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Major research since 2005

1. CYP inhibition

2. CYP induction

3. Human prediction using CYP3A tgm and monkey

4. PK/PD for tofogliflozin and anti-cancer drugs

5. Transcellular transport

6. Elimination mechanism of antibody in CSF

7. Intestinal metabolism(inhibition, nonlinear kinetics) 

8. Inter-individual difference for pharmacokinetics
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(PKPD seminar)



Modeling＆Simulation is a powerful tool.

Static model simple, 1 - 3 parameters 
Dynamic model complex, many parameters

High throughput screening
Simple prediction
easy understanding

Discovery Development clinical

More accurate
Detailed prediction
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𝑅 = 1 +
𝐼

𝐾𝑖

𝑅 =
𝑘𝑜𝑏𝑠 + 𝑘𝑑𝑒𝑔

𝑘𝑑𝑒𝑔

𝑅 =
1

1 +
𝑑 × 10 × 𝐸𝑚𝑎𝑥

𝐸𝐶50 + 10 × 𝐼

𝑘𝑜𝑏𝑠 = Τ𝑘𝑖𝑛𝑎𝑐𝑡 × 50 × 𝐼 𝐾𝐼 + 50 × 𝐼

CYP inhibition

Competitive  inhibition

Tim dependent  inhibition(mechanism based inhibition)

CYP induction

2018

Static model (DDI guideline (Japan))

𝑅 =
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𝑘𝑜𝑏𝑠 = Τ𝑘𝑖𝑛𝑎𝑐𝑡 × 𝐼 𝐾𝐼 + 𝐼

𝑅 =
1

1 +
𝑑 × 𝐸𝑚𝑎𝑥

𝐸𝐶50 + 𝐼

2013
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CYP inhibition
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Increase of AUC mediated by CYP inhibition

(Kato etal. Pharm Res 25: 1891-1901, 2008) 

Ex. Ritonavir
furafylline
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Azoles MBI



CYP inhibition

Competitive inhibition

reversible inhibition

Mechanism-based inhibition(Time dependent inhibition)

irreversible inhibition
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Fluorometric enzyme inhibition assay including TDI evaluation
96-well microtiter plates
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Concentration and  time-dependent inhibition of BFC dealkylation activity 
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Shift assay

Sekiguchi N etal., Drug Metab Pharmacokinet 24:500–510, 2009
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𝑑𝐸𝑎𝑐𝑡

𝑑𝑡
= −

𝑘𝑖𝑛𝑎𝑐𝑡 ⋅ 𝐸𝑎𝑐𝑡 ⋅ 𝐼𝑢

𝐾𝑖, 𝑎𝑝𝑝 + 𝐼𝑢
+ 𝑘 deg⋅ 𝐸0 − 𝑘 deg⋅ 𝐸𝑎𝑐𝑡

At steady state

Enzyme
E0

synthesis degradation

E･kdegE0･kdeg
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Model for mechanism based inhibition 

𝐸𝑎𝑐𝑡
𝐸0

= −
𝐾𝑖,𝑎𝑝𝑝 + 𝐼𝑢

𝐾𝐼 +
𝑘𝑖𝑛𝑎𝑐𝑡
𝑘𝑑𝑒𝑔

+ 1 ∙ 𝐼𝑢

=
1 + ൘

𝐼𝑢
𝐾𝑖,𝑎𝑝𝑝

1 +
𝑘𝑖𝑛𝑎𝑐𝑡
𝑘𝑑𝑒𝑔

+ 1 ∙ ൘
𝐼𝑢

𝐾𝑖,𝑎𝑝𝑝

=
𝐴𝑈𝐶(𝑐𝑜𝑛𝑡𝑟𝑜𝑙)

𝐴𝑈𝐶(𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟)

MBI
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Assumption

An Inhibior concentration does not change.
IC50(-) equal to Ki,app.

Estimation of kinact

𝑘𝑖𝑛𝑎𝑐𝑡 =

1 +
𝐼𝐶50(−)
𝐼𝐶50(+)

𝑡
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1 +
𝐼𝐶50(+)
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AUC(+)

AUC(−)
=

1 + 1 +
1 +

𝐼𝐶50(−)
𝐼𝐶50(+)

𝑘𝑑𝑒𝑔 ∙ 𝑡
∙ 𝑙𝑛

2

1 +
𝐼𝐶50(−)
𝐼𝐶50(+)

∙
𝐼𝑢

𝐼𝐶50(−)

1 +
𝐼𝑢

𝐼𝐶50(−)

AUC change

Sekiguchi N etal., Drug Metab
Pharmacokinet 24:500–510, 
2009
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Mechanism-based inhibition by Mibefradil in rats

0h 3h-24h

Midazolam  10 mg/kg

Blood sampling

Mibefradil  6 mg/kg

Mibefradil  12 mg/kg

Sekiguchi et al.: Xenobiotica 38: 368-381, 2008 
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Estimation of MBI parameters

Mibefradil

conc.

15
Sekiguchi etal. Drug Metab Dispos 39:1255–1262, 2011

fm=0.891

fm=0.109



Physiological model of the time profiles of midazolam and mibefradil concentrations

門脈循環血

肝

Midazolam Dose (oral)

Fa*Fg
ka

Qh

fb*CLint*Eact/E0

門脈循環血

肝

Mibefradil Dose (oral)

Fa*Fg
ka

Qh

fb*CLint

parameter value

physiological parameters of rat

body weight 250 g

Vh 0.011 L

Vpv 0.000275 L

Qh 0.882 L/h

E0 5 nmol/g liver

kdeg 0.03 h
-1

Midazolam

dose 2500 μg

Fa*Fg 1

fu,S 0.04

Kp,S 1

CLint,S 802.7 L/h

ka,S 5.679 h
-1

Vsys,S 0.9448 L

Mibefradil

dose 1500 μg

3000 μg

Fa*Fg 1

fu,I 0.035

Kp,I 1

CLint,I 6mg/kg dosed 75.64 L/h

12mg/kg dosed 49.35 L/h

ka,I 6mg/kg dosed 0.1740 h
-1

12mg/kg dosed 0.1648 h
-1

Vsys,I 6mg/kg dosed 3.811 L

12mg/kg dosed 3.546 L

kinact 9.71 h
-1

KI,app 130 μg/L
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Sekiguchi etal. Drug Metab Dispos 39:1255–1262, 2011



Mibefradil 12 mg/kg

Mibefradil 6 mg/kg

Predicted and observed concentrations of midazolam in rats

Sekiguchi etal. Drug Metab Dispos 39:1255–1262, 2011 17



CYP induction
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CYP induction

Kato M etal., Drug Metab Pharmacokinet 20:236–243, 2005

● in vitro
□ in vivo

Rifampicin Omeprazole

Dexamethazone Phenobarbital
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𝑑𝐸𝑎𝑐𝑡
𝑑𝑡

=
𝐸𝑚𝑎𝑥 ⋅ 𝐼𝑢

𝐸𝐶50 + 𝐼𝑢
+ 𝑘𝑑𝑒𝑔 ∙ 𝐸0 − 𝑘𝑑𝑒𝑔 ∙ 𝐸𝑎𝑐𝑡

At steady state

Enzyme
E0

synthesis degradation

E･kdeg

𝐸𝑎𝑐𝑡
𝐸0

= 1 +
𝐸𝑚𝑎𝑥 ⋅ 𝐼𝑠𝑠, 𝑢

𝐸𝐶50 + 𝐼𝑠𝑠, 𝑢
=
𝐴𝑈𝐶(𝑐𝑜𝑛𝑡𝑟𝑜𝑙)

𝐴𝑈𝐶(𝑖𝑛𝑑𝑢𝑐𝑒𝑟)

E0･kdeg

Model for CYP induction

induction



Relative factor approach 

Kuramoto S etal. Drug Metab Dispos 45:1139–1145, 2017

Kaneko A etal. Xenobiotica 39:803–810, 2009
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𝑅𝐹 =
𝐸𝐶50𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒
𝐸𝐶50𝑡𝑒𝑠𝑡

=
𝑠𝑙𝑜𝑝𝑒𝑡𝑒𝑠𝑡

𝑠𝑙𝑜𝑝𝑒𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒



Low Risk High Risk

Rifampicin equivalent concentration

Risk assessment 

Phenobarbital equivalent concentration

Kuramoto S etal. Drug Metab Dispos 45:1139–1145, 2017
22



23Endo-Tsukude C etal., Drug Metab Pharmacokinet 34:325–333, 2019

Risk assessment of CYP2C9 

CYP3A

CYP2C9
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Dynamic model

Inhibition

Sekiguchi N etal., Drug Metab Pharmacokinet 24:500–510, 2009
Sekiguchi etal. Drug Metab Dispos 39:1255–1262, 2011

Kuramoto S etal. Drug Metab Dispos 45:1139–1145, 2017
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