREG HICB W T 1R CREa iz L, LA
REEFRYIZI LT (Fig. 17), Day 1 & ONday 3 (2351) % midazolam o i E 1%, control
IZHARTE L &EfE%A 7R L(Fig. 17A, B),AUCosn 1€ E 4 2.1 {5 & TN 1.5 51240 L 72 (Table
9), AUCosn . GFJ Fi&fEEf% 144 FEH CTd 5 day 7 1235 T control L)L (Z[al{E 3~ 2 @[]
DR BV (Fig. 18), [FIEEIZ, midazolam @ Crax & day 1 WV day 3 TEINLZAL 2.1 5 &N 1.6
2 EH- U, day 7 \IClEE$ BEEA A S 72 (Table 9), £72 Trax [ W T 6 A E 2R ITRE
D B> T2 (Fig. 17, Table 9),

(A) B)
12 12
%3 104 -0~ control 53 104 —3~ control
'E?,:h - day 1 (0 h after GFJ) 'E?‘:h —&— day 3 (48 h after GFJ)
£ S T
[=] (=]
=5 =5
ET EQ
8 E = £
A =3
© Time (h)
12
=3 —-&- control
SE 107 _m day 7 (144 h after GF)
25 Y
£E 3-
D~
2E
Se 97
=3
ET 44
8 E
l'“_""a 2 4
O{H T T T T T T T T

Time (h)

Fig. 17 Time profiles of the plasma concentrations of midazolam (A, B, and C) after oral
administration on the control day, and days 1 (A), 3 (B), and 7 (C). Each point represents as the
mean £ SD.
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50

40 A

30 A

20 ~

10 -+

AUC, ¢ of midazolam (hr*ng/mL)

control day 1 day 3 day 7

Fig. 18 AUCy.sn values for midazolam on the control day, and days 1, 3, and 7.
The horizontal line in each column indicates the mean of individual AUCg.sn values.

4-3-3.  GFJ I X 2 35D A& H)

GF) O BN b K& o7z day 1 IZHB W T, FM# 5%, midazolam K OF celiprolol @ T
Th o 1ERI%, 3 Re% ORE « FAKME &L A O3 % control I & Hlg L7, %
DfER . Day 1 DIEMF G- 1 Rtk D e iU & OV HEE O 313, control & Ebig LT 50%
KR L72s, AERZETRD bl 7 (Fig. 19),
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Fig. 19 Percent changes in systolic blood pressure (A), diastolic blood pressure (B), and heart
rate (C) 1 and 3 h after drug administration on day 1 and control day compared to the values
prior to administration of celiprolol and midazolam (baseline). The horizontal line in each
column indicates the mean.
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FHAF &

Pl

INETOA 7 TARBRIL, BE%Z CYP 0 FHICIREL TWALENREL, T UV AR—
& — 5 A RIRFRHE U7 iE& 3 e o 72, £ 2T, CYP KON OATP {EMED FIRFREATT 2 H 1Y &
LTl AN 2t & Lizh 7 T VB 21T\, GRIIZ & B2 5 OFLEVEH O FrptREf %
Fegs kR L7z,

WeBRE I GF) & 1 A 3181, 3 HM#G%, GFI 514 0, 48, 144 Rf1#% CTd 5 day 1,
day 3 }2 UM day 7 12 OATP J/E @ celiprolol & T CYP3A4 FLE @ midazolam Z#2 #5- L, #
7T INVERBREIT -T2, T OREE. GFJ X celiprolol @ Cuax 2 O AUCosn %23 L < K F &8 72,
Z AT GRI ORRAIZ L D OATP 2FLE &4, celiprolol DRINME T Liz72b B2 B b,
Celiprolol @ Cpax 5 TY AUCo.sn 1% GFJ e #&EH#% 48 IRff# 1% T % day 3 1T control L~ L |Z[H]
# L7z, —J5. midazolam o i F1i 13 day 1, day 3 “C control # & bbli L CEVMEE 720 |
AUCoen b ZNZFHN 20 5 N 14 52 EF- L=, day 7 TIFABEREITR LN -T2,

GFJ 12 & % CYP3A4 BHEMEM X, Rl & OFE AT (mechanism-based) i 5 D A 71 = X
XD EMESNTND N, ZoOIEFMEED ., CYP3A4 ILEIEM A G #&5-1% b i L
TFHBEELZLND, £z CYP3A4 [HE X, simvastatin, midazolam 2 OF triazolam (2 & A #fF
T3 7T HMFHE LI EME SN TEY B KREOKREE —ET 5,

GFJ 12 L% OATP FHEMEMIZ. /MHIZHIL L T2 OATP1A2 J TF OATP2BL {EMERREIC
LD LHESINTWD, OATP IZ oW T, fexofenadine $¢5- 4 BE[FIRTIZ GFJ ZARA L CTb
RN LN o T WD HENH DDA T D, [HEFHERH SO E D b O [RI1E 1 FE 4 7
fili U725 1372003 o 7o, RFETIX, GFI 12 X 5 OATP FHEVEM 1L 48 KEILIFN &5 | CYP3A4
FLEVEA L0 LERECRIET S Z & 2 BT LT, I < #ilT Shirasaka © (X, OATP 51
HEfe 2 v 72 in vitro OAFFET GFJ @ OATP EMEMIZ A TH L LEL TS ¥, =
DHEIL. KEOFEREE MTLHDTH D,

ZAVE TITRERERR N 26t G & U7 B RERIR CL GRI #% 5-12 X U celiprolol @ AUCq.eh 2% 13%
b DHUVNELT%ITHA L7z LS Tn s 12, b ofE %, 4EERD bivlz AUC K
TRID LRIV, ZhbO®E TIIERE T celiprolol Z £ 5-% . GFJ % 200-400 mL B/
B LTEY, AETITo KRR E D b GRI OFRLEENZ V., IO/ EEE 25D
DL, GRICKDMEEEME. HEERFNTHL LD,

GFJ (2 X % celiprolol D Mg P2 (L FiZ, OATP BHEMEAN ERFER TH L EEZHND
N, MOBER N ONFTF HD, bbb, GRICEY + 3N pH MEF L, [[
Repe 5 L7z celiprolol 231 A2 L 705 2 & T, BRUINAME T L2 rIREMESC, PREX X7 B %
I U 7= BEH a6 & OB LS BEA 72 & o BRI A3 G- L T 5 AT REMEIZ A E TE 720 29,

FTo. AL TITHEY OERNEREDOZETZ T T, FNMTHER Lz, BENETH D
celiprolol 3= L EEC B LVE DRI AV B v, BEIEIER 27897, GFI A L 5 OATP [
FEAEM DS celiprolol DIANENRE 21T T < N G- 2 % BT OV TR 2 728, celiprolol
DFZh & U THE K OO E B Lie, SRtk O 514 1, 2, 3, 4,6 KO 8 I
IV Tl « HSARIME X VA2 BIE L, MR GRME O OB RELFHH L, %
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DOfER, celiprolol ™ AUCoen 23 HIE T L, GF) DEEN K KX o7 day 11BN T,
midazolam & celiprolol @ T Td 5 W H-1% 1 K & O 3 K D% control 1 & bhik L
7o & 2 A, b 1R O g M & OVDAE o 31, control & Hri LT 50%EK T L7
WAHBRZTRO biehroTo, ZORSIE. GRIIZ X 5 celiprolol DWRIUK FIZ L5 b D &
R INDD, HEREHDROI T Y, ok celiprolol o ifiLE K& OVCMHEIR VER 23 b
IS5V &R En D BIEIZTE 220,

VIE, 7 7 ViR S OATP IEMEREMIC IS FTRETH ¥ . GRIIZ K % OATP FLE/EH I
CYP3A4 LV HAERFH T35 Z LB L7257z, Ko T, OATP K TN CYP3A4 DX
EHIT L2 HWNEHR 21T O BRIT GFI O A W R IRHNTHRET 2 & Th 5, AR T Hiff
RITEDHEEAERER O T D DFHRE LTHRIZE B 2 b D,
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A
N[WY

CYP |3k % 7253 THRENAFAE L, BRIR BAEH S T 2 Y O RFHTELS B> T\ b, F
7o IR TIEHAEHTZT TR SO IC X 2 FWH AR b IER STV D, FIZh 7R
R—H — X E OFBLERBI B R ZE DAL T D56 . S OWRIMEAZEE) U i i 0550
B EE 2D EEZLND, CYP R kT v AR—% — DG E R 20 R,
BEHH WIS COER L VEBTLZ ENMONTND, ZD72D 2D OIEMEZRE
252 &ld, ZOEEBERLOEELA LML, @YRIEMEILELZITO ECHERER
EHZHEZEZLND, BUEETICE MFI 7 v Y —A48 MM &2 AW BRCHy
Z O Te REHE R 3T DAL TV 5 25 I OWIL, 7oAn., R, HRilkZ: E oRNEREIC
£ DB FRIEVE DT I k0 . ZTh b 0BT MTEBIT DIEMEE ERITITRM T
TRV, ZDIDE FaRR L LI BB RAIRTH D,

717 7 VEEBRIE, RIEER S N T U AR —F —OEBOIEIR AR LTe Th 7 73]
EPRE IS L, TORMBEEZRFTT S 2 LIk 0 —EICEED CYP KON K T VAR
— X —{EMNEZ Ml CE ARERIETH D, L LEBERO D 7 7V iBhiE, EEEICEE ORI
HEROMEEIT O MER DD, o, EREWIICH LIcHERITE A ERWD, KRR
BNVIETH D, M T, 7 7 VR A2 AW CEBRICOFHZIESC R M & OEWE BAER % i
HrL7eiiE 13 7e <, EIEY CYP o FHOALAEZRRE L THEY, N7 AR—F —{E
& RIFFREAM L 72 B3 72, & 2 CARBIE T, £ 30 7 7 VLK O EGE OFRFEE
BIEEZME LT, RIS, Filc R EWHEEER A ) —= 7158 LTIy Mt e Lzl
7 T IVERBRDNS A PRED R LTz, S BT, MR A Z x5 & UTCBRREBR 21TV OF 3R
RBEMIZE D CYP KO K T v AR — & — (M E) & M8/ D> DR RFRIIZFM L7z, BL By
5. A7 TR E TSR EE R OMENITE LML L, ST 52 8 2B E L
7=

AWFFETIT, FFHRBETEME LD 7 TVRBRE NS D52 LA B E LT, H—0RLE
B2 XD 5FD CYP FLEHY) (caffeine, losartan, omeprazole, dextromethorphan, midazolam)
& X DM D LC-MSIMS (231 D FIRFE BIEDR G 21T o 7o, £ OFER, MAEKR QYR H
FEMIREE DR BT RAFREMREL R L, BRI T DAL BRI 2 Tols
PN RN THIED > 7T 15%LL . JRY v 7T 16%LL T CThoTo, £, HEREAA 4 4
ERGE LTCH 7 TNARBREITo MR, B 7 7 VIR G% O mEPIREHERE )6 AUC KDY
R CRIMRGEY) DNEH S, 5O CYP IHEEOMT A FRE CTh o7z, Liznd> T, t
N1 7 FARRBRIZEBN T, RIEICL Y 2 TOREEROEYBIREDRNT TE, CYP IEMEDO T
DHEETHDH LB BT,

WIZ, H 7 T ViR 2 EREI S rTRE MR 21T o 72, HEME SD /27 > kb (7-9 i)
2 7 TOVIRE R O G4, RRRFRICER I U, e 38 J O B IR S & e L 7=,
X5k FTCYPBHEEHANHE STV % ketoconazole (10 mg/kg). fluconazole (10 mg/kg)
KO fluvoxamine (100 mg/kg). 72 L CYP #FHEAEM N #HE 4TV 5 dexamethasone (80
mg/kg) ZHIES L CRERICHEBRZIT o7, TOMRE, 7 v FEaHW=h 7 7 ARBRIZEB WD
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T, WEEY OFEYBRE )N T A —Z ZRIFHCEHFETH Y, £72 CYP FERK VT
BHIZ LD CYP {EMEOLE 2NN ATRETH 5 Z ENM BT, UL EDORIR
NH, Ty hERWTHZ 7VEREBREITH Z EI2L 0, CYP IR A2 MEEENICRHEi /TR TH D
ZEDBBHOLNIIR ST, RIEITT v N ERAWEE LY B ERBREETH Y | RN
FHEAERAZ ) == 7EE LTRSS, IRIBIKIZE D CYP IEMERHIOMET L Ot e &
~OIEHZ B LT, CYP ILERD 2 WITFHEROMBEL O L TARIEICKIVBREIL, £
BEE Tt NOMREXT 20 E e T 2 0ERH D,

INETOH 7 TNRBITEEEDO HAIE G- O% 6 & 7 7 VEE O6 O fE 3Ry
TEEHERS O ENCIHMBNTE KT A —HX DEFZOVTHRIT L TWNDHOREL, EHEEED
FHE - EORBEZRF LTEMEILIEEA LR, TIT, BERAEZRRE LTI T
ARER 21TV, CYP dBEfER NS STV 5 rifampein (2 & 5 CYP &M D28 8h & R AL AT
fili U7z, #BRFE 1L rifampein (450 mg) A 1EIIRA L. rifampein $¢5-71 (control) & UM% 5-#&
TiE% (day 1), &5 7T 3 H#% (day 4). &5 T 7 H1& (day 8) (427 7 /3 (caffeine,
losartan. omeprazole, dextromethorphan, midazolam)z#% 05 L. &Y & =0 EREH O
MAFEFPRE A2 RE LT, B 7 TV G4 O MR REHERS 5 AUC L OMUHTE CRMIMCGH
M) MNEH S, 5 FED CYP IEMEDOMNT N AIRETH » 7=, F 7= rifampicin (2 X 2 FEEHIX
day 4 £ CTHigt L7z, LA LEORERMNS ., 7 T VikBRIC X 0 MR ORI A CYP iEMED
EEN I T 5 Z LB LN T2,

EBHIZCYP & T U AR—F =N T H2MEERORRREZ B & LT, R 2 %t
RE LI 7 TNVERBREZIT o T2, GRIIZHILE ICHRIT S CYP3A4 ZHFE L, HEHY O Mg
HREAY B S22, FRFIC OATP #fHF L, EEEMOWNZIKT S5 2 &nHE s
NTW5b, RBFETIE. ZOMAEMERICEER L, GRIIZ X 5 CYP KT OATP FHEEH O Ft
R[] % ELHE R T U 72, BEEE RN 7 44 % %5212 OATP D T & 5 celiprolol 100 mg & U CYP3A4
DOIELE TH % midazolam % 15 pg/kg &5 Uiz, Behtk 8 REf &£ CTRIRFAOICER I )2 OV
OB DTN E ATV, WY O i R SEY IR BE 2 I E LTz, % D% 3 H [ GFJ % &% 200 mL
fRAL, 3Bk 1 HBEIZGR LICHmIEA 2R OKEG L, SHICHRBRILO7 HEBIZHIA
ROBRBRAEITo 7o, KARBRITERER K FEMEZESORREG T T2, MY O MR
FEHERS > O IKMIBFE T A — 2 ZHH L7 & Z A, celiprolol 1335 1 H H T Cmax & AUCosh
DAREIETLTEY, 3 XN 7 HETIEB AT A—=FITHAEREP AN oT2, F
7z midazolam (FFAfR 1 X O*3 HH TiX AUCoan 1FF L EH-L7z, LaxL., B 7 HHTIX
AUCoan ICH BERZELITR bR Te, THIZR Y B 7 7 v alBRiE OATP FEMERHIIC & Ik
MATRETH Y . GFJ D OATP [HEVEM 1L 48 BFFLIPIZHIIE L. CYP3A4 DFHLEENIZ 144 Ky
FUANIZEIE S 2 2 LRI SiTe, ZAUTEEMMAAEREREO T2 DOiFH E L THHTRE &
Ez b5, 7=, celiprolol O TH 5 ME K OHAEITE BERZLIZR SRR -T2,

PL b, AR T, il ol e 7 7 AVRBRORIREERIER T v MBI A2 77
IWRRBRAREN LTz, S 61T, EERICOFRELRMICE D CYP KO b T AR —Z — {5
B & MR D> ORRRERICHENT T X 5 2 E R L INNT IR o T2, AT T B H 7 7 Viklk %
FNT= SR FAEH O REREROMRATIE X 380 O BR%E K OV AR BLS 12 35 1T 2 3 1) 72 SR 5
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