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WhatWhat’’s important to patients?s important to patients?

GI symptoms 
bother me!

I’m worried 
and concerned

I can not eat and 
drink whatever 

I like

Heartburn 
disturbs my sleep

My whole life is 
affected

I can not bend 
over or exercise

Congratulations !
The Endoscopy was negative,

Everything is Perfectly
All right !
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The mThe mission of ission of ppharmaceutical industryharmaceutical industry

The R&DThe R&D--based pharmaceutical industry has based pharmaceutical industry has 
the mission to continue to provide the mission to continue to provide effective effective 
and innovative medicines to patientsand innovative medicines to patients
suffering from various diseases all over the suffering from various diseases all over the 
world.world.

““In order to fulfill this mission, the pharmaceutical In order to fulfill this mission, the pharmaceutical 
industry must continue to take on the industry must continue to take on the challenges of challenges of 
R&DR&D, and the evaluation of the medicines it , and the evaluation of the medicines it 
creates should reflect their effectiveness as well as creates should reflect their effectiveness as well as 
innovativeness.innovativeness.””

Office of Pharmaceutical Industry Research, Research Paper Series No.20 (2004)
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The Value of MedicineThe Value of Medicine

Safety

Effectiveness

A
dditional 
values

Essential 
values
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ation about 

clinical use

Usability

Office of Pharmaceutical Industry Research, Research Paper Series No.20 (2004)



5Kola I, Landis J. Nat Rev Drug Discov. 2004;3:711-715.

The percentage rate of success of compounds entering first in man that progress to
subsequent development phase. App, approval; Reg, registration.

Success rate by Success rate by stagestage ofof developmentdevelopment
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PK, pharmacokinetics.

Reasons for attrition (1991Reasons for attrition (1991––2000)2000)
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What is the weakest link What is the weakest link 
in the drug development chain?in the drug development chain?
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15 min

60 min

Brain Lung Liver Kidney MuscleIntestinal
contents

Naito S, Nishimura M. Xenobiotica 2002;32:491-503.

ARG ARG after after iviv administrationadministration
1414CC--labelled labelled racemicracemic BOFBOF--4272 4272 administered inadministered in rats at 5 mg/kgrats at 5 mg/kg
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Experiments were performed in duplicate.  Data show typical saturation kinetics 
obtained in four separate experiments.

Vmax      
v =

Km
1 +

[S]

Vmax      
v =

Km
1 +

[S]

Effect of initial substrate concentration on temperatureEffect of initial substrate concentration on temperature--dependent dependent 
uptake of BOFuptake of BOF--4272 4272 enantiomersenantiomers by isolated rat hepatocytesby isolated rat hepatocytes

Naito S, Nishimura M. Yakugaku Zasshi 2001;121:989-994.

Kinetic parameters of BOF- 4272 in rat hepatocytes

Km Vmax

(µM) (pmol/mg/min)

S(–) enantiomer 59.3 ±23.7 350 ±192

R(+) enantiomer 25.7 ±13.0* 384 ±180

Data are mean±SD of four separate experiments.  

*p<0.05 vs. S(–) enantiomer.
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Naito S, Nishimura M. Pharm Pharmacol Commun. 1999;5:123-131.

RatRat

HumansHumans
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Reverse 
transcription

The Central Dogma of molecular biologyThe Central Dogma of molecular biology
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PrecellomePrecellome project project -- ToxicOmicsToxicOmics databasedatabase
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Calibration curve for CYP3A4

One-Step RT-PCR assay
Design of primers and probes: Primer Express software (Applied Biosystems)

Primer and probe conditions:
Forward primer: 300 nM, Reverse primer: 900 nM, TaqMan probe: 200 nM
Real-time RT-PCR: ABI PRISM 7700 Sequence Detector system (Applied Biosystems)

mRNA amRNA analysisnalysis

In vitroIn vitro eevaluation of valuation of ddrug rug iinduction of nduction of hhuman uman 
ddrugrug--metabolizing metabolizing eenzyme mRNAnzyme mRNA

Slope   
: -3.36
Y-Intercept
: 36.38
r                   
:1.00

a b c d e f g h
acf eh bdg
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Specificity of RT-PCR at CYP1As and CYP3As
Total RNA was extracted from Escherichia coli transfected with human 
CYP1As or CYP3As (Kamataki T, unpublished observation)

Specific primer sets and probes

Total RNA CYP1A1 CYP1A2

CYP1A1 mRNA gene expression 1 < 3.0 × 10-8

CYP1A2 mRNA gene expression < 3.0 × 10-8 1

Specific primer sets and probes

Total RNA CYP3A4 CYP3A5

CYP3A4 mRNA gene expression 1 < 4.8 × 10-7

CYP3A5 mRNA gene expression < 6.0 × 10-8 1

Nishimura M, Naito S, et al. DMPK 2004;19:422-429.
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Investigation on the timing of ADME studiesInvestigation on the timing of ADME studies
－－ DrugDrug--drug interaction drug interaction －－

Enzyme Inhibition Enzyme Induction Protein binding
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Non-Clinical Evaluation Subcommittee, JPMA (2008)
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Control
0.1% DMSO
2μM
10μM
50μM
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Nishimura M, Naito S. Yakugaku Zasshi 2002;122:339-361.

TimeTime--course of mRNA expression after course of mRNA expression after rifampicinrifampicin exposureexposure
Human hepatocytes were treated with probe drug.Human hepatocytes were treated with probe drug.
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Control
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Nishimura M, Naito S. Yakugaku Zasshi 2002;122:339-361.

TimeTime--course of mRNA expression after course of mRNA expression after omeprazoleomeprazole exposureexposure
Human hepatocytes were treated with probe drug.Human hepatocytes were treated with probe drug.
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Generation of Generation of chimericchimeric mice with humanized Livermice with humanized Liver

Transplantation

Human hepatocytes 
(donors)

3 weeks 2 months 

Immuno deficiency 
/ Liver disease

(host mice)

Chimeric mice with 
human hepatocytes

PXB mouse®uPA(+/+)/SCID

uPA+/+/SCID

Tateno C, Yoshizato K, et al. Am J Pathol. 2004;165:901-912

Cryopreserved
hepatocytes
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(chimeric mouse / human ratio)

0 0.2 0.4 0.6 0.8 1.0

CYP2E1CYP2E1
CYP1B1CYP1B1

CYP4F2CYP4F2
CYP27CYP27CYP27

CYP1A2CYP1A2
CYP26A1CYP26A1

CYP2D6CYP2D6
CYP2J2CYP2J2

CYP2C18CYP2C18
CYP4F3CYP4F3

CYP2C9CYP2C9
CYP3A5CYP3A5

CYP46CYP46
CYP2C8CYP2C8

CYP4A11CYP4A11
CYP3A4CYP3A4CYP3A4

CYP3A7CYP3A7
CYP7B1CYP7B1

CYP2B6CYP2B6
CYP2C19CYP2C19

CYP5A1CYP5A1

CYP1A1CYP1A1
CYP8B1CYP8B1

Data represent mean ± SD of three mice.

Nishimura M, Naito S, et al. Xenobiotica 2005;35:877-890.

mRNA expression profile of human mRNA expression profile of human 
cytochromecytochrome P450 enzymesP450 enzymes

Data are expressed as the ratio of target mRNA in the chimera 
mouse liver to target mRNA in the human liver of the donor.
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Correlation between mRNA levels of CYPs Correlation between mRNA levels of CYPs 
expressed in chimeric and human hepatocytesexpressed in chimeric and human hepatocytes
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Items: CYP1A1, 1B1, 1A2, 2A6, 2B6, 2C8, 2C9, 
2C18, 2C19, 2D6, 2E1, 3A4, 3A5, 3A7

Yoshitsugu H, Nishimura M, Naito S, et al. DMPK 2006;21:465-474.
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Changes in CYP1A2 mRNA expression following Changes in CYP1A2 mRNA expression following 
exposure to exposure to ββ--naphthoflavonenaphthoflavone for 24 hfor 24 h
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Data represent the means ± SD (n=3). 
*p<0.05 and **p<0.01, compared with 0.1% DMSO.

Yoshitsugu H, Nishimura M, Naito S, et al. DMPK 2006;21:465-474.
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h 0    3                     24                       48 (0)    72 (24)

Drug exposureDrug exposure

Medium： Hepatocyte Culture Medium Bullet Kit

（Cambrex Bio Science Walkersville, Inc.）

: Medium change
: Inoculation （1× 105 viable cells/0.4 mL/well [2 cm2]）

: Medium change (without Hydrocortisone, hEGF, or antibiotic)

: Total RNA extraction (Rneasy Mini Kit [Qiagen])

: Drug exposureDrug exposure (without Hydrocortisone, hEGF, or antibiotic and with 0.1% DMSO)

Evaluation of gene induction of drugEvaluation of gene induction of drug--metabolizing enzymes in metabolizing enzymes in 
human and human and cynomolguscynomolgus monkeymonkey hepatocytes after exposure hepatocytes after exposure 

to drugs for 24 hto drugs for 24 h
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3 h after inoculation 72 h after inoculation

CCynomolgus monkeyynomolgus monkey hepatocyteshepatocytes
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Effect of exposure to inducers (24 h) on CYP1As and Effect of exposure to inducers (24 h) on CYP1As and 
CYP3As mRNA expression in hepatocytesCYP3As mRNA expression in hepatocytes

Values are mean ± SD (n=3).   
Significantly different from 0.1% DMSO (**p<0.01, ***p<0.001).
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Nishimura M, Naito S, et al. DMPK 2007;22:178-186.
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20
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1 2 3 4 （days）
↑

10

↑

SacrificeSacrificeTPN cannulation

3

Dose (mL/kg/hr)

0

Animal: Infant male SD rats (3 wks, 60–70 g)
Group: Fat-free TPN*, Fat-containing TPN*, and Oral diet
Analysis: Biochemical analysis, Morphological study, PGx study
Dose: Continuous infusion via jugular vein catheter

* Total Parenteral Nutrition.

Infant Infant rrat TPNat TPN** mmodel with odel with hhepatobiliaryepatobiliary ddysfunctionysfunction
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In the fatIn the fat--free TPN group, the hepatocytes are found to have free TPN group, the hepatocytes are found to have large lipid dropletslarge lipid droplets
in all hepatocytes, showing hypertrophy with in all hepatocytes, showing hypertrophy with eosinophiliceosinophilic granular cytoplasm. granular cytoplasm. 

Hepatic changes: oil red O stainingHepatic changes: oil red O staining
Oral diet groupFat-free TPN group 20% Fat-containing 

TPN group

Yamaguchi M, Naito S, et al. J JSPEN. 2004;19:71-79.
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Changes in mRNA expression in infant ratsChanges in mRNA expression in infant rats
Enzymes of glucose and lipid metabolismEnzymes of glucose and lipid metabolism

*p<0.05 and ***p<0.001, compared with Oral diet. Mean±SD, n=7 - 8

GlucoseGlucose--66--phosphatasephosphatase
T
ar

ge
t 

m
R

N
A

 /
 β

-
ac

ti
n

m
R

N
A

0.00

0.50

1.00

1.50

* 

Fat-containing 
TPN

Fat-free
TPN

Oral diet

LongLong--chain chain acylacyl--Coenzyme A Coenzyme A 
synthetasesynthetase （（LCLC--ACSACS））

T
ar

ge
t 

m
R

N
A

 /
 β

-
ac

ti
n

m
R

N
A

0.0

0.4

0.8

1.2

***

Fat-containing 
TPN

Fat-free
TPN

Oral diet

GlucokinaseGlucokinase

0.00

0.05

0.10

0.15

0.20

T
ar

ge
t 

m
R

N
A

 /
 β

-
ac

ti
n

m
R

N
A

Fat-containing 
TPN

Fat-free
TPN

Oral diet

Acetyl Acetyl CoACoA carboxylasecarboxylase
（（ACACACAC））

0.00

0.05

0.10

0.15

0.20

T
ag

e
t

m
R

N
A

 /
 β

-
ac

ti
n

m
R

N
A

* * *

Fat-containing 
TPN

Fat-free
TPN

Oral diet

Yamaguchi M, Naito S, et al. J JSPEN. 2004;19:71-79.
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Mechanism of fatMechanism of fat--free TPNfree TPN--induced hepatic induced hepatic steatosissteatosis
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Serum biochemical analysis in infant ratsSerum biochemical analysis in infant rats

AST；asparate aminotransferase （GOT）, ALT；alanine aminotransferase（GPT）, 
ALP；alkaline phosphatase, γ-GTP ；γ-Glutamyltranspeptidase

Mean±SD, n=7 - 8
*p<0.05 and ***p<0.001, compared with Oral diet. † p<0.05 and ††† p<0.001, compared with Fat-free TPN.
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Yamaguchi M, Naito S, et al. J JSPEN. 2004;19:71-79.
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3 h 120 h

100 μm

MicroMicro--space platespace plate

ThreeThree--dimensional culture system for human hepatocytesdimensional culture system for human hepatocytes
(by Kuraray Co., Ltd)(by Kuraray Co., Ltd)
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Visualization of the effects of various irrigation fluids duringVisualization of the effects of various irrigation fluids during experimental experimental 
neurosurgery in rats by imaging mass spectrometryneurosurgery in rats by imaging mass spectrometry
(by (by SetouSetou M, Hamamatsu University School of Medicine)M, Hamamatsu University School of Medicine)

○：Injured area

The 68th Annual Meeting  of JNS

m/zm/z 734.7, [PC 734.7, [PC + H+ H]]++

NSSNSS

RingerRinger

ARTCEREBARTCEREB

m/zm/z 772.7, [PC 772.7, [PC + K+ K]]++m/zm/z 756.7, [PC 756.7, [PC + Na+ Na]]++

PhosphatidylcholinePhosphatidylcholine (16:0 / 16:0)(16:0 / 16:0)

0 %0 %

100 %100 %

Dept. of Neurosugery, HUSM
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