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P450
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non-P450
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non-P450
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90% P450

(, 1995) P450 DDI
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DDI
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(FDA) 2010
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10 2014 7

[

[]/Ki 0.1 DDI
FDA
P450 DDI (Almond et
al., 2009 Einolf et al., 2014Fahmi et al., 2008Guo et al., 201,3Hewitt et al., 2007

Kato et al., 2005Shou et al., 2008

in vitro
P450 (Hutzler and Tracy, 200Xerr et
al., 1994 Maenpaa et al., 199&gui et al., 2000 Schwab et al., 1988hou et al.,

1994 Wang et al., 2000Viebel et al., 1971

P450
DDl
DDl I

DDl

I FDA EMA

vitro P450 DDI

in vivo



P450



FDA

)
(Ki)
Ki (['] max)

[1] max

(Bachmann and Lewis, 200Blanchard et al., 20Q04inolf, 2007

P450 DDI 2006
2010 EMA
DDI
in vitro
EMA
FDA Ki
Ito et al., 2003

Ki
P450

(Brown et al.,

2006 Grime and Riley, 200@Vargolis and Obach, 2003ran et al., 2002

fluconazole ketoconazole

itraconazole K; 10

(Brown et al., 2006 K;

EMA  FDA DDl

CYP3A

DDl

Ki

P (P-gp)



DDl

CYP3A

DDl

(Galetin et al.,, 2010 Galetin et al., 2007 Kato et al., 2003

RostamiHodjegan and Tuckef004 Tachibana et al., 2009 2006

FDA
CYP3A4
DDiI
FDA DDI
[I1/K
2
I-2-0)

DDI EMA
DDI
EMA DDI
EMA
DDI
CYP (rhCYP)

BD Biosciences (San Jose, CA, USA)

Ranitidine hydrochloride ketoconazole terbinafine nifedipine

roxithromycin diltiazemhydrochloride omeprazolediphenhydramine hydrochloride

sulphamethizole amitriptyline hydrochloride tolbutamide

(Osaka, Japan)

testosterone

Fluvoxamine verapamil labetalol

hydrochloride mexiletine hydrochloride fluoxetine miconazole sulphaphenazole

benzbromarone Sigma Chemicals (St. Louis, MO, USA)



Felodipine cyclosporine sertraline citalopram hydrobromide  Toronto

Research Chemicals (Toronto, Ontario, Canada) Fluconazole
LKT Laboratories  (St. Paul, MN, USA) Itraconazole
amiodarone MP Biomedical (Irvine, CA, USA) Propafenone
hydrochloride sulphinpyrazone ICN Biomedicals (Aurora, Ohio, USA)

Isradipine  USP The United States Pharmacopeial Convention
(Rockville, MD, USA) Fluvastatin  Calbiochem (San Diego, CA,
USA) Azithromycin  Astatech  (Bristol, PA, USA)
Quinidine sulphate bufuralol hydrochloride  Ultrafine chemicals
(Manchester, UK) b-nicotinamide adenine dinucleotide phosphate
( SNADP+) glucose-6-phosphatgG-6-P) glucose6-phosphate dehydrogenase

(G-6-PDH)  Oriental Yeast Co., Ltd. (Tokyo, Japan)

HPLC
[-2-ii)-a
Tolbutamide bufuralol testosterone CYP2C9, CYP2D6
CYP3A4 100 €L
CYP (200 nmol/L CYP2C9 2 nmol/L CYP2D6 10
nmol/L CYP3A4 pH 7.4 50 mmol/lL NADPH
MgCl, 5 mmol/L  b-NADP+ 0.5 mmol/L G-6-P 5 mmol/L G-6-PDH
1.5 unit/mL
0.5 mg/mL tolbutamide $3 107 213 427 emol /L
bufuralol .2 4.4 8.8 3 5 & motéstodterone20 40 120 240
emo) / L K 0131030100 emol /L



(DMSO)

0.5% (V/v) CYP2D6 CYP2C9 CYP3A4 20

30 15 min 37 10Q@ ¢
1,500y

10 min

[-2-ii)-b

(UPLC; Waters, Milford, MA)
4 -Nydroxytolbutamide 1 -Nydroxybufuralol

6 Ehydroxytestosterone (UV) LC

Acquity BEH C18 c ol uWaters(Mifrd MA) 2.

A: 20 mmol/L phosphate buffer (pH 7)/acetonitrile (9 : \t/v)

B: 20 mmol/L phosphate buffer (pH 7)/acetonitrile (3 :V/v)

: 0.5 mL/min.
50eC
uv : 250 fhydroxyfegidsterone) 230 250 nm
( 4hygroxytolbutamide) 2 4 7 nhydrakybufijiralol)

( B %): 4-Nydroxytolbutamide8-24% (G2.2 min) 95%
(2.22:3.9 min) 8% (3.934.1 min) -hidxpxybufuralol12-24% (G2.2 min) 95%
(2.23:3.9 min) 12% (3.914.1 min)  -By@roxytestosteron&5% (G1 min) 95%

(1.0:2.48 min) 35% (2.492.5 min)
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[-2-ii)-c K;
Ki GraphPad PRISM ver 5 (Lllla, CA, USA)

Ki 2 1NV

[V = Vimad B/ (KnlL+[IJ/K ] + S)]

[V = VmatS/((Km + SHL+[II/K ])]

[V = VinadS/(Ke/ (1 + [ASH/I0H )] / UK
[V = Vet B/ (Kl 1+{I/K ]+ SE 1+ [ )] / UK

testosterone hill

[V = Vit (Kin " HLHIJ/K ]+ SD)],

[V = Vi BY((Km" + SYHLHI/K )],

[V=Vmat8 (K (1 + 4L DK NI / UK

[V = VmadS(Kn "HL+[/Ki]+ S 1 +[ )] / UK

Akai keds I nformation Criter.]i

Ranitidine K; Ki = 1Cs¢/2

[-2-iii )-a

(HTD96a,;
HTDialysis, CT, USA) NADPH MgCl,
2 ( ) 150 ¢L
( ) 50 mmol/L 150 ¢L
10 emol /L (

fluconazole itraconazole azithromycin amiodarone sulphaphenazole

sulphamethizole 1 emol /) 87 rpm(Type

11



NR-1; TAITEC, Tokyo, Japan) 20 h

1,500y 10 min fluconazole cyclosporine
itraconazole azithromycin amiodarone sulphaphenazole sulphamethizole
- (LC/MS/MS)
UPLC-UV LC/MS/MS
100 ng/mL alprenolol ( simvastatin
cyclosporine )
[-2-iii )-b
LC/MS/MS LC Prominence UFLC systemShimadzy Kyoto, Japan
DGU-20A 10AD-VP LC-20AD
SIL-20ACHT CTO-20AC MS

API1 3000 (Applied Biosystem, Foster City, CA, USA)

Analyst software™ (version 1.4.2) LC MS

N

: Shimpack XRODS( 2.0 mm i .d. T 30 mm, 2.2 &m;
A: 0.2% (v/v) formic acid ir0.01 mol/L ammonium formate (pH 3.0)
B: 0.2% (v/v) formic acid iracetonitrile
: 0.5 mL/min.
50eC
( B %) 10% (60.2 min) 10- 99% (0.20.4 min) 99%
(0.4-2.5 min) 10% (2.63.7 min)
Cyclosporine m/ z 1202.8Y100. 8/z fluc

306.9Y220. 3; mizt70&c BWB8ARI. € ; na/zzit h4omy¥sal. 4

12



amiodaronem/ z 646. 0Y100. 1 m/gulBdBbagdidmd@z &l,e sul ph

m/ z 271.0Y155.nm9;z <Al 2sYt1HOt9imRz 2a50r 2Yble.l 3

UPLC-UV
: Acquity BEH C18 column (100 x 2rhim, 1.7 &m, Wat ers Mi |
A: 10 mmol/L ammonium acetate/water/acetonitrile (1:8v1v/v)
B: 10 mmol/L ammonium acetate/acetonitrile (1:@/v)
: 0.5 mL/min.
40eC
uv : 220 nm (miconazole, mexiletine)222 nm (sertraline roxithromycin

diphenhydramine fluoxetine) 250 nm (other drugs)

Gradient ( B %) 2595% (G1.5 min) 95% (1.52.7 min) 25% (2.713.5
min)
|-2-iii )-c
(fu,mic)
Cbuffer
fumie= —5 —— (1)
Cmixture Cbuffer
Ki (Ki,u)

Ki,u = Kiliu,mic (2)

[-2-iv)
2004 Ito
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(Ito et al., 2004 DDI

AUC
cyclosporine CYP3A4
(OATP) P-gp (Shitara et al.,
2003 Terao et al., 1996 OATP P-gp felodipine
(1] max) ([1] max,0
[I1/K;
DDI Ki [1] g2/Ki
[1] g2/Ki [ g2 (250
mL) [1] g2
] = Falkéi)ose 3)
Fa Ka Qq 1 0.1
min® 248 mL/min (Obach et al., 20Q8RostamiHodjegan and Tucker, 20p4
|-2-v) DDI
FDA EMA AUC 80-125%
(Tucker et al., 2001 Bjornssonet al
(Bjornsson et al., 2003 AUC Astrongo
Amoder datve a B0 (strong inhibition, AU§. AUC O

5: moderatdnhibition, AUG/AUC < 5 to > 2; weak inhibition, AUC AUC td> 2

1.29
[1/K; DDI true-positive,
true-negative, falseegative falsepositive [/K;
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falsenegative false-positive

[1/K > cutoff value [1/K < cutoff value
AUC ratio >R True Positive False Negative
AUC ratio <R False Positive True Negative
R =1.25, 2, and 5.
Accuracyfalsenegative false-positive rate

Accuracy rate = (true positive + traegative)/(total studies)
Falsenegative rate = false negative/(true positive + false negative)

Falsepositive rate = false positive/(true negative + false positive)

3

[-3-i) K fu.mic

35 in vitro Ki

Tablel-1 CYP
(Zzhang and Wong, 2005
fu,mic amiodarone 0.004

fluconazole 1.00 Felodipine terbinafine itraconazole
sertraline amiodarone miconazole fymc <0.2

0.5 mg/mL fu,mic

(fp)
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Table I-1

In vitro and in vivo data for DDI prediction used in this study

[1] max AUC K;i

CYP Substrate Inhibitor (eM) References fo References ratio References Inhibition mode (eM) fumc fo/fu mic
CYP3A4 Felodipine Cyclosporine 0.76 (Madsen et al., 1996 0.07 (Obach et al., 2006 1.58 (Madsen et al., 1956) Competitive 9.4 0.35 0.20
Midazolam Azithromycin 1.0 (Hardman et al., 2001 0.69 (Kato et al. 2009 1.27 + 0.25 (Zimmermann et al., 1996 ND 408 0.92 0.75

Midazolam Ranitidine 15 (Muirhead et al., 1988 0.85 (Obach et al., 2006 166 =+ 0.22 (Elwood et al., 19838 ND 500 0.98 0.87

Midazolam Roxithromycin 13 (Kees et al., 2000 0.14 (Obach et al., 2006 1.47 + 0.25 (Backman et al., 1994 Competitive 98.7 0.93 0.15

Nifedipine Quinidine 4.1 (Ito et al., 1998 0.13 (Obach et al., 2006 137 + 0.83 (Bowles et al., 1993 Mixed 38.8 0.91 0.14

Nisoldipine Ketoconazole 7.9 (Einolf, 200%) 0.01 (Obach et al., 2006 244 + 45 (Heinig et al., 199p Competitive 0.01 0.60 0.02

Quinidine Felodipine 0.0091 (Hardman et al., 2001 0.004 (Obach et al., 2006 1.07 = 0.12 (Bailey et al., 1998 Competitive 4.9 0.11 0.03

Quinidine Nifedipine 0.23 (to et &, 20029 0.044 (Kato et al., 2008 115 + 0.15 (Bailey et al., 1998 Mixed 6.4 0.74 0.06

Triazolam Fluconazole 35 (Einolf, 200%) 0.89 (Obach et al., 2006 442 + 097 (Varheet al., 1996a Competitive 9.6 1.00 0.89

Triazolam Isradipine 0.03 (Hardman et al., 2001 0.04 (Obach et al., 2008a 077 + 0.14 (Backman et al., 1999 Mixed 2.8 0.56 0.07

Triazolam Itraconazole 0.48 (Einolf, 200%) 0.002 (Obach et al., 2006 271 = 12 (Varhe et al., 1994 Competitive 0.04 0.09 0.02

Triazolam Terbinafine 4.0 (Einolf, 200%) 0.004 Product Label 081 + 0.14 (Varhe et al., 1996b Noncompetitive 204 0.17 0.02

CYP2D6 Desipramine Fluoxetine 0.46 (Einolf, 2007 0.050 (Obach et al., 2006 743 + 7.13 (Bergstrom et al., 1992 Competitive 1.02 0.34 0.15
Desipramine Sertraline 0.11 (Ito et al., 2002 0.014 (DeVane et al., 2002 154 + 1.05 (Kurtz et al., 199y Competitive 2.45 0.10 0.15

Encainide Quinidine 1.23 (Ito et al., 1998 0.13 (Obach et al., 2006 114 + 17 (Turgeon et al., 1990 Competitive 0.0015 0.91 0.14

Flecainide Amiodarone 1.1 (Hardman et al., 2001 0.0027 (McGinnity et al., 2005 137 = 077 (FunckBrentano et al., 1994 Mixed 201.9 0.004 0.62

Imipramine Citalopram 0.4 (Pelkonen et al., 1998 0.20 (Obach et al., 2006 1.15 (Gram et al., 1993 Competitive 8.01 0.87 0.23
Imipramine Fluvoxamine 0.43 (Hardman et al., 2001 0.23 (Obach et al., 2006 363 = 112 (Spina et al., 1993 Competitive 3.97 0.63 0.37
Imipramine Labetalol 0.70 (Daneshn}zré%and Roberts, 0.50 (Obach et al., 2006 153 + 1.75 (Hermann et al., 1992 Competitive 0.49 0.84 0.59

16



Metoprolol Amitriptyline 0.20 (Sennef et al., 2003 0.01 (McGinnity et al., 2008 144 + 0.38 (Kirch et al.,1984 Competitive 1.81 0.55 0.02
Metoprolol Diphenhydramine 0.26 (Einolf, 2007 0.36 (McGinnity et al., 2008 161 + 0.80 (Hamelin et al., 2000 Competitive 0.93 0.94 0.38
Metoprolol Mexiletine 1.83 (Kusumoto et al., 1998 0.58 (McGinnity et al., 2008 182 + 0.73 (Sakanoto and Ohashi, 1995 Competitive 11.2 0.89 0.65
Propranolol Diltiazem 0.13 (Einolf, 2007 0.22 (Obach et al., 2006 148 + 1.00 (Tateishi et al., 1989 Competitive 32.6 0.94 0.23
Propranolol Omeprazole 0.90 (Kang et al., 200R 0.05 (Obach et al., 2006 1.02 + 0.59 (Herry et al., 198y Competitive 181.8 0.99 0.05
Propranolol Propafenone 2.6 (Kowey et al., 198p 0.04 (Kato et al., 2008 213 = 1.14 (Kowey et al., 198p Mixed 0.014 0.72 0.06
Propranolol Verapamil 0.73 (Einolf, 200%) 0.10 (Obach et al., 2006 1.42 (Hunt et al., 199D Competitive 23.5 0.85 0.12
CYP2C9 Diclofenac Fluvastatin 4.5 (Transon et al., 1995 0.006 (Kato et al., 2008 1.25 + 091 (Transon et al., 1995 Competitive 1.08 0.74 0.01
Phenytoin Sertraline 0.14 (Ito et al., 2002 0.014 (DeVane et al., 2002 112 + 0.55 (Rapeport et al., 1996 Noncompetitive 181.3 0.10 0.15
S-Warfarin Benzbromarone 4.7 (Takahashi et al., 1999 0.0005 (McGinnity et al., 2005 215 = 122 (Takahashi et al., 1999 Competitive 0.182 0.27 0.00
S-Warfarin Fluconazole 70 (Einolf, 200%) 0.89 (Obach et al., 2006 284 + 137 (Black et al., 1996 Competitive 22.4 1.00 0.89
S-Warfarin Miconazole 0.56 (Ito et al., 2002 0.02 (Ito et al., 2002 472 + 0.70 (O'Reilly et al., 199p Competitive 1.1 0.16 0.12
S-Warfarin Sulphinpyrazone 33 (Ito et al., 2002 0.007 (McGinnity et al., 2005 193 + 0.35 (O'Reilly, 1982 Competitive 85.3 0.98 0.01
Tolbutamide Ketoconazole 7.9 (Einolf, 200%) 0.01 (Obach et al., 2006 177 £ 017 (Krishnaiah egl., 1994 Mixed 3.4 0.60 0.02
Tolbutamide Sulphamethizole 222 (Komatsu et al., 2090 0.14 (Komatsu et al., 2090 162 + 055 (Lumholtz et al., 1976 Competitive 70.4 1.00 0.14
Tolbutamide Sulphaphenazole 77.9 (Komatsu et al., 2090 0.32 (Komatsu et al., 2000 528 + 184 (Veronese et al., 1990 Mixed 0.22 1.00 0.32
ND: Not determined
8AsthelGoval ue of ranitidinevadause >walsO OpOr essmuonhe/d. ,t o hbee K500 & mo |
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[-3-ii) EMA DDl

DDI (weak moderateto-strong strong) falsenegative
rate [/K [ max/Ki
0.00006 6 falsenegative falsepositive
accuracy rates Fig. I-1 EMA 0.02
moderate strong DDI falsepositive
falsenegative rates 25% 0% (Fig. I-1b)
0.02 weak DDI the falsenegative rate
3% (Fig.1-1a Weak DDI falsenegativegates 0
[1] max,/Kiu 0.0006 [l max/Kiu  0.0006
terbinafine felodipine omeprazole sertraline Strong DDI
0.06 falsenegatives 0
(Fig. I-1c)
EMA (>99.0%)
DDI [1] max/Kiu 0.004
7 (terbinafine

felodipine itraconazole fluvastatin amiodarone sulphinpyrazone benzbromarone

99% DDI
[1] max./Ki 0.004 0.02 (Table 1-2) EMA
CYP3A4 DDI
(Table 1-3) [l g1 [1] g2 CYP3A4
DDI CYP3A4 AUC

terbinafine nifedipine felodipine isradipine DDI
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A R=125 B R=2

100 100
80 80 {[]
60 60
8 & ¢
40 40
20 20 |_|
0 0
0.00006 0.0002 0.0006 0.002 0.006 0.02 0.06 0.2 0.0006 0.002 0.006 0.02 0.06 0.2 0.6 2
[I]max.u/K\‘u [I]max.u/Ki,u
100
80
60
=S
40
0
0.002 0.006 0.02 0.06 0.2 0.6 2 6
[I]max‘u/Ki,u

Figure 1-1. Results of accuracy, false-negative, and false-positive rates evaluated
using each cutoff value.

R =1.25, 2 and represent that DDIs with AUBGUC > 1.25, 2, and 5 were considered
asfi p o s i @penvceldmn: fals@ositive rate (%), solid column: falsegative rate
(%), open circle: accuracy (%).
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Table I-2 Comparison of risk assessment for inhibitors with high protein binding

AUC DDI potential
Substrate  Inhibitor ratio 1] maxdKi 0.02 0.004
Diclofenac  Fluvastatin 125 £ 091 0.03 Positive Positive
Flecainide = Amiodarone 137 + 0.77 0.003 Negative Negative
Quinidine Felodipine 1.07 + 0.12 0.00006 Negative Negative
S-Warfarin  Benzbromarone 215 = 1.22 0.05 Positive Positive
S-Warfarin  Sulphinpyrazone 193 = 0.35 0.003 Negative Negative
Triazolam Itraconazole 271 = 12 0.28 Positive Positive
Triazolam Terbinafine 0.81 + 0.14 0.00046 Negative Negative

®An in vivointeraction study with a sensitive probe substrate is recommended if K
50-fold the unbound .« Obtained during treatment with the highest dose, which means

that an [lhaxJKiur at i o

greater

t han

0.02

woul d

®An in vivointeraction study is recommended if & 250fold the unbound @Gax for
drugs with a plasma proteininding >99.0%, which means that an.J] /K, ratio
be considered

greater

than 0. 004
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Table 1-3 Comparison of risk assessment by different methods for CYP3A4 inhibitors

Inhibitor ~ AUC [1] mas K [1] g/K° [1] 2Ki*
Substrate Inhibitor dose (mgQ) ratio value potential value potential value potential
Lovastatin  Cyclosporin 350 1.58 0.016 Negative 123  Positive 12.4 Positive
Midazolam Azithromycin 500 1.27 £ 0.25 0.0018 Negative 7 Positive 0.7 Positive
Midazolam Ranitidine 150 1.66 + 0.22 0.0026 Negative 4 Positive 0.4 Positive
Midazolam Roxithromycin 300 147 £ 0.25 0.019 Negative 15 Positive 1.5 Positive
Nifedipine Quinidine 200 1.37 £+ 0.83 0.015 Negative 28 Positive 2.8 Positive
Nisoldipine Ketoconazole 200 244 £+ 45 9.4 Positive 107525 Positive 10839.2 Positive
Quinidine Felodipine 10 1.07 £ 0.12 0.00006 Negative 21 Positive 2.1 Positive
Quinidine Nifedipine 20 1.15 £ 0.15 0.0021 Negative 36 Positive 3.6 Positive
Triazolam  Fluconazole 200 442 = 0.97 3.2 Positive 271  Positive 27.3 Positive
Triazolam Isradipine 5 0.77 = 0.14 0.00076 Negative 19 Positive 1.9 Positive
Triazolam  Itraconazole 200 271 = 12 0.28  Positive 31422 Positive 3167.6 Positive
Triazolam  Terbinafine 250 081 £+ 0.14 0.00046 Negative 15 Positive 1.5 Positive

®The [jmax/Kiur at i o greater than 0.02 would be considered as fApositi v
®An in vivo interaction study with a sensitive probe substrate is recommendedkiflBfold the maximum dose taken at one

occasion/250 mL, which meansgfK; ratio greater than 0.1 wouldbec s i der ed as fipositive. 0
°An in vivo interaction study with a sensitive probe substrate is recommendeddfdSthe maximum concentration predicted in

the enterocyte using equation 3, which meaggiljr at i o greater than 0.02 would be consider
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[-3-iii) FDA EMA

CYP3A DDl
DDI CYP2D6 CYP2C9
FDA EMA DDl
23 2 FDA EMA
(Table 1-4) FDA sulphinpyrazone
amitriptyline  DDI EMA DDI

Table 1-4 Comparison of risk assessment for CYP2C9 and CYP2D6 inhibitors
with different results in the prediction based on the FDA draft guidance and EMA
draft guideline

AUC (1] mat K [1] maxdKiu
Substrate Inhibitor ratio value potential value potential
Metoprolol Amitriptyline 144 + 0.38 0.111  Positive 0.002 Negative
S-Warfarin  Sulphinpyrazone 193 + 0.35 0.383  Positive 0.003 Negative

The [lma/Ki and[l] max,/Kiu ratios greater than 0.1 and 0.02, respectively, would be
considered as 0 p-@psnivivaswudy s cecommetidechby the FDA o w
and EMA.

DDI /K EMA
Ki
FDA (2006 )
ICs0

Ki (Brown et
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al., 2006 Grime and Riley, 2008Margolis and Obach, 2003ran et al., 2002

miconazole t ol b ut -hydroxglaionl Nj Ki

10 (Kumar et al., 2006 Miconazole
fu’mic 016 K|
Ki
EMA FDA

DDI
(Brown et al., 2006Einolf, 2007 Ito et al., 2004McGinnity et al.,

2005 Obach et al., 2006

DDI
[/K; [1/K; DDI
mechanisrrbasedP450 inactivation (MBI) DDI
(Obach et al., 2006 MBI
EMA

[I] maX’L/Ki’u 002

moderate strong DDI falsenegative

weak DDI (Fig. 1-1a,

b) moderate strong DDI
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EMA
1.252 AUC weak DDI
theophylline cyclosporine tacrolimus tricyclic

antidepressantswarfarin

AUC Falsenegative
falsepositive weak DDI [1] max,/Kiu
0.0006 (Fig. 1-1a) [1] max,dKiu
0.06 strong DDI
EMA
DDl DDl
EMA (> 99.0%)
Mmaxu  Kiy
250 ([1] max,/Ki,,>0.004)

[1] max,/Ki,,>0.004

[I] max,L/Ki,u>0.02

(Tablel-2)
DDI
P450 (Lu et
al., 2007 Mao et al., 201%&Shibata et al., 2008
CYP3A EMA 2 ([ o1

[1]g2) DDI DDI
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4 DDI
U M2 DD
falsenegative
DDl
FDA  [ImalKi 0.1
EMA FDA DDl
fo/fumic 0.2
P450
25 ) fo/fumic 0.2
[1] ma/Ki EMA
f, < 0.2
EMA
results
FDA DDI
DDI (Tablel-4)
EMA DDI
AUC/AUC 2
FDA EMA DDl
P450 FDA

25

(Table I-3) EMA

EMA [l] max,L/Ki’u 0.02
fp fu,mic
63% (35
FDA
[l] max,L/Ki,u
fp < fu,mic
FDA

false positive
sulphinpyrazone amitriptyline

EMA

weak DDI

EMA



CYP3A

EMA

EMA  FDA

DDl

DDl
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I DDI

DDl
P450 in vitro

(Bjornsson et al., 2003Foti et al., 2010McGinnity, 2005 Obach et al., 2005Rioux

et al., 2013 Turpeinen et al., 2006 In vitro ICso K

[m DDI
(Blanchard et al., 20Q08rown et al., 2006Grime and Riley,

20084 Ito et al., 20040bach et al., 2006
(PK) in vitro

Ki (Brown et al., 2006

Grime and Riley, 2006Margolis and Obach, 200%ugita et al., 1981Tran et al.,

2002
(Gillette and Pang, 1977
static
Ki DDI
(Brown et al., 2006
99.9%
99.8% 2

DDI DDI
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in vivo in vitro
P450

(Lu et al., 2006Mao et al., 2011pShibata et al., 2008

static model [1] [

[1] [1]
DDI (Lu et al., 2008Lu et al., 2006 Mao et al.,

2012 Mao et al., 2011bShibata et al., 2008

P450
[
DDI ICso
[1] [1)/K; static
model DDI
DDiI
2

I1-2-i)

Midazolam 1 &ydroxymidazolam (Osaka,
Japan) Amodiaquine Sigma Chemicals Co. (St. Louis, MO, USA)

N-desethylamodiaquine Synfine Research Inc. (Ontario, Canada)

BD Bioscience

28



(Bedford, MA) (Lot. CHA and JYT, pool of 10 to 20

individuals) InVitroGRO HT Medium Celsis In Vitro Technologies
(Baltimore, MD, USA) (5100 ) KAC Co.
(Kyoto, Japan) Biopredicinternational (Rennes, France)
HPLC
[1-2-ii)-a
37 InVitroGRO HT

Medium 25 40g 3 min

5100

70% 25 40g 3 min

(3.5 x 10 viable cells per mL)

100%

[1-2-ii)-b

Amodiaquine tolbutamide bufuralol midazolam
V max Km Amodiaquine tolbutamide bufuralol
midazolam 0.075 50 5 900 0.1 160 0.5 100
emol /L

0.5% (v/v) 37
5 min 37
15min

13,00@ 10 min

- (LC/MS/MS)

29



[1-2-ii)-c
37 5 min
ICso 0 1 3 10 30 100 em®l /L
ICs0
DMSO 1% (VIv).
37
15 min Amodiaquine tolbutamide bufuralol midazolam
1,500 4 5emol /L
13,00® 10 min

LC/MS/IMS

1-2-ii)-d
N-desethylamodiaquine 1Npydroxybufuralol 4MNpydroxytolbutamide
1Njydroxymidazolam LC/MS/MS (LO)
Shimadzu series 20ADP (Shimadzu, Kyoto, Japan)

(MS) PESciex API 4000 instrument (Applied Biosystem, Foster City,

CA, USA) Analyst software version 1.4.2 (Applied
Biosystem) LC MS
: Shimpack XRODS( 2.0 mm i .d. T 30 mm, 2.2

A: 0.2% (v/v) formic acid in 0.01 mol/L ammonium formate (pH 3.0)
B: Acetonitrile
: 0.5 mL/min.
50eC
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( B  %): N-desethylamodiaquing (0-0.2 min) 5-20%
(0.21.0 min) 20-90%(1.0-1.1 min) 90% (1.1-1.4 min) 90-5% (1.41.5 min) 5%
(1.53.0 min) 1Npydroxymidazolan20% (62.6 min) 20-90% (2.62.7 min) 90%
(2.7-3.5 min) 20% (3.515.0 min) 1Npydroxybufuralol ANjydroxytolbutamide;
15% (00.2 min) 1560% (0.21.0 min) 60-90%(1.1-1.4 min) 90-15% (1.41.5 min)
15% (1.53.0 min)

N-desethylamodiaquine m/ z 328.5 Y283.:

N-desethylamodiaquinds m/ z 331. 1 Nyydré&gbufdrglol In/z
27 8. 2Y 1INgy@lroxybufurdloldy m/ z 2 8 7 . (Njydréky@albOtamidém/z
285 . 1Y 2MNpyaroxgtolbutdmideds m/ z 2 9 4 . Njydr&gmidazplaml

m/ z 341. NgddymidazolarttC; m/ z 345. 0Y171. 2

[1-2-ii)-e
GraphPad PRISM ver 5 (La Jolla, CA, USA)

Km V max 2 1S

Simple MichaelisMenten [V = Vi B/(Knt+ S)]
Biphasic MichaelisMenten [V = VhaxtB/(Kmit S) + VinaxdB/(Kmat+ S)]
Sigmoidal equation [V = WaS"/(Kin™+ S7)]
Akai keds I nformation Criter.:i

Tablell-1
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Table 11-1 Kinetic parameters for amodiaquine, tolbutamide, bufuralol and
midazolam hydroxylation activities

P450 Substrate Kn( € mo | Vmax(pmollminll(?cells)

CYP2C8 amodiaquine Ndesalkylation 588 + 306 32#%A + 1604
CYP2C9 tolbutamide4-hydroxylatior? - -

CYP2D6 bufuralol thydroxylation 25.2

I+

5.0 22.5

I+

4.0

+

CYP3A4 midazolam Thydroxylation 1375 + 28.7 146.4

I+

28.4

The data represent the mean + compoédculated S.E.
®The formation of &hydroxytolbutamide wasnot saturated over the drug
concentration range studied

ICs0 GraphPad PRISM ver 5 sigmoidal doseesponse

(HHSS Km
ICso0 K
(Cherg and Prusoff, 1973 HHSS
Ki=1Cso
I1-2-iii)
CYP2C9 CYP2D6 CYP3A4
I

CYP2C8

(Copyright University of

Washington19992013. UW Metabolism and Transport Drug Interaction Database

accessed: April, 2018. DDI AUC
(AUCi/AUC) P450
AUC/AUC 1 (Brown et al., 2005Ito et al., 2005Ito et
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al., 1998

AUC; 1 D)
AUC ~ fmcye + (1 - fcve)
|
.0
fmcyp P450 tolbutamide

S-warfarin, phenytoin midazolam triazolam nifedipine nisoldipine quinidine

felodipine  fmcvp 0.80 0.87 0.75 0.94 0.92 0.71 0.99
0.76 0.99 (Brown et al., 200p Desipramine encainide
metoprolol flecainide fmcyp 0.88 0.86 0.83 0.41

(Ito et al., 200% Diclofenac fmcyp 0.95 (Kusama et al., 2009

pioglitazone rosiglitazone fncvp 0.63 0.50
(Hinton et al., 2008 aIm
: ([1] max) ([1 )
([I] in) [l] av [l] in

R @
Moz Mar —p®™ @

Dose U CL/F On

Fa Ka Quinidine fluconazole

nifedipine itraconazole diltiazem omeprazole sertraline fluvoxamine
fluoxetine kj 0.014 0.061 0.056 0.02 0.028 0.1 0.007 0.008

0.009 min* (Brown et al., 2005McGinnity et al., 2008 Quinidine
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cyclosporin nifedipine felodipine diltiazem omeprazole sertraline fluvoxamine
fluoxetine F, 0.9 0.282 0.78 0.258 0.9 0.7 1.0 1.0
1.0 (Galetin et al., 200McGinnity et al., 2008Tachibana et al., 2009
Fa Ka 1 0.1 min! Q. 1610 mL/min

(Ito et al., 2004

I1-2-iv)

DDI 4 5 AFE (average fold error)
RMSE (rootmeansquare error ) (Brown et al., 20050Obach et al.,
2006

|% Iog%j
AFE =10 (4)
1
RMSEz\/F  (Predicted Observed) (5)
I1-2-v) ICs0 DDI
DDI I 2 AUC
DDI ICso Ki DDI
true-positive true-negative falsenegative
falsepositive falsenegative falsepositive
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ICs < cutoff value ICsO cut of

AUC ratio > 2 True Positive False Negative
AUC ratio 02 False Positive True Negative
falsenegative falsepositive rates

Falsenegative rate = false negative/(true positive + false negative)

Falsepositive rate = false positive/(true negative + false positive)

3
[ -3-i)
CYP2C8 CYP2C9 CYP2D6 CYP3A4 32
(HHSS) in vitro 1Csg (Tablell-2)
44% ( 32 14 ) 100 emol /L

ICs0

(fo) 0.0005(benzbromarone)  0.89 (fluconazole)
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Table 11-2 In vitro and in vivo data for DDI prediction used in this study

rhCYPs HHSS

[1] mas Nav Mav [in Observed AUC K ICso

CYP Substrate Inhibitor e M eM reference eM fo? ratio® e M fumic e M
CYP3A4  Midazolam Ranitidine 15 0.61 (Muirhead et al., 1988 30 0.85 1.66 500 0.98 1177
Midazolam Azithromycin 1.0 0.29 (Hardmaret al., 200} 42 0.69 1.27 408 0.92 108

Midazolam Roxithromycin 13 43 (Kees et al., 2000 27 0.14 1.47 98.7 0.93 54.0

Nifedipine Quinidine 4.1 3.7 (Bowles et al., 1998 7 0.13 1.37 38.8 0.91 69.1

Triazolam Fluconazole 35 23 (Mao et al., 201p 48 0.89 4.42 9.6 1.00 24.1

Felodipine Cyclosporin 0.76 0.2 (Madsen et al., 1996 5 0.07 1.58 9.4 0.35 13.7

Quinidine Nifedipine 0.23 0.1 (Smith et al., 198y 17 0.04 1.15 6.4 0.74 176

Quinidine Felodipine 0.0091 0.004 (Lundahl et al., 1995 0.4 0.004 1.07 4.9 0.11 127

Triazolam Isradipine 0.03 0.002 (Sommers et al., 1993 0.8 0.04 0.77 2.8 0.56 127

Triazolam Itraconazole 0.48 0.22 (Stass et al., 2004 4 0.002 27.1 0.04 0.09 2.88

Nisoldipine Ketoconazole 7.9 1.16 (Huang et al., 1986 25 0.01 24.4 0.01 0.60 112

CYP2D6  Metoprolol Diltiazem 0.13 0.11 (Hoglund and Nilsson, 1989 1.2 0.22 1.3% 32.6 0.94 554
Metoprolol Omeprazole 1.80 0.12 (Kang et al., 200p 5.2 0.05 1.00 181.8 0.99 >300
Desipramine Sertraline 0.11 0.11 (Ueda et al., 2009 2 0.014 154 2.45 0.10 9.40

Metoprolol Diphenhydramine 0.26 0.26 (Mao et al., 201p 11 0.36 1.61 0.93 0.94 9.81
Desipramine Fluvoxamine 0.43 0.23 (Fleishaker and Hulst, 1994 2 0.23 114 3.97 0.63 5.28

Flecainide Amiodarone 11 2.7 (Shoaf et al., 2005 22 0.0027 1.37 201.9 0.04 >300

Metoprolol Amitriptyline 0.2 0.1 (Sennefetal., 2003 17 0.01 144 181 0.55 306
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Desipramine Fluoxetine 0.69 0.6 (Gupta et al., 2004 2 0.05 7.43 1.02 0.34 1.68

Encainide Quinidine 1.23 1.1 (Bowles et al., 1993 2 0.13 11.4 0.0015 0.91 0.0718
Metoprolol Propafenone 1.7 0.11 (Wagner et al., 197 25 0.04 1.71 0.014 0.72 0.122
CYP2C9 Tolbutamide  Sulphamethizole 222 0.09 (Ito et al., 2003 230 0.14 1.62 70.4 1.00 >1000
Phenytoin Sertraline 0.14 0.15 (Ueda et al., 2009 3 0.04 1.12 181.3 0.10 >1000
S-Warfarin Miconazole 0.56 0.27 (Ito et al., 2004 19 0.02 472 1.1 0.16 5.48
Tolbutamide Ketoconazole 7.9 1.16 (Huang et al., 1986 25 0.01 1.77 34 0.60 >100
Diclofenac Fluvastatin 4.5 0.12 (Transon et aj 1999 6.2 0.006 1.25 1.08 0.74 24.2
S-Warfarin Fluconazole 70 46.5 (Mao etal., 201p 96 0.89 2.84 22.4 1.00 26.0
Tolbutamide  Sulphaphenazole 77.9 70 (Ito et al., 2004 169 0.32 5.28 0.22 1.00 36.3
S-Warfarin Benzbromarone 4.7 4.7 (Takahashi et al., 1999 12 0.0005 2.15 0.182 0.27 94.6
CYP2C8 Rosiglitazone Montelukast 0.89 0.24 (Karonen et al., 2030 1.3 0.002 1.02 0.08%  0.0Z* 159
Pioglitazone Zafirlukast 0.52' 0.26 (Karonen et al., 2092 2.4 0.01° 1.03 0.30¢ 0.1 >100
Rosiglitazone Trimethoprim 10.3 7.29 (Tornio et al., 2008 42 0.63¢ 137" 39.58 0.9¢ 122

®Data were obtained from published literatufgosugi et al., 2012 The f,mic represents the unbound fraction in the incubation
mixture containingrhCYPs.

®Data were obtained from published literat(@aipta et al., 2004

‘Data were obtained from published literat(iFateishi et al., 1989

9Data were obtained from published literat(h@derssoret al., 1991

®Data were obtained from published literat(8@ina et al., 1993

'Data were obtained from published literat(néagner et al., 1997

9Data were obtained from Goodman & Gilman 2001
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"Data were obtained from published literat(itaakkola et al., 2006

'Data were obtained from published literat(iFernio et al., 2008

JData were obtained from published literat(®bach et al., 2008a

“Data weredetermine using previouslylescribednethodgKosugi et al., 2012
'Data were obtained from publishétttature(Kim et al., 2007.

MData were obtained from published literat(idéemi et al., 200%
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[l -3-ii) In vitro ICsp Ki DDl

2 DDI (moderate strong) falsenegative ratéin vitro
DDI ) false-positive ratgin vitro
DDI ) ICs0
HHSS ICso 1 300
falsenegative falsepositive Fig. I1-1A ICso 100e mo |l / L
falsepositive falsenegative rates 3%
0% Roxithromycin quinidine cyclosporin labetalol sertraline
diphenhydramine amitriptyline fluvastatin fluvoxamine falsepositive
fluvoxamine AUC 2 weak DDI
CYP (rhCYP) Ki
Ki 0.3 100
falsenegative falsepositive  Fig. 11-1B

1 ¢ md.l(@bach et al., 2005

false-positive falsenegative rates 17% 44%
Propafenone diphenhydramine montelukast zafirlukast falsepositive
fluconazole fluoxetine miconazole falsenegative
30e mol / L falsenegative rate 0%
falsepositive rate  57% nifedipine
felodipine isradipine fluvoxamine montelukast zafirlukast  falsepositive
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Figure 11-1. Results of false-negative and false-positive rates evaluated using each
cut-off value of 1Csy in HHSS (A) and K in rhCYPs (B).

A greater than 2old increase in AUC is taken as a boundary between a positive and
negative finding. Open column: Falspositive rate (%), Solid column:

Falsenegative rate (%).

[I -3-iii ) Static model DDI
CYP2C8 CYP2C9 CYP2D6 CYP3A4 DDl
HHSS rhCYP Ki static model
(Table 11-3) HHSS Ki []in
DDl 93.8% AUC/AUC
2 Mav  [max AUC/AUC
(Fig. 11-2A 2B) 75.0%
AUC//AUC 2
rhCYPs Ki [(Tin
DDl 93.8%
AUC/AUC 2 (Table 11-3) Mav [N max
32 5 AUC;/AUC

rhCYP HHSS DDI
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Figure 11-2. Relationship between [I]/K; ratio vs. in vivo AUCi{/AUC for
CYP2C8(e), CYP2C9( A ), CYP2D6(0) and CYP3A4(0).

[N madKi (A), [Na/Ki (B) and [l}i/Ki (C) were used for the prediction of DDIs using
HHSS. Solid line represents line of unity. The area between the dotted lines
represents an area withirf@dd error. The area between the dashed lines represents
an area within 3old error.

Table 11-3 Prediction accuracy for CYP2C8, CYP2C9, CYP2D6 and CYP3A4
using the static model

HHSS rhCYPs
(/K Mmax/Ki— [Hin/Ki Mav/Kin  Mmaxo/Kin  [Tinu/Kiu
Over-predict 0 0 0 0 0 0
Under-predict 8 8 2 5 5 2
2-fold limit 24 24 30 27 27 30
% within 2-fold limit ~ 75.0 75.0 93.8 84.4 84.4 93.8
AFE 1.8 1.6 1.4 1.7 1.5 1.3
RMSE 6.3 5.8 4.8 6.2 5.5 4.6
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In vitro Ki n static model
DDI (Davit et al., 1999Ito et al., 2002Tucker et al.,
2001 (1]
1 emol / UCs DDI
(Obach et al.,
2009 [ P450
DDI
rhCYP Ki 1 emol /L
propafenonediphenhydraminemontelukast zafirlukast falsepositives
(Fig. 11-1B) Propafenone diphenhydramine weak DDI
montelukast zafirlukast CYP2C8
(Jaakkola et al., 200&im et al., 200y
rhCYPs P450 montelukast zafirlukast
( 09 9 %) (Obach et al., 2008Walsky et al., 205
falsepositive in vitro P450
rhCYP Ki DDl
(Fig. I1-1B) HHSS
ICso 100e mo |l / L falsenegative DDI
(Fig. 11-1A) ICs0
100e mo | / L DDI
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Montelukast zafirlukast CYP2C8
HHSS ICso 100e mo | / L
100e mo | / L
(<50%)CYP3A4
fluconazole 1Csg <100 & mdCYRP3R4
azithromycin ranitidine trimethoprim 1Cs >100 emol /L

HHSS ICs0 DDl

rhCYPs [I] static model DDI

(Brown et al., 200gEinolf, 2007 Grime and Riley, 200@to et

al., 2004 HHSS (Lu et al., 2008Lu et
al., 2006 Mao et al., 2012Mao et al., 2011p rhCYPs
HHSS rhCYPs DDl (Tablell-3)
HHSS rhCYPs rhCYPs HHSS DDl
DDI

(Mao et al., 201p
Mao n
ICs0
rhCYPs Ki I
in vitro

(Brown et al., 2006Grime and Riley,

43



2006 Margolis and Obach, 2003ran et al., 2002
rhCYP
DDI Ki Ki [lIin
DDl

DDl

[1]in
DDl
McGinnity et al., 20080bach, 20050bach et al., 2006
Ki [1]in
(Tablell-3) HHSS

AUC

1-2C)
Mao [1] av

warfarinrmiconazole DDI

HHSS DDI [1]in

CYP3A

DDl

HHSS

(Ito et al., 1998

[l] in

(Tablell-3, Fig.11-2C)

DDI

shown) CYP3A DDI

rhCYPs

[l] in
(Tablell-3, Fig.

static model

DDI
P450

(data not

(Brown et al., 2006Galetin et al., 200/Kato et al., 20030bach et
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al., 200§ CYP3A4 DDl
HHSS

dynamic model

HHSS ICs0 100emol/L DDI
[1]
[I]in/Ki
static model DDI
HHSS
fgoo Aino goo
5
DDl [MNin 1]
in vitro DDl
HHSS DDl
DDl
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11 CYP3A in vitro in vivo

1
CYP3A P450 P450
(Thummel and Wilkinson, 1998Vienkers and Heath,
2005 CYP3A
P450
(Pelkonen et al., 1998

(Tang and Stearns, 2001P450 active

effector (Hutzler and

Tracy, 2002 Korzekwa et al., 199&\iwa et al., 2008 CYP3A
in vitro (Hutzler and Tracy,
2002 Kerr et al., 1994Maenpaa et al., 1998Igui et al., 2000Schwab et al., 1988
Shou et al., 1994NVang et al., 2000Viebel et al., 19711 in vivo
carbamazepine
felbamete CYP3A
(Egnell et al., 2008 efavirenz midazolam
(Bayer et al., 2000
Efavirenz HIV-1
(Adkins and Noble, 1998
Efavirenz  CYP3A (Hariparsad et al.,
2004 von Moltke et al., 2001
(Keubler et al., 2012 efavirenz

midazolam (Bayer et al., 2009 in vivo
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CYP3A in vitro

(Keubler et al., 2012

CYP3A
midazolam in vivo
(Blobaum et al., 2013 CYP3A
(Igarashi et al., 1997wasaki
and Uno, 20090gawa et al., 2013Jno et al., 200y DDI
(Kanazu et al., 20040gasawara et al., 200Dgasawara et al.,
2009 Ohtsuka et al., 201@Prueksaritanont et al., 2006 Tang
CYP3A diclofenac gunidine

(Tang et al., 1999

efavirenz
efavirenz CYP3A
efavirez CYP3A
3 CYP3A
in vivo in vitro
2
[-2-i)
Nifedipine testosterone midazolam diclofenac sodium Wako Pure
Chemical Industries, Ltd. (Osaka, Japan) Efavirenz ~ Waterstone
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Technology. (Carmel, IN, USA) Oxidized nifedipine  Oxford
Biomedical Research (Oxford, MI, USA) Alprenolol
6 Ehydroxytestosteronel-hydroxymidazolam 4-hydroxymidazolam Sigma
Chemicals Co. (St. Louis, MO, USA)

BD Biosciences®fE ( Bedf bmicdtinamiNe
adeni ne di nucl e eNADRIe (lpdose&GphdsEhate (b
glucose6-phosphate dehydrogenase Oriental Yeast Co., Ltd. (Tokyo, Japan)

(n = 200 mixed gender)

(n =10 male) Sprague Dawley (SD) (n =400
male) CYP3A4
CYP3A5 BD Biosciences (Lenexa, KS,
USA) HPLC
[1-2-ii) CYP3A in vitro

100 eL 1 pmol/mL CYP3A4
CYP3A5 0.1 mg protein/mL pH 7.4
50 mmol/L NADPH MgCl, 5 mmol/L b-NADP+ 0.5 mmol/L
G-6-P 5 mmol/L G-6-PDH 1.5 unit/mL CYP3A4 CYP3AS5
0.5 mg/mL CYP3A efavirenz
DMSO 1% (v/v)
37°C 10 € mo lefatirenz CYP3A
nifedipine midazolam testosterone
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15 10 15 min

Nifedipine midazolam testosterone 10 2
40e mol / L 10e mo lefavirenz, midazolam thydroxylation
30 min Efavirenz
midazolam 10 min
Efavirenz 0.5 50& mad.l niidazolam 2 mol/L

(20 ng/mL alprenolol 500

n mo | /hydrogyfestosterond; 100 nmol/L MNjydroxymidazolam*Cs)

1,500g 10 min

LC/MS/MS
[1-2-iii)-a
Shin Nippon Biomedical
Laboratories, Ltd Institutional Animal Care and
Use Committee (Approval No. IACUC20130620TM) AAALAC
International Shin Nippon Biomedical Laboratories, Ltd., Drug

SafetyResearch Laboratories

(6 years, 5.6 to 6.1 kg)

efavirenz 10 h 3
CYP3A 3 mg/kg midazolam
(dayl) 14 3 mg/kg midazolam 1 20 mg/kg
efavirenz 28 3 mg/kg midazolam 5 20
mg/kg efavirenz Efavirenz midazolam 0.5%

methylcellulose solution
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[1-2-iii )-b
1,710g 15 min -80°C

(30 8Q)c¢l

(100 ng/mLdiclofenac 100 nmol/L MNjiydroxymidazolamt>Cs) 4,000y
5 min 10 €90 €L LC/MS/MS
Il -2-iv)

Oxidized nifedipine b-hydroxytestosterone 1MNjydroxymidaolam
4-hydroxymidazolam LC/MS/MS
Shimadzuseries 20ABVP (Shimadzu, Kyoto, Japan)

(MS) PESciex API 5000 instrument (Applied Biosystem, Foster City,

CA, USA) Analyst software version 1.6.2 (Applied
Biosystem) LC MS
: Shimpack XRODS (20mmi . d. 1T 30 mm, 2.2 e&m; Shi ma

A: 0.2% (v/v) formic acid in 0.01 mol/L ammonium formate (pH 3.0)
B: Acetonitrile
: 0.5 mL/min
50eC
( B  %): 6 Ehydroxytestosteronel5% (0'0.2 min),
15i21% (0.23.6 min), 2190% (3.63.61 min), 90% (3.614.5 min), 9015%
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Figure 111-1. The effect of efavirenz on the oxidation of nifedipine, testosterone
and midazolam in human (A), monkey (B) and rat (C) microsomes.
Data points represent the mean + SD (n = 3).
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Figure 111-2. Time course of 1'-hydroxymidazolam formation in human (A) and
monkey (B) liver microsomes with (closed circle) or without (open circle) 10
pmol/L efavirenz. Data points represent the mean + SD (n = 3).
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Figure 111-3. Effect of efavirenz on midazolam 1'-hydroxylation in human (A) and
monkey (B) liver microsomes.
Data points represent the mean + SD (n = 3).
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Figure 111-4. Effect of efavirenz on midazolam 1'-hydroxylation (A) and

4-hydroxylation (B) in recombinant CYP3A4 (solid column) and CYP3A5 (open
column).
Data points represent the mean + SD (n = 3).
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Figure 111-5. Plasma concentrations of midazolam (A), 1'-hydroxymidazolam (B),

and 4-hydroxymidazolam (C) after oral administration of midazolam and
efavirenz in monkeys.

(3) No ta) garéatmem with efgvirenz. Efavirenz was administered orally 5
h before oral dosing of midazolam. Each point represents the mean + SD (n = 3).
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Figure 111-6. Plasma concentrations of efavirenz after oral administration of
midazolam and efavirenz in monkeys.

Efavirenz was administered orally 5 h before oral dosing of midazolam. Each point
represents the mean + SD (n = 3).
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Table I11-1. Pharmacokinetic parameters of midazolam, 1'-hydroxymidazolam, and 4-hydroxymidazolam in monkeys after
administration of midazolam

treatment _ 1-hydroxy- MDZ2 4-hydroxy- MDZ"
midazolam . AL ] 4-0F
group midazolam 1-OH midazolam 4-OH

Cnax (emol / 0.188 + 0.112 0.231 = 0.064 0.033 + 0.012

_ Trnax (h) 3.67 + 252 4.00 + 2.00 3.50 + 2.78

Given alone

AUC ( & miwll) 0.909 + 0.425 1.071 + 0.131 0.85 0.153 + 0.038 5.9

MRT (h) 424 + 0.87 4.44 + 0.78 4.27 + 0.76

Cinax (emol / 0140 £ 0.114 0.434 + 0.140 0.023 + 0.015

1 h after a dose Tpax (h) 6.00 = 2.00 7.33 £+ 1.15 533 + 1.15
of efavirenz  AUC (€ mia/ll) 0.692 + 0.513 1.691 + 0.688 0.41 0.107 + 0.082 6.5

MRT (h) 499 + 0.34 5.72 + 0.40 5.39 + 0.26

Cinax (emol / 0.156 + 0.041 0.553 + 0.156 0.029 + 0.003

5 h after a dose T (h) 5.33 + 3.06 5.33 + 3.06 5.33 £ 3.06
of efavirenz  AUC ( € miwll) 0.709 + 0.251 2.344 + 0.416* 0.30* 0.130 + 0.030* 55

MRT (h) 459 + 0.96 4.69 + 0.93 456 + 0.96

Mean £ SD (n=3).
%the AUC ratio of midazolam/Hydroxymidazolam®the AUC ratio of midazolamMiydroxymidazolam
"Statistically significant difference from treatment given alone (P < 0.05).
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