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ABC  ATP binding cassette 
A to B  apical to basolateral direction 
ATP  adenosine triphosphate 
BAB  blood–arachnoid barrier 
BBB  blood-brain barrier 
BCRP  breast cancer resistance protein 
BCSFB  blood-cerebrospinal fluid barrier 
B to A  basolateral to apical direction 
CFR  corrected flux ratio 
CNS  central nervous system 
CSF  cerebrospinal fluid 
Css  plasma concentration at steady state 
FDA  Food and Drug Administration 
fu,b  unbound fraction in brain 
fu,c  unbound fraction in cerebrospinal fluid 
fu,s  unbound fraction in serum 
GLUT  glucose transporter 
i.v.  intravenous 
Km  Michaelis-Menten constant 
Kp,br/mu  total brain-to-muscle partition coefficient 
Kp,total,brain total brain-to-plasma partition coefficient 
Kp,uu,brain unbound brain-to-plasma partition coefficient 
Kp,uu,CSF  unbound cerebrospinal fluid-to-plasma partition coefficient 
LAT  L-type amino acid transporter 
LC  liquid chromatography 
MCT  monocarboxylate transporter 
MDCKⅡ  Madin-Darby canine kidney type Ⅱ 
MDR  multidrug resistance 
MPO  multiparameter optimization 
MS  mass spectrometry 
NBD  nucleotide binding domain 
P-gp  P-glycoprotein 
Papp  apparent permeability coefficient 



 
 

PK  pharmacokinetics 
PSA-to-B  PS product of penetration from apical side to basolateral side in 

MDCKⅡ cell monolayer 
PSA,BCRP PS product of efflux transport mediated by BCRP expressed in 

MDCKⅡ cell monolayer  
PSA,eff PS product of efflux via passive diffusion across the apical side plasma 

membrane in MDCKⅡ cell monolayer 
PSA,inf PS product of influx via passive diffusion across the apical side plasma 

membrane in MDCKⅡ cell monolayer 
PSB-to-A PS product of penetration from basolateral side to apical side in 

MDCKⅡ cell monolayer 
PSBCRP  PS product of efflux transport mediated by BCRP 
PSB,eff PS product of efflux via passive diffusion across the basolateral side 

plasma membrane in MDCKⅡ cell monolayer 
PSB,inf PS product of influx via passive diffusion across the basolateral side 

plasma membrane in MDCKⅡ cell monolayer 
PSbl-to-br  PS product of BBB penetration from blood side to brain side 
PSbl,BCRP PS product of efflux transport mediated by BCRP expressed in blood 

side plasma membrane in the endothelial cells 
PSbl,eff  PS product of efflux via passive diffusion across the blood side plasma 

membrane in the endothelial cells. 
PSbl,inf PS product of influx via passive diffusion across the blood side plasma 

membrane in the endothelial cells 
PSbr-to-bl  PS product of BBB penetration from brain side to blood side 
PSbr,eff  PS product of efflux via passive diffusion across the brain side plasma 

membrane in the endothelial cells 
PSbr,inf PS product of influx via passive diffusion across the brain side plasma 

membrane in the endothelial cells 
Vmax  maximum velocity 
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Claudin-5

paracellular 8)

BBB

 

paracellular

passive 

diffusion

BBB

(Fig. 1) GLUT1 BBB

9)

MCT110) LAT111) BBB

BBB

 

BBB paracellular

passive diffusion

passive diffusion

Fig. 1. Schematic illustration of major transport systems across the blood-brain 
barrier. 
Small molecules can be transported by passive diffusion, efflux transporters and/or influx 
transporters across the blood side plasma membrane of endothelial cells that forms 
blood-brain barrier. 
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BBB

(Fig. 1) BBB

P-glycoprotein (P-gp) Breast cancer resistance protein (BCRP) 2
6)  

P-gp ABCB1(MDR1) ABC (ATP Binding Cassette)

ATP 12) P-gp 1280

12 2 nucleotide-binding domain (NBD)

N 3
13) P-gp

doxorubicin paclitaxel

cyclosporin A digoxin risperidone citalopram
14) P-gp in vivo P-gp knockout

P-gp
15) P-gp

MDR1 in vitro P-gp

MDR1 in vitro

P-gp BBB P-gp

P-gp 16,17)  

BCRP ABCG2 ABC P-gp

ATP BCRP ABC

6 1 NBD
18) BCRP rosuvastatin

topotecan imatinib 19) BCRP knockout

BCRP BCRP
20) Uchida LC-MS/MS

BCRP P-gp
21) BCRP

in vivo BCRP

P-gp BCRP P-gp

P-gp BCRP
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I  in silico in vitro
 

 

BBB paracellular passive diffusion

passive diffusion

BBB

Lipinski’s rule of 5 CNS MPO (Central Nervous System Multiparameter 

Optimization) 25,26)

BCRP

in silico

 

BCRP

BCRP P-gp BCRP

BCRP

P-gp BCRP in vitro

 

 
1  in silico  

 

dantrolene, daidzein, nebicapone, prazosin, imatinib, 

quinidine, antipyrine, DSP1, DSP2, DSP3, DSP4, DSP5, DSP6, DSP7, DSP8

DSP9 Figure 2

ADMET Predictor 10.3 (Table 1) nebicapone, 

DSP3 acidic pKa pH 7.4

imatinib quinidine DSP9 basic pKa pH7.4

log P log D7.4

antipyrine nebicapone 1.0
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Compound Acidic pKa Basic pKa log P log D 7.4

Dantrolene 8.04 -4.63 1.69 1.62

Daidzein 8.45 None 2.575 2.538

Nebicapone 4.29 None 3.36 0.496

Prazosin None 6.65 1.134 1.064

Imatinib 11.14 8.2 4.153 3.291

Quinidine None 7.95 2.653 1.993

Antipyrine None None 0.588 0.588

DSP1 8.26 3.11 1.89 1.833

DSP2 8.51 3.21 1.952 1.92

DSP3 6.26 1.55 4.072 2.916

DSP4 None 3.76 1.787 1.787

DSP5 10.6 3.64 1.36 1.36

DSP6 10.7 3.72 1.407 1.407

DSP7 10.7 3.71 1.883 1.883

DSP8 10.7 3.67 1.576 1.576

DSP9 None 7.86 1.744 1.157

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Predicted physicochemical property of test compounds. 

Figure 2. Structures of test compounds. 
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2  in vitro P-gp  
 

MDR1 MDCKⅡ (MDR1-MDCK) control MDCKⅡ

(control-MDCK) transwell in vitro

Apical basolateral (A to B)

basolateral apical (B to A)

(Papp)  

 

ܲ = ݐ݀ܺ݀ × 1A ×  ܥ
 

dX/dt A

C0  

B to A Papp A to B Papp efflux ratio MDR1-MDCK efflux ratio

control-MDCK efflux ratio corrected flux ratio (CFR)  

lucifer yellow paracellular

 

P-gp FDA in vitro

CFR 2.0 P-gp CFR 2.0

P-gp 27)  

Prazosin, imatinib quinidine CFR 2.0 P-gp

CFR 1.0 P-gp

(Table 2)  
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a The efflux ratio of the control-MDCK was assumed to be 1.  
b Donor concentration in apical side of control-MDCK after the experiment was used because of low recovery.

Papp

A-to-B
Papp

B-to-A
Efflux
ratio

Papp

A-to-B
Papp

B-to-A
Efflux
ratio

Dantrolene 28.6 23.7 0.8 28.6 23.9 0.8 1.0
Daidzein 12.0 7.11 0.6 13.5 9.13 0.7 0.9

Nebicapone 6.41 6.17 1.0 7.67 6.50 0.8 1.1
Prazosin 10.0 28.4 2.8 No dataNo dataNo data 2.8a

Imatinib 2.75 17.0 6.2 12.9b 8.51 0.7 9.3
Quinidine 3.70 38.7 10 12.7 19.7 1.6 6.7
Antipyrine 33.8 40.6 1.2 34.6 37.3 1.1 1.1

DSP1 21.0 19.4 0.9 25.9 21.9 0.8 1.1
DSP2 32.4 33.2 1.0 34.8 35.5 1.0 1.0
DSP3 2.97 3.58 1.2 3.26 3.78 1.2 1.0
DSP4 23.6 21.9 0.9 27.3 26.2 1.0 1.0
DSP5 18.0 19.3 1.1 21.3 23.0 1.1 1.0
DSP6 22.8 23.5 1.0 25.0 24.0 1.0 1.1
DSP7 22.9 17.6 0.8 27.5 22.1 0.8 1.0
DSP8 14.8 15.9 1.1 23.1 21.4 0.9 1.2
DSP9 21.4 15.3 0.7 27.1 24.9 0.9 0.8

Compound
MDCK-MDR1 cell MDCK-control cell

CFR

 

Table 2. Transport activities of test compounds in MDR1-MDCK and corresponding 
control cells. 
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Papp

A-to-B
Papp

B-to-A
Efflux
ratio

Papp

A-to-B
Papp

B-to-A
Efflux
ratio

Dantrolene 1.10 43.9 40 30.2 23.5 0.8 51
Daidzein 1.03 33.7 33 15.8 12.1 0.8 43

Nebicapone 0.42 12.3 30 7.02 6.68 1.0 31
Prazosin 1.78 38.1 21 18.4 23.5 1.3 17
Imatinib 1.10 29.2 26 8.55a 12.5 1.5 18
Quinidine 6.48 24.0 3.7 6.90 15.2 2.2 1.7
Antipyrine 37.8 38.2 1.0 30.6 31.1 1.0 1.0

DSP1 3.57 42.5 12 23.4 23.2 1.0 12
DSP2 5.64 32.7 5.8 13.8 9.83 0.7 8.2
DSP3 0.23 5.20 22 4.11 4.18 1.0 22
DSP4 11.3 50.2 4.4 27.0 25.7 0.9 4.7
DSP5 3.44 40.9 12 20.6 21.9 1.1 11
DSP6 12.0 35.8 3.0 19.8 19.7 1.0 3.0
DSP7 15.1 27.7 1.8 17.3 15.7 0.9 2.0
DSP8 21.7 28.0 1.3 18.1 17.0 0.9 1.4
DSP9 28.0 32.7 1.2 27.6 28.8 1.0 1.1

Compound
MDCK-BCRP cell MDCK-control cell

CFR

a Donor concentration in apical side of control-MDCK after the experiment was used because of low recovery.

3  in vitro BCRP  
 

BCRP MDCKⅡ (BCRP-MDCK) control MDCKⅡ

(control-MDCK) transwell in vitro

A to B B to A Papp efflux ratio CFR

 

BCRP CFR 2.0 BCRP

CFR 2.0 BCRP  

dantrolene daidzein nebicapone prazosin imatinib DSP1 DSP2

DSP3 DSP4 DSP5 DSP6 DSP7 2.0 CFR BCRP

quinidine antipyrine DSP8 DSP9 2.0 CFR BCRP

(Table 3)   

Table 3. Transport activities of test compounds in BCRP-MDCK and corresponding 
control cells. 



10 
 

4   
 

in silico in vitro P-gp

BCRP  

1 in silico nebicapone

DSP3 acidic pKa imatinib quinidine DSP9

basic pKa log P log D7.4 antipyrine

nebicapone 1.0 Sulfasalazine

estrone-3-sulfate P-gp BCRP
28,29)

BCRP log P

log D7.4 antipyrine nebicapone 1.0

passive diffusion

BBB  

2 3 MDR1-MDCK BCRP-MDCK in vitro

prazosin imatinib quinidine 3 MDR1-MDCK

2.0 CFR P-gp

2.0 CFR P-gp Dantrolene daidzein nebicapone

prazosin imatinib DSP1 DSP2 DSP3 DSP4 DSP5 DSP6 DSP7 BCRP-MDCK

2.0 CFR BCRP quinidine

antipyrine DSP8 DSP9 2.0 CFR BCRP

dantrolene daidzein nebicapone DSP1 DSP2 DSP3 DSP4 DSP5

DSP6 DSP7 BCRP (Table 4)

dantrolene daidzein nebicapone BCRP quinidine P-gp

28,30) nebicapone DSP3

control-MDCK Papp

in vivo

 

in silico

P-gp BCRP MDCKⅡ in vitro
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P-gp BCRP P-gp/BCRP

  

Table 4. Substrate classification of test compounds based on in vitro transport assay of 
MDR1-MDCK and BCRP-MDCK. 

Compound Substrate classification

Dantrolene BCRP substrate
Daidzein BCRP substrate

Nebicapone BCRP substrate
Prazosin P-gp/BCRP substrate
Imatinib P-gp/BCRP substrate
Quinidine P-gp substrate

Antipyrine Non-substrate
DSP1 BCRP substrate
DSP2 BCRP substrate
DSP3 BCRP substrate
DSP4 BCRP substrate
DSP5 BCRP substrate
DSP6 BCRP substrate
DSP7 BCRP substrate
DSP8 Non-substrate
DSP9 Non-substrate
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II  BCRP  

 

Ⅰ P-gp BCRP

BCRP BCRP

CFR BCRP

in vitro BCRP in vivo

BCRP

(CSF)  

 

1  CSF  
 

-

(Kp,uu,brain) CSF- (Kp,uu,CSF)

CSF

(fu,s)

(fu,b)

CSF 0.3%
31) CSF (fu,c) fu,s 32)  

 

௨݂, = 11 + 0.003 × ൬ 1݂௨,௦ − 1൰ 
 

fu,s, fu,b, fu,c (Table 5) Dantrolene, 

daidzein, antipyrine, DSP1, DSP2, DSP4, DSP6, DSP7, DSP8, DSP9 fu,c

fu,c 1

fu,c 1 Nebicapone, DSP3 fu,s fu,b

DSP5 fu,s 0.01  

 

 



13 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Compound fu,s fu,b Calculated fu,c

Dantrolene 0.041 0.043 1.0a

Daidzein 0.050 0.054 1.0a

Nebicapone 0.0016 0.0020 0.35
Antipyrine 0.84 0.72b 1.0a

DSP1 0.066 0.19 1.0a

DSP2 0.11 0.20 1.0a

DSP3 0.00060 0.0041 0.17
DSP4 0.33 0.16 1.0a

DSP5 0.0062 0.031 0.67
DSP6 0.050 0.035 1.0a

DSP7 0.034 0.015 1.0a

DSP8 0.021 0.018 1.0a

DSP9 0.42 0.24 1.0a

Table 5. Unbound fraction of test compounds in rat serum, brain and CSF. 

a fu,c was assumed to be 1. b Reference from [33]. 
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2  PK  
 

PK 1-compartment model 2-compartment model simulation

(Table 6)

 

  

Target Css

ng/mL
iv bolus
mg/kg

iv infusion
mg/h/kg

Dantrolene 400 0.22 0.40

Daidzein 500 1.0 1.2

Nebicapone 2000 0.70 0.69

Antipyrine 100 1.1 0.75

DSP1 100 0.13 0.071

DSP2 250 0.12 0.19

DSP3 2000 0.50 0.14

DSP4 250 0.14 0.32

DSP5 250 0.084 0.13

DSP6 200 0.20 0.54

DSP7 100 0.11 0.19

DSP8 100 0.15 0.40

DSP9 250 0.59 1.6

Table 6. Target plasma concentration and doses of intravenous bolus and infusion 
administered into rats 
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 Kp,total,brain Kp,uu,brain Kp,br/mu Kp,uu,CSF 

Dantrolene 0.035 0.036 0.082 0.22 

Daidzein 0.13 0.14 0.22 0.57 

Nebicapone 0.0022 0.0028 0.026 0.60 

Antipyrine 0.85 0.65 0.68 1.1 

DSP1 0.18 0.52 0.45 1.4 

DSP2 0.25 0.48 0.53 1.2 

DSP3 0.0056 0.038 0.044 1.5 

DSP4 0.68 0.33 0.96 0.78 

DSP5 0.070 0.35 0.39 0.83 

DSP6 0.61 0.44 1.0 0.67 

DSP7 1.2 0.53 1.3 0.54 

DSP8 0.86 0.77 1.0 1.1 

DSP9 16 9.3 7.9 1.9 

3   
 

2

3 CSF LC-MS/MS

1 fu,s fu,b fu,c -

(Kp,total,brain) - (Kp,uu,brain) -

(Kp,br/mu) CSF- (Kp,uu,CSF) Table 

7 1 BCRP CFR Kp

Figure 3 BCRP

BCRP CFR Kp

CFR Kp

Kp,uu,brain Kp,br/mu nebicapone

Kp,uu,CSF Kp,uu,brain

(Fig. 4) BCRP CFR Kp,uu,brain

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7. Rat Kp,total,brain, Kp,uu,brain, Kp,br/mu and Kp,uu,CSF values of test 
compounds. 
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Figure 3. Relationship between Kp,total,brain, Kp,uu,brain, Kp,br/mu, and Kp,uu,CSF values in rats 

and the CFR in BCRP-MDCK of BCRP-specific substrates and non-substrates.  

The Kp,total,brain (A), Kp,uu,brain (B), Kp,br/mu (C), and Kp,uu,CSF (D) values of BCRP-specific 

substrates and non-substrates in rats were plotted against the CFR in BCRP-MDCK. Each 

symbol represents the mean ± S.E.M of three animals. 1, dantrolene; 2, daidzein; 3, 

nebicapone; 4, antipyrine; 5, DSP1; 6, DSP2; 7, DSP3; 8, DSP4; 9, DSP5; 10, DSP6; 11, 

DSP7; 12, DSP8; 13, DSP9.  
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Figure 4. Comparison of the Kp,uu,brain and Kp,uu,CSF values of BCRP-specific 

substrates and non-substrates in rats.  

Comparison of the Kp,uu,brain and Kp,uu,CSF values of BCRP-specific substrates and 

non-substrates (A) and magnified view (B) of the square. The solid line indicates the line 

of unity, and the dashed lines indicate 2-fold difference. Each symbol represents the 

mean ± S.E.M of three animals. 1, dantrolene; 2, daidzein; 3, nebicapone; 4, antipyrine; 

5, DSP1; 6, DSP2; 7, DSP3; 8, DSP4; 9, DSP5; 10, DSP6; 11, DSP7; 12, DSP8; 13, 

DSP9.  
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4   
 

BCRP

 

1

CSF nebicapone DSP3 fu,s

fu,b DSP5 fu,s 0.01 Kp,uu,brain Kp,uu,CSF

Kp,uu,brain

Kp,uu,CSF

34) fu,s fu,b nebicapone, DSP3, DSP5 Kp,uu,brain, 

Kp,uu,CSF  

2 PK

 

3 2

Kp,total,brain Kp,uu,brain Kp,br/mu

Kp,uu,CSF Kp in vitro BCRP CFR

Kp in vitro BCRP CFR Kp

Kp Kp,total,brain Kp,uu,brain

Kp,br/mu nebicapone Kp,uu,CSF Kp,uu,brain

Kp,br/mu in vitro BCRP CFR

Kp,uu,CSF Kp,uu,brain Kp

Kp,br/mu

35) Kp,br/mu

BBB

Kp,br/mu Kp,uu,brain Kp,br/mu
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Kp,br/mu Kp,uu,brain Kp,br/mu

Kp,uu,brain

Kp,br/mu Kp

34) Kp,uu,brain Kp,br/mu

nebicapone

Kp,uu,brain Kp,br/mu 10 Kp,uu,brain Kp,br/mu

nebicapone

Kp,uu,brain Kp,br/mu

Kp,uu,brain  

BCRP

BCRP CSF
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III   BCRP BCRP  

 

Ⅱ BCRP BCRP

BCRP CSF

BCRP CSF

BCRP

BCRP BCRP

BCRP  

 
1   

 

BCRP elacridar Elacridar P-gp

P-gp

P-gp elacridar 36)

elacridar BCRP

BCRP BCRP dantrolene

elacridar  

Elacridar BCRP

1 elacridar

Elacridar

elacridar

elacridar

Figure 5  

BCRP elacridar BCRP

Elacridar BCRP elacridar

BCRP dantrolene CSF

elacridar elacridar

elacridar

PK PK

( : 3.8 mg/kg, 

: 2.4 mg/h/kg) ( : 7.6 mg/kg, : 4.8 



21 
 

mg/h/kg) ( : 15.2 mg/kg, : 9.6 mg/h/kg) 

elacridar Figure 5

dantrolene Kp,uu,brain Kp,uu,CSF Figure 6  

Dantrolene Kp,uu,brain elacridar elacridar

dantrolene BCRP (Figure 

6A)

elacridar dantrolene BCRP

elacridar Vehicle elacridar

dantrolene Kp,uu,brain 7.4

BCRP

elacridar BCRP  

Dantrolene CSF elacridar

elacridar (Figure 6B) dantrolene CSF

BCRP Vehicle

elacridar dantrolene Kp,uu,CSF 2.2  

BCRP elacridar (

: 15.2 mg/kg, : 9.6 mg/h/kg)  
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Figure 5. Timeline of dosing inhibitor and test compounds into rats via intravenous 

bolus and infusion.  

Rats were given vehicle or inhibitor as an intravenous bolus and then infusion for 1 h. 

Following administration of the vehicle or inhibitor, the test compounds without inhibitor 

were given as an intravenous bolus, and the test compounds with or without inhibitor were 

intravenously infused for 3 h. The femoral muscle, CSF, brain and plasma were collected 

after dosing of test compounds. 
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Figure 6. Increase in Kp,uu,brain and Kp,uu,CSF values of dantrolene by co-administration 

of elacridar.  

Kp,uu,brain (A) and Kp,uu,CSF (B) values of dantrolene with co-administration of low, middle, and 

high doses of elacridar were compared. The intravenous bolus (mg/kg) and infusion 

(mg/h/kg) doses of elacridar were as follows: 3.8 and 2.4 for the low dose, 7.6 and 4.8 for 

the middle dose, 15.2 and 9.6 for the high dose. Each bar represents the mean ± S.E.M of 

two or three animals. 

A 

B 
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Kp,total,brain Kp,uu,brain Kp,br/mu Kp,uu,CSF Kp,total,brain Kp,uu,brain Kp,br/mu Kp,uu,CSF

Dantrolene 0.035 0.036 0.082 0.22 0.18 0.18 0.40 0.66

Daidzein 0.13 0.14 0.22 0.57 0.34 0.37 0.66 0.97

Nebicapone 0.0023 0.0028 0.026 0.60 0.0043 0.0053 0.053 2.3

Antipyrine 0.85 0.65 0.68 1.1 0.62 0.76 - 0.95

DSP1 0.18 0.52 0.45 1.4 0.37 1.1 0.94 1.8

DSP2 0.25 0.48 0.53 1.2 0.47 0.89 1.3 1.4

DSP3 0.0056 0.038 0.044 1.5 0.0091 0.062 0.088 1.1

DSP4 0.68 0.33 0.96 0.78 1.1 0.54 1.6 0.89

DSP5 0.070 0.35 0.39 0.83 0.13 0.64 1.1 1.0

DSP6 0.61 0.44 1.0 0.67 0.63 0.45 1.7 0.62

DSP7 1.2 0.53 1.3 0.54 1.6 0.73 1.8 0.50

DSP8 0.86 0.77 1.0 1.1 0.77 0.69 1.9 0.82

DSP9 16 9.3 7.9 1.9 14 8.2 8.0 1.6

Vehicle Elacridar

2  BCRP  
 

1 BCRP BCRP

elacridar 2 1

BCRP elacridar  

Vehicle elacridar BCRP Kp Table 8

1 vehicle elacridar dantrolene Kp,uu,brain 7.4

Kp,uu,CSF 2.2 elacridar

dantrolene Kp,uu,brain 5.1 Kp,uu,CSF 3.0 1

dantrolene Kp,uu,brain Kp,uu,CSF

1 elacridar BCRP

 

elacridar dantrolene BCRP

elacridar Kp,br/mu

Kp,uu,brain nebicapone 3

Nebicapone elacridar

Kp,br/mu Kp,uu,brain   

Table 8. Rat Kp,total,brain, Kp,uu,brain, Kp,br/mu and Kp,uu,CSF values of test compounds 
with or without elacridar. 
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Figure 7. Increase in the Kp,uu,brain, Kp,br/mu and Kp,uu,CSF values of BCRP-specific 

substrates and non-substrates by co-administration of elacridar.  

The increased ratios of the Kp,uu,brain (A), Kp,br/mu (B) and Kp,uu,CSF (C) values of 

BCRP-specific substrates and non-substrates with elacridar to those without elacridar were 

plotted against CFR in BCRP-MDCK. The dashed lines represent unity. Each bar and 

symbol represent the mean ± S.E.M of three animals. 1, dantrolene; 2, daidzein; 3, 

nebicapone; 4, antipyrine; 5, DSP1; 6, DSP2; 7, DSP3; 8, DSP4; 9, DSP5; 10, DSP6; 11, 

DSP7; 12, DSP8; 13, DSP9.  

A B 

C 
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In vivo BCRP elacridar

Kp,uu,brain, Kp,br/mu Kp,uu,CSF in vitro BCRP CFR (Fig. 7)

Elacridar Kp,uu,brain, Kp,br/mu Kp,uu,CSF in vitro BCRP CFR

Kp,uu,brain, Kp,br/mu

Kp,uu,CSF in vitro BCRP CFR 0.86, 0.83, 0.73

nebicapone BCRP Kp,uu,brain, Kp,br/mu

Kp,uu,CSF Kp,uu,brain Kp,br/mu

Kp,uu,CSF BCRP CSF

 

 
3  Kinetics model  

 
2 elacridar CSF in vitro 

BCRP CFR 3 2

kinetics model Kinetics model BBB

P-gp BCRP 37, 38) Figure 8, 

Figure 9 passive diffusion BCRP

BCRP P-gp

 

2 vehicle Kp,uu,brain Kp,uu,brain,vehicle

elacridar Kp,uu,brain Kp,uu,brain,elacridar Figure 8 kinetics model

 

,௨௨,,௩ܭ  = ܲܵି௧ି,௩ܲܵି௧ି,௩ ܭ,௨௨,,ௗ = ܲܵି௧ି,ௗܲܵି௧ି,ௗ 

 

PSbl-to-br,vehicle PSbl-to-br,elacridar vehicle elacridar

BBB

PSbr-to-bl,vehicle PSbr-to-bl,elacridar vehicle elacridar

BBB
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Figure 8. Kinetics model of BCRP-specific substrate permeation across the rat 

blood-brain barrier. 

The BBB permeation of BCRP-specific substrates in rats is described as the kinetics model 

using various PS products (A). The inhibition of BCRP is incorporated into the kinetics 

model of BBB permeation in the rats co-administrated with elacridar (B). The arrows 

represent permeation of compounds. PSbl-to-br,vehicle and PSbr-to-bl,vehicle respectively represent 

PS products of BBB permeation from blood side to brain side and from brain side to blood 

side in the rats without elacridar. PSbl-to-br,elacridar and PSbr-to-bl,elacridar respectively represent PS 

products of BBB permeation from blood side to brain side and from brain side to blood side 

in the rats co-administrated with elacridar. PSbl,inf and PSbl,eff respectively represent PS 

products of influx and efflux via passive diffusion across the blood side plasma membrane 

in the endothelial cells. PSbr,inf and PSbr,eff respectively represent PS products of influx and 

efflux via passive diffusion across the brain side plasma membrane in the endothelial cells. 

PSbl,BCRP represent PS products of efflux transport mediated by BCRP expressed in blood 

side plasma membrane in the endothelial cells. 

A 

B 
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Figure 9. Kinetics model of BCRP-specific substrate permeation across the MDCKⅡ 

cell monolayer. 

The permeation of BCRP-specific substrate across the BCRP-MDCK (A) and 

control-MDCK (B) monolayer is described using various PS products. The arrows represent 

permeation of compounds. PSA-to-B,BCRP-MDCK and PSB-to-A,BCRP-MDCK respectively represent PS 

products of permeation from apical side to basolateral side and from basolateral side to 

apical side in the BCRP-MDCK monolayer. PSA-to-B,control-MDCK and PSB-to-A,control-MDCK 

respectively represent PS products of permeation from apical side to basolateral side and 

from basolateral side to apical side in the control-MDCK monolayer. PSA,inf and PSA,eff 

respectively represent PS products of influx and efflux via passive diffusion across the 

apical side plasma membrane in BCRP-MDCK and control-MDCK. PSB,inf and PSB,eff 

respectively represent PS products of influx and efflux via passive diffusion across the 

basolateral side plasma membrane in BCRP-MDCK and control-MDCK. PSA,BCRP represent 

PS products of efflux transport mediated by BCRP expressed in apical side plasma 

membrane in BCRP-MDCK. 

A 

B 
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BBB

 

 ܲܵି௧ି,௩ = ܾ݈ܲܵ,݂݅݊ ݂݂݁,݈ܾ݂݂ܵܲ݁,ݎܾܵܲ × + ܴܲܥܤ,݈ܾܵܲ + ି௧ି,௩ܵܲ ݂݂݁,ݎܾܵܲ = ݂݊݅,ݎܾܵܲ × ൫ܾ݈ܲܵ,݂݂݁ ݂݂݁,൯ܾ݈ܴܲܵܲܥܤ,݈ܾܵܲ + + ܴܲܥܤ,݈ܾܵܲ + ݂݂݁,ݎܾܵܲ  

ܲܵି௧ି,ௗ = ܾ݈ܲܵ,݂݅݊ ݂݂݁,݈ܾ݂݂ܵܲ݁,ݎܾܵܲ × +  ݂݂݁,ݎܾܵܲ

ܲܵି௧ି,ௗ = ݂݊݅,ݎܾܵܲ × ܾ݈ܲܵ,݂݂ܾ݈݁ܲܵ,݂݂݁ +  ݂݂݁,ݎܾܵܲ

 

PSbl,inf PSbl,eff BBB

passive diffusion influx efflux PSbl,BCRP

BCRP efflux PSbr,inf

PSbr,eff passive diffusion influx efflux

Elacridar BCRP BCRP

efflux  

Kp,uu,brain,vehicle Kp,uu,brain,elacridar

 

,௨௨,,௩ܭ  = ܲܵ, ×  ܲܵ,ܲܵ, ×  ൫ܲܵ, +  ܲܵ,ோ൯ ܭ,௨௨,,ௗ = ܲܵ, ×  ܲܵ,ܲܵ, ×  ܲܵ,  
 

2 elacridar Kp,uu,brain

Kp,uu,brain,elacridar Kp,uu,brain,vehicle

 

,௨௨,,௩ܭ,௨௨,,ௗܭ  = 1 +  ܲܵ,ோܲܵ,  
 

kinetics model elacridar Kp,uu,brain
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1 BCRP

passive diffusion  

 

in vitro BCRP-MDCK control-MDCK in vitro

Figure 9 kinetics model  

1  2 in vitro efflux ratio CFR

A-to-B B-to-A Papp kinetics model

control-MDCK BCRP-MDCK efflux ratio CFR 

Control-MDCK BCRP-MDCK A-to-B B-to-A

 

 ܲ ܵି௧ି,௧ିெ =  ܲ ܵ, × ܲܵ,ܲ ܵ, +  ܲܵ, 

ܲܵି௧ି,௧ିெ =  ܲܵ, × ܲ ܵ,ܲ ܵ, +  ܲܵ, 

ܲ ܵି௧ି,ோିெ =  ܲ ܵ, ×  ܲܵ,ܲ ܵ, +  ܲ ܵ,ோ +  ܲܵ, 

ܲܵି௧ି,ோିெ =  ܲܵ, × ൫ܲ ܵ, +  ܲ ܵ,ோ ൯ܲ ܵ, +  ܲ ܵ,ோ +  ܲܵ,  

 
PSA-to-B,control-MDCK PSB-to-A,control-MDCK control-MDCK A-to-B

B-to-A PS,A-to-B,BCRP-MDCK PS,B-to-A,BCRP-MDCK

BCRP-MDCK A-to-B B-to-A PSA,inf

PSA,eff MDCKⅡ apical passive diffusion influx

efflux PSA,BCRP apical BCRP

efflux PSB,inf PSB,eff basolateral

passive diffusion influx efflux Control-MDCK

BCRP BCRP efflux

 

Efflux ratio B-to-A A-to-B

control-MDCK BCRP-MDCK efflux ratio
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௧ିெ݅ݐܽݎ ݔݑ݈݂݂ܧ =  ܲܵ, ×  ܲ ܵ,ܲ ܵ, ×  ܲܵ, 

ோିெ݅ݐܽݎ ݔݑ݈݂݂ܧ =  ܲܵ, × ൫ܲ ܵ, +  ܲ ܵ,ோ ൯ܲ ܵ, × ܲܵ,  

 
 efflux ratiocontrol-MDCK efflux ratioBCRP-MDCK control-MDCK

BCRP-MDCK efflux ratio  

CFR BCRP-MDCK efflux ratio control-MDCK efflux ratio

CFR  

ܴܨܥ  =  1 +  ܲ ܵ,ோܲ ܵ,  

 
CFR 1 BCRP-MDCK apical BCRP

efflux passive diffusion efflux  

Kinetics model BCRP in vitro BCRP CFR elacridar

Kp,uu,brain BCRP efflux BCRP

passive diffusion

 

BCRP-passive diffusion in vitro MDCKⅡ in vivo

BBB BCRP-MDCK

BCRP BBB BCRP BCRP

efflux

BCRP Michaelis–Menten  

 ܲܵோ = ݉ܭݔܸܽ݉   

 

PSBCRP BCRP efflux Vmax BCRP

Km Vmax

BCRP Vmax PSBCRP

 

in vitro BCRP CFR human BCRP in vivo
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BCRP rat BCRP BCRP

BCRP mouse BCRP
39) mouse BCRP

human BCRP efflux ratio
40) human BCRP

rat BCRP kinetics model  

in vitro MDCKⅡ in vivo BBB

BCRP-passive diffusion 

2 in vitro 

BCRP CFR elacridar Kp,uu,brain

BCRP kinetics model

MDCKⅡ  in vitro 

in vivo BCRP

BBB BBB BCRP
41) BCRP

MDCKⅡ  in vitro 

 

Elacridar Kp,uu,CSF Kp,uu,brain

Kp,uu,CSF BCRP efflux

Kp,uu,CSF Kp,uu,brain

BBB (BCSFB)

BBB 42)

CSF

CSF

kinetics model Kp,uu,CSF Kp,uu,brain

CSF

kinetics model
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4   
 

BCRP BCRP

BCRP  

1 BCRP dantrolene BCRP

elacridar Elacridar dantrolene 1

dantrolene

elacridar dantrolene BCRP

dantrolene Kp,uu,brain Kp,uu,CSF vehicle

elacridar dantrolene Kp,uu,brain Kp,uu,CSF

elaridar dantrolene Kp,uu,brain Kp,uu,CSF

dantrolene CSF BCRP

P-gp BCRP sunitinib elacridar

P-gp/BCRP dual knockout
43) elacridar BBB P-gp BCRP

BCRP knockout

dantrolene Kp,total,brain 0.156  wild-type dantrolene

Kp,total,brain 3.9 44) 1 2

elacridar dantrolene Kp,total,brain

vehicle elacridar dantrolene Kp,total,brain 1

7.4 2 5.1 elacridar

dantrolene Kp,total,brain 1 0.187 2 0.175

BCRP knockout

elacridar BBB BCRP  

2 1 elacridar BCRP

BCRP 1 dantrolene

elacridar 2 dantrolene BCRP

elacridar Elacridar

BCRP Kp,uu,brain Kp,br/mu nebicapone

BCRP elacridar Kp,uu,brain

Kp,br/mu nebicapone

BCRP elacridar Kp,uu,CSF Kp,uu,brain Kp,br/mu
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nebicapone BCRP CSF

CSF

BCRP

CSF

BCRP in vitro BCRP CFR

Kp,uu,brain Kp,br/mu Kp,uu,CSF Kp,uu,brain Kp,br/mu

Kp,uu,CSF  

3 2 in vitro BCRP CFR Kp,uu,brain Kp,br/mu

Kp,uu,CSF kinetics model

kinetics model in vitro BCRP CFR Kp,uu,brain BCRP

efflux BCRP passive diffusion

efflux Human BCRP rat BCRP

BBB in vitro MDCKⅡ

BCRP

 BBB in vitro MDCKⅡ BCRP-passive diffusion 

BCRP 2

in vitro BCRP CFR elacridar Kp,uu,brain Kp,br/mu

BCRP

kinetics model BCRP

MDCKⅡ in vitro in vivo BCRP

BCRP

kinetics model in vitro BCRP CFR in vivo BBB

BCRP BBB BCRP

in vitro BCRP CFR BBB

BCRP BCRP

BCRP

 

Kp,uu,CSF Kp,uu,brain Kp,br/mu

BBB BCSFB BBB
42) CSF Kp,uu,CSF

Kp,uu,brain 3 kinetics model

Kp,uu,CSF Kp,uu,brain CSF BCRP
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CSF kinetics model

 

Kp,uu,CSF Kp,uu,brain in vitro BCRP CFR

BCRP Kp,uu,CSF

Kp,uu,brain Kp,br/mu BBB BCRP CSF

BCRP

BCSFB (BAB) BCRP BCSFB
45) apical 46)

BCSFB BCRP CSF

P-gp knockout BCRP knockout P-gp/BCRP knockout

P-gp BCRP topotecan

BCSFB BCRP CSF topotecan
47) BCSFB

BCRP CSF influx elacridar BCSFB

BCRP CSF influx BCRP Kp,uu,CSF

Kp,uu,brain Kp,br/mu

BAB BCRP

CSF 48) BAB

BCRP BBB BCRP
49) BAB CSF

BBB BAB BCRP CSF
48)

elacridar BCRP Kp,uu,CSF Kp,uu,brain Kp,br/mu

Kp,uu,CSF Kp,uu,brain

Kp,br/mu BCRP CSF

 

elacridar BCRP Kp,uu,brain, Kp,br/mu

Kp,uu,CSF in vitro BCRP CFR

kinetics model BCRP

kinetics model elacridar

BCRP Kp,uu,brain Kp,uu,CSF

BCRP CSF Kp,uu,brain



36 
 

Kp,uu,CSF kinetics model

BCRP CSF
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Compound fu,s fu,b Calculated fu,c

Quinidine 0.239 0.043 1.0a

Imatinib 0.038 0.022 1.0a

Prazosin 0.23 0.055 1.0a

IV  P-gp/BCRP BCRP  

 

Ⅲ BCRP BCRP

CSF BCRP BCRP-MDCK in 

vitro

BBB BCRP

Ⅲ BCRP

P-gp/BCRP  

P-gp/BCRP P-gp knockout BCRP knockout

P-gp/BCRP knockout P-gp BCRP
50) BCRP

P-gp/BCRP BCRP

BCRP P-gp/BCRP BCRP

P-gp/BCRP BCRP

BCRP BCRP  

 
1  P-gp P-gp/BCRP CSF

 
 

P-gp  P-gp/BCRP Kp,uu,brain Kp,uu,CSF

Ⅱ  2 CSF

Table 9  

a fu,c was assumed to be 1.  

Table 9. Unbound fraction of test compounds in rat serum, brain and CSF. 
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2  P-gp  
 

P-gp/BCRP BCRP

P-gp BCRP

P-gp BCRP P-gp

PSC-833 PSC-833 BCRP

P-gp 40) in vivo P-gp

P-gp

quinidine30) PSC-833  

PSC-833 quinidine Figure 5 elacridar

elacridar PSC-833 PK

( : 1.0 mg/kg, : 0.21 mg/h/kg)

( : 2.0 mg/kg, : 0.42 mg/h/kg) (

: 4.0 mg/kg, : 0.84 mg/h/kg) 3

PSC-833 quinidine quinidine Kp,uu,brain Kp,uu,CSF Figure 10

 

Quinidine Kp,uu,brain Kp,uu,CSF PSC-833

Kp,uu,brain PSC-833 Kp,uu,CSF

PSC-833

PSC-833 P-gp quinidine

P-gp knockout 33,51) PSC-833

quinidine P-gp BCRP

dantrolene PSC-833 CSF

PSC-833 CSF

PSC-833 BCRP

 

BCRP P-gp

( : 4.0 mg/kg, : 0.84 mg/h/kg) PSC-833
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Figure 10. Increase in Kp,uu,brain and Kp,uu,CSF values of quinidine by co-administration 

of PSC-833.  

The Kp,uu,brain (A) and Kp,uu,CSF (B) values of quinidine with co-administration of low, middle, 

and high doses of PSC-833 were compared. The intravenous bolus (mg/kg) and infusion 

(mg/h/kg) doses of PSC-833 were as follows: 1.0 and 0.21 for the low dose, 2.0 and 0.42 for 

the middle dose, 4.0 and 0.82 for the high dose. Each bar represents the mean ± S.E.M of 

two or three animals. 

A 

B 
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3  P-gp/BCRP  
 

2 P-gp/BCRP P-gp BCRP

PSC-833 3 2

PSC-833 Ⅲ 2 elacridar

P-gp/BCRP PSC-833 elacridar

P-gp quinidine BCRP dantrolene

PSC-833 elacridar

Kp,uu,brain Kp,br/mu Kp,uu,CSF Figure 11  

PSC-833 quinidine Kp,uu,brain Kp,br/mu Kp,uu,CSF 2

PSC-833

P-gp PSC-833 elacridar

quinidine Kp,uu,brain Kp,br/mu Kp,uu,CSF

dantrolene Kp,uu,brain, Kp,br/mu Kp,uu,CSF elacridar

PSC-833 dantrolene Kp,uu,brain Kp,br/mu Kp,uu,CSF

PSC-833 elacridar quinidine

dantrolene P-gp BCRP PSC-833

P-gp elacridar P-gp BCRP

 

P-gp/BCRP prazosin imatinib Prazosin imatinib

Ⅰ  2 3 in vitro P-gp/BCRP

Prazosin imatinib Kp,uu,brain Kp,br/mu

Kp,uu,CSF PSC-833 elacridar Prazosin imatinib

Kp,uu,brain Kp,br/mu PSC-833 elacridar

prazosin imatinib P-gp BCRP

in vitro PSC-833

elacridar Kp,uu,CSF prazosin imatinib

CSF P-gp BCRP  

PSC-833 P-gp elacridar P-gp BCRP

elacridar Kp PSC-833

Kp CSF BCRP Ⅲ  3

BCRP BCRP kinetics model

P-gp/BCRP PSC-833  
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PSC-833 
Elacridar 

A 

B 

Figure 11. Comparison of the effect of the co-administration of elacridar and PSC-833 

on Kp,uu,brain, Kp,br/mu and Kp,uu,CSF values of the P-gp/BCRP dual substrates.  

The increased ratios of the Kp,uu,brain (A), Kp,br/mu (B) and Kp,uu,brain (C) values of P-gp and 

BCRP substrates in rats were shown. The closed bars show the increased ratios by 

co-administration of PSC-833, and the open bars show the increased ratios by 

co-administration of elacridar. The dashed lines represent unity. Each bar represents the 

mean ± S.E.M of two or three animals. 

PSC-833 
Elacridar 

C 

PSC-833 
Elacridar 
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P-gp Figure 8 kinetics model  

kinetics model P-gp/BCRP

BCRP  
,௨௨,,ௌି଼ଷଷܭ,௨௨,,ௗܭ  = 1 +  ܲܵ,ோܲܵ,  
 

Kp,uu,brain,elacridar elacridar Kp,uu,brain Kp,uu,brain,PSC-833

PSC-833 Kp,uu,brain PSbl,eff BBB

passive diffusion efflux PSbl,BCRP

BCRP efflux

elacridar Kp PSC-833 Kp 1

BCRP efflux

passive diffusion efflux  

Kinetics model PSC-833 elacridar Kp

BCRP Kp,uu,brain Kp,br/mu

Kp,uu,CSF Figure 12 P-gp quinidine Kp,uu,brain Kp,br/mu

Kp,uu,CSF 1 CSF BCRP

Dantrolene PSC-833

Kp,uu,brain Kp,br/mu Kp,uu,CSF Ⅲ  2

elacridar vehicle Kp,uu,brain Kp,br/mu Kp,uu,CSF

Prazosin imatinib elacridar PSC-833

Kp,uu,brain Kp,br/mu 1 BCRP

Kp,uu,CSF 1

CSF BCRP  

Figure 12 prazosin imatinib elacridar Kp

PSC-833 Kp in vivo BCRP Ⅲ

3 kinetics model elacridar Kp

BCRP BCRP

BCRP elacridar Kp in vitro BCRP CFR

PSC-833 elacridar P-gp/BCRP Kp

P-gp/BCRP in vitro in vivo BCRP

Figure 13 PSC-833 elacridar prazosin
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imatinib Kp in vitro BCRP CFR BCRP

P-gp/BCRP

BCRP BCRP in vitro BCRP CFR

BCRP kinetics model  
 

Figure 12. Estimation of the in vivo BCRP function for the P-gp/BCRP dual substrates 

from the effect of the co-administration of elacridar and PSC-833 

The ratio of a Kp,uu,brain, Kp,br/mu and Kp,uu,CSF values with elacridar to those with PSC-833 are 

represented by closed bars and open bars, respectively. The dashed line represents unity. 

Each bar represents the mean ± S.E.M of two or three animals. 

Kp,uu,brain 

Kp,br/mu 

Kp,uu,CSF 
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Figure 13. Comparison between P-gp/BCRP dual substrates and BCRP-specific 

substrates in correlation of in vitro BCRP CFR 

The ratio of the Kp,uu,brain (A), Kp,br/mu (B) and Kp,uu,CSF (C) values of the P-gp/BCRP dual 

substrates with elacridar or PSC-833 and BCRP-specific substrates with or without BCRP 

inhibition were plotted against CFR in BCRP-MDCK. The closed circles represent 

BCRP-specific substrates, and the gray circles represent prasozin and imatinib as 

P-gp/BCRP dual substrates. The dashed lines represent three-fold difference from the 

regression line. Each bar and symbol represent the mean ± S.E.M of three animals. 

A B 

C 
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4   
 

P-gp/BCRP BCRP  

1 quinidine prazosin

imatinib Ⅱ  1 CSF

1 CSF

CSF 1  

2 P-gp/BCRP P-gp BCRP

P-gp quinidine P-gp

PSC-833 PSC-833 Ⅲ elacridar

Quinidine Kp,uu,brain Kp,uu,CSF PSC-833

Kp,uu,CSF PSC-833

PSC-833 quinidine P-gp knockout
33,51) PSC-833 P-gp

PSC-833

dantrolene Kp,uu,brain Kp,uu,CSF

PSC-833 P-gp P-gp BCRP

 

3 PSC-833 elacridar P-gp/BCRP

BCRP P-gp quinidine BCRP

dantrolene Quinidine Kp,uu,brain Kp,br/mu

Kp,uu,CSF PSC-833 elacridar dantrolene

Kp,uu,brain Kp,br/mu Kp,uu,CSF PSC-833 elacridar

PSC-833 elacridar P-gp

BCRP  

P-gp/BCRP prazosin imatinib Kp,uu,brain Kp,br/mu Kp,uu,CSF

PSC-833 elacridar PSC-833 BCRP

CSF kinetics model

elacridar Kp PSC-833 Kp BCRP

Prazosin imatinib elacridar PSC-833

Kp,uu,brain Kp,br/mu 1 prazosin imatinib

BCRP Kp,uu,CSF 1

prazosin imatinib CSF BCRP
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Elacridar Kp PSC-833 Kp BCRP

Ⅲ  2 BCRP BCRP

Elacridar BCRP Kp

in vitro BCRP CFR prazosin imatinib elacridar

Kp PSC-833 Kp in vitro BCRP CFR BCRP

prazosin imatinib

BCRP P-gp/BCRP

prazosin imatinib BCRP

BCRP in vitro BCRP CFR BCRP kinetics model

P-gp knockout BCRP knockout

P-gp/BCRP knockout P-gp BCRP

P-gp BCRP kinetics model
38)  

P-gp/BCRP CSF BCRP

PSC-833 elacridar

P-gp/BCRP CSF BCRP BCRP

BCRP MDCKⅡ in vitro
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1 BCRP

BCRP
CSF BCRP in vitro
BCRP P-gp/BCRP BCRP

BCRP P-gp/BCRP
BCRP  

 
I  in silico in vitro  

 

in vitro P-gp BCRP

In silico

passive diffusion BBB in vivo

P-gp BCRP MDCKⅡ

in vitro

P-gp BCRP  
 

II  BCRP  
 

Ⅰ BCRP CSF
CSF Kp,total,brain Kp,uu,brain

Kp,br/mu Kp,uu,CSF Kp in vitro BCRP CFR
BCRP Kp,uu,CSF Kp,uu,brain

Kp,br/mu in vitro BCRP CFR Kp,uu,CSF

Kp,uu,brain BCRP
BCRP

CSF  
 

III  BCRP BCRP  
 

BCRP BCRP
BCRP elacridar

Kp,uu,brain Kp,br/mu Kp,uu,CSF elacridar Kp
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in vitro BCRP CFR
Ⅲ kinetics model BCRP

kinetics model Elacridar
BCRP Kp,uu,CSF Kp,uu,brain Kp,br/mu

nebicapone BCRP
CSF  
 

IV  P-gp/BCRP BCRP  
 

P-gp/BCRP in vivo BCRP
P-gp BCRP P-gp PSC-833

P-gp/BCRP elacridar P-gp quinidine
BCRP dantrolene PSC-833

elacridar P-gp/BCRP BCRP
P-gp/BCRP prazosin imatinib

BCRP CSF
BCRP PSC-833 elacridar
prazosin imatinib CSF BCRP in vitro BCRP 
CFR BCRP P-gp/BCRP

BCRP in vivo BCRP in vitro BCRP 
CFR BCRP kinetics model  
 

BCRP in vivo BCRP
BCRP
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Dantrolene sodium salt hemiheptahydrate ( )
Daidzein ( ) Nebicapone Alsachim  
(Illkirch-Graffenstaden France) Prazosin hydrochloride

( ) Imatinib mesylate ( )
Quinidine Sigma-Aldrich (St. Louis USA) Antipyrine

( ) DSP5 DSP6 DSP7 DSP8
( ) DSP1 DSP2 DSP3 DSP4

DSP 9 Enamine (Kyiv Ukraine) Elacridar Toronto Research 
Chemicals (Toronto Canada) PSC-833 MedChemExpress (New 
jersey USA) Sulfaphenazole Sigma-Aldrich (St. Louis USA) 

Bezafibrate Sigma-Aldrich (St. Louis USA) MDR1
MDCKⅡ MDCKⅡ Netherlands Cancer Institute 
(Amsterdam Netherlands) BCRP MDCKⅡ
MDCKⅡ Solvo Biotechnology (Budapest Hungary) 

 
 

 
ADMET Predictor 10.3 (Simulations Plus) acidic pKa basic pKa

logP logD7.4  
 

in vitro  
1.  

MDR1 BCRP MDCKⅡ MDCKⅡ
3.35 ×104 cells/insert (MDR1 MDCKⅡ ) 6.36 × 104 cells/insert (BCRP

MDCKⅡ ) CO2 37 5%CO2

3-4  
Hanks’ balanced salt solution HBSS

20 Trans epithelial electrical resistance 
(TEER) 1 mol/L

10 mol/L 120
LC-MS/MS

150 μM lucifer yellow



51 
 

(PerkinElmer)
lucifer yellow ( : 428 nm : 531 nm)  

 
2. LC-MS/MS  

 50 L 50%
50 L IS sulfaphenazole bezafibrate

250 L  ( 3,000 rpm 4 10  )
LC-MS/MS  

 
3. LC-MS/MS  

 LC  
:  Cadenza CD-C18 3 μm, 2.0 mm x 50 mm 
 

A: 0.1%  
B: 0.1%  

: 
 ( ) 0 3 3.5 3.51 6 
A (%) 95 10 10 95 95 
B (%) 5 90 90 5 5 

: 0.4 mL/min 
: 40°C 

 
 MS/MS  

:  Electrospray ionization 
: Multiple reaction monitoring 
Q1 Q3 m/z Table 10  

 
4. efflux ratio CFR  

Apical basolateral (A to B) basolateral apical
(B to A) (Papp)  

 

ܲ = ݐ݀ܺ݀ × 1A ×  ܥ
 

dX/dt A

C0  
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B to A Papp A to B Papp efflux ratio  

݅ݐܽݎ ݔݑ݈݂݂ܧ  =  ܲ,ି௧ିܲ,ି௧ି 

 

MDR1 BCRP MDCKⅡ efflux ratio MDCKⅡ

efflux ratio corrected flux ratio (CFR)  
ܴܨܥ  = ௧ିெ݅ݐܽݎ ݔݑ݈݂݂ܧெோଵ  ோିெ݅ݐܽݎ ݔݑ݈݂݂ܧ   

 
efflux ratioMDR1 or BCRP-MDCK MDR1 BCRP MDCKⅡ

efflux ratio efflux ratiocontrol-MDCK MDCKⅡ efflux ratio
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Compound Q1 Q3 
Dantrolene (negative) 313.0 228.0 

Daidzein 255.1 199.0 
Nebicapone (negative) 272.0 153.0 

Prazosin 384.2 247.0 
Imatinib 494.3 394.0 

Quinidine 325.1 172.1 
Antipyrine 189.0 104.0 

DSP1 285.1 215.1 
DSP2 329.0 215.1 

DSP3 (negative) 379.0 171.0 
DSP4 253.2 159.0 
DSP5 440.2 420.1 
DSP6 392.1 324.1 
DSP7 406.1 324.1 
DSP8 389.2 242.2 
DSP9 262.2 162.0 

Bezafibrate 362.0 138.9 
Bezafibrate (negative) 360.0 274.1 

Sulfaphenazole 315.0 158.0 
Sulfaphenazole (negative) 313.0 156.0 

Table 10. MRM transitions for test compounds 
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1.  

96-well Equilibrium DIALYZER (Harvard Apparatus)
Multi-Equilibrium Dialyzer System (Harvard Apparatus)
Nebicapone DSP3 DSP5 DSP6 DSP7 DSP8
5 20 ( )

(
) 4 PBS

5  
1 mol/L 10 mol/L

PBS 37
(96-well Equilibrium DIALYZER: 22 , 

Multi-Equilibrium Dialyzer System: 1 )
LC-MS/MS  

 
2. LC-MS/MS  

10 L PBS 40 L IS
sulfaphenazole bezafibrate 300 L

40 L blank matrix 10 L
IS sulfaphenazole bezafibrate 300 L

 ( 3,000 rpm 4 10  )
LC-MS/MS  

 
3. LC-MS/MS  

 LC 1 
: Cadenza CD-C18 3 μm, 2.0 mm x 50 mm 
 

A: 0.1%  
B: 0.1%  

: 
 ( ) 0 3 3.5 3.51 6 
A (%) 95 10 10 95 95 
B (%) 5 90 90 5 5 

: 0.4 mL/min 
: 40°C 
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 LC 2 
:  CAPCELL PAK C18 MG Ⅱ 3 μm, 2.0 mm x 75 mm 

        Kinetex Biphenyl 100A 2.6 μm, 2.1 mm I.D. x 50 mm 
 

A: 10 mM 0.1%  
B: 0.1%  

: 
 ( ) 0 0.5 6 8 8.01 9.5 
A (%) 95 95 5 5 95 95 
B (%) 5 5 95 95 5 5 

: 0.3 mL/min 
: 40°C 

 
 MS/MS  

:  Electrospray ionization 
: Multiple reaction monitoring 
Q1 Q3 m/z Table 10  

 

4. CSF  

CSF

CSF 0.3% 31) CSF

(fu,c) (fu,s)
32)  

 

௨݂, = 11 + 0.003 × ൬ 1݂௨,௦ − 1൰ 
 

 
7-8 Crl:CD(SD ( )

12
(CE-2 )

1 2 ~ 3  
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1.  

0.02 N HCl, polyethylene glycol (PEG)-400, 
(50/50)  

 
2. PK LC-MS/MS  

5, 15, 30 1, 2, 4, 6, 24
20 L 20 L

IS bezafibrate 200 L
 (3,000 rpm 4 10 )

LC-MS/MS  
 

3. LC-MS/MS  
 LC 1 

: Cadenza CD-C18 3 μm, 2.0 mm x 50 mm 
 

A: 0.1%  
B: 0.1%  

: 
 ( ) 0 3 3.5 3.51 6 
A (%) 95 10 10 95 95 
B (%) 5 90 90 5 5 

: 0.4 mL/min 
: 40°C 

 
 LC 2 

:  CAPCELL PAK C18 MG Ⅱ 3 μm, 2.0 mm x 75 mm 
        Kinetex Biphenyl 100A 2.6 μm, 2.1 mm I.D. x 50 mm 

 
A: 10 mM 0.1%  
B: 0.1%  

: 
 ( ) 0 0.5 6 8 8.01 9.5 
A (%) 95 95 5 5 95 95 
B (%) 5 5 95 95 5 5 

: 0.3 mL/min 
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: 40°C 
 

 MS/MS  
:  Electrospray ionization 

:  Multiple reaction monitoring 
Q1 Q3 m/z Table 10 Table 11  

 
 
 

 

4. PK  
PK PKplus 2.0 (Simulations Plus) 1-

2-
 

 
 

1.  
0.03 N HCl polyethylene glycol (PEG)-400 PEG-60 hydrogenated 

castor oil PEG-40 stearate N,N-dimethylformamide (50/31.5/6.75/6.75/5)
 

 
2. PK LC-MS/MS  

Figure 5

1 3
CSF 5

20 L 20 L
IS bezafibrate 200 L

 (3,000 rpm 4 10 )
LC-MS/MS  

 
3. LC-MS/MS  

 LC  

Compound Q1 Q3 

Elacridar 564.4 252.2 
PSC-833 608.2 100.0 

Table 11. MRM transitions for transporter inhibitors 
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:  CAPCELL PAK C18 MG Ⅱ 3 μm, 2.0 mm x 75 mm 
        Kinetex Biphenyl 100A 2.6 μm, 2.1 mm I.D. x 50 mm 

 
A: 10 mM 0.1%  
B: 0.1%  

: 
 ( ) 0 0.5 6 8 8.01 9.5 
A (%) 95 95 5 5 95 95 
B (%) 5 5 95 95 5 5 

: 0.3 mL/min 
: 40°C 

 
 MS/MS  

:  Electrospray ionization 
: Multiple reaction monitoring 
Q1 Q3 m/z Table 10  

 
4. Kp  

Kp ,௧௧,ܭ  =  ܥܥ

,/௨ܭ =  ܥܥ

,௨௨,ܭ = ܥ × ௨݂,ܥ × ௨݂,௦ ,௨௨,ௌிܭ  = ܥ × ௨݂,ܥ × ௨݂,௦  

 
Cb Cp Cm

Cc CSF fu,b fu,s fu,c

CSF  
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