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ABT 1-Aminobenzotriazole 

AUC Area under the concentration-time curve 

BCRP Breast cancer resistance protein 

CsA Cyclosporine A 

CYP Cytochrome p450 

DDI Drug-drug interaction 

DMEM Dulbecc's modified Eagle's medium 

E1S Estrone 3-sulfate 

E2G [3H]Estradiol-17β-glucuronide 

EMA European Medicines Agency 

ESI Electrospray ionization 

FDA U.S. Food and Drug Administration 

HEK293 Human embryonic kidney cells 293 

ICH 
International Council for Harmonisation of Technical Requirements for Pharmaceuticals for 

Human Use 

KH Krebs–Henseleit 

LC Liquid chromatography 

MHLW Japanease Ministry of Health, Labour and Welfare 

MRP Multidrug resistance-associated protein 

MS Mass spectrometry 

NME New molecular entity 

OATP Organic anion transporting polypeptide 

PDGFR Platelet-derived growth factor receptor 

P-gp P-glycoprotein 

UGT Uridine diphosphate glucuronosyltransferase 

VEGFR Vascular endothelial growth factor receptor 
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Ģ 1Ġ� ÄŒ 

� ľĊĘjtĐŸDDIŹ'ĔĎôÄ$35ľĊ�Ó´ĖĘjtĐ!ľ�´ĖĘjtĐ$®�

�7�ŧħ#�tĐ2úē�ï&ĂÈ#"&�¥!#6�!�4��ľ£ŪĔ$���NJ

$��6 DDI &èĈ!�&ğÅ9hă�6�!'ŧń �6��&f �ľĊ�Ó´ĖĘ

jtĐ'ľĊ& �^�À^lœ�(Ûûšğ$���ŗ�6 DDI  �5�ĽÃ '�7

4&šğ$ËŴ9�,�ľĊlœŦĪ�(JX]CS_E_$Ŭ�6 DDI 
­Ýª¡�7

��6ŸGiacomini et al., 2010Ź��&�0�Ĩ¦�ľ£½ŸFDAŹ�ö¾�ľ£ÂŸEMAŹ�

(�ď�|ęŸMHLWŹ'��7�7 DDI $Ŭ�6KXPJ><F]C�'><KX<]

9�ł�ŸFDA, 2020a and 2020b; EMA, 2012; MHLW, 2018Ź�àŅ�²��ĊŸNMEŹ
Ń

ĘjtĐľ!#6ŸĘjtĐ9��6Ź�ĹÐ�(ĘjtĐľ!#6ŸĘjtĐ9e
6Ź

�ĹÐ$���ðŊ�6�!9Ü°���6��4$�2018 Á&�ľ£Ņ�ő¢¦űoŔ

ŸICHŹ&ĝÕoŔ '�ICH M12 !�� DDI ><KX<]9tÔ�6�!
ùµ�7�

DDI&ōw�(hă&ŧńÐ
ŷ-���6� 

� èô;M=]JX]CS_E_OATP1B1 �( OATP1B3 'g$ķīĸ&ŵýĻy$ĔĎ

���5�OYZO]&3	#ďs�ĊŖ2 HMG-CoA ť}ŦĪŭ·ľ �6CEG]&

3	#�ľ£#"�ò�#ĊŖ&ķļ�)&ĞŁ$Ŭe���6ŸKalliokoski and Niemi, 

2009; Shitara et al., 2013aŹ�ċ$CEG]#"&ľĊ'�OATP9k��ķ�5ŝ.šğ
s

��4&ÿ¯$��6ÌŠšğ!#���5�ĽÃ$��� OATPŭ·ľ!&uĐ2 OATP

&ţp²­¨$35��74&ŀĆfćÅ
bä�6�!
ª¡�7��6ŸGiacomini et 

al., 2013�Yoshida et al., 2012Ź�Î���NME& OATPŭ·$36 DDI&hă'ŧń �

5��½&><KX<]/><F]C ' OATPŭ·$Ŭ�6ĽÃ DDIŎŶ&¶â9�ß�

6�0&ùµó
Ĝ�7��6
��&ùµó$Î��1 DDI 9{ŰÐ!�ß�6A_C


³§�6ŸVaidyanathan et al., 2016Ź��7- $�OATPŭ·& DDIhă$���{ŰÐ

$ů6åě#�¥'å4�!#���#�
�OATPŭ·$'ōw�6©Ŗ$35�&ŭ·
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µÝŸIC50xŹ
Ē#6�!Ÿ©Ŗv³ÐŹŸIzumi et al., 2015Ź�ŭ·�!&Q[<]?VR

_BW]$35ŭ·tĐ
¬É�6�!Ÿæūv³Ėŭ·ŹŸshitara et al., 2009, 2012, 2013bŹ�

�(ŭ·�!&Q[<]?VR_BW]Í$ŭ·�9Ů���1 OATP þÐ
ũæūŭ·

�76�!ŸũæūÙįĖ#ŭ·ŹŸshitara et al., 2009, 2012, 2013bŹ
ª¡�7��6�`

á �><KX<]/><F]C ' OATPŭ·ÊÆ$��84��ġ�/ųġ�ŭ·&�ş

Ėŭ·$©�� DDIhăÆ
Ĝ�7��6�Î���Ď§& DDIhăÆ
 OATPŭ·tĐ

$©���hăÆ!#���#��!
 OATPŭ·$36 DDI hă&{ŰÐ&�¥&`�

!Ķ
47�� 

�� �Ģ 2Ġ '�in vitro$���æūv³Ė OATPŭ·tĐ�(ÙįĖ# OATPŭ

·tĐ9Ĝ� CsA& in vitro�4 in vivo& DDIhă$���ðŌ����4$Ģ 3Ġ '�

Q[<]?VR_BW]$35É� OATP1B1ŭ·tĐ9è��ĽÃ$��� OATP1B1©

Ŗ&ŀĆfćÅ&bä
ª¡�7� pazopanib & OATP1B1 ŭ·tĐ&ċÏ�( OATP1B1

ŭ·$36 DDI&�ĹÐ$���ōw���çÍ&Ģ 4Ġ '�æūv³Ė OATP1B1ŭ·

&ěÅ&ŷ� DDIhăÆ&ñĦ9ėÚ��Îí&><KX<]/><F]C$ŋś�7��

şĖŭ·$©�� DDIhăü!÷ŚðŌ��� 

  



6 
 

Ģ 2Ġ� CsA�( rifampicin& Oatpŭ·$©��ľĊĘjtĐhă 

Ģ 1ĥ� ıň 

� �ľ£ŪĔ$����DDI 9ĩÅ3�hă�6�!'¿ŕÍ&hé�%�tĐYC@2

�ï&ĂÈģ9¤Ť�6	
 ŧń �6��½�4�ł�7�><KX<]/KXPJ>

<F]C '�NME
 OATP&ŃĘjtĐľ!#6�ĹÐ$����RxŸëŒÞ� '

R0’x!��ŹŻR = 1 + Iu,inlet,max/KiŸIu,inlet,maxźķļ~5�&ŀĀf &Üµç®ųĮ�Êŭ·

�ćÅ�Kiźŭ·µÝŹż
 1.1mb&«�$�CsA�' rifampicin!&ĽÃ DDIŎŶ&¶

â
Ü°�7��6��7- $�CsA & R x' OATP1B1 ©Ŗ �6 pravastatin �'

atorvastatin!uĐ��!�& AUCbäč!÷Ś��»��#6!ª¡�7�
ŸAmundsen 

et al., 2010; Varma et al., 2012Ź�OATP1B1ĔĎīĸ9�4��0 CsA!Q[<]?VR_B

W]�6�! �CsA$36 OATP1B1ŭ·tĐ
¬É�Ÿshitara et al., 2012, 2013bŹ��&

3	#ìnc Ĥ��� IC50x
 PBPKUIZ$35Ĥ��� Kix!�ģ �6�!
ª

¡�7�ŸYohikado et al., 2016Ź����#
4�PBPKUIZ$36Ňî 'ŀĆĿĕ$Į

���CsA2CsA&lœĊ$36OATP1B1ŭ·9Ĭ.ŝ:�UIZ$#���#��0�

Q[<]?VR_BW]ìnc Ĥ��� IC50x
zĉ$ in vivo$��6 Kix!�ģ!#

���ĹÐ1Ķ
476�-��CsA ' in vitro $���Q[<]?VR_BW]$35

OATP1B1þÐ9ũæūrc��6�!1ª¡�7��6ŸShitara et al., 2012Ź��� ��

Ċ9Đ�� DDIŎŶĮï
ĽÃ$��6 DDI&hă$���èĐ#Ñª!#5
6�!�

4ŸImaoka et al., 2013Ź�ëðŊ 'XHJ9Đ�� CsA& Oatpŭ·$36 in vitro�4 in 

vivo & DDI hăÐ$���ðŌ���-���7- $ÙįĖ# OATP ŭ·tĐ
ª¡�

7��#� rifampicin1 CsA!�æ$ōw���OATP1B1ŭ·$'©Ŗv³Ð
ª¡�7

��6�!�4ŸIzumi et al., 2015Ź�ëðŊ ' in vitro �( in vivo ŎŶ '��©Ŗ

ŸpravastatinŹ9Đ���Pravastatin'XHJ$��� Oatp1a1�1a4�( 1b2&©Ŗ �5

ŸHsiang et al., 1999; Tokui et al., 1999; Shingaki et al., 2013Ź�NJ$��� CYP3A4 lœ�
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7#�
XHJ$��6glœĭŘ'då �6�-��CsA�( rifampicin' CYP3A$

¹�6ŭ·tĐ9è�ŸKajosaari et al., 2005; Amundsen et al., 2012Ź�rifampicin '�4$

CYP3A&ŏºtĐ1è���6
ŸWilliamson et al., 2013Ź�XHJ 'ľĊlœŦĪ&ŏ

ºtĐ'+!:"#�ŸStrolin Benedetti and Philippe, 1994Ź��� ëðŊ '�pravastatin

&ŀĆfćÅ
CsA�( rifampicin&Cyp3aŭ·$35bä�6�ĹÐ9ōw�6ėĖ �

Cyp3a&©Ŗ �6 midazolam9 pravastatin!�æÖe��� 

� ëĠ '�-�ÙįĖ# Oatp ŭ·
 in vivo  ŗ�6�ĹÐ�(�&!�& DDI &hă

Ð$���ðŌ�6ėĖ �pravastatin 9Öe�6Ýã�$ CsA �' rifampicin 9Öe��

pravastatin ! CsA �' rifampicin $36 DDI 9ōw���õ$�ŀĆĿĕ$Į��� CsA

$36 Oatpŭ·9ōw�6ėĖ �XHJķīĸ9Đ��ŀā³§c�(ų³§c �5

ŝ.ŭ·ŎŶ9¶â����4$�CsA &lœĊ$36 Oatp ŭ·9ōw�6ėĖ �CsA

&glœĊ&`� �6 M1 $36�5ŝ.ŭ·ŎŶ�(ųŢ×Ė CYP ŭ·� �6 1-

aminobenzotriazoleŸABTŹÖeìnc$��6 pravastatin! CsA& DDIŎŶ9¶â��� 
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Ģ 2ĥ� Įï 

2-2-1. XHJ$ CsA�' rifampicin�Öe��ìn$��6 pravastatin&ľĊ�Ó 

� CsAŸ0.1�0.5�1�3�( 5 mg/kgŹ�' rifampicinŸ10 mg/kgŹ9Ųĺ�Öe��ĵã$

pravastatin �( midazolam9ĭ�Öe���Pravastatin &ŀĆfćÅ'���7&ÖeŨ&

CsAÖeĴ 1±sÖeĴ$÷*�bä��AUC' 1�3�( 5 mg/kg& CsAÖeĴ è

Ò$bä��ŸFig. 1A, Table 1Ź��&!��Cyp3a ©Ŗ �6 midazolam &ŀĆfćÅ'

CsAÖeĴ!±sÖeĴ �ģ ���ŸFig. 1B, Table 1Ź�`á �rifampicinŲĺ�Öe

Í 1ã$ pravastatin9ĭ�Öe��!�& pravastatin& AUC'�±sÖeĴ& AUC!�

ģ �5ŸFig. 1A, Table 1Ź�10 mg/kg �( 25 mg/kg & rifampicin 9Ųĺ�ÖeÍ 5 �$

pravastatin 9ĭ�Öe��!�& pravastatin & AUC '±sÖeĴ$÷*�èÒ$bä��

ŸFig. 1C, Table 2Ź��&!��midazolam&ŀĆfćÅ' rifampicinÖeĴ!±sÖeĴ 

�ģ ���ŸFig. 1D, Table 2Ź�Table 1&ĭ�@Y;X]CŸCL/FŹ9Ĳř$�pravastatin

ÖeÍ 5�$��6ŀĆfųĮ�Ê CsAćÅ9Ĳř$��Q\HJ�ŸFig. 2Ź�ÆŸ1Ź3

5Ĥ��� Ki,invivo' 0.0105 nM ���� 

� CsA$36 Oatpŭ·&ÙįÐ9 in vivo ðŌ�6ėĖ �CsAÖeÍ 1�3�( 7ã$

pravastatin9ĭ�Öe���Paravastatin& AUC'�CsAÖeÍ 1�( 3ã$���èÒ$

bä�ŸFig.3, Table 3Ź�pravastatin& AUC÷'�CsAÖeÍ 1�3�( 7ã 4.63�3.03�

( 1.36  ����ëŎŶ$��6 pravastatin & CL/F !ŀĆfųĮ�Ê CsA ćÅ&Q\H

J'�Ki,invivoŸ0.0105 nMŹ9Đ��ÆŸ1Ź35BTV[_BW]!+,��qĳ$Q\H

J�7�ŸFig. 2Ź� 

 

2-2-2. XHJ�Įķīĸ9Đ�� KH bufferŸŀāų³§Źìn$��6 CsA�( rifampicin

$36 pravastatin&�5ŝ.ŭ· 

� XHJ�Įķīĸ9Đ�� CsA �' rifampicin $36 pravastatin &�5ŝ.ŭ·ŎŶ9
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KH bufferfŸŀāų³§ìnŹ ¶â���Pravastatin&�5ŝ.'�CsA�' rifampicin

&ćÅv³Ė$Ă¼�ŸFig. 4A and BŹ�ÆŸ2Ź35Ĥ��� CsA�( rifampicin& IC50x

'�7�7�0.0843 ± 0.0268�( 0.934 ± 0.195 μM ����CsA&ŀĆĿĕųĮ�čŸfu,pŹ

' 0.0023 ���
��½& DDI><KX<]/><F]C '�fu,p
 0.01êĄ&«�$

' fu,p9 0.01 !�� R0’x9Ĥ��6�!
Ü°�7��6��� �CsA Öe 1 ãÍ$

pravastatin 9ĭ�Öe��!�& R0’x9 0.0023 �' 0.01  �7�7ŉĤ��Įï�R0’x

' 1.00-1.05 �5�AUC÷Ÿ1.88–4.19Ź$÷*�r���ŸTable 1Ź�-��CsAÖeÍ

1�3�( 7ã$ pravastatin9ĭ�Öe��ŎŶ$��6 R0’x' 1.00-1.06 �5�AUC÷

Ÿ1.36–4.63Ź$÷*�r���ŸTable 3Ź�̀ á �rifampicinÖeÍ 1ã$��� pravavastatin

9ĭ�Öe��!�& R0’x' 1.02 �5�AUC÷Ÿ1.07Ź!+,ģ����ŸTable 1Ź�

-��rifampicinÖeÍ 5�$ pravastatin9ĭ�Öe����!�& R0’x' 2.09–5.65 �

5�AUC÷Ÿ5.29–17.2Ź$÷*�r���ŸTable 2Ź� 

 

2-2-3. XHJ�Įķīĸ9Đ��XHJŀāìn$��6 CsA �( rifampicin $36

pravastatin&�5ŝ.ŭ· 

� CsA �( rifampicin $36 Oatp ŭ·$ŀĆĿĕ$Į�Ê��ľĊ
Ŭe�6�"	�9

å4�$�6ėĖ �XHJŀāìnc XHJķīĸ)& pravastatin&�5ŝ.ŭ·ŎŶ

9¶â���CsA�( rifampicin'XHJŀāìnc$���ćÅv³Ė$ pravastatin&�

5ŝ.9ŭ·��ŸFig. 4A and BŹ�ÆŸ2Ź35�ŀĆĿĕĮ�Ê�(ųĮ�Ê9�8��

�ľĊćÅ©ą!ųĮ�ÊľĊćÅ©ą&�7�7$��� IC50x9Ĥ����CsA �(

rifampicin&�ľĊćÅ©ą& IC50x'��7�7 10.5 ± 5.0�( 27.8 ± 6.0 μM ����

`á �CsA�( rifampicin&ųĮ�ÊľĊćÅ©ą& IC50x'��7�7 0.0482 ± 0.0269

�( 2.82 ± 0.67 μM ���� 
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2-2-4. CsA&lœĊ$36 Oatpŭ· 

� NJ$��6 CsA &glœĊ&`� �6 M1 9Đ���XHJķīĸ)& pravastatin

&�5ŝ.ŭ·ŎŶ9¶â���Pravastatin&�5ŝ.'�M1&ćÅv³Ė$ŭ·�7ŸFig. 

4CŹ�IC50x' 0.158 ± 0.028 μM ����õ$�M19�/ CsA&lœĊ$36 Oatpŭ·

&�ĹÐ9Şø�6ėĖ �ųŢ×Ė P450ŭ·� �6 ABTÖeìnc$��� CsA9

Öe��pravastatin&ľĊ�Ó9ōw���ABTÖeìnc$���ŀĆf CsAćÅ' ABT

ųÖeìnc$÷*�bä��ŸFig.5, Table 4Ź��&!��CsAÖeĴ& pravastatin&ŀĆ

fćÅ' CsA ųÖeĴ$÷*�bä��
�CsA �( M1 �4Ĥ��� R0’x'�7�7

1.00–1.01 ���ŸTable 4Ź�  
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Fig. 1. Plasma concentration-time profiles of pravastatin (A, C) and midazolam (B, D) after their 

concomitant oral administration with or without CsA or rifampicin given as a bolus intravenous 

administration in male SD rats. 

(A, B) Vehicle alone (○), 0.1 (△), 0.5 (□), 1 (◇), 3 (▲) and 5 mg/kg (■) CsA or 10 mg/kg (◆) 
rifampicin was intravenously administered, and, after 1 day, mixture of pravastatin (30 mg/kg, A) and 

midazolam (10 mg/kg, B) was orally administered. (C, D) Vehicle alone (○), 10 (▲) and 25 (■) mg/kg 

rifampicin was intravenously administered, and, after 5 min, mixture of pravastatin (C) and midazolam 

(D) at the same doses was orally administered. Each point represents the mean ± S.D. (n = 3–4). 
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Fig. 2. Relationship between unbound CsA concentration in plasma and oral clearance (CL/F) 

of pravastatin in CsA-pretreated rats. 

The CL/F of pravastatin (○) at 1 day after CsA-pretreatment were obtained from the data shown in 

Fig. 1A and normalized by that in vehicle treated rats. The normalized CL/F was fitted to Eq. 1, 

yielding fitted line shown as dashed line and Ki,in vivo of 0.0105 ± 0.0086 nM. The CL/F of pravastatin 

at 1 (◇), 3 (□) and 7 (△) day after CsA-pretreatment were obtained from data shown in Fig. 3, 
normalized by that in control rats and also plotted. The CL/F of pravastatin orally administered at 1 

day after CsA-pretreatment in rats receiving intravenous administration of CYP inhibitor ABT (◆) 
was obtained from data shown in Fig. 5, normalized by that in CsA non-treated rats with ABT 

pretreatment and also plotted. Plasma concentration of CsA was measured at 5 min after oral 

administration of pravastatin in all groups, and unbound CsA concentration was then calculated by 

multiplying total plasma concentration of CsA with its unbound fraction (0.0023). Each point 

represents the mean ± S.D. (n = 3–4).  
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Fig. 3. Plasma concentration-time profiles of pravastatin after oral administration with or 

without CsA given as an intravenous bolus dose. 

Rats received CsA (5 mg/kg,  ) or vehicle (�), and pravastatin (30 mg/kg) was orally administered 

at 1 (A), 3 (B) and 7 days (C) after the CsA administration. Each point represents the mean ± S.D. (n 

= 4). 
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Fig. 4. Inhibition by CsA (A), RIF (B) and M1 (C) of the uptake of pravastatin in cryopreserved 

rat hepatocytes. 

Uptake of pravastatin was measured in KH buffer (○) and rat serum (■, □) conditions, and normalized 

by control value. Concentration of total (○, ■) and unbound (□) forms of CsA (A) and RIF (B) in the 

medium were experimentally measured and shown in abscissa. Dashed, thin and thick lines represent 

fitted lines based on Eq. 2 for the inhibition curves based on total concentration in KH buffer, and 

unbound or total concentration of inhibitor in rat serum, respectively. Each point represents the mean 

± S.D. (n = 3–6). 
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Fig. 5. Plasma concentration-time profiles of pravastatin after oral administration with or 

without CsA given as an intravenous bolus dose. 

Rats received intravenous administration of ABT (50 mg/kg; □, ◇) in panel (A) or saline (○, △) in 

panel (B). After 16 h, CsA (0.5 mg/kg; ◇, △) or vehicle alone (□, ○) was intravenously administered. 
Pravastatin (30 mg/kg) was then orally administered at 1 day after the CsA or vehicle administration. 

Each point represents the mean ± S.D. (n = 4) 
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TABLE 1 
Pharmacokinetic parameters of pravastatin (30 mg/kg) and midazolam (10 mg/kg) at 1 day after intravenous administration of CsA (0.1, 0.5, 1, 3 and 5 mg/kg) 

and rifampicin (10 mg/kg)a 

�  Dose (mg/kg) 
Cmax Tmax CL/F (×103) AUCp 

AUC ratiob 
Ipc 

R0’ valued 
nmol/L h mL/min/kg nmol�h/L nmol/L 

Pravastatin 

Control �  146 ± 49 0.250 ± 0.000 5.67 ± 0.73 200 ± 24 - �  �  �  � 1 

CsA 0.1 274 ± 68 0.333 ± 0.144 2.94 ± 0.81 398 ± 94 1.95 7.01 ± 0.72 1.00(1.00) 

�  0.5 268 ± 56 0.250 ± 0.000 3.03 ± 0.60 381 ± 77 1.88 35.9 ± 7.3 1.00(1.00) 

�  1 433 ± 141* 0.250 ± 0.000 1.91 ± 0.71** 662 ± 311** 3.10 67.1 ± 29.8 1.00(1.01) 

�  3 533 ± 114** 0.333 ± 0.144 1.38 ± 0.42*** 855 ± 224*** 4.19 219 ± 29 1.01(1.03) 

�  5 552 ± 204** 0.250 ± 0.000 1.79 ± 0.82** 721 ± 326* 3.37 399 ± 63 1.01(1.05) 

Rifampicin 10 108 ± 48 0.500 ± 0.433 5.85 ± 3.36 233 ± 113 1.07 187 ± 120 1.02 

Midazolam 

Control �  632 ± 257 0.194 ± 0.096 8.67 ± 4.01 727 ± 339 �  �  �  �   

CsA 0.1 831 ± 355 0.333 ± 0.144 6.55 ± 1.47 945 ± 282 1.37 �  - �  - 

�  0.5 705 ± 331 0.271 ± 0.172 7.80 ± 2.98 773 ± 414 1.05 �  - �  - 

�  1 606 ± 234 0.250 ± 0.000 8.00 ± 1.72 660 ± 135 0.96 �  - �  - 

�  3 717 ± 138 0.333 ± 0.144 5.50 ± 0.31 935 ± 50 1.39 �  - �  - 

�  5 861 ± 447 0.194 ± 0.096 7.90 ± 4.65 778 ± 341 1.06 �  - �  - 

Rifampicin 10 446 ± 142 0.500 ± 0.000 8.31 ± 1.94 639 ± 194 0.93 �  - �  - 
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*Significantly different from control (p < 0.05) 

**Significantly different from control (p < 0.01) 

***Significantly different from control (p < 0.001) 
aMean ± S.D. in 3 to 4 rats.  
bEstimated as ratio of geometric mean of AUC in CsA- or rifampicin-treated rats to that in vehicle-treated (control) rats. 
cPlasma concentration of CsA or rifampicin at 5 min after oral administration of pravastatin. 
dEstimated by Eq. 5. R0’ values in parenthesis were calculated assuming that the unbound fraction of CsA was 0.01. 
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TABLE 2 
Pharmacokinetic parameters of pravastatin (30 mg/kg) and midazolam (10 mg/kg) at 5 min after intravenous administration of rifampicin (10 and 25 

mg/kg)a 

�  Dose (mg/kg) 
Cmax Tmax CL/F (×103) AUCp 

AUC ratiob 
Ipc 

R0’ valued 
nmol/L h mL/min/kg nmol�h/L µmol/L 

Pravastatin 

Control �  80.8 ± 34.3 0.667 ± 0.289 7.21 ± 1.09 158 ± 26 � 1 �  �  

Rifampicin 10 380 ± 65** 1.08 ± 0.88 1.51 ± 0.87* 910 ± 464* 5.29 9.90 2.09 

�  25 1090 ± 501*** 0.333 ± 0.144 0.420 ± 0.110* 2760 ± 686* 17.2 31.0 5.65 

Midazolam 

Control �  428 ± 36 0.500 ± 0.000 777 ± 194 702 ± 174 � 1   

Rifampicin 10 350 ± 85 1.00 ± 0.87 849 ± 493 734 ± 347 0.71 - - 
 25 436 ± 42 0.417 ± 0.144 594 ± 187 936 ± 359 1.30 - - 

*Significantly different from control (p < 0.05) 

**Significantly different from control (p < 0.01) 

***Significantly different from control (p < 0.001) 
aMean ± S.D. in 3 rats. 
bEstimated as ratio of geometric mean of AUC in rifampicin-treated rats to that in vehicle-treated (control) rats. 
cPlasma concentration of rifampicin at 5 min after oral administration of pravastatin. 
dEstimated by Eq. 5. 
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TABLE 3 
Pharmacokinetic parameters of pravastatin (30 mg/kg) at 1, 3, and 7 day after intravenous 

administration of CsA (5 mg/kg)a 

�  �  Cmax Tmax CL/F (×103) Ip
b AUC 

�  �  nmol/L h mL/min/kg nmol/L nmol·h/L 

Day 1 Control 136 ± 101 0.436 ± 0.125 8.42 ± 4.80 �  �  �  182 ± 121 

�  CsA 557 ± 258* 0.360 ± 0.129 1.80 ± 0.97 498 ± 109 787 ± 404* 

�  R0’ valuec) �  �  �  �  �  �  �  �  �  �  1.01 (1.06c) 

�  AUC ratiod) �  �  �  �  �  �  �  �  �  �  4.63 

�  �  �  �  �  �  �  �  �  �  �  �  �  �  �  �  �  

Day 3 Control 93.2 ± 25.7 0.313 ± 0.125 7.71 ± 2.53 �  �  �  158 ± 67 

�  CsA 398 ± 70*** 0.250 ± 0.000 2.14 ± 0.40* 266 ± 98 537 ± 109** 

�  R0’ valuec) �  �  �  �  �  �  �  �  �  �  1.01 (1.03c) 

�  AUC ratiod) �  �  �  �  �  �  �  �  �  �  3.03 

�  �  �  �  �  �  �  �  �  �  �  �  �  �  �  �  �  

Day 7 Control 89.6 ± 40.7 0.333 ± 0.144 12.8 ± 7.2 �  �  �  113 ± 76 

�  CsA 111 ± 47 0.333 ± 0.144 8.04 ± 2.11 3.69 ± 0.80 157 ± 60 

�  R0’ valuec �  �  �  �  �  �  �  �  �  �  1.00 (1.00c) 

�  AUC ratiod �  �  �  �  �  �  �  �  �  �  1.36 

*Significantly different from control (p < 0.05) 

**Significantly different from control (p < 0.01) 
aMean ± S.D. in 3 to 4 rats. 

bPlasma concentration of CsA at 5 min after oral administration of pravastatin. 
cEstimated by Eq. 5. R0’ values in parenthesis were calculated assuming that the unbound fraction of 

CsA was 0.01. 
dEstimated as ratio of geometric mean of AUC in CsA-treated rats to that in vehicle-treated (control) 

rats. 
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TABLE 4 

Pharmacokinetic parameters of pravastatin (30 mg/kg) in rats at 1 day after intravenous administration of CsA or vehicle alone in ABT-pretreated and ABT 

non-treated ratsa 

�  
Cmax Tmax CL/F (×103) AUC CsAb M1b 

AUC ratioc 
R0’-valued 

nmol/L h mL/min/kg nmol·h/L nmol/L nmol/L CsA M1 

Control 55.8 ± 17.2 0.375 ± 0.144 16.7 ± 6.7 76.6 ± 33.7 �  �  �  �  �  �   1 1 

CsA 77.8 ± 38.7 0.438 ± 0.125 8.47 ± 4.41 177 ± 124 27.6 ± 3.40 0.693 ± 0.218 2.31 1.00 (1.00d) 1.00 

ABT 91.0 ± 46.3 0.438 ± 0.125 8.46 ± 4.35 163 ± 81.3 �  �  �  �  �  �   1 1 

CsA+ABT 215 ± 110 0.438 ± 0.125 3.39 ± 1.77 409 ± 205 50.4 ± 4.80 1.09 ± 0.520 2.31 1.00 (1.01d) 1.00 
aMean ± S.D. in 3 to 4 rats. Dose of CsA and ABT were 0.5 and 50 mg/kg, respectively. 
bPlasma concentration of CsA or M1 at 5 min after oral administration of pravastatin. 

cEstimated as ratio of geometric mean of AUC in CsA to control group and that in CsA+ABT to ABT group. 
dEstimated by Eq. 5. R0’ values in parenthesis were calculated assuming that the unbound fraction of CsA was 0.01. 
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Ė 3Ě� ĥ´ 

� âē�$ ÞŔx­ĉ
�ÏĞĉ! OATPŖ³uĂ7à�5 CsA"��� in vitro
3

in vivo# DDImõ"���çļ��� 

� CsA ÍhÁ 1 Ú"	�� pravastatin �' midazolam 7�Þ"Ĝ�Íh����#

pravastatin#Ĵøjù¼$ ��6#ÍhŒ# CsAÍhģ"	��0¬tÍhģ�ìŇ� 

fÛ��ŤTable 1ť�eØ� midazolam#Ĵøjù¼$ CsAÍhģ�¬tÍhģ��đ¼

����ŤTable 1ť�^JM"	�5 pravastatin#ī?_:^cC$�ń?_:^cC"ì

)5�Ŝº"¶����
3ŤImaoka et al., 2013ť CsAÍh	�5 pravastatin# AUC#f

Û$k"Ħ?_:^cC#sg�����5�ĥ�36���
� �ŊĉŖ³"¥�


DDImõ½
3Ę��65 AUC#fÛþŤR0’|ť$ 1.00–1.05��4 DDIľŢ"	�5

AUCì�ìŇ��Ĳ�
s
��ŤTable 1ť���� �#��#e�"ĴøGcQ?"ĝ

��� CsA"25 Oatp Ŗ³�ĥ�36��/ ^JMĦěĨ7Ă�� KH bufferŤĴóŜ

­¡gťãr�^JMĴóãr� pravastatin#�4ň-Ŗ³ľŢ7²Ù���KH bufferã

r�Ę��6� CsA# IC50|Ť0.0843 μMť$ ^JMĴóãr�Ŝĝ�¿# CsAù¼¥

ö�Ę��� IC50|Ť0.0482 μMť��ė�����Â�� Ĵøj# CsA"25 pravastatin

#�4ň-Ŗ³$k"Ŝĝ�¿�ŕh���5���ď��6��ê" in vivo ľŢ�$

CsA#pŁü�āË�65eØ� in vitroľŢ�$ CsA#pŁü7�/� OatpŖ³7Ľy

��!���"ċĊ� CsA#pŁü"25 OatpŖ³#�ĩÆ"���çĹ���CsA#

kpŁü��5M1# IC50|Ť0.158 μMť$ 0.5 mg/kg# CsAÍhÁ 1Ú"	�5Ĵøj

Ŝĝ�¿ M1 ù¼Ť0.693–1.09 nMť"ì)�ţ
����3" DDI ľŢ�$ M1 q©"

è�!pŁü�­¡�5�/ M17�. CsApŁü"25 OatpŖ³#�ĩÆ7ğĢĉ"

çļ�5Ċĉ� ŜōÎĉ! P450Ŗ³���5 ABT7 CsAÍh�"Íh� CsA#pŁ

ü#āË7Ì���ãr"	�� pravastatin #ĳü�Ê7Ľy���ABT Íhģ"	�5

CsA #Ĵøjù¼$ ABT ŜÍhģ"ì)�fÛ� ABT Íhģ CsA Íhģ"	�5
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pravastatin # AUC $ ABT Íhģ CsA ŜÍhģ# AUC "ì)� 2.31 {�����eØ

� R0’|$ 1.00�����Â�� CsA#pŁü� Oatp7Ŗ³�5��� pravastatin#Ĵ

øjù¼7fÛ����5�ĩÆ0s��ĥ�36�� 

CsA"25 OatpŖ³7Ŝĝ�¿ CsA#-�ĿÜ��5�ĩÆ�ď�6�eØ� ̂ JM

"	�5 pravastatin #t��Ê$Ħį"Ĉÿ�5 Oatp q©"ò�ę"Ĉÿ�5 Oatp1a5 

Oatp2b1�' multidrug resistance-associated proteinŤMrp2ť0ŕh�5���¦��6��5

ŤShirasaka et al., 2011, Kato et al., 2010ť�,� Ŗ³���5 CsA$ Oatpq©"0Mrp27

Ŗ³�ŤNakanishi et al., 2011ť İ»"	�5 pravastatin� CsA# DDI# PBPK[L`Ķå

�$ ¶ĭ"	�5 pravastatin#��Œ7 2{"��§�" Ĵøjù¼#BX\adB]

c�²õ|�ŉ�ÑĐ7ď��¦��6��5ŤVarma et al., 2012ť���� âçĹ�$

CsA "25¶ĭ# Mrp2 Ŗ³#Àŝ7ß¶��5�/" CsA 7śĪ�Íh���CsA śĪ

�ÍhÁ 1 Ú"	�5Ĵøj CsA ù¼Ť7.01–399 nMť$ ^JM Mrp2 "µ�5 CsA #

IC50|Ť5 μMťŤNakanishi et al., 2011ť"ì)5�Ŝº"s
���Â�� CsAśĪ�Í

hÁ# pravastatin#Ĵøjù¼#fÛ"µ�� ¶ĭ#Mrp2Ŗ³�ŕh���5�ĩÆ$

s��Ñ´�6�� 

RifampicinÍhÁ 1Ú"	�5 R0’|� pravastatin# AUCì$�ė��4 rifampicinś

Ī�ÍhÁ 5�"	�5 R0’|$ pravastatin# AUC#fÛ"ì)�s�|7ď��ŤTable 

2ť�R0’|$ Ħį# Oatp Ŗ³#-"¥���Ĵøjù¼#fÛ7mõ�5|��5� 

pravastatin$ĦěĨ"�4ň,6�Á ħęĮ}"Ĉÿ�5 Mrp2"2��ħíj"Ðï�

65ŤYamazaki et al., 1996; Matsushima et al., 2005ť�Mrp2"µ�5 rifampicin# IC50|$

20.2 μM��4 �# IC50|$ rifampicinÍhÁ 1Ú"	�5Ĵøjù¼Ť0.187 μMť24

0ţ
��ŤTable 1ť�eØ� 10 mgkg �' 25 mg/kg # rifampicin ÍhÁ 5 �"	�5

rifampicin#Ĵøjù¼$ 9.9�' 31.0 μM��4ŤTable 2ť Mrp2# IC50|"ŉ�|��

����6,�" Mrp2 éÓ^JM" [11C]dehydropravastatin 7Íh���� 
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[11C]dehydropravastatin #�ń?_:^cC�sg�5���¦��6��5��
3

ŤShingaki et al., 2013ť rifampicin śĪ�ÍhÁ 5 �" pravastatin 7Ĝ�Íh����#

pravastatin# AUC#fÛ� R0’|"ì)�ţ
��Āă��� Ħį#ħęĮ}"Ĉÿ�5

Mrp2Ŗ³#�ĩÆ�ď��6��eØ� CsAśĪ�ÍhÁ 1Ú"	�5Ĵøj CsAù¼

Ť7.01–399 nMť$ Mrp2# IC50|Ť5 μMť"ì)5�Ŝº"s
����
3ŤNakanishi 

et al., 2011ť âçĹ"	�� CsA �Ħį#ħęĮ}"Ĉÿ�5 Mrp2 7Ŗ³���5�ĩ

Æ$s��Ñ´�6���6,�" rifampicin "ŕ��ÏĞĉ! Oatp Ŗ³uĂ$¦��6

��!���
3 ÏĞĉ! OatpŖ³uĂ7à�5 CsA�Ą!4 rifampicin�$ R0’|


3�±Œĉ"mõ�ĩ��5�Ñ´�6�� 

âçĹ�$ CsAÍhÁ 3Ú,� pravastatin# AUC�àÉ"fÛ��ŤFig. 3, Table 3ť�

�6,� CsA"25ÏĞĉ! OATPŖ³$k"ĦěĨ1 OATPĈÿěĨ7Ă�� in vitro

ľŢ�¦��6�	4 in vivoľŢ�$^JM7Ă�� liver uptake indexð#ĝæ�¦��

6��5#-����Ťshitara et al., 2007ť�İ» DDIľŢ$ DDI#ßª#_C?7Ľy�

ĩ!LA;c��5�/" OATP ¥ł�Ŗ³�7�Þ"Íh�5���Ñ«�6�	4 

CsA7VaÍh��ãr� OATP¥ł#-7Íh��İ» DDIľŢ$�6,�"¦��6

��!��âĎĒ$�/� CsA"25œÞŔÏĞĉ! OatpŖ³#­¡7 in vivo�ď��� 

� CsA"25œÞŔÏĞĉ! OATPŖ³#Z<PDY$Ü3
�!���!�� OATP#

ñÆ7¨���5ĵ�#e�"ĤĻÁzŠ�¦��6��5�w�% OATP$ěĨ©`d

Vf" N-glycosylation@;M7à��	4 ̂ JM Oatp1a1#¸¡$ glycosylation#đ¼"

Àŝ7�� RM OATP1A2# glycosylation$ ¿łĮ"	�5 OATP1A2#¸¡"Àŝ�

5ŤLee et al., 2003; Lee et al., 2005ť�,� Powell3$RMĦěĨ"	�� protein kinase C

#ñÆ�"24¿łĮf1ěĨ�# OATP1B3 #ĈÿŒ7¨���� OATP1B3 ñÆ7s

g��5�¦���ŤPowell et al., 2014ť��3" ��ëş"	�5�
�
# Oatp@U

T9X_d$ C áĔ" PDZ Ő�7à��	4 PDZ NZ;c7à�5 PDZK1 $ Oatp1a1
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#¿łĮf�#Ĉÿ"ÅŞ��6��5ŤWang et al., 2005; Sugiura et al., 2010ť�eØ� 

Shitara3$ CsA7Íh��^JM"	��¿łĮ"	�5 Oatp1a1� Oatp1b2#ĈÿŒ�

¨��!��¦���ŤShitara et al., 2009ť��6$ âçĹ"	�� CsAÍhÁ 1 3�'

7 Ú"	�� pravastatin # CL/F �ĕ�/Ŝĕ�Ŗ³7È±��½Ť1ť�ĿÜ�ĩ����

���eı�5�Â�� CsA$ Oatp#ĤĻÁzŠ1Ĉÿ#¯±�"ŕh�5�8&
ł

(Àŝ� œÞŔÏĞĉ" Oatp7Ŗ³�5�ĩÆ$s��Ñ´�6�� 

� qf24 R0’|� DDIľŢ"	�5 AUC#fÛþ7Ō¶Ľy�5����� R0’|

#ĸĘ"Ă���5 in vitroľŢ# IC50|� in vivo# Ki|ŤKi, in vivoť�ª�
lř���

5�ĩÆ�ĥ�36����� CsAÍhÁ 1Ú"	�5 pravastatin# CL/F�ĴøjŜĝ

�¿ CsAù¼70�" ½Ť1ť24 Ki, in vivoĘ����Ki, in vivo$ 0.0105 nM��4 in vitro

ľŢ# IC50|Ť0.0482–0.0843 μMť"ì)� 1/1000qg������# in vitro� in vivo#

Ŗ³±Õ# 1000 {qf#lř$ CsA # DDI 7�ŊĉŖ³"¥��� DDI mõ½"¾�

$/��5������ĥ�36���
3 ÞŔx­ĉ�'ÏĞĉ OATP Ŗ³uĂ7à

�5ĳü# DDI7Âä# DDImõ½7Ă��±Œĉ"mõ�5��$ Ś��5�ĥ�3

6�� 
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Ė 3ē� IbBc>OdFŖ³� pazopanib"25čÞŔÏĞĉ! OATP1B1Ŗ³ 

Ė 1Ě� Ġķ 

�6,�" OATP1B1Ŗ³�# Ki|�' Iu,inlet,max
3!5 DDImõ½$ İ» DDIľŢ

ĝæ7°�"�Ý�!����Č36�	4 ß×#=;N^;c/=;HcC#İ» DDI

ľŢ²Ù#�Ö¥ö7Ă��0~ŘÆ7°�"$Ŏ�36!�ŤVaidyanathan et al., 2016ť�

�#��$Ü3
�!���!�� OATP1B1"$ÞŔx­ĉŖ³ œÞŔÏĞĉ!Ŗ³ 

¥łx­ĉŖ³! #ýÄĉ!Ŗ³uĂ�¦��6�	4 DDI mõ½"$�63#ýÄ

ĉ!Ŗ³¿½��Ý�6��!�������Ñ´�65��6,�" HIVVbK:dF

Ŗ³� HCVîĆ��'IbBc>OdFŖ³��ÞŔx­ĉ" OATP7Ŗ³�5�¦�

�6��5�ŤShitara et al., 2013; Furihata et al., 2014; Pahwa et al., 2017ť �63ĳü#

OATP1B1Ŗ³uĂ#ýÄ1İ»"	�5 DDI#�ĩÆ"��� *�8 ¦��6��!

�� 

Pazopanib$ VEGFR1-3 PDGFRα�' β c-Kit7Ŗ³�5Ĝ�Íh�ĩ!IbBc>O

dFŖ³���4 ņĐÆīěĨć�'ÇÆŅŏĬą"µ�5îĆĳ��5ŤSonpavde and 

Hutson, 2007; Sternberg et al., 2010; van der Graaf et al., 2012ť�Pazopanib$ CYP1A2 2C8�

' 3A4#¥ł��4 OATP1B37Ŗ³�!�� Uridine Diphosphate Glucuronosyltransferase 

ŤUGTť1A1�' OATP1B17Ŗ³�5ŤBoudou-Rouquette et al., 2016; Khurana et al., 2014ť�

İ»�$ pazopanib�#vĂ"25 DDI�Õw¦��6�	4ŤGo et al., 2010; Tan et al., 

2010; Xu et al., 2012; Bennouna et al., 2015; Hamberg et al., 2015ť w�% OATP1B1 �'

OATP1B3 #¥ł��5NEG>E`# AUC $ pazopanib �#vĂ"24 1.5 {fÛ��

Ťde Graan et al., 2012; Yamada et al., 2014ť���� âē�$ pazopanib"25 OATP1B1Ŗ

³#ýÄ7Ü3
"� OATP1B1 Ŗ³"25 DDI #�ĩÆ7Ľy�5��7Ċĉ����

$�/" pazopanib#ÞŔx­ĉ�'ÏĞĉ OATP1B1Ŗ³uĂ7Ľy���Pazopanib"

25ÞŔx­ĉ! OATP1B1 Ŗ³#ýÄ7Ü3
"�5Ċĉ�$ pazopanib �Va;c>
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\WdB]cÁ#OATP1B1ñÆ#ŋ¼ŀĉĶå�'OATP1B1ñÆ#�ÃľŢ7²Ù���

�3" ÞŔx­ĉ OATP1B1Ŗ³uĂ7ď� CsA�#onuĂ#àú"��� OATP1B1

ĈÿěĨ�'RMĦěĨ7Ă��Ľy���ßÁ"�ŊĉŖ³"¥�
 DDI mõ½
3Ę

��65 RŤR1’ť|7Ę�� İ»"	�� pazopanib� OATP1B1Ŗ³"25 DDI7Ń�

��ĩÆ"��� Ľy��� 
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Ė 2Ě� ĝæ 

3-2-1. Pazopanib"25 OATP1B1#ÞŔx­ĉŖ³ 

Pazopanib "25 OATP1B1 #ÞŔx­ĉŖ³uĂ7çļ�5Ċĉ� �£ĉ! OATP Ŗ

³���5 CsA �' rifampicin 7�Þ"Ľy���HEK293/OATP1B1 ěĨ7 pazopanib �

è�!ÞŔŤ1�60�ťVa;c>\WdB]c���� [3H]E1S�'[3H]E2G#�4ň-

$Va;c>\WdB]c�!�ãr�ì)�ô·� IC50|$ 5-60 �#Va;c>\W

dB]cÞŔ�*+�ė����ŤFig. 1A, B, Table 1ť�CsA0�6,�#¦���è"V

a;c>\WdB]c�5��� IC50|�sg� �# IC50|$ pazopanib ��è" 5-60

�#Va;c>\WdB]cÞŔ�*+�ė����ŤFig. 1C, Table 1ť�eØ� Va;c

>\WdB]cãrg"	�5 rifampicin # IC50 |$Va;c>\WdB]c�!�ãr

# IC50|��ė����ŤFig. 1D, Table 1ť�Pazopanib"25ÞŔx­ĉŖ³uĂ$Va;

c>\WdB]cÞŔ� 5�60���ė�����/ qŗ#ľŢ"	�5Va;c>\W

dB]cÞŔ$ 30����� 

 

3-2-2. PazopanibŜ­¡g"	�5ÏĞĉ! OATP1B1Ŗ³ 

HEK293/OATP1B1ěĨ7 pazopanib�Va;c>\WdB]c��Á" [3H]E1S#-7

�. transport buffer�;c>\WdB]c��ãr"	��Ťpreãrť [3H]E1S#�4ň

-$ pazopanib#ù¼x­ĉ"ô·� Pre + Coãr�ìŇ��àÉ"ţ
 Coãr�ìŇ

��s
��ŤFig. 2Ať�CsA#§� Preãr"	�5[3H]E1S #�4ň-$ Pre+Coãr

��ė��4 Coãr"ì)�s
��ŤFig. 2Bť�_T9cSBc#§� Preãr"	

�5[3H]E1S #�4ň-$ Pre+Coãr�' Coãr�ì)�ţ
��ŤFig. 2Cť� 

 

3-2-3. Pazopanib"25ÏĞĉ! OATP1B1Ŗ³#ýÄ 

0.1–10 μM# pazopanib 0.3 μM# CsA�' 100 μM# rifampicin7�.ěĨ¤šĂ¤¢�
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HEK293/OATP1B1 ěĨ7Va;c>\WdB]cÁ#[3H]E1S #�4ň-$÷¬µûģ�

ìŇ��ô·��ŤFig. 3Ať��#Á Ŗ³�7�,!�ěĨ¤šĂ¤¢"ġÒ�� �ĺ

±ÞŔ"	���4ň-ľŢ7²Ù� OATP1B1ñÆ7Ľy���Pazopanib�#Va;c

>\WdB]c"24ô·��[3H]E1S#�4ň-$ ÞŔx­ĉ"fÛ� 10�q�"÷

¬µûģ��đ¼�!��ŤFig. 3A and Bť�CsA�#Va;c>\WdB]c"24sg

��[3H]E1S#�4ň-$ Ŗ³�7�,!�ěĨ¤šĂ¤¢"ġÒÁ 2ÞŔ�0¬tµû

ģ# 71%����ŤFig. 3Ať�eØ� rifampicin�$[3H]E1S#�4ň-$Ŗ³�7�,!

�ěĨ¤šĂ¤¢"ġÒÁ 3�q�"÷¬µûģ��đ¼�!��ŤFig. 3Ať��¹�å"

24Ę��� OATP1B1ñÆ#�Ãŋ¼±ÕŤkrecoveryť$ 1–10 μM# pazopanib#Ŕ��ė

����ŤTable 2ť� 

� HEK293/OATP1B1 ěĨ7 pazopanib �Va;c>\WdB]c��ãr"	�5

OATP1B1"µ�5 E1S# Km|�' Vmax$ ÷¬µûģ�ìŇ���6�6fÛ�'sg

��ŤFig. 4, Table 3ť�,� CsA#Va;c>\WdB]cãrg"	�5 OATP1B1"µ

�5 E1S# Km|�' Vmax$ CsA��è"�6�6fÛ�'sg��ŤFig. 4, Table 3ť�e

Ø� _T9cSBc#Va;c>\WdB]cãrg�$ Km|�' Vmax#iØ�ô·

��ŤFig. 4, Table 3ť� 

 

3-2-4. Pazopanib� CsA"25ÞŔx­ĉ! OATP1B1Ŗ³"µ�5onuĂ 

� �6,�"ÞŔx­ĉOATP1B1#Z<PDY#�ĩÆ��� CsA�$ trans-inhibition 

IbBc>OdFŖ³��$ĤĻÁ# OATP1B1 #_cő��¦��6�ŤShitara et al., 

2017; Sprowl et al., 2016ť���� pazopanib� CsA#ÞŔx­ĉ OATP1B1Ŗ³"µ�5o

nuĂ#�ĩÆ7çĹ�5Ċĉ� HEK293/OATP1B1ěĨ�'RMĦěĨ7 pazopanib�'

CsA�Va;c>\WdB]c��� �4ň-Ŗ³ľŢ7²Ù���[3H]E1S#�4ň-

$ iěĨ"	�� pazopanib�$ CsAù¼x­ĉ"ô·��ŤFig. 5ť��Ô�å"24Ę
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��� pazopanib� CsA#onuĂ"µ�5 p|$ HEK293/OATP1B1ěĨ�'RM�ĝ

ĦěĨ� 0.295�' 0.178����� 

 

3-2-5. Pazopanib# OATP1B1Ŗ³"25 DDIĽy  

� Pazopanib#ĳü�Ê®ĉQ^ZdG�'İ» DDIľŢĝæ7 Teble 4�' 5"ď���

Va;c>\WdB]cãrg"	��ß0s� IC50|Ť0.314 μMť�'âľŢ�Ę���

pazopanib# fu,pŤ0.00018ť7Ă��½Ť5ť24Ę��� R1’|$ 1.09����ŤTable 4ť� 
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Fig. 1. Uptake activity of OATP1B1 after preincubation with pazopanib, CsA, and rifampicin. 

HEK293/OATP1B1 cells were preincubated with various concentrations of pazopanib (A, B), CsA 

(C), and rifampicin (D) for a designated time periods (1–60 min). After the preincubation, the medium 

was removed, and the cells were further incubated with the buffer including each inhibitor and [3H]E1S 

(A, C, D) or [3H]E2G (B) for 0.5 min. Cells were washed, and radioactivity associated was determined. 

Uptake of [3H]E1S and [3H]E2G in HEK293/mock cells was under detection limit. Solid and dashed 

lines represent inhibition curves under the condition without preincubation (both inhibitors and 

substrate were simultaneously added) and with preincubation for 30 min, respectively. Data are shown 

as percentage mean uptake values ± S.E. (n = 3–9) compared with those without preincubation. 
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Fig. 2. Uptake of [3H]E1S by OATP1B1 under the condition of coincubation (Co), 

pre+coincubation (Pre +Co), and preincubation alone (Pre) with inhibitors. 

Under the coincubation condition (Co, closed circles), HEK293/OATP1B1 cells were preincubated 

without inhibitor for 30 min, and then incubated with [3H]E1S and indicated concentration of 

pazopanib (A), CsA (B), and rifampicin (C) for 0.5 min. Under the pre+coincubation condition 

(Pre+Co, open circles), the cells were preincubated with pazopanib, CsA, and rifampicin for 30 min, 

and the medium was replaced with the buffer containing each compound and [3H]E1S, followed by 

further incubation for 0.5 min. Under the preincubation condition (Pre, open triangles), the cells was 

preincubated. Data are shown as percentage mean uptake values ± S.E. (n = 6) compared with those 

without preincubation. 

 

  



 

 32 

 
 

Fig. 3. Recovery of OATP1B1 activity after preincubation with pazopanib, CsA, and rifampicin. 

In panel (A), HEK293/OATP1B1 cells were preincubated with pazopanib (10 μM, ○), CsA (0.3 μM, 

△), and rifampicin (100 μM, □ ) for 30 min, washed, and further incubated in the absence of each 

inhibitor for the designated periods. In panel (B), HEK293/OATP1B1 cells were preincubated with 

designated concentration of pazopanib for 30 min, washed, and further incubated in the absence of 

pazopanib for the designated periods. Then, the medium was replaced with the buffer containing 

[3H]E1S and further incubated for 0.5 min. Cells were washed, and radioactivity associated was 

determined. Data were normalized by the control value obtained without the inhibitor and shown as 

mean ± S.E. (n = 3). 
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Fig. 4. Eadie-hofstee plot for OATP1B1-mediated uptake of E1S after preincubation with 

pazopanib, CsA, and rifampicin. 

HEK293/OATP1B1 cells were preincubation with vehicle (○), 1 μM pazopanib (◇) , 0.1 μM CsA (□), 
and 3 μM rifampicin (△) for 30 min, followed by washing the cells and further incubation with [3H]E1S 

in the presence of various concentrations of unlabeled E1S, but not the inhibitor for 0.5 min. Cells 

were washed, and radioactivity associated was determined. Each point represents the mean ± S.E. (n 

= 3). 
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Fig. 5. Interaction between pazopanib and CsA in their inhibitory effect on uptake of [3H]E1S in 

HEK293/OATP1B1 cells (A) and human hepatocytes (B). 

HEK293/OATP1B1 cells (A) and human hepatocytes (B) were preincubation with a mixture of 

pazopanib and CsA at the designated concentration, followed by washing the cells and further 

incubation with [3H]E1S for 0.5 min. Cells were washed, and radioactivity associated was determined. 

Data were normalized by the control value obtained without the inhibitor and shown as mean ± S.E. 

(n = 3). 
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TABLE 1 

Effect of preincubation with pazopanib, CsA, and rifampicin on OATP1B1-mediated uptake 

Preincubation 

period 

(min) 

 IC50 value (μM)a 

Inhibitors Pazopanib Pazopanib CsA Rifampicin 

Substrates [3H]E1S [3H]E2G [3H]E1S [3H]E1S 

0  1.42 ± 0.23 � 13.5 ± 6.0 0.383 ± 0.128 1.50 ± 0.13 

1  0.594 ± 0.030 � 7.25 ± 0.53 0.0755 ± 0.0234 1.67 ± 0.26 

5  0.314 ± 0.028 � 2.27 ± 0.74 0.0594 ± 0.0167 1.19 ± 0.07 

30  0.374 ± 0.074 � 2.58 ± 0.77 0.0692 ± 0.0160 2.51 ± 0.10 

60  0.530 ± 0.022 � 2.03 ± 0.71 0.0759 ± 0.0154 2.87 ± 0.45 
a IC50 values were estimated based on the data shown in Fig. 1 by a nonlinear least-squares regression analysis (parameter estimate ± 

4 parameter S.D., n = 3-9). 
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TABLE 2 

krecovery values after preincubation with pazopanib, CsA, and rifampicin 

Inhibitors Concentration (μM) krecovery (h-1)a 

Pazopanib 0.1 >3.31 

�  0.3 >6.26 

�  1 6.99 

�  3 7.16 

�  10 5.62-9.46b 

CsA 0.3 0.546 

Rifampicin 100 >20.4 
a The krecovery was calculated by replotting the data shown in Fig. 3 into sigma-minus plot in logarithmic 

scale, followed by linear regression analysis. 
b The values of 5.62 and 9.46 were obtained from Fig. 3A and 3B, respectively. 
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TABLE 3 

Effect of preincubation with pazopanib, CsA, and rifampicin on kinetic parameters for OATP1B1-

mediated uptake of [3H]E1Sa 

�  Vmax Km PSdif 

�  pmol/min/mg protein nM μL/min/mg protein 

Control 15.0 ± 2.7 38.9 ± 13.5 15.4 ± 1.9 

Pazopanib 11.7 ± 2.8 64.4 ± 25.7 7.23 ± 1.49 

CsA 9.33 ± 1.99 67.8 ± 22.9 9.66 ± 1.28 

Rifampicin 5.56 ± 0.63 21.7 ± 3.83 10.4 ± 0.8 
a Values represent parameter estimate ± parameter S.D. (n = 3). 
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TABLE 4 

Calculation of R1’ value for pazopanib 

Pharmacokinetic parameters Units References 

Iin 92.8 μM Votrient Tablets, 2009 

ka 0.00968 min-1 Votrient Tablets, 2009 

FaFg 0.247 �  Votrient Tablets, 2009 

Dose 30.5 μmol/kg Votrient Tablets, 2009 

Qh 97 L/h/70kg Yang et al., 2007 

RB 0.59 �  Votrient Tablets, 2009 

IC50 0.314 μM Table 1 

Iin,max 95.3 μM Calculated by Eq. 7 

fu,p 0.00018 �  Obtained in the present study 

R1’ value 1.09 �  Calculated by Eq. 5 

 

  



 

 39 

TABLE 5 

Summary of pazopanib-induced drug interactions 

Substrates Dose AUC ratio Cmax ratio 
Major  

elimination route 
Comments References 

Midazolam 3 mg 1.32 1.29 CYP3A �  Goh et al., 2010 

Dextromethorphan 30 mg 1.33–1.64 - CYP2D6 �  Goh et al., 2010 

Caffeine 200 mg 1.00 0.98 CYP1A2 �  Goh et al., 2010 

Warfarin 10 mg 0.82 1.03 CYP2C9 �  Goh et al., 2010 

Omeprazole 40 mg 0.81 0.84 CYP2C19 �  Goh et al., 2010 

Docetaxel 50 mg/m2 1.50 1.47 OATP1B1, CYP3A �  Hamberg et al., 2015 

Paclitaxel 80 mg/m2 1.26 - CYP2C8, CYP3A �  Tan et al., 2010 

Simvastatina - N.D. N.D. OATP1B1, CYP3A ALT � 3 Odds ratio (2.2)b Xu et al., 2012 

Atorvastatina - N.D. N.D. OATP1B1, CYP3A ALT � 3 Odds ratio (1.3)b Xu et al., 2012 

SN-38 120 mg/m2 1.89 - OATP1B1, UGT1A1 �  Bennouna et al., 2015 
 a Dose were not described in the report. 
 b ALT: Alanine aminotransferase. 
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Ē 3ĕ� ğ· 

� Pazopanib+ in vitroĶś)��$ OATP1B1?Œµ�;iÜ% OATP1B3?Œµ���Ĥ

¾)��$OATP1B1¥Ļ&*|Ă%�*Ĩøoù¿?jß��;�&�¦��<$�;�

&�9ŝGoh et al., 2010; Tan et al., 2010; Xu et al., 2012; Bennouna et al., 2015; Hamberg et al., 

2015Ş��£ą( OATPŒµħ%�; CsA�- rifampicin?¸úħ&�$Ă��pazopanib*

OATP1B1Œµ*üÊ�-Ĥ¾)��$ OATP1B1Œµ)8; DDI?ļ���ģÌ)"�$

ĵ����2��OATP1B1 Œµ*üÊą(^CTJ]%�;áŐ�±ą(Œµ�-ŏáŐ

Õěą(Œµ{Ă)ĉĆ���<9*Œµ{Ă)"�$ĵ����HEK293/OATP1B1 ęĢ

? pazopanib �ä* transport buffer %YeBgE`ZhHag��çw)��;[3H]E1S *

�:ŀ3+�YeBgE`ZhHag�(�çw&ðľ�$õº�ŝFig. 1AŞ�YeBgE

`ZhHagçwk)��; pazopanib* IC50�+ 5�60�*YeBgE`ZhHagáŐ

%�ē%�!�ŝTable 1Ş�2��CsA6 pazopanib&�ì* OATP1B1ŒµYfX@Bd?

Č��ŝTable 1Ş�Ç!$�áŐ�±ą( OATP1B1Œµ+�Œµ�*âŗ�Ř¼)ĊáŐ%

6ļ�;�&�à9�&(!��MHLW DBRbBg%+�OATP Œµ*ĵ�+ãy%6

30�uj*YeBgE`ZhHagçwk%´Ý�;�&?×­�$�;�æêĲ%+ 5–

60 �*YeBgE`ZhHagáŐ)��; IC50�+�ē%�!��&�9�DBRbB

g%ĳĿ�<$�; 30 �uj*YeBgE`ZhHag+ OATP1B1 Œµ*ã¬*cIF

ĵ�)��$+��(áŐ%�;iÜ%�30 �8:6Ċ�YeBgE`ZhHagçw*

Ķś6®Ã�;�&�Č��<�� 

� HEK293/OATP1B1ęĢ? pazopanib�CsA�- rifampicin% 30�YeBgE`ZhHag

Æ)�Œµ�?�2(�[3H]E1S �ä* transport buffer%BgE`ZhHag��&�ŝPre

çwŞ*[3H]E1S*�:ŀ3+�YeBgE`ZhHagá*Œµ�ù¿�±ą)õº��

ŝFig. 2Ş�Shitara 9+ÙĀ_Pd?Ă�$ CsA �ęĢ*ª��9 �%(����96

OATP1B1 ?Œµ�;�ģÌ?¦��$�;ŝShitara et al., 2017Ş�Pazopanib +�
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HEK293/OATP1B1ęĢ)áŐ�±ą)�:ŀ2<�ęĢ�ù¿+ė 30�%³¼ýÐ)(;

ŝEllawatty et al., 2018Ş�æêĲ)��$�pazopanib* IC50�+YeBgE`ZhHagá

Ő� 0��9 5�)��$yk���&�9�preçwk)��$ OATP1B1�Œµ�<�

�ģÌ*i"&�$ęĢ�* pazopanib����9OATP?Œµ�$�;�ģÌ�Č��<

��2��ħûQbgI[hLh*óÌ�đ�/Řđ�Œµuª)6cgō�)8:�È�

<;�&6¦��<$�;�~�,�«�*MfHgEShKŒµ�+ OCT2*MfHg*

cgō�)őm�; Src X@\ch*EShK Yes1 ?Œµ�;�&%�OCT2 *íģ?y

k��ŝSprowl et al., 2016Ş�YfOBgEShK C*óÌ�+ OATP1B1�- 1B3*óÌ

?yk��;�&�¦��<$�;ŝHong et al., 2015; Powell et al., 2014Ş�Ç!$�pazopanib

* pre çwk)��$ OATP1B1 �Œµ�<��ģÌ&�$�OATP1B1 *cgō�)8;

OATP1B1óÌ*yk6ğ�9<�� 

� HEK293/OATP1B1 ęĢ? pazopanib %YeBgE`ZhHagÆ* OATP1B1 óÌ+ 10

�u�)÷¯¸úĞ&�Ď¿2%�É��CsA)ð/$Ř¼)Þ�!��ŝFig. 3ŞÇ!$�

pazopanib+ CsA&ă(:ĊáŐÕěą( OATP1B1Œµħ%�;�&�à9�&(!��

2��pazopanib�CsA�- rifampicin)8; OATP1B1Œµ*Ň�?łď�;Ćą%��<

9ħû?YeBgZhHagÆ) E1S *�:ŀ3Ķś?ĩ��Ņ¿Ĺąįè?´Ý���

Pazopanib &YeBgE`ZhHagÆ* OATP1B1 )¸�; E1S * Km��- Vmax+jß

�-yk��ŝTable 3Ş�CsA�- rifampicin*YeBgE`ZhHagçwk)��; Km

��- Vmax+ rifampicin*YeBgE`ZhHag)8: Km��yk��uª��<2%

*¦�&iĥ��ŝShitara et al., 2012; Pahwa et al., 2017Ş�OATP1B1Œµ)+¥Ļ�±Ì�

¦��<$�:�æĶś&Phawa9*Ķś%+ĵ�)Ă��¥Ļ�ă(!$���&�9�

rifampicin YeBgE`ZhHag)8; Km�*©�*Ň�+�ĵ�)Ă��¥Ļ*Ň�

)8;&ğ�9<�� 

� Izumi9+�<2%)�OATP1B1Œµ)¥Ļ�±Ì��;�&?¦���OATP1B1Œµ
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)8; DDIpö*�ŕÌ*cIF?ã¹œ)�;�5)�[3H]E2G? in vitroĶś*¥Ļ&

�$Ă�;�&?×­�$�;ŝIzumi et al., 2015Ş���%�pazopanib)8;áŐ�±ą(

OATP1B1 ŒµĶś%+ [3H]E1S �-[3H]E2G ?Ă�$ĵ���� [3H]E2G %ĵ���&�

* pazopanib* IC50�+�[3H]E1S%ĵ���&�* IC50�&ðľ�$Ŝ�!�ŝTable 1Ş�

Ç!$�[3H]E2G + OATP1B1 ¥Ļ*o%Ë��6ã6y� IC50��Ĕ��<; OATP1B1

¥Ļ%+(��&�à9�&(:�IC50�?Ĕ��;�5*ŒµĶś%Ă�; OATP1B1¥

Ļ*ŉÓ)+òÏ�;Ëĭ��;� 

æĶś)��$ rifampicin+ preincubation�±ą)OATP1B1?Œµ�(�!�ŝFig. 1DŞ�

Shitara9+�[3H]E1S?Ă�$ rifampicin�áŐ�±ą) OATP1B1?Œµ�(��&?¦�

��ŝShitara et al., 2013bŞ�iÜ%�Pahwa9+ãŁ�[3H]E2G ?Ă�$ rifampicin�áŐ�

±ą) OATP1B1?Œµ�;�&?¦����æĶś%+ shitara9&�ì)[3H]E1S?¥Ļ

)Ă�$ĵ���iÜ%�Phawa9+[3H]E2G?¥Ļ)Ă�$ĵ��$�;�OATP1B1Œµ

)+¥Ļ�±Ì�¦��<$�;�&�9�Ă��¥Ļ*Ň��ĶśĚé*Ň�?ā��

���ģÌ�×·�<��Ç!$�rifampicin �áŐ�±ą( OATP1B1 Œµ{Ă?ä�;

�'
�+��9)êĲ�;Ëĭ��;� 

�<2%Ĥ¾)��$ OATP1B1¥Ļ%�; docetaxel�- SN-38* AUC+ pazopanib&

*|Ă)8:�1.5–2�jß�;�&�¦��<$�;ŝBennouna et al., 2015; Hamberg et al., 

2015Ş���%�pazopanib�Ĥ¾)��$ OATP1B1Œµ)8; DDI?ļ���ģÌ)"�

$�ã6y� IC50�ŝ0.314 μM, Table1Ş?Ă�$ R1’�?Ĕ���&�=�R1’�+ 1.09%

�!�ŝTable 4Ş�Ç!$�pazopanib+Ĥ¾)��$ OATP1B1Œµ)8; DDI?ļ���

ģÌ�y�&Č��<��Pazopanib +Ĥ¾)��$ P450 ¥Ļ&*CFOdÒmĶś%

CYP1A2�CYP2C9�+ CYP2C19?Œµ���CYP2D6�- CYP3A4)¸�$Á�Œµ{

Ă?Č��ŝGoh et al., 2010Ş�2��docetaxel*�ĽFcAbgI+ OATP1B1Ŋx°«£

ŝ-1187G>A, c.388G>A, c.521>CŞ*ĬêĠ%äÏ)©����CYP3A4/5*2*ĬêĠ%õº
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��ŝYamada et al., 2014; Barker et al., 2009Ş�Ç!$�pazopanib&*|Ă)8; docetaxel*

AUC *jß+�OATP1B1 Œµ8:6 CYP3A4 Œµ���%�;&Č��<��SN-38 %

+�SN-38 �-�*GdFfgōÔ�z*z��Ð+ UGT1A1 óÌ�+ĄÿŎ)8:©�

�ŝFujita et al., 2014Ş�pazopanib+ UGT1A1?Œµ�;�&% pazopanibķĄÌ*ŜWcd

WgĨø?ķĄ�;�&�¦��<$�;ŝXu et al., 2010Ş�Ç!$�pazopanib&*|Ă)

8; SN-38* AUC*jß+�UGT1A1Œµ���%�;&Č��<��*vĸ+ãŁ Iwase

9)8!$ØÕ�<�ŝIwase et al., 2019Ş�iÜ%�OATP1B1Œµ)+¥Ļ�±Ì��;�

&�9�pazpoanib )8; docetaxel �+ SN-38 * DDI *�ģÌ)"�$îċ)ĵ��;�

5)+��<�<*¥Ļ?Ă�$ pazopanib)8;�:ŀ3ŒµĶś?´Ý��&�* Ki�

?Ă�;Ëĭ��;��*s* OATP1B1 ¥Ļ* DDI )ő�$�Xu 9+ pazopanib ?Òm

�<$�;ÍĠ* ALT � OATP1B1 ¥Ļ%�; simvastatin *Òm)8:jß�;�&?¦

���ŝXu et al., 2012Ş����(�9��ĹÚ�)��$ simvastatin*ħû�Ð*ĳĿ�

(��5�pazopanib& simvastatin* OATP1B1?r�� DDI*�ģÌ)"�$+��9(

;êĲ�Ëĭ%�;� 

� æĐ%+�pazopanib �áŐ�±ą�"ĊáŐÕěą( OATP1B1 Œµ{Ă?Č��&?

à9�)���*Œµ{Ă+tīą( OATP1B1 Œµ�%�; CsA &+ŋ�ą)ă(;ü

Ê%�!���9)�pazopanib+Ĥ¾)��$ OATP1B1Œµ)8; DDI?ļ���ģÌ

�y�&×·�<�� 
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Ē 4Đ� áŐ�±ą OATP1B1Œµ*ÛĮħûĈq{Ăpö 

Ē 1ĕ� Ĝİ 

� Ē 2 Đ)��$�áŐ�±ą�-Õěą OATP Œµ?ä�; CsA* DDI pö)��$�

�ŃąŒµ)¥#� DDIpöÀ�9Ĕ��<; R�+ DDI?ņ¹ĵ����iÜ%�ħû

tĺŌĘŒµ*§���ŃąŒµ�-áŐ�±ąŒµ)8; DDI pö%+��<�<ă(

; DDIıĔÀ?Ă�;�&�×­�<$�;�Ç!$�OATPŒµ)8; DDIpö)��

$6ħûtĺŌĘ&�ì)áŐ�±ąŒµ)ň�� DDI pöÀ?Ă�;�&%��<9ħ

û)8; DDI*pöċ¿*�j�åÅ%�;�ģÌ��;� 

��%�æĐ%+áŐ�±ą( OATP1B1 Œµ)ĉĆ���*{Ă?ä�;ħû)8;

DDI ?ċ¿Ŝ�pö�ģ( DDI pöÀ*ëĖ?ĆÖ���áŐ�±ą OATP1B1 Œµ{Ă

?ä�;ħû*Ĥ¾ DDIĶśÎ¦+Ř¼)œ9<$�;�5��*o%ã6Ĥ¾ DDIĶś

*Î¦�«� CsA? DDIpö*êĴ)Ă���OATP1B1¥Ļ)+�£ą¥Ļ%�; E1S�

- E2G&Ĥ¾% DDI*¦���; atorvastatin�pitavastatin�- rosuvastatin?Ă����<

2%)�OATP1B1Œµ)+¥Ļ�±Ì�¦��<$�;�&�9ŝIzumi et al., 2015Ş��Ķ

ś+�<�<*¥Ļ�&)ĵ����æêĲ%+�ġęĢ.*�:ŀ3)¸�; OATP1B1

*¶mþ?ğÑ�� R�ŝR0�R1�R2�- R3Ş�- OATP1B1*¶mþ? 100%&�� R’

�ŝR0’�R1’�R2’�- R3’Ş?Ĕ���Ĥ¾ DDIĶś)��; AUCð&ðľ�;�&%�

�*pöċ¿?êĴ���R0�- R0’+��ŃąŒµ)¥#� DDIpöÀ%�:�Œµ³Ù

+ŘYeBgE`ZhHagçwk*Œµ³Ù&���R1�- R1’+��ŃąŒµ)¥#�

DDIpöÀ%�:Œµ³Ù+YeBgE`ZhHagçwk*Œµ³Ù&���R2�- R2’

+�OATP1B1 óÌ*ló�&�ÉUb^hL�9(;pöÀ&���R3�- R3’+��Ń

ąŒµ�-ló�&�ÉUb^hL*nÜ?�4pöÀ&���2��CsAuª)áŐ�±

ą OATP1B1Œµ{Ă?Č��ħûŝasunaprevir�regorafenib�nilotinib�asunaprevirŞ)"�

$6�ì) R��- R’�?Ĕ����<9ħû* DDI*�ģÌ)"�$ĵ����  
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Ē 2ĕ� Ěé 

4-2-1. ì	(¥Ļ*�:ŀ3)¸�; CsA*áŐ�±ą OATP1B1Œµ 

Ē 3 Đ8: CsA )8;áŐ�±ą OATP1B1 Œµ{Ă+YeBgE`ZhHagáŐ�

5�60 �%�ē%�!��5�æĶś)��;YeBgE`ZhHagáŐ+ 30 �&���

HEK293/OATP1B1 ęĢ? CsA &YeBgE`ZhHag��&�*�¥Ļ*�:ŀ3+�

YeBgE`ZhHag�(�!�&�&ðľ�$õº��ŝFig. 1Ş�YeBgE`ZhH

agçwk)��; CsA * IC50�+ŘYeBgE`ZhHagçwk&ðľ�$ 4.7–11.0

�yk��ŝTable 1Ş� 

 

4-2-2. CsA)8; OATP1B1*ló� 

� HEK293/OATP1B1 ęĢ? CsA &YeBgE`ZhHagÆ)¥Ļ*3?�4 transport 

buffer?ô����*¥Ļ*�:ŀ3�9 OATP1B1óÌ*ló�?ĵ����CsAYeB

gE`ZhHagÆ* OATP1B1 *ï±óÌ+YeBgE`ZhHagá* CsA ù¿�±

ą)yk��ŝFig. 2Ş�[3H]E1S�[3H]E2G�pitavastatin�- rosuvastatin?Ă�$ĵ���&

��OATP1B1*ï±óÌ+YeBgE`ZhHagáŐ 20č)��$Ħ��yk��1�

2%ćĝą)yk�(�!�ŝFig. 2 A, B, D and EŞ�iÜ%�atorvastatin ?Ă��&�*

OATP1B1*ï±óÌ+YeBgE`ZhHagáŐ 3�2%ćĝą)yk��ŝFig. 2CŞ�

æĶś%+ 20 č8:6Ċ�YeBgE`ZhHagáŐ%*ĵ�� Ŗ%�;�5�

[3H]E1S�[3H]E2G�pitavastatin�- rosuvastatin?¥Ļ)Ă�$ĵ���&�* kobs,app+�0-

20č2%* OATP1B1*ï±óÌ*���9Ĕ����kobs,app&YeBgE`ZhHagá

* CsAù¿?YfNQ�ŝFig. 3Ş�kinact�- KI�?Àŝ4Ş8:Ĕ���ŝTable 1Ş� 

 

4-2-3. áŐ�±ą OATP1B1Œµ*�É 

� HEK293/OATP1B1 ęĢ? CsA & 30 �YeBgE`ZhHagÆ)Œµ�?�2(�¤
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¡%¤ŚÆ*¥Ļ*�:ŀ3�9�OATP1B1óÌ*�É?ĵ����0.3 μM* CsA&Ye

BgE`ZhHagćÆ*[3H]E1S�[3H]E2G�atorvastatin�pitavastatin�- rosuvastatin*�

:ŀ3+��<�< 26�29�18�36�- 57%2%õº��yk�� OATP1B1óÌ+ CsA

Ŕ�Æ*áŐ�±ą)�É��ŝFig. 4Ş��¥Ļ)��; krecovery+ĝÄ�»)8:Ĕ���

Table1)Ěé?ĭė��� 

 

4-2-4. � R�)8; DDIpöċ¿*ðľ 

� æêĲ%+�CsA* fu,p+ in house%½Īńèñ)8:ĵ����ŝ0.0107Ş?}Ă��

VQġęĢ.*�:ŀ3)¸�; OATP1B1*¶mþŝfŞ+��<2%*¦�*½¢�?}

Ă��ŝKunze et al., 2014; Izumi et al., 2018; Zhang et al., 2019Ş�CsA*ħû�Ð²ąUb^

hL? Table 2)ĭė���Àŝ5Ş�-Àŝ6Ş8:Ĕ��� R0�+���<*¥Ļ)"�

$6Ĥ¾* AUCð&ðľ�$Ħ��y�!�ŝTable 1Ş�2��YeBgE`ZhHagç

wk* IC50�?Ă�$Ĕ���R1�6Ĥ¾*AUCð&ðľ�$Ħ��y�!�ŝTable 1Ş�

iÜ%�Àŝ8Ş8:Ĕ��� R2��-Àŝ11Ş8:Ĕ��� R3�+�R1�8:6Ŝ��

Ĥ¾* AUCð)8:Ł��&(!��Ĥ¾)��; OATP1B1Œµ)8; DDI*ã¬*c

IF?ĵ��;Ćą%�f ? 1 &�$ R’�?Ĕ����R1’�+ R1�&�Ď¿*�&(:�

Ĥ¾* AUCð&ðľ�$y�!��iÜ%�R2’��- R3’�+��<�< R2��- R3�

7Ĥ¾ AUCð8:6řĦ)Ŝ��%�!�ŝTable 1Ş� 

 

4-2-5. CsAuª*áŐ�±ą OATP1B1Œµħ* DDIpö 

� �<2%)�CsAuª) simeprevir�asunaprevir�- ritonavir+YeBgE`ZhHag

�;�&%ŘYeBgE`ZhHagçwk)ð/$ OATP Œµ{Ă?¨Â���&¦�

�<����*Œµ{Ă*¨Â+ CsA)ðľ�$Á�!�ŝ(Furihata et al., 2014; Shitara et 

al., 2013)Ş�2��«�*MfHgEShKŒµ�+YeBgE`ZhHag 15�)��$
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Â� OATP1B1Œµ{Ă?Č���ŝSprowl et al., 2016Ş�ŘYeBgE`ZhHagçwk

&ðľ�$�(��5)�YeBgE`ZhHag)8:Œµ{Ă�¨Â�;�'
�+

là%�!����%��<9ħû)"�$YeBgE`ZhHagçwk�-ŘYeBg

E`ZhHagçwk)��$ŒµĶś?´Ý���æĶś%Ă���$*��û+�Ye

BgE`ZhHag 30 �)��$�ŘYeBgE`ZhHagçwk)ð/$[3H]E1S *

�:ŀ3?õº���ŝFig. 5Ş���%�üÊą( OATP1B1Œµ{Ă?Č�� asunaprevir�

regorafenib�nilotinib�- pazopanib)"�$�CsA&�ì*ló�Ķś�-�ÉĶś?´Ý

��OATP1B1Œµ)8; DDI*�ģÌ)"�$ĵ�����<�<*ĶśĚé�Ĕ��<

�Ub^hL�-�Œµħ*ħû�Ð²ąUb^hL? Fig. 6–8�- Table 3�4)Č���

Asunaprevir +�ŘYeBgE`ZhHagçwk)��$áŐ�±ą) OATP1B1 ?Œµ

���9) 30 �uj*YeBgE`ZhHag)8:áŐ�±ą) OATP1B1 ?Œµ��

ŝTable 4Ş�iÜ% regorafenib�- nilotinib+�ŘYeBgE`ZhHagçw)��$æ

Ķś)��;ã¬ù¿%�; 10 μM)��$�[3H]E1S*�:ŀ3?>��)õº��ŝ�

<�< 25�- 17%*õºþŞ�YeBgE`ZhHagçwk)��$řĦ)õº���� 

�Œµ�* R ��-ħû�Ð²ąUb^hL? Table2 �- 3 )Č���Regorafeni �-

nilotinib* R0’�+01 1%�:�R1’�R2’�- R3’�+ 1.2–1.3%�!��iÜ%�pazopanib

* R2’�- R3’�+�ė 2 %�!��Asunaprevir %+��<2%) OATP1B1 ¥Ļ%�;

rosuvastatin &* DDI Ķś�´Ý�<$�;�5�rosuvastatin * OATP1B1 *¶mþ�9 R

�?Ĕ�����*&��R0��- R1�+Ĥ¾* AUCð)ð/$y��iÜ% R2�- R3

�+Ĥ¾* AUCð)Ł��%�!�ŝTable 2Ş� 
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Fig. 1. Inhibition of OATP1B1-mediated uptake of [3H]E1S (A), [3H]E2G (B), atorvastatin (C), 

pitavastatin (D) and rosuvastatin (E) after preincubation with CsA. 

The cells were washed with transport buffer prewarmed at 37°C, then pretreated for 5 min with the 

transport buffer without substrates or inhibitors. The medium was then replaced with the transport 

buffer containing inhibitors at the various concentrations of CsA, and cells were further preincubated 

for 0 or 30 min at 37°C. After the preincubation, the transport buffer containing inhibitors was removed, 

and the reaction was then started by applying prewarmed fresh transport buffer containing [3H]E1S, 

[3H]E2G, atorvastatin (0.3 μM), pitavastatin (0.5 μM) or rosuvastatin (3 μM) and the inhibitors to the 

cells. At 0.5 min ([3H]E1S and [3H]E2G) or 1 min (atorvastatin, pitavastatin, and rosuvastatin), the 

reaction solution was removed by aspiration, and cells were washed with ice-cold transport buffer. 

OATP1B1-mediated uptake was obtained by subtracting the uptake in HEK293/mock cells from that 

in HEK293/OATP1B1 cells. Data are shown as percentage mean uptake volume values ± S.E. (n = 3-

6) compared with those of the control. 
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Fig. 2. Inactivation of OATP1B1-mediated transport of [3H]E1S (A), [3H]E2G (B), atorvastatin 

(C), pitavastatin (D) and rosuvastatin (E) after preincubation with CsA 

HEK293/OATP1B1 cells were preincubated with CsA at 0 (
), 0.02 (△), 0.05 (□), 0.1 (●), 0.2 (▲), 

and 0.5 μM (■) for [3H]E1S and [3H]E2G, 0 (
), 0.005 (△), 0.01(□), 0.02 (●), 0.05 (▲), and 0.1 μM 

(■) for atorvastatin, pitavastatin, and rosuvastatin for designated period. After preincubation, the cells 

were once washed with prewarmed transport buffer and incubated with each substrate. At 0.5 ([3H]E1S 

and [3H]E2G) or 1 min (atorvastatin, pitavastatin, and rosuvastatin), the reaction solution was aspirated, 

and the cells were twice washed with ice-cold transport buffer, followed by determination of their 

uptake. Uptake values are represented as the percentage of the activity obtained in the vehicle control 

samples and are plotted versus the preincubation period. Each symbol represents the mean (n = 3). 

 

  



 

 50 

 

 
 

Fig. 3. Observed kobs,app of OATP1B1-mediated transport of [3H]E1S (A), [3H]E2G (B), 

atorvastatin (C), pitavastatin (D) and rosuvastatin (E) versus CsA concentration. 

The kobs,app values were determined as the negative slopes of the natural logarithm (0 to 20 sec for 

[3H]E1S, [3H]E2G, pitavastatin, and rosuvastatin; 0 to 3 min for atorvastatin) shown in Fig. 2. Solid 

lines represent the fitting curves of the observed kobs,app versus CsA concentration by nonlinear 

regression analysis based on Eq. 4. 
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Fig. 4. Recovery of OATP1B1 activity after preincubation with CsA. 

HEK293/OATP1B1 cells were preincubated with culture medium containing CsA (0.3 μM) for 30 min. 

The medium was replaced with fresh culture medium and further incubated in the absence of CsA for 

designated periods. The cells were then washed with prewarmed transport buffer once, and the 

transport buffer, including [3H]E1S (
), [3H]E2G (�), atorvastatin (�), pitavastatin (�), and 

rosuvastatin ( ), was added, followed by determination of their uptake. Data are normalized with the 

control value obtained without the inhibitor and are shown as mean ± S.E.M. (n = 3). 
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Fig. 5. Screening of preincubation dependent OATP1B1 inhibitors. 

HEK293/OATP1B1 and HEK293/mock cells was first preincubated with each compound at 1 µM for 

30 min (closed column) or subjected to no preincubation (open column). Cells were then incubated 

with [3H]E1S and each compound for 0.5 min, followed by determination of OATP1B1-mediated 

uptake. Data were shown as percentage of OATP1B1-mediated uptake obtained in the vehicle control 

samples. 
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Fig. 6. OATP1B1 activity after preincubation with regorafenib, nilotinib, and asunaprevir. 

HEK293/OATP1B1 cells were preincubated with various concentrations of regorafenib, nilotinib, and 

asunaprevir for designated time periods (1�60 min). After the preincubation, the medium was replaced 

with the buffer containing each compound and [3H]E1S, followed by further incubation for 0.5 min 

and determination of radioactivity associated. Solid and dashed lines represent inhibition curves under 

the condition without (both inhibitors and substrate were simultaneously added) or with preincubation 

for 60 min, respectively. Data were shown as mean values ± S.E. (n = 3-6) and compared with those 

without inhibitors at each preincubation period. 
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Fig. 7. Observed kobs,app values for OATP1B1-mediated transport of [3H]E1S versus OATP1B1 

inhibitor concentration. 

HEK293/OATP1B1 cells were preincubated with regorafenib (A), nilotinib (B), pazopanib (C), and 

asunaprevir (D) for designed period. After the preincubation, the cells were washed with prewarmed 

transport buffer and incubated with [3H]E1S. At 0.5 min, the cells were washed, followed by 

determination of the associated radioactivity. The kobs,app values were determined as the negative slopes 

of the natural logarithm. Solid lines represent the fitting curves of the observed kobs,app versus each 

inhibitor concentration by nonlinear regression analysis based on Eq. 4. 
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Fig. 8. Recovery of OATP1B1 activity after preincubation with OATP1B1 inhibitors. 

HEK293/OATP1B1 cells were preincubated with regorafenib (10 μM, 
), nilotinib (1 μM, △), 

pazopanib (10 μM, □), and asunaprevir (5 μM, ◇) for 60 min, washed, and further incubated in culture 
medium without each inhibitor for the designated periods. Then, the medium was replaced with the 

buffer containing [3H]E1S, and cells were further incubated for 0.5 min, followed by determination of 

radioactivity associated. Data were normalized by the control value obtained without the inhibitor and 

are shown as mean ± S.E. (n = 3). Similar data for pazopanib have previously been obtained (Taguchi 

et al., 2019), but those shown in this figure are obtained in different preparation from the previous 

ones. 
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Table 1 

Kinetic parameters for inhibition, inactivation, and recovery of OATP1B1 activity, and estimation of DDIs potential of CsA 

Substrates 
IC50 (μM) kinactc kIc kobsd krecoverye fu,p Iu,inlet,maxf f g R0 R1 R2 R3 

Observed 

AUC 

ratio Pre(-)a Pre(+)b min-1 μM min-1 min-1 (CsA) μM (R1')g (R0')g (R1')g (R2')g (R3')g 

E1S 0.169 0.0354 2.47 0.145 0.369 0.0122 

0.0107 0.0117 

0.77 1.11 1.48 3.93 3.98 
- 

1 (1.15) (1.72) (31.2) (36.0) 

E2G 0.319 0.0548 2.53 0.126 0.426 0.00798 1 
1.08 1.47 54.4 58.7 

- 
(1.08) (1.47) (54.4) (58.7) 

Atorvastatin 0.351 0.0319 0.734 0.0297 0.339 0.0161 
0.8 1.06 1.55 4.23 4.28 

9.0, 15h 
1 (1.07) (1.80) (22.1) (23.7) 

Pitavastatin 0.119 0.0239 1.3 0.0282 0.617 0.00702 
0.43 1.08 1.29 1.74 1.74 

4.6h 
1 (1.21) (2.07) (88.9) (108) 

Rosuvastatin 0.193 0.0312 1.64 0.0309 0.74 0.00227 
0.82 1.10 1.59 5.48 5.49 

7.1h 
1 (1.13) (1.82) (327) (371) 

a IC50 values estimated without preincubation. 
b IC50 values estimated after 30 min preincubation with CsA. 
c Calculated using Eq. 2, based on the data shown in Fig. 3. 
d Calculated using Eq. 8. 
e Calculated using replotting the data shown in Fig. 4 into sigma-minus plot in logarithmic scale, followed by linear regression analysis. 
f Calculated by Eq. 5 based on the data shown in Supplemental Table 1. 
g R0', R1', R2', and R3' values were calculated by assuming f value as unity.  
h Yoshida et al., 2012.  
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Table 2 

Pharmacokinetic parameters of preincubation-dependent OATP1B1 inhibitors 

Parameters 
Inhibitors 

CsA Regorafenib Nilotinib Pazopanib Asunaprevir 
Cmax (μmol/L) 0.95a,b 5.22g 1.66i 92.8k 0.078m 

ka (min-1) 0.0152c 0.1h 0.0123j 0.00968k 0.1h 
FaFg 1d 1d 0.30i 0.225k 0.19n 

Dose (μmol/kg) 2.4a 4.73g 10.8i 26.1k 3.82m 
RB 1.05e 0.629g 0.68i 0.63k 0.55n 
fu,p 0.107f 0.00188g 0.016i 0.00018l 0.003n 

Qh (L/h/70 kg) 97 
a Mück et al., 1999  
b Blood concentration 
c Kawai et al., 1998 
d Assumed to be unity 
e Zaghloul et al., 1987 
f In-house data estimated by equilibrium dialysis method 
g Stivarga (regorafenib) Tablets, FDA approval package, 2012 
h Assumed to be unity 
i Tasigna (nilotinib) Oral Capsules, FDA approval package, 2007 
j Li et al., 2015 
k Votrient (pazopanib hydrochloride) Tablets, FDA approval package, 2009 
l Taguchi et al., 2019 
m Eley et al., 2015 
n Sunvepra (asunaprevir) Capsules, Common technical document, 2014 
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Table 3 

Kinetic parameters for inhibition, inactivation, and recovery of OATP1B1 activity, and estimation of DDIs potential of preincubation-dependent inhibitors 

Inhibitors 
IC50 values (μM) kinact

d kI
d kobs

e krecovery
f Iu,inlex,max

g R0 R1 R2 R3 Observed 

AUC ratio Pre(-)a Pre(+)c min-1 μM min-1 min-1 μM (R0') (R1') (R2') (R3')  

Regorafenib >10 0.403 0.365 3.63 0.00757 0.0378 0.0769 (1.01) (1.19) (1.21) (1.22)i NAj 

Nilotinib >10 0.235 0.411 2.05 0.0154 0.0627 0.0797 (1.01) (1.34) (1.25) (1.26)i NAj 

Pazopanib 1.42b 0.314b 0.856 0.525 0.0422 0.0416 0.0272 (1.02) (1.09)b (2.01) (2.05) 1.26k, 1.89l 

Asunaprevir 0.17 0.0349 3.51 0.639 0.00565 0.289 0.00994 
1.06h 
(1.05) 

1.22h 
(1.28) 

1.43h 
(1.58) 

1.49h 
(1.67) 

1.41m 

a IC50 values estimated without preincubation. 
b Cited from Taguchi et al., 2019. 
c The lowest IC50 values shown in Supplemental Table 2. 
d Calculated by Eq. 4 based on the data shown in Supplemental Fig. 2. 
e Calculated by Eq. 10.  
f Calculated by replotting the data shown in Supplemental Fig. 3 into sigma-minus plot in logarithmic scale, followed by linear regression analysis. 
g Calculated by Eq. 7 based on the data shown in Supplemental Table 1. 
h f = 0.82 (Rosuvastatin) 
i IC50,pre(-) is assumed to be 10 μM since inhibition did not reach 50% at maximum inhibitor concentration (10 μM). 
j Not applicable. 
k Hamberg et al., 2015. 
l Calculated based on AUC of SN-38 after administration of irinotecan (Bennouna et al., 2015). 
m Calculated based on AUC of rosuvastatin (Eley et al., 2015). 
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TABLE 4 

Effect of preincubation with regorafenib, nilotinib, pazopanib, and asunaprevir on OATP1B1-mediated uptake 

Preincubation period IC50 value (μM)a 

(min) Regorafenib Nilotinib Pazopanibb Asunaprevir 

0 >10 >10 1.42 � 0.23 0.170 � 0.074 

1 >10 3.98 � 1.50 0.594 � 0.030 0.176 � 0.041 

5 >10 6.88 � 1.56 0.314 � 0.028 0.138 � 0.040 

30 4.08 � 0.48 1.89 � 0.37 0.374 � 0.074 0.0349 � 0.0103 

60 0.403 � 0.234 0.235 � 0.169 0.530 � 0.022 0.0415 � 0.0170 
a IC50 values were estimated based on the data shown in Supplemental Fig. 1 by a nonlinear least-squares regression analysis (parameter estimate ± parameter 

S.D., n = 3-4). 
b Taguchi et al., 2019. 
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Ƅ�76 OATP1B1áǩǌ�,"8Ǡ��6�$)Ùȕ#�6� §ÞƋ& OATP1B1áǩ

#�6 E2G( R2Ä* R3�) E1S( R22 R3351ȟ
���$
4ȣTable 1Ȥ E2G)~

áǩ(�#) ȑĝ835ǻ�476áǩ#�6Ëǃĝ�ƖÖ�7�� 

� ōŔǝ#) Ȍ÷ǡȞ#Ƅ	�áǩŷĉ� Km�351�
���$
4 IC50�8 Ki�

$�ó�" R0Ä* R1(ǜƤ'²Ƅ������ �(�ó)Ȍ÷´�ơÍȌ÷/ȗơÍȌ

÷'á!	�Ȍ÷�Ƅ8Ɩ�ãÍ'Ĥ5Ɵ �0 Ņȉ�ðƋȌ÷�Ƅ8Ɩ��CsA( IC50

�� Ki�$ƣ�	$�ó#�&	Ëǃĝ��6�-� CsA '36 OATP1B1 (|ţ»ǵ

ĉ)ȗĆ'ł� ž'ȟ	 CsAŷĉ'�	") kinact8řƕ'Ǡ�#�"	&	Ëǃĝ1�
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6�Ĕ�" ōŔǝ#ıœ�� DDI�ŰĊ�Ĕŏ(ËǳƋȌ÷'á!� DDI�ŰĊ351

�Űƪĉ'¢7"	6
%

' 	") �ē�4'Ŕǟ�"	�Ěǖ��6� 

� ōŔǝ#) Ņȉ�ðƋ OATP1B1Ȍ÷'Ɛƍ� Ĕŏ(ËǳƋȌ÷'á!� DDI�ŰĊ

$|ţ»Ä*×ėǸƛ8Ʊ.ǰ9� DDI �ŰĊ(�Űƕĉ' 	" śǭŔǟ���

OATP1B1ţĝ(|ţ» ×ėǸƛÄ* OATP1B1(ø}ƀ8Ʊ.ǰ9� DDI�ŰĊ)Ĕŏ

( DDI�ŰĊ'ś,"�Űƕĉ�Ïz� Ņȉ�ðƋ OATP1B1Ȍ÷( DDI835óȅƋ

'�ŰËǃ&īŗ'&5�6$ƾ�47��-� OATP1B1(ø}ƀ8 1$�6�$# 

DDI( ȑĝ8ǻ�47��0 ½ǌÔȈƉ'�	"ȈƉ»ÍŽ�Ņȉ�ðƋ OATP1B1Ȍ

÷�Ƅ8Ŋ��ãÍ(ŉè( DDI qJEǠ�'�	"1 ŊƄ&īŗ'&5�6$ƖÖ�

7�� 
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Ƣ 5Ơ� Ʒĩ 

� ǌŽƏ��ƄȣDDIȤ)ȄƩ&µ�Ƅ2şƈ¹ő(ŮČ&%(ÂØ$&6�$
4 ½ǌ

ÔȈƉ'�	"\T'��6 DDI (ŊŹ$�(ƛĉ8�Ű�6�$)Ȅǖ#�6�ÌĂ(

DDIB=Up=v/B=OvJ#) OATPȌ÷'á!�ǇĈ DDIǡȞôŀ8°Ľ�6�0(

DDI�ŰĊ�Ɩ�7"	6� OATPȌ÷')áǩ�ðĝ Ņȉ�ðƋȌ÷�ƄÄ*ȇŅȉ

ĪƶƋ&Ȍ÷�Ƅ��5 ôȒ'ƁÛ(B=Up=v#Ɩ�7"	6 DDI �ŰĊ#)yǼ

(�# ȑĝ'&6�$�âÒ�7"	6���# ōƔƝ#)Ņȉ�ðƋ& OATPȌ÷'

Ɛƍ�ƕĉ(ȟ	 DDI�ŰŠ(ŕƨ8ƍī��� 

� Ƣ 2Ơ#)Ņȉ�ðƋÄ*ĪƶƋȌ÷�Ƅ8Ŋ�6 CsA8Ƅ	" ËǳƋȌ÷'á!�

DDI �ŰĊ
4�Ű�� AUC (zŃ$ȗǇĈ DDI ǡȞ'��6 AUC (zŃ8śǭ���

In vitroǡȞ
4�Ű�� AUC(zŃ)ȗǇĈ DDIǡȞ'��6 AUC(zŃ'ś,"Ǌ�

��
����(ÂØ) CsA(�ǥŽ2ǐŵǎƊ'ƳÍ�� CsA'36 OatpȌ÷8�Ű

Ċ'Ʊ.ǰ9#	&	�$�ÂØ#)&� Ņȉ�ðƋÄ*ĪƶƋȌ÷�Ƅ8Ŋ�6ǌŽ

( DDI8ËǳƋȌ÷'á!	� DDI�ŰĊ'Ď")0"	6�$�ÂØ$ƾ�47 Ņȉ

�ðƋÄ*ĪƶƋ OATPȌ÷�Ƅ8Ŋ�6ǌŽ( DDI8ËǳƋȌ÷'á!� DDI�ŰĊ8

Ƅ	"óȅƋ'�Ű�6�$)Ùȕ#�6$ƾ�47�� 

� Ƣ 3Ơ#)as=vCncxIovŎ�{#č	 OATP1B1Ȍ÷�Ƅ8Ŋ� ǇĈ'�	

" OATP1B1áǩ$( DDI�âÒ�7"	6 pazopanib( OATP1B1Ȍ÷(žĘ$ǇĈ'�

�6 DDI (Ëǃĝ8Ǡ����Pazopanib ) CsA $ÎŖ'ƒŅȉ(as=vCncxIo

v# OATP1B1 'û�6Ȍ÷�Ƅ8åč�� OATP1B1 ( Km�$ Vmax8Î�3
'æ»

����yĿ# pazopanib $(as=vCncxIov'35�{�� OATP1B1 ţĝ)

CsA$śǭ�"ǵ2
'×ė���as=vCncxIovŎ�{#Ƥ¬��ŉ1�	 IC50

�8Ƅ	�$�( R1�) 1.09#�5 pazopanib)ǇĈ'�	" OATP1B1Ȍ÷'36 DDI

8ǫ��Ëǃĝ)�	$İú�7 �4' CsA$ pazopanib$(ȉ( OATP1B1Ȍ÷'��
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�Ƅ)Ǣ047&
��� 

� Ƣ 4 Ơ#) Ņȉ�ðƋȌ÷�Ƅ8Ŋ�6 OATP1B1 Ȍ÷ǌ(ƕĉ(ȟ	 DDI �ŰŠ(

ŕƨ8ƍī���ËǳƋȌ÷'á!� DDI �ŰĊ) Ņȉ�ðƋ OATP1B1 Ȍ÷ǌ( DDI

8Ǌ��ǸÿǠ����$
4 DDI8 ȑĝ$°ó�6Ëǃĝ�ȟ	�$�ƖÖ�7��

yĿ# OATP1B1ţĝ(|ţ» ×ė[pjxNÄ* OATP1B1(ø}ƀ8Ʊ.ǰ9� DDI

�ŰĊ) ËǳƋȌ÷'á!� DDI�ŰĊ351ǇĈ'��6 AUC(zŃƀ'Ǳ� 35

óȅƋ& DDI �Ű(īŗ'&5�6$ƖÖ�7���4' OATP1B1(ø}ƀ8 100%$

�� DDI �ŰĊ) OATP1B1 Ȍ÷'36 DDI ( ȑĝ8ǻ�476īŗ'&5�6$İ

ú�7�� 

ōƔƝ)½ǌÔȈƉ'�	" Ņȉ�ðƋ OATP1B1Ȍ÷�Ƅ8Ŋ�6ȈƉ»ÍŽ( DDI

( ȑĝ(×ǻ'�	"ŊƄ#�6��4' OATP�ç(TpvJfxNx'Ȋ�"1Ņ

ȉ�ðƋȌ÷�Ƅ�âÒ�7"	6�$
4 Ŗ�&TpvJfxNx'û�6 DDI �Ű

'1ěƄ#�6Ëǃĝ��6� 
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Ƣ 6Ơ� ôȞĿŠ 

6-1. ǡǌ 

PravastatinÄ* ABT) Tokyo Chemical IndustriesȣTokyo, JapanȤ35Ǫ¥���Rifampicin

) Sigma-Aldrich ȣSt. Louis, MOȤ35Ǫ¥���CsA midazolamÄ* Atorvastatin calcium 

trihydrate) FUJIFILM Wako Pure Chemical CorporationȣTokyo, JapanȤ35Ǫ¥���CsA

(�ǥŽ#�6 M1 ) Toronto Research ChemicalsȣNorth York, CanadaȤ35Ǫ¥���

Pazopanib) Synkinase Pty LtdȣVictoria, AustraliaȤ35Ǫ¥���Pitavastatin calcium) 

Avachem ScientificȣSan Antonio, TXȤ35Ǫ¥���Rosuvastatin calcium) AK ScientificȣUnion 

City, CAȤ35Ǫ¥���Pazopanib) Synkinase Pty Ltd.ȣVictoria, AustraliaȤ35Ǫ¥���

Asunaprevir) Santa Cruz BiotechnologyȣDallas, TXȤ35Ǫ¥���Nilotinib) ChemScene 

LLCȣMonmouth Junction, NJȤ35Ǫ¥���Regorafenib) Toronto Research ChemicalsȣNorth 

York, ONȤ35Ǫ¥���[3H]Estrone 3-sulfateȣE1SȤȣ51.8 Ci/mmolȤ) PerkinElmer ȣWaltham, 

MAȤ35Ǫ¥���[3H]Estradiol-17β-glucuronide (E2G) ) American Radiolabeled Chemicals

ȣSt Louis, MOȤÃ) PerkinElmerȣWaltham, MAȤ35Ǫ¥���pQT 3¼(ƿƯǂ8a

xr��pQT«ƳƿƯǂȣLot No. Rs702 from 8-weeks-old male Sprague-Dawley ratsȤ) 

ThermoFisher ScientificȣSt. Louis, MOȤ35Ǫ¥���\T«ƳƿƯǂȣLot No. Hu8239 from 

a 52-year-old female CaucasianȤ) ThermoFisher ScientificȣSt. Louis, MOȤ35Ǫ¥���p

QTǐŬ) ōǡȞ'Ð-7&	pQT
4ĕ���(�(ǡǌ) �,"žƬǡǌ8Ƅ	

��\Tǐŵ)brIvCõǛ'Ĕ	 ƘƔǕǌŒĊ�Ɨ\TƱƺ�ƂìÕ�'3�"ĦǢ

�7�ǡȞǜƅň'á!	" 8�(epvR<;
4ĕ47���(�(ǡǌ) �,"ž

Ƭǡǌ8Ƅ	�� 

 

6-2. ºŽ 

� 6ǶȢ(ȓĝ Sprague-DawleypQT8ŁōPlxrJqZxȣKanagawa, JapanȤ35Ǫ¥



 

 66 

� 12Ņȉ(ńŇH=Er űĉ 30–70% 20–26°C(Ŏ�#Ȝǀ���ºŽôȞ) ƘƔ

ǕǌŒĊ�ƗºŽôȞìÕ�'3�"ĦǢ�7�ǡȞǜƅň'Ĕ�"ôŀ�7�� 

 

6-3. ǌŽħ} 

� DMSO ?NXxr Kolliphor ELP Ä*ƃƂțäŨ(ŪÍŨȣ2 : 2.5 : 2.5 : 93Ȥ8í�$

�"ųǚ��� 0.1 0.5 1 3Ä* 5 mg/kg( CsA 10 mg/kg( rifampicinÃ)í�8=L

_rpvȡǾ{#ĳț{(pQT'¨��ÛȖǄ
4À×ĜǵȖǄ¨ħ}���ħ}(ƽ

Ł ƲÊMvS8Ƅ	" 0.5% M.C.#ģŶ��� 30 mg/kg ( pravastatin Ä* 10 mg/kg (

midazolam (ŪÍŨ8yņƵț���pQT'ƲÊħ}���CsA ħ}ē( Oatp ţĝ(×

ė8Ǡ��6ǡȞ#) 5 mg/kg( CsAÃ)í�8ȖǄ¨ħ}ē 1Ł 3ŁÄ* 7Ł'�	

" yņƵț���pQT' 30 mg/kg( pravastatin8ƲÊħ}���CsA(�ǥŽ'36

Oatp Ȍ÷8Ǡ��6ǡȞ#) ƃƂțäŨ'ųǚ��� P450 ȗǺĨƋȌ÷´#�6 ABT

ȣ20 mg/kgȤÃ)ƃƂțäŨ8=L_rpvȡǾ{#ĳț{(pQT'¨��ÛȖǄ
4À

×ĜǵȖǄ¨ħ}���16 Ņȉē =L_rpvȡǾ{#pQT' 0.5 mg/kg ( CsA 81


yĿ(¨��ÛȖǄ
4À×ĜǵȖǄ¨ħ}����( 1Łē ƲÊMvS8Ƅ	"yņ

Ƶț���pQT' 30 mg/kg( pravastatin8ƲÊħ}���Rifampicin'36 DDI(�Ű

ƪĉ8Ŕǟ�6ǡȞ#) DMSO \UtCIat^r βIEtSCJTqvÄ*ƃƂțä

Ũ(ŪÍŨȣ5 : 13 : 82Ȥ'ųǚ��� 10 mg/kgÄ* 25 mg/kg( rifampicinÃ)�(ŪÍŨ

8=L_rpvȡǾ{#ĳț{(pQT'¨��ÛȖǄ
4À×ĜǵȖǄ¨ħ}���5­

ē ǘȃ{(pQT' 30 mg/kg( pravastatinÄ* 10 mg/kg( midazolam(ŪÍŨ8ƲÊħ

}���ǐŨ) pravastatinƲÊħ}ē 5 15 30­ 1 2 4 8Ņȉ'ŹȡǾ{#āȖǄ

35ĮÈ���ĮÈ��ǐŨ8 4°C 14,000×g# 10­ȉǹę� ǐŵ8ĕ��ǐŵ)Űó

�6-#−30°C#×ƥ� Ũ�EtgTFp_<x-ǩȅ­ŐǔƻȣLC-MSÃ) LC-MS/MSȤ

8Ƅ	"ǐŵ�(»ÍŽŷĉ8Űó��� 
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6-4. Ưǂàȝ 

� ōŔǝ#) HEK293/OATP1B1 ƉƁƯǂ$�" HEK293 Ưǂ' OATP1B1 Ã) FLAG �

ƳÍ�� OATP1B1 8č³ƉƁ���Ưǂ8�Ƅ���HE293/OATP1B1 ƉƁƯǂ8 L-

glutamine$ phenol red 8Ð-� 10%>Iǁ¤ǐŬ dWIqv/JTsaTg=IvÄ*

1 mg/mL(G4188Ð/Dulbecco’s modified Eagle’s mediumȣDMEM, high glucoseȤ ȣFUJIFILM 

Wako Pure ChemicalȤ# 37°C  5% CO2Ŏ�#àȝ��� 

 

6-5. HEK293/OATP1B1Ưǂ8Ƅ	�È5ǰ.ǡȞ 

� HEK293/OATP1B1Ưǂ8 poly-D-lysineGxTŭ.( 4 wellȣThermoFisher ScientificȤÃ)

24 wellasxTȣBecton Dickinson, Franklin Lakes, NJȤ' 1.0�105 cells/well(ùĉ#ĴƜ�

��ĴƜē 2Ł' 5 μL( 500 mM ȀȂVTq>i8àÜ'ū·�ȣưŷĉȥ5 mMȤ �

4'�(yŁē'È5ǰ.ǡȞ8ôŀ���Ņȉ�ðƋȌ÷ǡȞȣPre+Co Ŏ�8Ð/Ȥ#

) àÜ8È5ȏ	�ē' 37°C 'ů0"�	� transport bufferȣ125 mM NaCl, 4.8 mM KCl, 

1.2 mM CaCl2, 1.2 mM KH2PO4, 1.2 mM MgSO4, 35 mM HEPES, and 5.6 mM D-glucose, pH 7.4Ȥ

# 2×Ţ	8Ǒ��ē transport buffer# 5­ȉas=vCncxIov����(ē ų

íûŻȣŉưŷĉȥ1% DMSOȤÃ)Ȍ÷´8Ð/ transport buffer'ƻĲ� 37°C# 0–60­

ȉas=vCncxIov��� as=vCncxIovē Ȍ÷´8Ð/ transport buffer

8È5ȏ� áǩ$Ȍ÷´8Ð/ transport buffer8Ưǂ'ū·� È5ǰ.ǡȞ8Ȉë���

CoincubationŎ�ȣCoŎ�Ȥ#)Ȍ÷´8Ð-&	 transport buffer# HEK293/OATP1B1Ư

ǂ8 30­as=vCncxIovē áǩ$Ȍ÷´8Ð/ transport buffer'ƻĲ� È5

ǰ.ǡȞ8Ȉë���as=vCncxIov(.(Ŏ�ȣPreŎ�Ȥ#) Ȍ÷´8Ð/

transport buffer#HEK293/OATP1B1Ưǂ8 30­as=vCncxIovē 37°C( transport 

buffer#yĉŢ	8Ǒ	 áǩ(.8Ð/ transport buffer'ƻĲ� È5ǰ.ǡȞ8Ȉë�
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��OATP1B1ţĝ(×ėǡȞ#) Ȍ÷´8Ð/àÜ# HEK293/OATP1B1Ưǂ8 30ȣCsAȤ

Ã) 60­ȣasunaprevir, nilotinib, regorafenibÄ* pazopanibȤas=vCncxIovē Ȍ

÷´8Ð-&	ľȠ&àÜ'�Ĳ���Ǟó��Ņȉ'�	"àÜ8È5ȏ� 37°C (

transport buffer#yĉŢ	8Ǒ��ē ���'áǩ(.8Ð/ transport buffer8ū·�" 

È5ǰ.ǡȞ8Ȉë���Ņȉ�ðƋ& OATP1B1Ȍ÷�Ƅ(ǵĉǤƋǚŐ#) Ȍ÷´8

Ð/ transport buffer# 30­as=vCncxIovē 37°C( transport buffer#yĉŢ	

8Ǒ	 ���'[3H]E1S$ȗŗǧ�( E1S(ŪÍŨ8 HEK293/OATP1B1Ưǂ'ū·�" 

È5ǰ.ǡȞ8Ȉë���OATP1B1(Ņȉ�ðƋȌ÷'Ȋ�6 pazopanib$ CsA(���

Ƅ8Ŕǝ�6ǡȞ#) pazopanibÄ* CsA8Ð/ transport buffer# 30­as=vCncx

Iovē 37°C( transport buffer#yĉŢ	8Ǒ	 ���'áǩ8Ð/ transport buffer8

HEK293/OATP1B1Ưǂ'ū·�" È5ǰ.ǡȞ8Ȉë���OATP1B1ţĝ(|ţ»ǡȞ

#) HEK293/OATP1B1Ưǂ8Ȍ÷´ȣCsA; 0.05–0.5 μM, asunaprevir; 0.05–1 μM, nilotinib; 

0.2–5 μM; regorafenib; 1–10 μM, pazopanib; 0.1–2 μMȤÃ)ųíûŻ8Ð/ transport buffer#

as=vCncxIov��ȣCsA; 20 sec-3 min, asunaprevir; 1–5 min, nilotinib; 1–5 min, 

regorafenib; 5–30 min, pazopanib; 0–2 minȤ��(ē ËǳƋȌ÷(Đș8ŉÿȎ'�6�0'

37℃( transport buffer# 1ĉŢ��ē ���'áǩ(.8Ð/ľȠ& transport buffer8ū

·� Æě8Ȉë���0.5­ȣ[3H]E1SÄ*[3H]E2GȤÃ) 1­ēȣatorvastatin pitavastatin

Ä* rosuvastatinȤ ÆěŨ8ȏ� ŝª�� transport buffer8·�" 2×Ţť���ÌǡȞ

ư�ē 0.2 mL( 0.2 N NaOH8·�"yņķƻ���ƽŁ HCl8·�"�Óē Ưǂų

ǚŨÄ*ÆěŨ(ķüţĝ8Ũ�IvPsxIovA>vNxȣTricarb 4910TR, 

PerkinElmer; LSC-6100, Aloka Tokyo, JapanȤ#Űó���Ưǂ(Nv[Eȅ)żǐŬ;r`

hv8Ŕȅǡļ$�"Nv[EóȅCQTȣBio-Rad Laboratories, Hercules, CAȤ8Ƅ	" 

BradfordŠ'Ĕ	Űó��� 
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6-6. pQTƿƯǂ+( pravastatin(È5ǰ.ǡȞ 

� pQT«ƳƿƯǂ8 37°C(ůŦ#ǚ«� thawing mediumȣThermoFisher ScientificȤ'­

š�"ģŶ��ē öů 50×g # 5 ­ȉǹę���zŬ8ȏ� pQTƿƯǂ8 Krebs–

HenseleitȣKHȤ bufferȣ118 mM NaCl, 23.8 mM NaHCO3, 4.8 mM KCl, 1.0 mM KH2PO4, 1.2 

mM MgSO4, 12.5 mM HEPES, 5.0 mM D-glucose, and 1.5 mM CaCl2, pH 7.4Ȥ#©ģŶ� 4°C 

50×g# 5­ȉǹę���zŬ8ȏ	�ē pQTƿƯǂ8 KH bufferÃ)pQTǐŬ#©ģ

Ŷ� IqGvs=mxŠ'35È5ǰ.ǡȞ8ôŀ��ȣTakeuchi et al., 2014Ȥ�pQTƿ

Ưǂ8 37°C # 5 ­ȉas=vCncxIov��ē �4
�0 37°C #ů0"�	� 2 

μM( pravastatin$ CsA rifampicinÃ) DMSO8Ð/ KH bufferÃ)pQTǐŬ8ƣȅ·

�"ŪÍ� Æě8Ȉë���Rifampicin) KH bufferÄ*pQTǐŬŎ�# 0.01–1000 μM

(ƧÚ$���CsA) KH bufferŎ�#) 0.01–10 μM$� ǐŬŎ�#) 0.1–100 μM$�

��ÆěŨ�( DMSOŷĉ)�," 1%ȣv/vȤ$���ÆěȈëē 3­'�	" ÆěŨ

200 μL8 100 μL(IqGv@=rȣùĉ 1.035Ȥ$�({ă' 5M(ǿȂ;vkW>i 50 

μL 8Ð/IqGvPnx`'­š� ǹę���ǹęē ƿƯǂ8Ð/{ă8Ũ�ƞƭ'

 �"ƑŅ'ª«���IqGv@=rzǼ(zŬ 100 μL8±(Pnx`'×Ç� Iq

GvPnx`8®��ē pQTƿƯǂ8Ð/{ă8±(Pnx`'�
�-'¥7"ǹ

ę� pQTƿƯǂ8×Ç���pQTƿƯǂ�( pravastatin Ä*zŬ( pravastatin CsA

Ä* rifampicin8 LC-MS/MS'35óȅ���zŬ(ǌŽŷĉ) ÆěŨ�#(ǌŽŷĉ$

ƣ�	$�ó��� 

 

6-7. \TƿƯǂ8Ƅ	�È5ǰ.ǡȞ 

� \T«ƳƿƯǂ8 37°C#Ǐǚē thawing mediumȣThermoFisher ScientificȤ'ƚ�"ģŶ

� öů 100�g# 10­ȉǹę���zŬ8ȏ� seeding medium# 0.8�106 viable cells/mL

'&63
'©ģŶ� collagen IGxTŭ.( 24 wellasxT'ĴƜ���ĴƜē 4Ņȉ
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' 37°C 'ů0"�	� KH buffer #\TƿƯǂ8 2 ×Ţ	 pazopanib Ã) CsA 8Ð/

KH buffer# 30­as=vCncxIov���30­ē 37°C( KH buffer# 1ĉŢ	 

[3H]E1S8Ð/ KH buffer'ƻĲ�" 30ƙ=vCncxIov���30ƙē \TƿƯǂ8

ŝª�� KH buffer# 2ĉŢ	 0.2 mL( 0.2 N NaOH8·�"yņķƻ����ȍĶ�) 

OATP1B1ƉƁƯǂ$ÎŖ$��� 

 

6-8. ǐŬÃ)ǐŵ�ǎƊƳÍƀ(Űó 

CsA rifampicinÄ* pazopanib(pQTǐŵ ǐŬÃ)\TǐŵǎƊƳÍƀ)ćǒǴŐŠ

'35Ƥ¬���ǴŐǅȣƯï(Ǝđȥ5 nm ­îȅ(AQT@_ȥ14,000 DaȤ8ǋƆŜ'

1ŅȉŴ��(� ǴŐǔƻ'KQT���ǴŐǅ8Ĭ9# 200 400Ã) 750 μL(ǐŵÃ

)ǐŬ$ 0.1 MqvȂAq>iZQ_:xȣpH7.4Ȥ8�7�7ū·� 37°C# 20Ņȉ=

vCncxT���ćǒ»ē ǐŵÃ)ǐŵ$ZQ_:x8×Ç� LC-MSÃ) LC-MS/MS

'35ǌŽŷĉ8Űó��� 

 

6-9. LC-MS/MSŰóŎ� 

6-9-1. TSQ Quantum Ultra LC-MS/MSIJRiȣpravastatin rifampicinÄ* midazolam(Ű

óȤ�  

(1) @xTHvapx  HTC PALY=JrxaQT LCš¥IJRi�  

(CTC Analytics) 

(2) Ũ�EtgTFp_<x Accela   (Thermo Fisher Scientific) 

(3) ǩȅ­Őǔƻ  TSQ Quantum Ultra (Thermo Fisher Scientific) 

wHPLCŎ� 

­ŐApiȥ YMC-Triart C18ȣ5 μm, 2.0 mm ID×50 mm, pore 12 nmȤu=?iI< 

ƚºƏ Aȥ 0.1 vol%DȂŜųŨ 
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ƚºƏ Bȥ jNXxr 

ApiůĉǞóȥ40°C 

š¥ȅȥ 15 μL 

ųȔŎ�ȥ 

Ņȉ Ťǵ A B 

min μL/min % % 

0.00  800  95  5  

0.50  800  95  5  

0.51  800  10  90  

0.60  800  10 90  

0.61  300  10  90  

3.00 300  10 90  

3.01  800  0  100  

5.00  800  0  100  

5.01 800  95  5  

6.00  800  95  5  

 

wMSŎ� 

Ionization Method: Electrospray Ionization (ESI) 

MS Acquire Time: 6.0 min 

Q2 Collision Gas Pressure:1.5 mTorr 

Spray Voltage:  4000 V 

Sheath Gas Pressure: 30 Arb 

Auxiliary Gas Pressure: 35 Arb 
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Capillary Temperature: 300°C 

Scan Width:  ±0.50 amu 

Scan Time:  0.050 s 

Q1 Peak Width:  0.70 FWHM 

Q3 Peak Width:  0.70 FWHM 

Compound 
Precursor ion Product ion 

(m/z) (m/z) 

Pravastatin 423.200  321.200  

Rifampicin 821.400  397.200  

Midazolam 326.100  291.100  

Ketoconazole������� 531.200  243.900  

 

6-9-2. TSQ Quantum Vantage LC-MS/MSIJRiȣCsA CsA�ǥŽM1 atorvastatin, pitavastatin

Ä* fluvastatin(ŰóȤ� �  

(1) @xTHvapx  NANOSPACE SI-2 3133�  ȣŒȤèȋLxO 

(2) Ũ�EtgTFp_<x NANOSPACE SI-2 3101 ȣŒȤèȋLxO 

NANOSPACE NASCA2 5200ȣŒȤèȋLxO 

(3) ǩȅ­Őǔƻ  TSQ QUANTUM Vantage 

Thermo Fisher Scientific 

wHPLCŎ� 

­ŐApiȥ Capcell Pak C18ȣ3 μm, 1.5 mm ID×35 mm, pore 12 nmȤȣŒȤèȋLxO 

ƚºƏ Aȥ 1 mMǿȂ;vkW>i 

ƚºƏ Bȥ ;KTWTqr 

ApiůĉǞóȥ40°C 
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š¥ȅȥ 10 μL 

Ņȉ Ťǵ A B 

min μL/min % % 

Init 400  85 15 

0.60 400  85 15 

0.61 400  5 95 

2.80 400  5 95 

2.81 400  0 100 

3.70 400  0 100 

3.71 600  0 100 

4.60 600  0 100 

4.61 400  85 15 

7.50 400  85 15 

 

wHPLCŎ� 

­ŐApiȥ YMC-Triart C18ȣ5 μm, 2.0 mm ID×50 mmȤ ȣŒȤèȋLxO 

ƚºƏ Aȥ 0.1% DȂŜųŨ 

ƚºƏ Bȥ jNXxr 

ApiůĉǞóȥ40°C 

š¥ȅȥ 10 μL 

Ņȉ Ťǵ A B 

min μL/min % % 

Init 400  85 15 

0.60 400  85 15 
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0.61 400  5 95 

2.80 400  5 95 

2.81 400  0 100 

3.70 400  0 100 

3.71 600  0 100 

4.60 600  0 100 

4.61 400  85 15 

7.50 400  85 15 

wMSŎ� 

Ionization Method ȥESI) 

MS Acquire Time ȥ8.0 min 

Q2 Collision Gas Pressure ȥ1.5 mTorr 

Spray Voltage  ȥ3500 V 

Sheath Gas Pressure ȥ40 Arb 

Auxiliary Gas Pressure ȥ25 Arb 

Capillary Temperature ȥ235°C (CsAÄ*M1) 

ȥ330°C(atorvastatin, pitavastatinÄ* fluvastatin) 

Scan Width  ȥ± 0.50 amu 

Scan Time  ȥ0.20 s 

Q1 Peak Width  ȥ0.70 FWHM 

Q3 Peak Width  ȥ0.70 FWHM 

Compound 
Precursor ion Product ion 

Ion mode 
(m/z) (m/z) 

Atorvastatin 480.200  418.200 Positive 
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Pitavastatin 422.300 274.100  Negative 

Rosuvastatin 480.200 418.200 Negative 

CsA 1202.9 425.300 Positive 

M1 1219.0 425.300 Positive 

Ketoconazole������� 531.200  243.900  Positive 

 

6-9-3. Q ExactiveTM LC-MSIJRi 

(1) @xTHvapx  HTC PALY=JrxaQT LCš¥IJRi�  

(CTC Analytics) 

(2) Ũ�EtgTFp_<x Accela   (Thermo Fisher Scientific) 

(3) ǩȅ­Őǔƻ  Q Exctive  (Thermo Fisher Scientific) 

wHPLCŎ� 

­ŐApiȥ CAPCELL PAK C18 ACRȣ3 µm 1.5 mm I.D. × 35 mmȤèȋLxO 

ƚºƏ Aȥ 0.1 vol%DȂŜųŨ 

ƚºƏ Bȥ jNXxr 

ApiůĉǞóȥ40°C 

š¥ȅȥ 10 μL 

ųȔŎ�ȥ 

Ņȉ 

ȣminȤ 

Ťǵ 

ȣµL/minȤ 

ƚºƏ B 

ȣ%Ȥ 

ƚºƏ C 

ȣ%Ȥ 

Init 800 95.0 5.0 

0.50 800 95.0 5.0 

0.51 800 10.0 90.0 

0.80 800 10.0 90.0 
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0.81 300 10.0 90.0 

3.00 300 10.0 90.0 

3.01 800 0.0 100.0 

5.00 800 0.0 100.0 

5.01 800 95.0 5.0 

6.00 800 95.0 5.0 

 

wMSŎ� 

Ionization Method: ESI 

MS Run Time: 3.00 min 

Spray Voltage:  3500 V 

Spray Current:  0 µA 

Sheath Gas flow rate: 40 Arb 

Aux Gas flow rate: 10 Arb 

Capillary Temperature: 330°C 

Vaporizer Temperature: 280°C 

S-lens RF level:  50.0 

Scan range:  150.0 to 1000.0 m/z 

Resolution:  35000 

Scan Events:  Targeted-SIMȣSelected-Ion Monitoring) 

Isolation windows: 4.0 m/z 

Pazopanib:  m/z 438.1707 

Ketoconazole (IS):  m/z 531.1560 
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6-10. SxNǚŐ 

6-10-1. ǌŽºĠñƋǚŐ 

ǌŽºĠñƋ[pjxN(ǜƤ')�Phoenix WinNonlin 6.3 Build 6.1.0.173ȣPharsightȤ�

8�Ƅ��� 

 

6-10-2. in vivo Ki�(Ƥ¬ 

(CL/Finhibitor)/(CL/Fcontrol) = α [Ki,in vivo
γ / (Iγ + Ki,in vivo

γ)] + (1-α) ȣ1Ȥ 

CL/FcontrolȥCsAȗħ}Ƽ'��6 pravastatin(ƲÊEq;pvJ 

CL/FinhibitorȥCsAħ}Ƽ'��6 pravastatin(ƲÊEq;pvJ 

αȥóĺ 

γȥ\r�ĺ 

Iȥǐŵ�ȗƳÍď CsAŷĉȣpravastatinħ}ē 5­(Űó�Ȥ 

 

6-10-3. in vitro IC50�(Ƥ¬ 

Vinhibitor / Vcontrol = IC50
γ / (Iγ + IC50

γ)� � �    ȣ2Ȥ 

VcontrolȥȌ÷´ȗðÛ{'��6áǩ(È5ǰ.¯ǵĉ 

VinhibitorȥȌ÷´ðÛ{'��6áǩ(È5ǰ.¯ǵĉ 

γȥ\r�ĺ 

IȥȌ÷´ŷĉ 

 

6-10-4. áǩ(È5ǰ.'Ȋ�6ǵĉǤƋǚŐ 

V = Vmax × S / (Km + S) + PSdif × S    ȣ3Ȥ 

Vȥáǩ(È5ǰ.¯ǵĉ 

Vmaxȥáǩ(ŉèǮǲǵĉ 
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KmȥhA?qJóĺ 

Sȥáǩŷĉ 

PSdifȥǴǸEq;pvJ 

 

6-10-5. KIÄ* kinact(Ƥ¬ 

kobs,app = kinact�I / (KI + I)     ȣ4Ȥ 

KIȥŉè|ţ»ǵĉ( 50%(ǵĉ81�4�Ȍ÷´ŷĉ 

kinactȥŉè|ţ»ǵĉóĺ 

kobs,appȥ.
�(|ţ»ǵĉóĺ 

IȥȌ÷´ŷĉ 

kobs,app )|ţ»ǡȞ'��6as=vCncxIovŅȉ'û�"Śðţĝ(ǈźûĺ

8$5 �(Ƹď×ą
4Ƥ¬��� 

ȗƸďŉÿ��Š)MULTI programȣYamaoka et al., 1981Ȥ( Damping Gauss-NewtonŠ8

Ƅ	�� 

 

6-11. R�(Ƥ¬ 

ōŔǝ#) as=vCncxIov&�Ä*�5Ŏ�(ËǳƋȌ÷'á!� DDI �Ű

Ċ8 R0Ä* R1$� �4'áǩ(ƿƯǂ+(È5ǰ.'û�6 OATP1B1(ø}ƀ8ƾġ

�� DDI�ŰĊ8 R0’Ä* R1’��� 

R0 or R1 = 1 / ((1 / R1’ ) • f + (1 - f))    ȣ5Ȥ 

R0’ or R1’ = 1 + Iu,inlet,max / Ki     ȣ6Ȥ 

Iu,inlet,maxȥƿǆ¥5Ê(ǐŨ�#(İóŉèȗƳÍďȌ÷´ŷĉ 

Kiȥas=vCncxIov&�Ã)�5Ŏ�'��6Ȍ÷óĺ 

fȥƿƯǂ+(È5ǰ.'û�6 OATP1B1(ø}ƀ 
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ōŔǝ( in vitroǡȞ'��6áǩŷĉ) Km�'ś,"¾­'�	ŷĉ#ǡȞ8ôŀ�

��0 Ki�') in vitroǡȞ35Ƥ¬�� IC50�8Ƅ	��Iu,inlet,max ) �{(Ċ35Ƥ

¬��ȣIto et al., 1998Ȥ� 

Iu,inlet,max = fu,p × ( Imax + ( ka × FaFg × Dose) / Qh / RB)  ȣ7Ȥ 

fu,pȥǐŵǎƊȗƳÍƀ 

ImaxȥȌ÷´(ŉȟǐŵ�ŷĉ 

kaȥÑÇǵĉóĺ 

FaFgȥȌ÷´(ŧ»ƥ;c=p]qR< 

DoseȥȌ÷´(ħ}ȅ 

QhȥƿǐŤǵĉ 

RBȥǐŨ/ǐŵŷĉś 

 

ōŔǝ#) OATP1B1ţĝ(|ţ»Ä*×ė'á!� DDI�ŰĊ8 R2Ä* R2’$��� 

R2 = 1 / ((1 / R2’) • f + (1 - f))     ȣ8Ȥ 

R2’ = (kobs + krecovery) / krecovery     ȣ9Ȥ 

kobsȥ|ţ»ǵĉóĺ 

krecoveryȥǗ
�(×ėǵĉóĺ 

krecovery) OATP1B1 ţĝ(×ėǡȞ'�	" OATP1B1 ţĝ8ƹǬ'Ȍ÷´8Ð-&	

àÜ#(àȝŅȉ8ŘǬ'��$�(IFgg=VJatQT(ƎƸ×ą35Ƥ¬��� 

kobs)�{(Ċ35Ƥ¬��� 

kobs = kinact × Iu,inlet,max / (KI + Iu,inlet,max)    ȣ10Ȥ 

 

ōŔǝ#) OATP1B1(ËǳƋȌ÷ |ţ»Ä*×ė'á!� DDI�ŰĊ8 R3Ä* R3’

$��� 
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R3 = 1 / (Ah�Bh�f + (1-f))     ȣ11Ȥ 

R3’ = 1 / (Ah×Bh) 

Ahȥƿǆ'��6 OATP1B1(ËǳƋȌ÷ 

Bhȥƿǆ'��6 OATP1B1(|ţ» 

AhÄ* Bh)�{(Ċ35Ƥ¬��� 

Ah = 1 / (1 + Iu,inlet,max / IC50,pre(-))    ȣ12Ȥ 

Bh = krecovery / (kobs + krecovery)     ȣ13Ȥ 

IC50,pre(-)ȥas=vCncxIov�"	&	Ŏ�'��6Ȍ÷óĺ 

 

6-12. ƴǜǚŐ 

ƴǜñƋ&ŊĞĄ) Student( tŔóÃ) 2£ǽƻ­Ĺ­Ő8Ƅ	��P�� 0.05ŌŲ($

� ƴǜñƋ'ŊĞ$°ó���  
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