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6-CB: 2,2',4,4',5,5'-hexachlorobiphenyl 

A : amyloid  ( ) 

ADME: absorption, distribution, metabolism and excretion ( ) 

AGP: 1-acid glycoprotein ( 1 ) 

AUC: Area Under the concentration-time Curve ( ) 

BA: bioavailability ( ) 

BDDCS: Biopharmaceutics Drug Disposition Classification System 

CLint: intrinsic clearance ( ) 

CLp: total body clearance ( ) 

Cmax: maximum concentration ( ) 

Ctrough: trough concentration ( ) 

CYP: cytochrome P450 ( P450) 

DIF: diffusion rate constant ( ) 

FOCE: first-order conditional estimation 

GFR: glomerular filtration rate ( ) 

HPLC: high performance liquid chromatography ( ) 

HSA: human serum albumin ( ) 

IACUC: institutional animal care and use committee  

Ka: absorption rate constant ( ) 

logD: octanol to water partition coefficient ( / ) 

LSC: liquid scintillation counter ( ) 

MATE: multidrug and toxin extrusion 
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MRM: multiple reaction monitoring 

NMDA: N-methyl-d-aspartate 

PBPK model: physiologically-based pharmacokinetic model ( ) 

PCBs: poly chlorinated biphenyls ( ) 

PCDDs: polychlorinated dibenzo-p-dioxins ( -p- ) 

PK: pharmacokinetics ( ) 

pKa: logarithmic acid dissociation constant ( ) 

PK/PD: pharmacokinetics/pharmacodynamics 

Px: tissue to blood partition coefficient ( ) 

t1/2: half-life ( ) 

TAK-357: 1-(4-methoxyphenyl)-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran- 5-yl)piperazine 

TK: toxicokinetics ( ) 

TK/TD: toxicokinetics/toxicodynamics 

Tmax: time to reach Cmax (Cmax ) 

Vss: distribution volume at steady-state ( ) 

Vx: tissue or blood volumes ( ) 
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 1

  1.1

 (ADME) 

 (57)

Pharmacokinetics/Pharmacodynamics (PK/PD) 

Toxicokinetics/Toxicodynamics (TK/TD) 

 (40)

ADME

 

 

  1.2

TAK-357 4

1 1 2  (TK) 

2 1 2

2

TAK-357  ( 3 )

TAK-357

TAK-357

TAK-357
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TAK-357

TAK-357

 

 

1. TK

ADME

TAK-357 ([14C]TAK-357) 

ADME  

2. TAK-357 ADME

TAK-357

 (PBPK)  

3. TAK-357

PBPK  

 

  1.3

1.3.1  

 (62)

 (20, 30, 51, 59, 66)

 (10, 16, 29)
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/  

(22)  

 

1.3.2  

 (21)

 (68)

 (5, 9, 53)

Organic anion transprter polypeptide (OATP)  (5, 43)

Biopharmaceutics Drug Disposition 

Classification System (BDDCS) 2

4  (8) 2

4

 

 

1.3.3  

pH  (52)

 (7)

pH

 (60)  
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 TAK-357  1.4

1.4.1  

TAK-357 (1-(4-methoxyphenyl)-4-(2,2,4,6,7-pentamethyl-2,3-dihydro-1-benzofuran- 5-yl)piperazine

Fig. 1-1) TAK-357 logD: 5.83

pH

 (pKa) 6.6, 3.7 380.5 TAK-357

TAK-357 ([14C]TAK-357)  

 

1.4.2  TAK-357  

 (19) 2015

4680 2050 1 3200  (6)

42 (A 42) 

 (69)

N-methyl-d-aspartate (NMDA) 

 (25, 31, 44)

 (61)

A

 (17, 33, 45) TAK-357

1 (IGF1) 

 (63),  
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TAK-357  2

  2.1

 (57) TAK-357

TK TAK-357 ADME

[14C]TAK-357 TAK-357

 

 

  2.2

2.2.1  

TAK-357 [14C]TAK-357 (

>97% :5.75 MBq/mg)  ( ) 

 

 

2.2.2  

Crj:CD(SD)  ( )  (

) 8 n=3 n=4  CR-LPF 

( ) 
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1 7-24 9.8-12.0 kg

n=3 n=4 Labo D stock (

 ) 1 1 250 g  

 

2.2.3  

[14C]TAK-357 TAK-357 0.5% (w/v)  ( ) 

[14C]TAK-357 3 mg/kg  ( PK 17.3 MBq/kg

2.3 MBq/kg 8.7 MBq/kg)  (4.3 MBq/kg) 

TAK-357 0.3, 1 3 mg/kg 3 mg/kg

TAK-357  ( ) 1,3-  (

)  (1:1, v/v) 1 mg/kg  (n=3)  (n=4) 

 

[14C]TAK-357 TAK-357

4°C 10,000×g 3

[14C]TAK-357 0.5 2 8 24 168

332 672

[14C]TAK-357 672

 

24

168

 ( ) 
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2.2.4  

 ( ) 

Interstate Blood Bank ( ) 

5 10

 (HSA) 1  (AGP) Sigma-Aldrich japan (

)  

4% HSA, 0.05% AGP

0.05% AGP 4% HSA [14C]TAK-357  ( : 0.1, 1, 10 g/mL, n=3)

274,000 316,000×g 4°C 14

2-1   (%) = ×      2-1 

CPL:  

Csup:  

[14C]TAK-357  ( : 

0.1, 1, 10 g/mL, n=3) 37°C 30

(Hct) 2-2   (%) = 100 ×( )     2-2 

CWB:  

 

2.2.5  

(LSC

)
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TAK-357 TAK-357

 (625TR ) 

(HPLC ) HPLC

LSC

TAK-357

/  (2:1 v/v)  

HPLC 40°C L-column ODS (5 μm, 

250 mm × 4.6 mm i.d., ) HPLC A

10 mmol/L /  (9:1, v/v) B 10 mmol/L

/  (1:9, v/v) 1 mL/min

50% B 10 100% B 15 100%

B 50% B 0.1 10.9 1

36

 

 

2.2.6 TAK-357  

TAK-357 HPLC (LC/MS/MS) 1 ng/m

40°C

AC UITY UPLC BEH C18 (1.7 m, 2.1 × 50 mm, Waters ) LC/MS/MS 

(API4000, Applied Biosystems/MDS SCIEX, ) / /

=700:300:2, v/v 2.5 0.5 mL/min

TAK-357 m/z 381 191 multiple reaction monitoring (MRM) 
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 (m/z 433 134) 1-1000 ng/mL

0.7%-6.7% -2.1%-6.7%  

 

2.2.7  

 (t1/2)  (AUC)  (CLp)

 (Vss) WinNonlin  ( 6.1 Certara ) 

non-conpartment  (Cmax) Cmax  

(Tmax)  (BA) 

AUC (AUCinf)  

 

  2.3

2.3.1  

TAK-357 1 mg/kg 0.3, 1 3 mg/kg

3 mg/kg Fig. 2-1 TAK-357

Table 2-1 CLp 0.180 L/h/kg

0.0237 L/h/kg Vss 33.5 L/kg 60.3 L/kg 3 mg/kg

t1/2 211  ( 9 ) 1420  ( 60 ) 

BA 59.2% 66.6% Cmax AUCinf 0.3-3 mg/kg

 

 

2.3.2  

[14C]TAK-357 3 mg/kg 0.5, 2, 8, 24, 168, 336 672

Fig. 2-2 2 Cmax

0.5 Tmax



   
 12  

8 Cmax 24

Tmax 672 / 500

(

) 84.2-94.0%  

[14C]TAK-357 3 mg/kg 672

(Fig. 2-3)

/ 300

98.2%  

 

2.3.3  

In vitro 14.3-15.1% 23.8-25.5%

9.9-11.8% 0.1-10 g/mL  

(Table 2-2) /  (Rb) 0.70, 0.66 0.66  

 

2.3.4  

In vitro 97.7%-98.0%

98.3-98.5% 98.9-99.2% 97.1-97.4% 0.1-10 g/mL

 (Table 2-3) HSA AGP HSA AGP

98.7-99.3% 96.6-98.6% 99.4%  

 

2.3.5  

[14C]TAK-357 3 mg/kg  

(Fig. 2-4) Fig. 2-5A
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212 1070

TAK-357 AUC0-168h 20.2 μg·h/mL 12.8μg·h/mL

63.0% 37.0%

TAK-357 AUC0-168h 41.3 μg·h/mL 38.3 μg·h/mL

92.8% 7.2%  

 

2.3.6  

[14C]TAK-357 3 mg/kg

 (Table 2-4 2-5)

Fig. 2-5B 672

12.6% 60.1% 672 24.3%

24 168

28.9% 2.4% 26.6%

312-336 , 480-504 648-672

TAK-357

43.0% 60.5%  

 

  2.4

TAK-357 ADME

3 mg/kg BA 50-70%

 (Table 2-1) PK

AUC AUC TAK-357

PK PK

TAK-357 9 60
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CLp Vss

CLp Vss

[14C]TAK-357 3 mg/kg 72.7%

4 28.9% 1  (Table 2-4)

TAK-357

168

52.9%

CLp Vss

 

 (Figs. 2-2 2-3)

Tmax 24 Tmax 2

TAK-357

Tmax

 (47) 672 / 300-500

 ( : 41, 

: 28 : 101 )  (22, 35) 672 (4

) 1 g equiv./g 10 g equiv./g

7-10%  (15)

19% 0.019% 3.66% 0.32%

TAK-357
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TAK-357

50

17-20%  (67)

15% TAK-357

50% 100

TAK-357

TAK-357

 (Fig.2-5C) TAK-357

TAK-357 TAK-357

 

In vitro

 (Table 2-2, 2-3)

 (38) TAK-357 in vitro

TAK-357

HSA AGP CLp  

Table 2-5 TAK-357

18.6% 43.0%

16.1%

60.5% BA 60% 67%
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40-60%

TAK357  

TAK-357 ADME 2,2',4,4',5,5'-hexachlorobiphenyl (6-CB)  

(PCBs) 6-CB  (54)

6-CB

 (37, 64, 65)

Geyer

 (26)

TAK-357

TAK-357

 

 

  2.5

TAK-357 ADME TAK-357

TAK-357
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: 3

 (PBPK) &  

  3.1

1 TK 2 TAK-357

2 TAK-357 ADME

 (27) PCB

-p-  (PCDDs) TAK-357

 (34) PCB 1 6-CB 100

 (54) 6-CB

 (37, 64, 65) 6-CB

6-CB TAK-357

ADME TAK-357

PK (PBPK)

& (M&S) PBPK M&S PK  (24)  (39)

 (32)  (49) 

PCB tetrachlorobenzyltoluenes PBPK  (42, 50)

TAK-357 PBPK TAK-357

 

 

  3.2

3.2.1  

TAK-357
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3.2.2  

 (13, 19 10.5, 11.8 kg) 

1 1 Certificate canine diet #5007 (PMI Nutrition International, 

) No.1 2

No.2  

 

3.2.3  

TK

TAK-357 0.5% TAK-357 1 1

15 2 1000 mg/kg

2 TAK-357 1 2 4 8

24 15 1 2 4 8 24 48 72 15 7 14

21 28 Day 0 ( ) Day 42 1 1

Institutional Animal Care and Use Committee (IACUC) 

 

 

3.2.4 TAK-357  

TAK-357 HPLC 0.025 g/mL

20 mmol/L 40°C

ACQUITY UPLC HSS T3  (1.8 m, 2.1 × 100 mm, Waters) HPLC

290 nm 760 nm /

/20 mmol/L 9:9:2 (v/v/v) 3

0.5 mL/min  
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3.2.5 PBPK  

2 TAK-357 0.3, 1, 3 mg/kg 1 mg/kg

3 mg/kg 1 mg/kg

PBPK  (27) NONMEM VI (ICON Development Solution, 

) First-order Conditional Estimation (FOCE) with interaction

3 Compaq Digital Fortran Version 6.1 NONMEM

Berkeley Madonna Ver 8.3.8 (University of 

California, ) 

 ( 3-1)  

, = , × 1 +       3-1 

Yobs,ij i j Ypred,ij ij,

ij 0 2 goodness-of-fit plot

 (MVOF)  

Fig. 3-1 PBPK 4

TAK-357 PK

 ( 3-2, 3-3)  =   ×      3-2 C =        3-3 

Ctissue Cblood Ptissue Qtissue Vtissue Atissue TAK-357 TAK-357

/ , TAK-357

TAK-357  (Cplasma) 3-4  C =        3-4 
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Rb / 2  

2 ADME TAK-357

3-5  =   × CL ×  +  × ×   3-5 

Adose TAK-357 CLint  ( Rb )

Ka F Ka CLint F

  

 ( 3-6, 3-7)  =   × × ×    3-6 = × ×      3-7 

3-6 DIF  (Qfat

) Cvf TAK-357 DIF

DIF 10

 ( )  (15, 56) /

/

AUC /

/

 (Fh ) TAK-357

AUC

/ /

PBPK /  
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3.2.6  

PBPK TK F Ka

No.1 15 No.1

Pfat (Pfat,sim) 3-8 Pfat

 

, = ,
,        3-8 

Pf,max Pfat Pf,50 Pfat,sim 50% TAK-357  

Table 3-1  (PBPK

) No.2

1

3 90% 25% TAK-357

2 58%

2  ( 3)  ( 4)

/  ( 5) 3

CLint 10% 4 2

5 Pfat,sim 3 30%  
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  3.3

3.3.1  

TAK-357 1000 mg/kg 2 15 Fig. 3-2

2 2 2

No.2 12.2 kg ( 1 ) 9.4 kg ( 4 ) 23%

 (Fig. 3-3) No.2 126.0 80.4

372.8 g 81.8 63.7 201.9g

 

 

3.3.2 PBPK  

PBPK PK

PBPK

 (Fig. 3-1) Table 3-2

CLint (L/h/kg) 

Well-stirred 25 mL/h/kg

2  (24 mL/h/kg) 

Fig. 3-4 PBPK

PK  

 

3.3.3  

No.1 PBPK

Ka F 0.1 0.027 Pfat

Pf,max PBPK 495 Pf,50 10 g/mL

2
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 ( 1) 

 ( 2) 1 90% 25%

3  (Fig 3-5)

TAK-357  (Fig .3-6)

2 No.2  (

Fig .3-6 ) CLint  ( 3) 

 ( 4) 

(Fig .3-6 ) /  (Pfat,sim) 

 ( 5) TAK-357  

 

  3.4

2 TAK-357

 (Figs. 3-2 3-3)

TAK-357 PK

 (37, 64, 65)

TAK-357

TAK-357  (27)

PBPK PBPK
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PK

 

PBPK  (Table 3-2, Fig 3-3)

/ /

 (22, 56) TAK-357

No.2  (

) 

No.1 F,Ka Pfat

TAK-357

F Ka

F Ka

TAK-357  (Pfat,sim) 

TAK-357  (1000 g/g

) (CLint )

Pfat,sim

 (Fig. 3-5) TAK-357

 (Fig. 3-6 1)

 ( 2) Pfat,sim

TAK-357

No.2

 (CLint)
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 (Pfat) TAK-357

 ( 3-5) CLint

3

 ( 4) Pfat 5

1 5 TAK-357

TK

TAK-357

TAK-357 PK

 

PBPK TAK-357

2 TAK-357

Geyer

 (26)

ADME
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  3.5

PK
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 4

  4.1

pKa

 (30, 51)

PCB PCDD

 

(34, 37, 64, 65)  (body mass index ) 

 (12, 23)

 (41)

TAK-357 3 TAK-357

TAK-357

PBPK  

 

  4.2

4.2.1  

TAK-357 ( :100%) 

[14C]TAK-357 ( >97%) 

Perkin Elmer  
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4.2.2  

Wistar fatty Wistar lean

 ( ) 16 1 4

CR-LPF  

 

4.2.3  

[14C]TAK-357 :1,3- 1:1 Wistar fatty

Wistar lean 7

7 30 1 2

5, 15, 30 , 1, 4, 8, 24 , 2, 4, 8, 11, 15, 18, 21, 24, 28 30

30

 

TAK-357 0.5% Wistar fatty Wistar lean

1 1 0.5, 1, 2, 4, 8, 24 , 2, 4, 8, 11, 15, 

18, 21, 24, 28 31 Day 0 ( ) Day 13 Day 17

0.5, 1, 2, 4, 8 24 Day 6, 9, 13, 19, 22, 27 1

9,000×g 4°C 5  

Wistar fatty Wistar lean EchoMRITM 900 (EchoMRI, ) 

1 1 4-1   (%) =  ( )  ( ) × 100     4-1 

IACUC  
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4.2.4  

Wistar fatty Wistar lean [14C]TAK-357  0.1 1 g/mL

in vitro  

 

4.2.5  

TAK-357 TAK-357 2 ng/mL LC/MS/MS (API-4000, Applied 

Biosystems/MDS SCIEX) TAK-357

LC/MS/MS Shim-pack XR-ODS

(2.2 m, 2.0 × 30 mm ) 50°C A 10 mmol/L

/  (100:0.2, v/v) B 0.5 mL/min

0.2 10% B 0.8 95% 

B 1.5 0.01 10% B 0.59

1 3.1 TAK-357 MRM

m/z 381 191 -16.0-3.6% 3.8-10.0%

 

LSC [14C]TAK-357

/ (1:2, 

v/v)

HPLC L-Column ODS column (5 μm, 250 mm × 4.6 mm

) 40°C A 10 mmol/L /

9:1 B 10 mmol/L / 1:9

1 mL/min 50% B 10 100%

B 15 100% B 50% B 0.1

10.9 1 36  
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4.2.6  

NONMEM VI FOCE with interaction PBPK 3 SD

PK

 (15, 28, 56)

PBPK Fig. 4-1  

ALAG Wistar lean

/  (Px ) 3 SD Wistar fatty

Wistar lean Px

Wistar fatty Px

1  ( 2

)  (F)  

Wistar fatty Wistar lean

Wistar fatty

Wistar lean 4-2, 4-3     = ×       4-2 

 

Wistar fatty    =   ×      4-3 

 

4-4  (15)  

( / ) = 60 × 0.235 ×  ( ) .       4-4 
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Wistar lean

Wistar fatty

 

 

4.2.7  

Berkeley Madonna Ver. 8.3.8 TAK-357

CLint (0.08 L/h) 1 1 1 1 4 1

CLint

CLint  (5 L/h) 1 1

PK CLint

Wistar fatty Wistar lean

CLint 4

40% 20% 1 1

6

Px Wistar fatty Wistar lean
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  4.3

4.3.1  

Wistar fatty Wistar lean Table 4-1 Wistar fatty

4 Wistar lean

Wistar lean 4 0.1 1 μg/mL [14C]TAK-357

Wistar fatty 96.4% 94.8% Wistar lean 97.3%

97.5% [14C]TAK-357 Wistar fatty Wistar lean 2 mg/kg

720 (Fig. 4-2) Wistar fatty

Wistar lean 24 360

48 264 Wistar fatty

Wistar lean Wistar fatty

TAK-357  (Table 4-2) Wistar lean

Wistar fatty Wistar lean

720 Wistar fatty Wistar lean

 (Fig. 4-3)

Wistar fatty 2.519  2.104 

g equivalent/g, Wistar lean  3.726  2.247 g equivalent/g  

TAK-357 Wistar fatty Wistar lean 3 mg/kg

720 (Fig. 4-4) Wistar fatty Cmax Wistar lean Cmax

Wistar fatty TAK-357 Cmax  

(Ctrough) (Fig.4-4

Table 4-3)  
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4.3.2 PBPK  

PBPK

 (Figs. 4-2 4) PBPK

 (Fig. 4-1)

 (Table 4-4) Wistar fatty

CLint Wistar lean Wistar fatty / Wistar 

lean SD Wistar lean

 

 

4.3.3  

1 1

(Fig. 4-5A) 1 1 4 1

 (Fig. 4-5B, C) CLint 1 1

/ CLint

 (Fig. 4-5D) 1 1 6 50%

2

(Fig. 4-6)  

 

  4.4

3 PBPK &

 (28) 3
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TAK-357

Wistar fatty  ( 45%) Wistar lean  ( 13%) 

 (Table 4-1) 3

PBPK Wistar fatty

Wistar lean (Figs. 4-2 4)

Wistar lean

24

over prediction PBPK

 

 (Vfc) Px

CLint

(15)

3 8 SD Vfc 16 Wistar lean Vfc

Wistar fatty Vfc 0.38

85%

85%

Wistar fatty Wistar lean

4 2

Wistar fatty Wistar lean /

 (Pfat, Pliver PR.tissue) 

/
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 (55) Px Fig. 4-7

 ( )  (

) Wistar fatty

 (36) /

Wistar fatty

Wistar lean

Wistar fatty

( ) /  (Pfat PR.tissue) 

 (Fig. 4-7A, 7B) Wistar fatty Pfat [14C]TAK-357

720 / Wistar lean

50-60% /

TAK-357 4 2

Wistar fatty Pliver

 (Fig. 4-6C) Wistar fatty Pliver Wistar 

lean Wistar fatty CLint Wistar lean

(Table 4-4) CYP CYP3A4

 (11, 58) Wistar fatty

 (CLint) 

Wistar fatty Wistar fatty

Wistar lean



   
 36  

 

TAK-357 / TAK-357

CLint

TAK-357 1 1

 ( ) (Fig. 4-5)

CLint

2  

(Fig. 4-6)

TAK-357 2

 (4 Fig. 4-7A)

/

 

 

  4.5
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 5

TAK-357

TAK-357 4 1 1 2 TK

2 1 2

TAK-357

TAK-357

 

 

 TAK-3575.1

 

TAK-357 ADME BA
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 ( 1 ) 

 

Fig. 1-1 Chemical structure of [14C]TAK-357. 

Asterisk denotes the 14C-labeled position. 
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 ( 2 ) 

Table 2-1 Pharmacokinetics of TAK-357 after iv and oral administration to rats and dogs. 

 

Each value shows mean ± S.D. (rats; n=3, dogs; n=4) 

  

Cmax (ng/mL) 42 ± 6 134 ± 22 316 ± 19 662 ± 9

Tmax (h) 2.0 ± 0.0 2.0 ± 0.0 2.0 ± 0.0 3.0 ± 1.2

t1/2 (h) 211 ± 14 98.4 ± 30.5 177 ± 35 135 ± 35 1980 ± 460 1420 ± 350

AUCinf  (ng h/kg) 5620 ± 680 944 ± 122 3480 ± 170 9980 ± 1090 49500 ± 21200 98800 ± 53400

CLp (L/h/kg) 0.180 ± 0.023 0.0237 ± 0.0110

Vss (L/kg) 33.5 ± 3.3 60.3 ± 26.9
F (%)

-

-

Parameter

-

-

-

-

-

-

-

-

Intravenous
1 mg/kg 3 mg/kg

Oral
Dog

56.0 62.0 59.2 66.6-

-

-

Oral
Rat

Intravenous
1 mg/kg1 mg/kg 0.3 mg/kg

-
3 mg/kg
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Table 2-2 Erythrocyte distribution of [14C]TAK-357 in rats, dogs and humans (in vitro). 

 

Each value shows mean ± S.D. (n=3) 

  

Concentration 
(μg/mL) Rats Dogs Humans

0.1 15.1 ± 2.3 23.8 ± 1.4 10.7 ± 1.6
1 14.3 ± 1.8 25.5 ± 0.7 11.8 ± 1.8

10 14.3 ± 3.2 24.3 ± 1.7 9.9 ± 0.6

Erythrocyte distribution ratio (%)



   
 53  

Table 2-3 Protein binding of [14C]TAK-357 in plasma of mice, rats, dogs and humans, and human serum protein 

solutions (in vitro). 

 

Each value shows mean ± S.D. (n=3) 

  

Concentration 
0.05%AGP/

4% HSA
mixture

0.1 97.7 ± 0.3 98.3 ± 0.1 98.9 ± 0.2 97.4 ± 0.1 99.1 ± 0.0 96.6 ± 0.1 99.4 ± 0.1
1 98.0 ± 0.1 98.4 ± 0.1 99.1 ± 0.1 97.3 ± 0.1 99.3 ± 0.0 97.5 ± 0.1 99.4 ± 0.0
10 97.8 ± 0.1 98.5 ± 0.0 99.2 ± 0.1 97.1 ± 0.1 98.7 ± 0.1 98.6 ± 0.1 99.4 ± 0.1

Protein binding (%)

(μg/mL) Mice Rats Dogs Humans
4% HSA
solution

0.05% AGP
solution
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Table 2-4 Cumulative excretion of total radioactivity into the urine and feces of rats and dogs after an oral 

administration of [14C]TAK-357. 

 

Dose; 3 mg/kg. 

Each value shows mean ± S.D. (rats; n=3, dogs; n=4) 

24.3% of the dosed radioactivity was detected in the carcass at 672 h after administration. 

  

Rats 24 5.2 ± 0.3 21.3 ± 2.1 26.5 ± 2.0
48 6.8 ± 0.5 31.5 ± 1.5 38.3 ± 1.1
72 7.6 ± 0.5 34.9 ± 1.5 42.5 ± 1.0

120 8.7 ± 0.6 39.7 ± 1.0 48.4 ± 0.5
168 9.6 ± 0.6 43.3 ± 0.8 52.9 ± 0.4
240 10.5 ± 0.6 47.3 ± 0.7 57.8 ± 0.5
312 11.1 ± 0.7 50.5 ± 0.7 61.6 ± 0.8
384 11.7 ± 0.8 53.0 ± 0.8 64.6 ± 1.0
456 12.0 ± 0.8 55.1 ± 0.9 67.2 ± 1.2
528 12.2 ± 0.9 56.9 ± 1.0 69.2 ± 1.3
600 12.5 ± 0.9 58.6 ± 1.1 71.0 ± 1.5
672 12.6 ± 1.0 60.1 ± 1.3 72.7 ± 1.8

Dogs 24 1.4 ± 0.1 13.5 ± 7.5 14.9 ± 7.5
48 1.7 ± 0.1 21.8 ± 2.3 23.5 ± 2.3
72 1.9 ± 0.1 23.1 ± 2.3 25.0 ± 2.3
96 2.0 ± 0.1 24.1 ± 2.2 26.1 ± 2.2

120 2.2 ± 0.1 24.9 ± 2.5 27.0 ± 2.5
144 2.3 ± 0.1 25.8 ± 2.2 28.0 ± 2.2
168 2.4 ± 0.1 26.6 ± 2.3 28.9 ± 2.3

Species Time (h) Cumulative excretion (% of dose)
Urine Feces Total
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Table 2-5 Metabolite profiles in rats and dogs excreta after oral administration of [14C]TAK-357. 

 
Dose; 3 mg/kg. samples during 0-168 h. 

Each value shows mean ± S.D. (rats; n=3, dogs; n=4). 

Figures in parentheses represent % of the total radioactivity. 

N.D: not detected 

  

Component

Total radioactivity 9.6 ± 0.6 (100.0) 43.3 ± 0.8 (100.0) 2.4 ± 0.1 (100.0) 26.6 ± 2.3 (100.0)
TAK-357 18.6 ± 2.3 (43.0) 16.1 ± 2.1 (60.5)
Others 9.6 ± 0.6 (100.0) 24.7 ± 1.6 (57.0) 2.4 ± 0.1 (100.0) 10.5 ± 0.8 (39.5)

Excretion (% of dose)

Feces Urine Feces 

N.D. N.D.

Urine 
Rats Dogs
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Figure 2-1 Concentrations of the TAK-357 in plasma of rats (A) and dogs (B) after a single iv and oral 

administration of TAK-357. 

Each value shows mean ± S.D. (n=3 for rats, n=4 for dogs). 

Inset graph shows the concentration-time curve from 0 to 24 h. 
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Figure 2-2 Concentrations of the total radioactivity in tissues of rats after a single oral administration of 

[14C]TAK-357. 

Dose: 3 mg/kg. Mean ± S.D. (n=3). 
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Figure 2-3 Concentration of the total radioactivity in tissues of dogs 672 h after a single oral administration of 

[14C]TAK-357. 

Dose: 3 mg/kg. 

Each value shows mean values ± S.D. (n=4). 
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Figure 2-4 Concentrations of the total radioactivity and TAK-357 in plasma of rats (A) and dogs (B) after a single 

oral administration of [14C]TAK-357 at a dose of 3 mg/kg. 
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Figure 2-5 Typical radiochromatograms of metabolite profiling in rat plasma (A), feces (B) and adipose tissues (C) 

after a single oral administration of [14C]TAK-357 at a dose of 3 mg/kg. 

Detection method in plasma and feces: on-line radioisotope detector (0.2 min/detection). 

Detection method in adipose tissue: fraction collecting (0.5 min/sample).  
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 ( 3 ) 

Table 3-1. Assumed condition change for simulation after start of body weight decrease 

 

  

Scenario Variable 1 Extent Variable 2 Type of change
1 Vfat 90% decrease VR.tissue 25% decrease gradually across 3 weeks

2 Vfat No change VR.tissue 58% decrease gradually across 3 weeks

3 CLint 10% of control instantly

4 Cardiac output 200% of control instantly

5 Pfat,sim 70% decrease gradually across 3 weeks
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Table 3-2 Physiological and PK parameters of TAK-357 in rats and dogs 

 

RSE, relative standard error; NA, not applicable 

aOrgan volume and blood flow rate were expressed as a fraction of body weight and cardiac output, respectively. 

Physiological parameters (organ volume and blood flows) were obtained from the literature (15, 56). 

bRb was fixed as previously determined by an in vitro study (27). 

cPliver and Pskin values in rat were fixed to the observed AUC ratios of these tissues to blood (27). Same Px values 

with rats were used for dogs.

Body weight kg 0.285 10.9
Vbc 0.08 0.082

Vlc 0.0366 0.033

Vfc 0.076 0.15

Vfblc 0.05 0.05

Vsc 0.19 0.16
Cardiac output L/h 5.5 90
Qlc 0.175 0.297

Qfc 0.07 0.07

Qsc 0.058 0.06

Mean RSE (%) Mean RSE (%)
Rbb 0.7 (fixed) 0.65 (fixed)
Pliver

c 23 (fixed) 23 (fixed)

Pfat 495 8.2 495 (fixed)

Pskin 33 (fixed) 33 (fixed)

PR.tissue 2.88 4.2 2.88 (fixed)

DIFc 0.359 15.8 10 (fixed)

Ka 1/h 0.39 9.3 0.375 22.8

CLint L/h 0.0792 6.9 0.271 (fixed)
F 0.642 6.9 0.799 19

Proportional % 24.5 12.3 44.3 16.1
Additive 0.111 44.8

Dog

Residual error

ng/mL NA

Rat DogPhysiological parametersa

Drug specific parameters Rat
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Figure 3-1 Constructed PBPK model. CLint is the intrinsic clearance (including unbound fraction in plasma and 

blood. 
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Figure 3-2 Observed plasma concentrations of TAK-357 after 15 days repeated oral administration of TAK-357 to 

dogs at a dose of 1000 mg/kg. 
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Fig. 3-3 Observed body weight-time profile of dogs. 
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Figure 3-4 Observed and model-predicted plasma concentration of TAK-357 after single oral and intravenous 

administration of TAK-357 to rats and dogs. Symbols represent observed individual TAK-357 concentration (rats: 

n=3, dogs: n=4), and lines are model-predicted TAK-357 concentrations. 
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Fig. 3-5 Expected adipose tissues and muscle weight time profiles for the simulation Scenario 1. Sum represents 

summation of the weights of the adipose tissues and other tissue (muscle).  
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Figure 3-6 Simulated plasma concentration of TAK-357 in case of no change (control), body weight change 

(Scenario 1), clearance decrease (Scenario 3) and partition to adipose tissue decrease (Scenario 5) with (A) and 

without (B) assumption of Pfat saturation for control simulation. The observed concentrations after 15th dosing were 

same data with those in Fig. 3-2. Because the simulation of Scenarios 2 and 4 was almost identical to that in control, 

the line was not shown in this figure. 
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 ( 4 ) 

Table 4-1 

Body weight and body fat percentages of Wistar fatty and Wistar lean rats. 

 

Data represent mean ± SD (n=4). 

  

Wistar fatty Wistar lean Wistar fatty Wistar lean
week 1 543.2 ± 21.4 405.1 ± 31.2 44.9 ± 2.8 12.9 ± 1.2
week 2 555.6 ± 24.9 416.1 ± 31.2 44.5 ± 3.3 13.2 ± 1.2
week 3 573.3 ± 20.1 425.5 ± 30.9 45.0 ± 2.8 13.8 ± 1.3
week 4 584.1 ± 22.3 433.5 ± 30.7 45.1 ± 2.8 14.2 ± 1.8
week 5 591.3 ± 13.2 440.7 ± 28.8 45.3 ± 2.9 14.0 ± 1.0

Body weight (g) Body fat (%)
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Table 4-2 

Plasma metabolite profiles in Wistar fatty and Wistar lean rats. 

 

Figures in parentheses represent the fraction (%) of the total radioactivity at each time point.. 

Others is unidentified metabolites. 

  

1 h 24 h 720 h 1 h 24 h 720 h
0.912 0.122 0.015 0.550 0.077 0.009
(100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
0.898 0.117 0.014 0.546 0.055 0.005
(98.5) (95.9) (93.3) (99.3) (71.4) (55.6)
0.014 0.005 0.001 0.004 0.022 0.004
(1.5) (4.1) (6.7) (0.7) (28.6) (44.4)

Wistar leanComponent Wistar fatty

Total radioactivity

TAK-357

Others
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Table 4-3 Cmax and Ctrough (ng/mL) during repeated administration of TAK-357 

 

Figures in parentheses represent the fold change from 1st dosing. 

  

1st 351 (1.0) 22.2 (1.0) 135 (1.0) 24.3 (1.0)
14th 909 (2.6) 250 (11.3) 476 (3.5) 232 (9.5)
28th 1220 (3.5) 465 (20.9) 808 (6.0) 343 (14.1)

Wistar fatty
CtroughCmaxCtroughCmax

Wistar lean
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Tabe 4-4 Physiological and PK parameters of TAK-357 in Wistar fatty and Wistar lean rats. 

 
RSE, relative standard error; NA, not applicable; cold, non-radiolabelled; hot, radiolabelled. 
aOrgan volumes and blood flow rates were expressed as fractions of body weight and cardiac output, respectively. 

Physiological parameters (organ volume and blood flow rates) were obtained from the literature (15, 56) or 

calculated as described in method section. The body weight data in Table 1 was used to calculate the organ volume. 

Cardiac output was calculated allometrically as eq 6. 
bfixed 1: fixed as previously determined value (27, 28). 
cfixed 2: fixed to optimized parameters to avoid the unstable minimization step.  

Physiological parametersa

Body weight kg 0.543 0.405
Vbc 0.06 0.08

Vlc 0.042 0.0329

Vfc 0.38 0.11

Vfblc 0.05 0.05

Vsc 0.14 0.19
Cardiac output L/h 8.92 7.16
Qlc 0.174 0.174

Qfc 0.07 0.07

Qsc 0.045 0.058
Drug specific parameters

Mean RSE (%) Mean RSE (%)
Rb 0.7 fixed 1b 0.7 fixed 1
Pliver 8.85 fixed 2c 23 fixed 1

Pfat 307 fixed 2 495 fixed 1

Pskin 33 fixed 1 33 fixed 1

Ptissue 0.982 fixed 2 2.88 fixed 1

DIFc 0.451 10.2 0.698 0.8

Ka 1/h 0.458 9.3 0.323 9.1

CLint L/h 0.0139 7.3 0.0744 0.9
F for 1st of repeated dose 0.296 17.1 0.314 6.8
F for other dose 0.448 6.8 0.45 fixed 1
ALAG h 0.33 3.7
Kef 1/h 0.0882 10.8 0.0505 5.5

Keu 1/h 0.0246 5.8 0.0122 6.6

Vmetab L 1.28 NC 1.83 7.3

Kab 1/h 0.346 NC 0.032 15.3

Kba 1/h 0.0709 NC 0.000717 29.0
Residual error

cold po % 39.9 11.3 21.4 17.3
hot iv, TAK-357 % 20.6 20.5 2.5 29.1
hot iv, metabolite 70.8 8.0
fecal excretion % 21.9 16.0 8.6 25.7
urinary excretion % 13.1 13.9 12.4 38.1

NA

NA

Wistar fatty

Wistar fatty Wistar lean

Wistar lean
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Figure 4-1 Constructed PBPK model. CLint is the intrinsic clearance (including the correction by unbound fraction in 

plasma and blood to plasma concentration ratio (Rb)), DIF is the diffusion rate constant, Ka is the absorption rate 

constant, F is the absorbed fraction to the dose, Kab is the rate constant from central to peripheral of metabolites, Kba 

is the rate constant from peripheral to central of metabolite, Keu is the rate constant excreted to urine and Kef is the 

rate constant excreted to feces. Cx, Px, Qx, and Vx are the concentration of TAK-357, tissue-blood partition 

coefficients, regional blood flow rates, and tissue or blood volumes of each compartment. Cvf is the TAK-357 

concentration in the blood in adipose tissue. 

  



   
 74  

 

Figure 4-2. Observed and model-predicted mean plasma concentration of TAK-357 and metabolite after 

intravenous administration of [14C]TAK-357 to Wistar fatty rats and Wistar lean rats. Symbols represent observed 

individual total radioactivity (assumed as TAK-357 in Wistar fatty rat plasma, n=4), pooled TAK-357 or metabolite 

concentration, and lines are model-predicted TAK-357 or metabolite concentration. 
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Figure 4-3 Observed and model-predicted mean excretion ratios to feces and urine of after intravenous 

administration of [14C]TAK-357 to Wistar fatty rats and Wistar lean rats. Symbols represent observed individual 

excretion ratio (n=4) and lines are model-predicted excretion ratio. 
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Figure 4-4. Observed and model-predicted mean plasma concentration of TAK-357 after single and repeated oral 

administration of TAK-357 to Wistar fatty rats and Wistar lean rats. Symbols represent observed individual 

TAK-357 concentrations (n=4) and lines are model-predicted TAK-357 concentrations. 
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Figure 4-5. Simulated plasma concentration of TAK-357 during repeated dosing at high body fat and normal 

condition. 

Clearance: A, B and C, low; D, high  

Dose interval: A and D, once a day; B, once a week; C: once 4 weeks 
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Figure 4-6 Simulated plasma concentration of TAK-357 during repeated dosing in case of 50% adipose tissues 

volume loss in 1-day, 1-month and -6-months. 
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Figure 4-7. Schematic interpretation of partition coefficient (Px) in the high body fat condition. 

 


