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Ut~�Ƌɍʠȣ  (AD) <ȕɃR¡Ɇĸ7*NƔƋȣɇƋɍʠɄƍ

6�N�Ŷ�ɉɈR·�ĵƎ7œˀRʌM˧*; Ȭƃ6�N 1�˦ Ŭ�

£ŭÚ;F9L+�̡Ŭǘ�K>Ɨ®ƍʒ;ĵù ɛ¶Ģ̭þ( 2�

AD ;ʎƍȰ<�Ƚʼǰ6�ǌ(5�N 3,4�  
ÙɂƜïó6�Nna���j  (TL) <�ʢĤɟǧ:�$NƥɿĊ

Ƈ;Ɯï:Ů"¿QO5�N�'L:�ɍʠ:ŇĪ*NÙɂƣŷɹʘ

:IǕú6�N&7�L 5–7�TL ;˟ʟó AD ;ȁɊʬ7(5¿ȸ'
O5�N�AD :ŕ*N TL ;ƞȣɇ½ȸ;Ŷ'<�Ɨ®ȸ; 0.1% TL
ĖǕ˟ʟ6jr�WuĹȸʬ;jt��b�ŚÚȸ 0.03% TL ĖǕ˟ʟ
6�sVU�7Ĕɨ7'O5�M�ɕǘ�K>̋ǘɌ9ǕúƋ<ŚÚ

�LƗ®E6Ů"ˇǍ'O5�N 8–12�ŜƙǕŎ½ȸ:̐(5<�ĺ

";ƍʒ6˟ʟ;˻ȸ˿:×˷Ƌ;ȨƒJƶɈƒRȶ)N&7 İę

'O5�N 13�/0(��+O;æȲȰI�TL ˟ʟ;Ĳť̎ŃǁǊż
:º�(�ɍɃ;ƽģ77I:ɋȲ(9"9N 12,14 ,15�'L:�jr

�WuĹȸʬ;̋ǘ˰ȸ6ʻLONɍʠʩʉJʭɭƦŵ½ȸRȶ)9

� 16�³�;˭M�ʣů¿ȸ6; TL ˟ʟ;Ɨ®�K>ŚÚ:�$NǕ
úƋJɕǘɌ9ŜƙǕŎ§˓98;ŉÜƋ:̐*NZ}s�j ̛ɢ

'O5!/�  
AD ȁɊ:�$N TL ˟ʟ;̸�ǕȸƋ ˋHLON×Ǉ6�TL ˟

ʟ;̋ǘ¿ȸ:�$NŉÜƋ:3�5̋L"˒ː 'O5�N���

t~qa˟ʟ;̣ʣůˉ̶;�1��XjĲť SćƋˉ̶:��5�

��t~qa˟ʟ 0.03%�K> 0.1%R�Xj;Ü»ʲ̤ɢ; 40%:ɐ
ŷ*NĲť̤ɢ6 2 Ŭ̏Ĳť(/ɽǢ�0.1%��̸�ʭ  TL ����
����������������ˋHLO/ 17�E/�Hui L İę
(/żPĕ!e��tɖɣ:��5�AD ƍʒ; TL ˟ʟ¿ȸÀ6ɍʠ
T ɹʘ��{ʝ;ɋȲ�ja;�ǌ əˋ'O/ 18�-;×Ǉ6�TL
˟ʟR¿ȸ*Nƍʒ;��{ʝ;ɋȶ̫Ű<ʤȦɋȶȰR˚�NI;

69"�TL ˟ʟ;¿ȸ ��{ʝ;�jaĵļ;ʹĦ7<ʑ�LO9
�7�2/İęIǀʻ'ON 19–21�AD ƍʒRŕ˓:(/ TL ˟ʟɍʠ
˻ȸż;ʬȫüƓňˉ̶6<�TL ;Ü˞ƁȵA;ɟʮ əˋ'O5�



2 
 

N 22–26�-;ĺ"6 1 ng/mL ³�7º�ʭ  TL ȡŰ̼ʢĤɟǧ:˻ȸ
'ON̘;Ɏǯ7*Nt��Í : 5.0-20 ng/mL–Rɚ(5�M�TL ;ʭ
 A;ɟʮƋ<ǪH5º�&7 ǍL�:'O/�(�(9 L�AD
6<�Ʉƍ;Ƌ˖��TL ˟ʟR̋ǘɌ:¿ȸ*N/H�ƔƋ¿ȸ:·
�Ü˞Ƌö½ȸ;ɋȲ Ɩƈ'ON�  

TL ;èņ̆<ɴ 822̼TL ǽĝȫ7(5–6�N�-;/H�TL <
ǶŪ9ɍʠRȋˬ(:"� �AD ƍʒ;ɴ 80%:ɍʠ;z�Uʙ:
ɁŪ �N/H 27,28�TL <ɍʠ:ȋˬ(ǎ"9N 22,29�-(5�ɍʠ

:ȋˬ(/ TL <ʲɍ��d�y�jɹʘJɑɍǱȭɹʘ98;Ùɂ
ƣŷɹʘ:½ȸ*N&76  6 ,7�ɍʠŜƙ6ʬúRɋƴ*N�ɍʠ R

Ʀǀ*N TL <�ɍʠɑɍ³�:ŇĪ*Nʭɭ�LČM˥EO�Ü˞
ƁȵA7ɟʮ*N�(�(9 L�TL ;Ü˞A;ɟʮ<�Ü˞Ƌö½
ȸ;ʾȤ�LǖE("9��  
ɍʠ:˻ȸ'ONʵó< 2 3:ļí'ON�-O.O�ɍʠɑɍş

:�Nʭɭ�LČM˥EO5Ü˞ƁȵAɟʮ*N&76Ü˞Ƌ;úǢ

 ǘ ź ' O N Ü ˞ ½ ȸ Ĭ ʵ ó  (transdermal drug delivery systems 
(TDDSs)) 7�ɍʠŜƙI("<ɍ�;ɩ̷ǥɳ:½ȸ(5úǢRɋƴ
*NŜƙ½ȸĬʵó6�N�&OLɍʠ˻ȸʵó<�Ȭ: TDDSs :�
�5<�×ʦɌ:ǶŪɍʠ:˻ȸ'ON�-;/H�ʬȫ;ɼɍėċ

ˉ̶:<�ƵÒɍʠ69"�-;ĺ"6ǶŪɍʠ ¿ȸ'ON�(�

(9 L�in vitro ɍʠˬ˷ˉ̶:��5�ɍʠ;ƵÒ:KMʬȫˬ˷
Ƌ;ĸþ əˋ'O5�N 30–32�Xf`Ƹæʓ°λȈȃRȸ�/ in 
vitro ɍʠˬ˷ˉ̶6<�ʭɭß:��i_w�7XhʭȐU����
RĖǕ(/nW��uȍRλȈ',N7���i_w�:KNʭɭƦ

ŵ7-O:·�XhʭȐU����;ʭɭĹȝæ:KM�ɍʠ:˻ȸ

'O/ʬȫ;èť ĸü(/ 33�'L:�ɍʠß˿:��������

�������������������������ɼɍėċˉ̶:

��5�ʬȫ;Ü˞�K>ŜƙɟʮƋ �˻ȸ'ONɍʠ̼I("<

ɢşʡ̏–;ȶȴȭƓ:Ź̦Rč$N&7 İę'O5�N 34�  
TL˟ʟ;˻ȸ˿¹79N ADƍʒ;ɍʠ6<ȣɇĊƇ ȶ)5�N�

À�=�ʿşz�Uʙ;̙ŎJʭȈ̆;ĸþ�ʭɭˬ˷Ƌ;¬˲7-

O:·�ʭȟƗè;ʭɭĹȝæ98ǭ�9ĸþ ȶ)5�N 35–38�-

(5�&;ĺǭ9ĸþ TL ;Ü˞�K>ŜƙɟʮüƓ:Ź̦RĉD
*&7 ¦Ə'ON�(�(9 L�ɍʠȶȴȭƓ;ĸþ �TL ;Ü
˞�K>ɍʠŜƙɟʮƋ:8;K�9Ź̦RĉD*;�ˊɹ:Ǩ˄(

/İę<9��  
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-&6�ʶē§˓:¹ʍ²$LONɍʠȶȴȭƓ;ĸþRɸ˷ɠ:

è̞(�TL ;Ü˞ɟʮüƓ�K>ɍʠŜƙüƓ:ĉD*Ź̦;ˈÃ7�
-;ʹĦRǍL�:*N&7RɎɌ7(5ɖɣR̎Ń(/�*9Q1�

AD ƍʒ;ɍʠ6ʾŔ'ONȣɇ:·�ɍʠȶȴȭƓ;ĸþ6�N	  
ʿşz�Uʙ;̙Ŏ�
  ɍʠʭȈ̆;ĸþ��  ʭɭˬ˷Ƌ;¬˲�
�  ʭɭˬ˷Ƌ¬˲:·�ʭȟn�{a˖;ʭɭĹȝæ:ɓɎ(�-O
LɍʠȭƓ;ĸþ7 TL Ü˞ɟʮüƓ�K>ɍʠŜƙüƓ7;̐ÆR�
Üʭ �K>ɍʠ  TL ȡŰRȔŋ*N&76ˈÃ(/�-;̘�ɼ
ɍǽèʫǀ̆  (transepidermal water loss (TEWL)) �K>ɍʠʭȈ̆R�
ɍʠȶȴȭƓ;ŋ̆þ:ȸ�/�  
ɧ 1 ɥ6<��U�j�qtʗ˿ɍʠR¿ȸ(�ɡ�ɍʠȶȴȭƓ

;ĸþR®šɌ:ų!˙&(/�s��*9Q1r��jt�q~�

b:KMʿşRŊÜ:I("<×˿̕Ĉ(/ɍʠ�s�Jɍʠß:˙

ȣóRƝ�(/ɍʠ�s��ʭɭċʉó;Ɲ�:KMʭȈRº�',

/ɍʠ�s�R½Ɨ(�-OLɍʠ�s�6ʾŔ'ONɍʠȶȴȭƓ

;ĸþ7 TL Ü˞ɟʮüƓ;̐ÆRˈÃ(/�-(5�TL ;Ü˞Ƌö
½ȸ¦̒;ʾȤ�L�ɍʠ;ȭƓĸþ:Ƈ)/ TL ˟ʟ;˻ȸǇȃ:
̐*N���p��tR½Ɨ(/�ɧ 2 ɥ6<�ɍʠ;ɑɍ:�Nǻ
ɹʭɭ�Lȝæ(/ʭȟƗè:ɓɎ(�TL ;ɍʠŜƙüƓ7;̐Æ:
3�5Ǩ˄Rʮ2/�*9Q1��U�j�qtʗ˿ɍʠ:ȊʝRȶ

)',�TL ;Ü˞ɟʮüƓ7ʬú:̐QN7ʑ�LONɍʠ  TL ȡ
ŰA;Ź̦RˈÃ(/�ɧ 3 ɥ6<Ut~�ǭɍʠɆĸRĘ*N AD
�s��XjRȸ�5�˟ʟ˻ȸż; TL ;Üʭ �K>ɍʠ ȡŰ
RȔŋ(�ɧ 1 ɥ�K>ɧ 2 ɥ;ɽǢRI7:�Ō̘; AD ƍʒ6˙
&MžN TL ;Ü˞�K>ŜƙɟʮüƓ;ĸþ7-;ʹĦRʑŔ(/�
'L:�TL ;Ü˞ɟʮ;ĥ˽RɎɌ:�ɍʠȭƓ:Ƈ)5 TL ˟ʟ;
˻ȸȃRĸǓ(�-;ǕȸƋRˈÃ(/�   
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ɧ 1 ɥ  na���jÜ˞ɟʮüƓ:ĉD*ɡ�ɍʠȶȴȭƓ;
Ź̦:̐*N�U�j�qtRȸ�/Ǩ˄  

 
ʬȫ;ɍʠˬ˷ƋI("<ɍʠ�L;Ü˞ɟʮƋ<�ɍʠ;Ǭ˯J

-;ȭƓ:KMŹ̦Rč$N�TL ˟ʟ ˻ȸ'ON˿¹<�ȣɇɍʠ
6�M�-;ɍʠɆĸ<œˀ7ĵƎRʌM˧(9 LƔƋɌ:ɼ˷*

N/H�ɍʠ;ȭƓĸþ<ʶ̝79N�-&6�ǜɥ6<��U�j

�qtRȸ�5ȬƃɌ9ɍʠ;ȭƓĸþR!/(/�s�ɍʠR½Ɨ

(/�r��jt�q~�båȴ:KMʿşz�UʙRĸþ',/ɍ

ʠJ˙ȣó;ɍʠßƝ�:KMƊƋȣɇRȶ)/ɍʠ�'L:<ʭɭ

ċʉóƝ�:KMɍʠʭȈ̆Rĸþ',/ɍʠRȸ�5� in vivo ɼɍ
ėċˉ̶Rʮ2/�Ēɡɍʠ;ȶȴȭƓ7(5ʿşz�Uʙ7ɍʠʭ

Ȉ̆Rŋ̆Ɍ:ˈÃ*N/H:�ɍʠ�L;ǽèʫǀ̆Rɚ*

TEWL39,40 �K>ʭȳ˶ü;Ȕŋ:KMžLON perfusion units (PU, 
arbitrary units)41,42Rȸ�/�-OLɍʠȶȴ{���n�7Üʭ  TL
ȡŰ;Ȕŋ:KM�TL ;Ü˞ɟʮüƓ:Ź̦RĉD*ʹĦRˏǣ(/� 
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ɧ 1 ɮ  ʿşz�Uʙ7na���jÜ˞ɟʮƋ;̐Æ  
 
×ʦɌ:�ʬȫ;ɼɍėċ;ŻˮǸ̖<ʿş;ˬ˷˷ɠ79N�TL

:��5IĔǭ:�ʿş;ˬ˷Ơƞ ɼɍėċ;ǔļ;̙Ķ7ʑ�L

ON�TL ˟ʟRƝ�(/ AD ƍʒ6ɍʠɆĸ;œˀ:·��TL ;ʭ
 ȡŰ º�(/7��İę �N 24�(�(9 L�ɍʠɆĸ;œ

ˀ<�ʿşz�Uʙ;ƽģ0$69"�ɍßȵĴ;ǶŪþ:KN7I

ʑ�LON�TL Ü˞ɟʮüƓ:ʿşz�Uʙ7ɍßȵĴ;81L;Ź
̦ ļ!"ő�*N;��I("<ĄĿɌ:ő�*N�:3�5<Ǎ

L�69��-&6�ɧ 1 ɮ6<ʿşz�Uʙ:ɓɎ(�TL ;Ü˞ɟ
ʮƋ7;̐ÆRǨ˄(/�ɧ 1 ̨6<�U�j�qtǶŪɍʠ:�$
N TL ;Ü˞ɟʮƋRˈÃ(/�'L:�ÏÜ9ʿşz�UʙRǕ*
Nɍʠ:ŕ(5˙ȣóRƝ�*N&76ɍßŜƙ:ƊƋȣɇRƐ˙'

,�-O:KM TL ;Ü˞ɟʮ ĸþ*N�RˈÃ(/�E/�TL ;
Ü˞ɟʮ̆7ʿşz�Uʙ;̐ÆRŋ̆Ɍ:ˈÃ(/İę<9��-

&6�ɧ 2 ̨6<�TEWL RƩǯ7(5 TL ˟ʟ˻ȸ˿¹;ʿşz�U
ʙRŋ̆Ɍ:ˈÃ(�ʿşz�Uʙ7 TL Ü˞ɟʮƋ;̐ÆRˏǣ(
/�   
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ɧ 1 ̨  ǶŪ9ʿşz�UʙRǕ*Nɍʠ:�$Nna���j
Ü˞ɟʮ;ˈÃ  

 
TL ;ɼɍėċˉ̶:×ɤ1�¦ÑǨ˄7(5��U�j�qt;ʗ

˿ɍß:ƊƋȣɇRƐ˙',Nƚȃ;əɤRʮ2/�*9Q1�� -
]�dw��gW�f��]lW��L9N˙ȣȫ˖Ȏēαȍ  (˙ȣ
ó , prophlogistic material solution (PMS)) Rɍß:Ɲ�*N&76�ɍ
ʠß˿:ȣɇ Ɛ˙'ON�əˋ(/ 43�X�n�ʞʜß̹́�;�

U�j�qt:Zz�j���  (EB) R̢ʚßƝ�(/ż��qt;
ʗ˿ǶŪɍʠ:˙ȣó 50 µL RɍßƝ�(�-; 30 èż:ɍʠRƸæ
(/�Ƹæɍʠ;ɑɍÐ;áɑR Fig. 1 :ɚ*�EB <ʭȟn�{a˖
6�NU����7̸�U�VwrVRǕ*N/H�ʭȟn�{a˖

;ʭɭĹȝæ��]�7(5ĺ";ɖɣ6¿ȸ'O5�N 44,45�ɍʠ

ɻʋ A; EB ;ȝæ əˋ'O&7�L  (Fig. 1)�˙ȣó;ɍßƝ�
:KNȣɇ Ɛ˙'O�ʭɭˬ˷Ƌ¬˲:·�ʭȟn�{a˖;ʭɭ

Ĺțæ ȶ)N&76�ɍʠß˿:Ȋʝ ŸƗ'O/7ʑ�LO/�  

 
Fig. 1  Observation of EB leakage into skin tissue 30 min following an 
injetion of the PMS. 

An EB saline solution (1.0%) was injected (1.0 mL) intravenously, and a 
PMS of λ-carrageenan (0.5%), zymosan (1.0%), and casein (1.0%) was in-
jected intracutaneously 5 min following the EB administration. The treated 
skin was excised 30 min following the EB administration.  
 
� TL ɍʠ˻ȸ:̘(5�ǶŪɍʠ�K>˙ȣóƝ�ɍʠ;ȶȴȭƓR
ˈÃ*N/H: TEWL �K> PU RȔŋ(/�-;ż:�ǶŪɍʠ�
K>˙ȣóƝ�ɍʠ: 0.1w/w% TL ˟ʟRŒŖĲť  (˟ʟ˻ȸ̤ɢ 10 
cm2, ˟ʟ˻ȸ̆ 10 mg/cm2) (�TL Ü˞ɟʮüƓRˈÃ(/�˟ʟ˻
ȸò; TEWL �K> PU Í�-(5�˟ʟ˻ȸ 15 è�90 è�K> 8
ǐ̏ż;Üʭ  TL ȡŰR Table 1 :ɚ*�   
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Table 1  Physiological skin conditions and TL systemic absorption 
following the application of 0.1w/w% TL ointment through rat skin (10 
cm2) with (+) or without (–) the PMS injections. 

PMS Rat # 
TEWL 

PU 

TL whole blood concentration 

(ng/mL) 

(g/m2/h) 15 min 90 min 8 h 

(–) 

1 6.1 130  -* - 0.07 

2 6.0 123 - - - 

3 6.1 166 - - - 

4 6.8 187 - 0.14 0.11 

5 7.9 114 - 0.12 0.12 

6 7.2 187 - 0.09 - 

 
Mean ± SD 6.7 ± 0.8 151 ± 33 

   
       

(+) 

1 5.7 137 - - 0.07 

2 5.2 134 - - - 

3 9.2 70 - - - 

4 6.3 161 - - 0.06 

5 6.3 154 - 0.10 0.10 

6 7.6 222 - 0.13 0.13 

�  Mean ± SD 6.7 ± 1.5 146 ± 49 �  �  �  

* -: Not detected, limit of quantitation: 0.06 ng/mL 

PMS = prophlogistic material solution; TEWL = transepidermal water loss; PU 

= perfusion unit; TL = tacrolimus; SD = standard deviation 

 
ǶŪɍʠ; TEWL �K> PU Í<�Ë»̏6ļ!9ĸü<ʻLO9

�2/�Üʭ  TL ȡŰ<�50̻  (6 ÿ  3 ÿ ) ;Ë»6;FǨæ'O
/�ʭ ȡŰ Ǩæ'O/Ë»6¼O;ÍI 1 ng/mL ǚȖ6�M�̣
Ū:º�Í6�2/&7�L�ʿşz�Uʙ ǶŪ9ɍʠ6< TL ;
Ü˞A;ɟʮ<˙&M:"�&7 əˋ'O/�  
˙ȣóƝ�ɍʠ; TEWL �K> PU Í<7I:Ë»̏6Q+�:ĸ

ü(/I;;�ǶŪɍʠ7ǺB5ǕƑ9ĸþ<ʾŔ'O9�2/�Ü

ʭ  TL ȡŰ<�67̻  (6 ÿ  4 ÿ ) 6Ǩæ'O/ �¼OIǶŪɍʠ
7Ĕǭ:º�Í6�2/�&OL;&7�L�ʿşz�U ǶŪ:ǳ

ʙ(5�Nıē�ȣɇ:KNɍʠß˿;ȭƓĸþ<�TL ;Ü˞ɟʮ:
Ź̦RĉD'9�7ʑ�LO/�   



8 
 

ɧ 2 ̨  ʿşz�U̙ŎRǕ*Nɍʠ:�$Nna���jÜ˞
ɟʮ;ˈÃ  

 
ɧ 1 ̨6<�ʿşz�U ǶŪ:ǳʙ*Nɍʠ:ŕ(5 TL ˟ʟR

˻ȸ(/ıē�TL <ʭ Aɟʮ(:"�&7 ɚ'O/�AD ƍʒ;
ɍʠ;ʿşz�Uʙ<�ÏŪ®;ɍʠ:ǺB5º�(5�M�-;̙

Ŏ;ɠŰ<ǭ�6�N 36,37 ,46�-&6��qtʗ˿ɍʠ:r��jt

�q~�båȴRʮ��-;ĥǁRĸ�N&76ʿşz�Uʙ;̙Ŏ

;ɠŰ Ɂ9Nɍʠ�s�R½Ɨ(/�r��jt�q~�båȴ 5�
10�11�13�15 ĥ;¼O�Rʮ2/ɍʠRjt�q~�båȴˏǂɍ
ʠ  (skin treated with controlled stripping)�20 ĥ;jt�q~�båȴ
ɍʠRʿş̕Ĉɍʠ  (fully stripped skin) 7(/ 47�jt�q~�bå

ȴˏǂɍʠ�K>ʿş̕Ĉɍʠ;˟ʟ˻ȸ˿¹; TEWL �K> PU R
Ȕŋ(/ż�0.1w/w% TL ˟ʟRŒŖĲť  (˟ʟ˻ȸ̤ɢ 5.0 cm2, ˟ʟ
˻ȸ̆ 10 mg/cm2) (�TL Ü˞ɟʮüƓRˈÃ(/�Fig. 2 :�TEWL
7ˉ̶ 8ǐ̏;Üʭ  TLȡŰǒʆ�̤ɢ AUCblood;̐ÆR�qtË�

;s�n6ɚ*�  
TEWL ;�ǌ:·��*9Q1ʿşz�Uʙ;º�:·25 TL ;

Ü˞ɟʮ̆;ĵļ ʾŔ'O/  (Fig. 2)��ʒ;̏:<Ƕ;ɐ̐̐Æ 
�N&7 ǍL�792/  (~Um�;ɢȰɐ̐Æǁ r = 0.939, P < 
0.0001)�  
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Fig. 2  Relationship between skin barrier function and TL absorption 
following application of 0.1w/w% TL ointment on rat skin (5.0 cm2). 

TEWL was measured in the skin treated with full-stripping (� , n = 6) or 
controlled stripping (� , n = 9) prior to TL application. The regression 
curve: (AUCblood = (0.202 × TEWL) – 3.244). The r and P values were 
calculated using the Pearson test.  
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ɧ 2 ɮ  ʿş̕Ĉɍʠ:�$Nna���jÜ˞ɟʮƋ:ĉD*
˟ʟ;Ĳť̤ɢ�K>˟ʟ na���jȡŰ;Ź̦  

 
AD ;ɍʠɆĸ;̤ɢ<ƍʒ:K25Ɂ9M�TL ˟ʟ;˻ȸ̤ɢ;

ĵļ:·25 TL ;ʭ ȡŰ �ǌ*NÓĕ:�N7�2/&7 İ
ę'O5�N 24,48�ɧ 1 ɮ:��5ʿşz�Uʙ:ÂŇ(/ TL ;Ü˞
ɟʮ ʾŔ'O/&7�L�AD ƍʒ;ɍʠɆĸ˿:�$N TEWL ;
Ȕŋ7-; TEWL:ēQ,/ TL˟ʟ;Ŧ̄:KM˟ʟ  TLȡŰRˏ
ǂ*N&76�TL Ü˞ɟʮ;ïſ ʻ˥EON�&OL;&7�L�
˻ȸ*N TL ˟ʟ;̤ɢJȡŰ;˼Ɵ<ļĸ̅ʹ6�N�  
×ʦɌ:�ɍʠ:˻ȸ'ONʬȫ<�ȡŰý̀R̵üø7*Nčü

Ʀǀ:Į4�5ɍʠ Rɟü*N�ɍʠ ;�+O;¹ʍ:��5I

-;ȡŰý̀ ×ŋ�*9Q1ʬȫ;ɟüˮŰ ŋŪȭƓ6�Nıē�

ɼɍėċˮŰ<  (1) Ų:K25ɚ'ON� (1) Ų ; P �����ɍ
ʠ Rɟʮ*NʆˮŰ  (ˬ˷Æǁ ) Rʲ(�ˬ˷Ơƞ;˫ǁ6�N/
H�ɍʠȭƓ:˙Ħ*NÆǁ6�N�P ×ŋ;Ǟµ6I�˻ ȸ̤ɢ  (A) 
�K>˻ȸʬȫȡŰ  (∆C)  ĸQN&76�ɼɍėċˮŰ ĸü*N�
E/�Ɲ�ʬȫ;»ßüƓ ʆŸƋRɚ*9L=�ʬȫƝ�ż;ŋŪ

ȭƓ:�$Nʭ ȡŰ  (Css) <ʬȫ;Ɲ�ˮŰ:K25Ȁŋ'O�(2) 
Ų:K25ɚ'ON�  
 
dx/dt = P×A×∆C� … (1) 
 
Css = (dx/dt)/CLtot� … (2) 
 
Css = P/CLtot×A×∆C� … (3) 
 
-(5�ʬȫ;ɍʠˬ˷ˮŰ Ü˞ƁȵA;ėċˮŰ7ɨ(�ıē�

(3) Ų:ɚ'ONK�:�˻ȸ̤ɢ  (A) �K>˻ȸʬȫȡŰ  (∆C) R
˻é:ɭȴ*N&7:K25�ʬȫɼɍ˻ȸż;ʭ ȡŰ;ïſ ď

ʙ79N�  
-&6�ǜɮ6<�U�j�qt;ʿş̕Ĉɍʠ:��5�TL ;Ü

˞ɟʮƋ:ĉD*˟ʟ;˻ȸǞµ;Ź̦Rˏǣ(/�*9Q1�˻ȸ

˟ʟ  TL ȡŰ�K>˟ʟ;˻ȸ̤ɢRĸ�/̘;�qtʗ˿ɍʠ�
L; TL Ü˞ɟʮƋRˈÃ(/�˟ʟ;Ŧ̄:<�TL ˟ʟ;Ť˔ʵó
;Įó:¿ȸ'O5�NȈü{��V�Rȸ�/�ʿş̕Ĉɍʠ:˻
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ȸ(/˟ʟ  TL ȡŰ<�Ť˔ʵó6�NƗ®ȸ; 0.1̻7ŚÚȸ;
0.03̻�-(5 0.1̻˟ʟ�LŦ̄(/ 0.003̻7(/�˟ʟ;˻ȸ̤
ɢ<�10�5.0 �K> 0.79 cm27(/�Fig. 3A :�TL ˟ʟ;ŒŖĲť
8 ǐ̏żE6;Üʭ  TL ȡŰƱɟRɚ*�Fig. 3B �K> C :�˟ʟ
  TL ȡŰE/<˟ʟ˻ȸ̤ɢ7�ĒǞµ�:�$N˟ʟ˻ȸż;ʭ
 ȡŰƱɟ�Lɬæ(/ AUCblood7;̐ÆRɚ*�  

TL ;ʭ ȡŰ<�˟ʟ  TL ȡŰE/<˻ȸ̤ɢ;ĵù:·25̸
"Ʊɟ(/  (Fig. 3A)�'L:�TL ;Ü˞ɟʮ̆<�˻ȸ˟ʟ  TL ȡ
Ű�K>˻ȸ̤ɢ7ǺÀ̐Æ:�N&7 ʾŔ'O/  (Fig. 3B, C)�-
;/H� (3) Ų6ɚ(/K�:�TL <ĮǜɌ9Ʀǀȴː:Ž25ʭ 
:ɟʮ*N&7�L�TL ˟ʟ;˻ȸǞµR˻é:ˆŋ*N&76 TL
ʭ ȡŰ;ïſ ďʙ79N&7 ɚ'O/�   
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(A)  

 
(B)                           (C) 

 
Fig. 3  TL whole blood concentrations following application of TL 
ointment on fully stripped rat skin with various TL concentrations and 
application areas (A); relationship between TL absorption and TL 
concentration in ointment without changing application area of 5.0 cm2 

(B); relationship between TL absorption and application area without 
changing an ointment TL concentration of 0.1w/w% (C).  
 

Symbols:� - 0.1%, 10 cm2; � - 0.1%, 5 cm2; - 0.03%, 5 cm2; � - 0.1%, 
0.79 cm2; � -0.003%, 5 cm2. Each value is expressed as mean ± SD (n = 
3-6).   
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ɧ 1 ɮ Fig. 2 KM�TEWL 7 TL Ü˞ɟʮ̆<�Ĕ× TL ȡŰ�K>
Ĕ×˻ȸ̤ɢ:��5Ƕ;ɐ̐̐Æ:�2/�&;̐Æ ˟ʟ;Ɂ9

N˻ȸǞµ�6IĔǭ:Ɨɤ*N�RǨˇ*N/H�ʿş̕Ĉɍʠ7

jt�q~�båȴˏǂɍʠ:��5�˟ʟ;Ɂ9NĲťǞµ�6;

in vivo ɍʠ˻ȸˉ̶;ɽǢRɾē(5 Fig. 4 :ɚ*�Ēs�n̏6˟
ʟ  TL ȡŰ�K>˟ʟ;Ĳť̤ɢ Ɂ9N/H�AUCblood< TL Ɲ�
̆�I("<˟ʟ  TL ȡŰ�K>˟ʟ;˻ȸ̤ɢ6ǯȗþ(/�E
/�ħ :�Nɏʆ�K>ɗʆ<�-O.O Fig. 2 ;Üs�n;ĥũ
ɏʆ�K>-; 95%É̬Ā̏Rʲ*�  
-;ɽǢ�˟ʟ;˻ȸǞµRĸǓ(/ıēI�TEWL 7  TL Ü˞ɟ

ʮ̆;̐Æ< Fig. 2 ;ɽǢ7ʧ"×ʥ(/�(�(9 L�ʿş̕Ĉ
ɍʠ:��5<�ĥũɏʆ�Ls�n ļ"+ONÓĕIʻLO/�  
 

Fig. 4  Relationship between skin barrier function and TL systemic 
absorption through rat skin following TL application with varied TL 
concentrations in the ointment applied and application areas. 

TEWL was measured in the skin treated with full-stripping (� , n = 20) or 
controlled stripping (� , n = 16) prior to TL application. The solid line is 
the regression curve in Fig. 2: (AUCblood/TL dose = (4.037 × TEWL) – 
64.872) and (AUCblood/application area/TL concentration in the ointment 
applied) = (0.404 × TEWL) – 6.487). The dashed lines show the 95% con-
fidence interval from the data of in Fig. 2.  
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ɧ 3 ɮ  ʿş̕Ĉɍʠ:�$Nna���jÜ˞ɟʮƋ:ĉD*
ɍʠß;ɡ�ȭƓĸþ;Ź̦  

 
AD ;ɍɃ<ĵƎ7œˀRʌM˧(9 LƔƋɌ:ɼ˷(*N�-

;K�9ɍʠ6<ʿşz�Uʙ;º�0$69"�Ȭ:ƊƋĵƎǐ:�

ȣɇ;ƊƋĊƇ7(5ɍʠʭȈ̆;ĵļJʭɭˬ˷Ƌ;¬˲�-O:

·�Ȋʝ98ɍʠƂŚƁȵɳ;ĸþ ȶ)5�N 35,38�-&6�ǜɮ

6<�ɍʠß˿;ȶȴȭƓRĸþ',N/̘; TL Ü˞ɟʮüƓA;
Ź̦RˈÃ(�-;Ź̦Ħņ:3�5ˏǣ(/�E+ɧ 1 ̨6<�ʿ
şR̕Ĉ(/�U�j�qt;ʗ˿ɍʠ:˙ȣóRɍʠßȅŘ*N&

76ƊƋȣɇRƐ˙',�TL Ü˞ɟʮüƓA;Ź̦RˈÃ(/�ɧ 2
̨6<�ʭɭċʉó7(5Uu�v��R�U�j�qtʿş̕Ĉʗ

˿ɍ�:ƨʁƝ�(�TL Ü˞ɟʮüƓA;Ź̦RˈÃ(/�ɧ 3 ̨6
<��U�j�qtʿş̕Ĉʗ˿ɍʠ:ŕ(5Uu�v��RȎē(

/ TL ˟ʟR˻ȸ(�TL ;Ü˞ɟʮ Ɯï'ON�RǨˇ(/�   
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ɧ 1 ̨  ɍßȊʝRǕ*Nɍʠ:�$N˟ʟ˻ȸż;na���
j;Ü˞ɟʮ  

 
�U�j�qtʗ˿ɍʠRr��jt�q~�båȴ*N&76ʿ

şR̕Ĉ(�'L:˙ȣó;ɍßȅŘ:KMȊʝ ȶ)/ʿş̕Ĉ˙

ȣóƝ�ɍʠ�s�R½Ɨ(/�ʿş̕Ĉɍʠ�K>ʿş̕Ĉ˙ȣó

Ɲ�ɍʠ; TEWL �K> PU ÍR Table 2 :ɚ*�  
 

Table 2  Physiological skin conditions prior to TL application. 

�  TEWL (g/m2/h) PU 

Fully stripped skin 252 ± 17 347 ± 46 

Fully stripped skin with the in-
tradermal injections of PMS 

235 ± 20 326 ± 99 

Intact skin (Table 1) 6.7 ± 0.8 151 ± 33 
Each datum represents the mean ± SD. 

 
r��jt�q~�båȴ6;ʿş̕Ĉ:KM�ʿş̕Ĉɍʠ;

TEWL �K> PU Í<ǶŪɍʠ:ǺB5̮ʪ:ĵļ(/�*9Q1�
r��jt�q~�båȴ<�ʿşz�Uʙ;º�0$69"�ɍʠ

ƂŚƁȵʭȈ;ĵļRų!˙&(5�NI;7ʑ�LO/�×Ǉ6�

ʿş̕Ĉɍʠ:ŕ*N˙ȣóƝ�;Ǖȥ:KN�{���n�;ţ<

ˋHLO9�2/�  
ʿş̕Ĉ˙ȣóƝ�ɍʠ: 0.1w/w% TL ˟ʟRŒŖĲť  (˟ʟ˻ȸ̤

ɢ 5.0 cm2, ˟ʟ˻ȸ̆ 10 mg/cm2)(�TL ;Ü˞ɟʮüƓRˈÃ(/�
ʿş̕Ĉɍʠ�K>ʿş̕Ĉ˙ȣóƝ�ɍʠ:ŕ(5 TL ˟ʟRĲť
(/ż;Üʭ  TL ȡŰƱɟR Fig. 5 :ɚ*�   
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Fig. 5  TL whole blood concentration following application of 0.1w/w% 
TL ointment on fully stripped rat skin (5.0 cm2) with or without intra-
dermal injections of the PMS. 

Symbols: � - fully stripped skin with intradermal injections of the PMS; 
� - fully stripped skin without injections of the PMS. Each value is ex-
pressed as mean ± SD (n = 3, 4); **P < 0.01, ***P < 0.001, ****P < 0.0001 for 
the Bonferroni's test following two-way ANOVA. 

 
 
ʿş̕Ĉ˙ȣóƝ�ɍʠ:�$N TL ;ʭ ȡŰ<�ʿş̕Ĉɍʠ

:ǺB5�˟ʟ˻ȸ 30 èż�LǕƑ:̸�ƱɟRɚ(/  (Fig. 5)�ʿ
ş̕Ĉɍʠ7ʿş̕Ĉ˙ȣóƝ�ɍʠ;̏6�TEWL 7 PU Í:ţ 
9�&7�L  (Table 2)�˙ȣóƝ�:KN TL ;ėċĵļR�ɍʠʭ
Ȉ̆;ĸþ;F6ˎǍ*N&7<6!+�í;ɍßȵĴ;ĸþIŹ̦

(5�N7ʑ�L�/�   
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ɧ 2 ̨  ʭɭċʉóɍ�Ɲ�ɍʠ:�$N˟ʟ˻ȸż;na��
�j;Ü˞ɟʮ  

 
ɧ 1 ̨:��5�ʿş̕ĈɍʠA;˙ȣó;ɍßƝ�:KM TL ;

Ü˞ɟʮüƓ ĸþ(/�E/�r��jt�q~�båȴ:KNɍ

ʠʭȈ̆;ĵļ ʾŔ'O�×Ǉ6˙ȣóƝ�;Ǖȥ:KNɍʠʭȈ

̆;˹�<ʾŔ'O9�2/�AD ;ƊƋǘ6<�ÏŪ®�K>ƔƋǘ
;ƍʒ:ǺB5ɍʠ;ʭȈ̆ ĵļ(5�N 35�-&6�ɧ 2 ̨6<�
ɍʠʭȈ̆;Ź̦:ɓɎ(/ˈÃRʮ2/�*9Q1�ʭɭċʉó7

(5Uu�v��Rɍ�Ɲ�*N&76ɍʠʭȈRĸþ',�TL ;Ü
˞ɟʮüƓ:ĉD*ɍʠʭȈ;Ź̦RˈÃ(/�  

Fig. 6 :�Uu�v��RƝ�(/ɍʠA; TL ˟ʟɍʠ˻ȸˉ̶;
ǫȿħRɚ*�TL ;ʭɭČM˥F:ŕ*NɍʠʭȈ;Ź̦RˈÃ*N
/H:<�Uu�v��;úǢRɍʠŜƙ:̔ŋ',�TL ;Ü˞Ɍ9
èť�K>Ȍľ˷ɠ:Ź̦RĉD'9�K�:ʑƕ*Nƅʹ �N�

-&6�Uu�v��RɍʠŜƙ:˪˸',NɎɌ6��Wa�oW

U�hj����Rɍ�:Ⱦʍ(/�����; Ƅ˿<�qajk

���jʵ;ˬǡʡ�LƗM�Uu�v��RĖǕ(/αȍR���

�ß:λȈ',N7�ˬǡʡßĹ;ȡŰý̀:KMUu�v�� �

���;ʡĚˤ˿A7čüƦǀ*N 49�9������ƫÛ:KNɍ

ßȵĴA;Ź̦RǔŚ̔:Ɯ�N/H�����;Ⱦʍ˿¹Rɍ�7

(/ 50,51�'L:ˬǡʡßĹ;ȋˬĩţRȥ"*/H:�����ß

:λȈ',NαȍR pH 7.4 ��̃ʇʰȍ  (PBS) 7(/�  
r��jt�q~�båȴRʮ2/ʗ˿ɍʠ;ɍ�:Ⱦʍ(/��

��  (molecular weight cut off: 50 kDa) : 500 µg/mL Uu�v��ĖǕ
PBSRȈˮ 1.0 µL/min6 1ǐ̏λȈ',5ɍʠʭȈRŉŋþ',/ 52�

����ʡˬ˷˿ ¹ʍ*Nʿş̕Ĉʗ˿ɍʠ˿è: 0.1w/w% TL˟ʟ
RŒŖĲť  (˟ʟ˻ȸ̤ɢ 0.79 cm2, ˟ʟ˻ȸ̆ 10 mg/cm2) (/�E
/�&;ŕȧʐ7(5�Uu�v��RĖǕ(9� PBS R����ß
:λȈ(/ʿş̕Ĉɍʠ:3�5Iˉ̶(/�-O.O;ɍʠ;˟ʟ

Ĳťò; TEWL �K> PU Í�TL ;ʭ ȡŰƱɟR Fig. 7 :ɚ*�  
  



18 
 

 
 Fig. 6  TL absorption study on fully stripped skin with subcuta-

neous infusion of adrenaline (Adr) from microdialysis probe in subcu-
taneous tissue. 

Adr (500 µg/mL) in PBS (pH 7.4) was perfused in microdialysis probe at 
a rate of 1.0 µL/min. Adr was released through the dialysis membrane 
(molecular weight cut off: 50 kDa) to the subcutaneous tissue. 

 
Uu�v��ɍ�Ɲ�ɍʠ; PU Í<�ʿş̕Ĉɍʠ  (PU: 230 ± 60) 

:ǺB5�ǕƑ:º�Í  (PU: 72 ± 19) Rɚ(/  (Fig. 7B)�TEWL Í
:��5I�ʿş̕Ĉɍʠ  (TEWL: 225 ± 14 g/m2/h) :ǺB5�Uu�
v��ɍ�Ɲ�ɍʠ6ǕƑ:º�Í  (TEWL: 191 ± 9 g/m2/h) Rɚ(/  
(Fig.7 A)�Uu�v��ɍ�Ɲ�ɍʠ:�$N TEWL Í;º�<�ɍ
ʠʭȈ̆;º�:KNŹ̦7ʑ�LO/ 53�Uu�v��Ɲ�ɍʠ:

��5�˟ʟĲť 15 èż�Lˉ̶ɺ¥ 2 ǐ̏;̏�TL ;ʭ ȡŰƱ
ɟ<ǕƑ:º�ƱɟRɚ(/  (Fig.7 C)�-;/H�ʿşz�U ǳʙ
(5�9�ɍʠ:��5<�ɍʠʭȈ̆ TL ;Ü˞ɟʮüƓ:ļ!
"Ź̦*N&7 ǍL�792/�
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(A)                             (B) 

  
(C) 

 
Fig. 7  Physiological skin conditions prior to TL application (A, 
TEWL; B, PU) and TL systemic absorption following application of 
0.1w/w% TL ointment on fully stripped rat skin (0.79 cm2) (C) with or 
without subcutaneous infusion of Adr.  

 TEWL (A) and PU (B) were measured prior to TL application on the 
skin infused with Adr-free (–) PBS and Adr-dissolved (+) PBS. Symbols in 
(C): � - infusion of Adr-free PBS (infusion rate, 1 µL/min); � - infusion 
of Adr solution (Adr in PBS, 500 µg/mL; infusion rate, 1.0 µL/min). Each 
value is expressed as mean ± SD (n = 3): (A, B), *P < 0.05, unparired t test; 
(C), **P < 0.01, ****P < 0.001 for Bonferroni's test following two-way 
ANOVA.    
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ɧ 3 ̨  ʭɭċʉó¾ȸɍʠ˻ȸ:KNna���jÜ˞ɟʮ;
ƜïúǢ  

 
ǜɮ;ɧ 2 ̨:��5�Uu�v��;ɍ�Ɲ�:KNɍʠʭȈ̆

;º� �TL ;Ü˞ɟʮRŶ"Ɯï(/�-;/H�ʿş̕Ĉɍʠ:
�$NÜ˞ƁȵɳA; TL ;ėċ<ɍʠʭȈŻˮ6�N&7 ʑ�L
O/�-&6�ɧ 3 ̨6<�TL ˟ʟ:Uu�v��RȎē(�-OR
ɍʠ˻ȸ(/ż; TEWL �K> PU Í;ĸþ�-(5�{���n�
7 TL Ü˞ɟʮüƓ;̐ÆRˈÃ(/�  

0.1% TL ˟ʟ:Uu�v��R 0.25 �K> 0.50w/w%79NK�:Ȏ
ē(/�-O.O;˟ʟR�U�j�qtʗ˿ɍʠ:˻ȸ(�-;Ź

̦RˈÃ(/�0.25%Uu�v��ĖǕ 0.1w/w% TL ˟ʟ<ʿş̕Ĉɍ
ʠ�K>ʿş̕Ĉ˙ȣóƝ�ɍʠ:�×Ǉ� 0.50%Uu�v��ĖǕ
0.1w/w% TL ˟ʟ<ʿş̕Ĉ˙ȣóƝ�ɍʠ:ŒŖĲť  (˟ʟ˻ȸ̤ɢ
5.0 cm2, ˟ʟ˻ȸ̆ 10 mg/cm2) (/�˟ʟ˻ȸò; TEWL �K> PU
ÍR Fig. 8A �K> B :ɚ*�ʿş̕Ĉɍʠ�K>ʿş̕Ĉ˙ȣóƝ
�ɍʠ; TEWL �K> PU Í<�TL ˟ʟE/<Uu�v��ĖǕ TL
˟ʟĲťò:��5Ü5;ʐ;̏6ǕƑ9ţ<ʾŔ'O9�2/�Ē

ʐ̏6˟ʟĲťò;ɍʠz�U�K>ʭȈ̆:ǕƑ9ţ 9�/H�

TL Ü˞ɟʮƋ:ŕ*NUu�v��Ȏē;Ź̦RʑŔ6!N7ʑ�
LO/�   
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(A)                              (B) 

 
Fig. 8  Physiological skin conditions (A, TEWL; B, PU) prior to ap-
plication of 0.1% TL ointment (Adr, –) or Adr-mixed (Adr, 0.25 or 0.50 

w/w%) 0.1% TL ointment on fully stripped rat skin (5.0 cm2) with (PMS, 
+) or without (PMS, –) intradermal injections of the PMS.  

Each value is expressed as mean ± SD (n = 3, 4). There were no statisti-
cally significant differences among groups as determined by one-way 
ANOVA (TEWL, P = 0.205; PU, P = 0.573).  
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ʿş̕Ĉɍʠ�K>ʿş̕Ĉ˙ȣóƝ�ɍʠ:ŕ(5�Ē˟ʟR˻

ȸ(/ż;ɍʠʭȈ̆�K>Ü TL ʭ ȡŰ;ƱɟR-O.O Fig. 9A
�K> B :ɚ*�  

TL RąȮ6˻ȸ(/ʿş̕Ĉɍʠ  (� ) ;ʭȈ<�˟ʟ˻ȸɏż�
LɼǐɌ:º�(�˻ȸ 1 ǐ̏³̓6×ŋ:Ʊɟ(/  (Fig. 9A)�˟ʟ
˻ȸɏż;ʭȈº�<�˟ʟóĲť:KNɍʠʲ̤ȓŰ;º� ćĦ

6ȶ)/7ʑ�LO/�-&6�˟ʟ˻ȸ 1 ǐ̏³̓;ʭȈÍ:̐(
5�TL ąȮ˻ȸ;ʿş̕ĈɍʠRŕȧʐ7(�Ēʐ7Ǻˢ(/�TL
ąȮ˻ȸ;ʿş̕Ĉ˙ȣóƝ�ɍʠ  (� ) ;ʭȈ̆<�˻ȸ 2 ǐ̏R
~�a7*NǕƑ9ĵùRɚ(�-O³̓6<ŕȧʐ7ĔɠŰ:Ʊɟ

(/�0.25%Uu�v��Ȏē˟ʟRĲť(/ʿş̕Ĉɍʠ  (� ) ;ʭ
Ȉ̆<�˻ȸ 1.5 ǐ̏żE6º�ÓĕRɚ(�-;żʇJ�:�ǌ(
5ŕȧʐ7Ĕɨ;ƱɟRɚ(/�0.50̻Uu�v��ĖǕ TL ˟ʟRĲ
ť(/ʿş̕Ĉ˙ȣóƝ�ɍʠ  (� );ʭȈ̆<�ŕȧʐ  (� ) :ǺB
5˟ʟ˻ȸ 7 ǐ̏E6ǕƑ:º"Ʊɟ(/�  
ʿş̕Ĉɍʠ: 0.25%Uu�v��Ȏē˟ʟRĲť*N7  (� )�Ü

TL ʭ ȡŰ<�Uu�v��RȎē˻ȸ(5�9�ʿş̕Ĉɍʠ7Ǻ
B5 1.5 ǐ̏�K> 2 ǐ̏Í6ǕƑ:º�ÍRɚ(/  (Fig. 9B)�ʿş
̕Ĉ˙ȣóƝ�ɍʠ:ŕ*N 0.25%Uu�v��Ȏē˟ʟ;Ĳť6<  
(
 )�TL ąȮ˻ȸ;ʿş̕Ĉ˙ȣóƝ�ɍʠ  (� )7Ĕǭ:̸�ʭ ȡ
ŰƱɟ ʾŔ'O/�(�(9 L�Uu�v��ĖǕȡŰR 0.50%
:�%/ıē (� )�˻ȸɏż�LʾŔ'O/Ü TL ʭ ȡŰ;�ǌ<�
˻ȸ 1 ǐ̏ż�LʇJ�79M�˻ȸ̀ǐ̏żE6 TL ąȮĲťKM
Iº�ʭ ȡŰRɚ(/�  

Fig. 9 RI7:�PU-ǐ̏ǒʆ�̤ɢ AUCPU�K>ʭ ȡŰ�ǐ̏ǒ

ʆ�̤ɢ AUCbloodRɬæ(�-;ɽǢR-O.O Fig. 10A �K> B :
ɚ*�   
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(A) 

(B) 

 
Fig. 9  PU-time profile (A) and TL whole blood concentration-time 
profile (B) following application of 0.1w/w% TL ointment (Adr, –) or 
Adr-mixed (0.25 or 0.50w/w%) 0.1w/w% TL ointment on fully stripped 
rat skin (5.0 cm2) with or without the PMS injections. 

Symbols: � - PMS (–), Adr (–); � - PMS (–), Adr (+, 0.25w/w%); � - 
PMS (+), Adr (–); 
 - PMS (+), Adr (+, 0.25w/w%); � - PMS (+), Adr (+, 
0.50w/w%). Each value is expressed as mean ± SD (n = 3, 4); *P < 0.05, **P 
< 0.01 for �vs� , †P < 0.05, ††P < 0.01, †††P < 0.005 for �vs� , ‡P < 0.05 
for �vs� , §§P < 0.01, §§§P < 0.005 for 
vs� , Dunnett's test following 
two-way ANOVA for data of 1h-8h.   
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(A)                              (B)  

 
Fig. 10  Physiological skin conditions (A, AUCPU) and TL systemic 
absorption (B, AUCblood) following application of 0.1w/w% TL ointment 
(Adr, –) or Adr-mixed (Adr, 0.25 or 0.50w/w%) 0.1% TL ointment on 
fully stripped rat skin (5.0 cm2) with or without the PMS injections. 

Each value is expressed as mean ± SD (n = 3, 4); *P < 0.05, **P < 0.01, 
***P < 0.001, ****P < 0.0001 between two groups, the Tukey-Kramer method 
following ANOVA. 

 
 
AUCPU :�$Nĺʐ̏Ǻˢ6ǕƑ9ţ ʾŔ'O/&7�L  (Fig. 

10A)�AUCPU<ˉ̶ɺ¥ǐE6;ʭȈ̆;ĸþRĊǏ*N�KM̉ƿ

9{���n�6�N7ʑ�LO/�Uu�v��RȎē˻ȸ(/ʿ

ş̕Ĉɍʠ; AUCPU <º�*NÓĕRɚ(/�0.25%Uu�v��Ȏ
ē˟ʟR˻ȸ(/ʿş̕Ĉ˙ȣóƝ�ɍʠ; AUCPU <º�Óĕ:�
M�Uu�v��ȡŰR 0.50%7(/ıē�AUCPU <ǕƑ:º�(/�
Uu�v��RȎē˻ȸ(/ʿş̕Ĉɍʠ; AUCblood<º�Óĕ:�

2/  (Fig. 10B)�˙ȣó;Ɲ�;Ǖȥ:KN AUCPU;ĸþ<ʾŔ'O

9�2/ �AUCblood <˙ȣó;Ɲ�:KMǕƑ:ĵļ(/�&;&

7�L�˙ȣóƝ�:KN TL Ü˞ɟʮƋ;ĵļ<�ɍʠʭȈ̆;F
6ˎǍ*N&7<æǟ9�2/�-;/H±;ʹĦ�À�=ɧ 1 ɮ6
ɚ(/˙ȣóƝ�:KNȊʝŸƗ�*9Q1ʭɭˬ˷Ƌ;¬˲I TL
Ü˞ɟʮƋ;ĵļ:̐Æ*N7ʑ�LO/�ʿş̕Ĉ˙ȣóƝ�ɍʠ

:ŕ(5 0.25%Uu�v��Ȏē˟ʟR˻ȸ(/ıē6I�TL ėċ̆
;ĵļ<Ɯï'O9�2/�(�(9 L�0.50%Uu�v��Ȏē˟
ʟ;Ĳť6<�ʿ ş̕Ĉ˙ȣóƝ�ɍʠ; AUCblood ǕƑ:º�(/� 
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'L:�TEWL�K> AUCPUR-O.O AUCblood7ɾē(5 Fig. 11A
�K> B :ɚ(�TL Ü˞ɟʮ:ŕ*NUu�v��ȎēĲť;Ź̦R
ˈÃ(/�  

 
(A)                                   ( B )  

 
Fig. 11  Relationship between physiological skin conditions (A, TEWL; 
B, AUCPU) and AUCblood following application of 0.1w/w% TL ointment 
or Adr-mixed 0.1% TL ointment on fully stripped rat skin (5.0 cm2) 
with or without the PMS injections. 

Symbols: � - PMS (–), Adr (–); � - PMS (–), Adr (+, 0.25w/w%); � - 
PMS (+), Adr (–); 
 - PMS (+), Adr (+, 0.25w/w%); � - PMS (+), Adr (+, 
0.50w/w%). The solid line in (A) is the regression curve in Fig. 2: (AUCblood 
= (0.202 × TEWL) – 3.244). The solid line in (B) is the regression curve 
calculated from data for open symbols; the r and P value were calculated by 
the Pearson test.   
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Fig. 11A ;ɏʆ<�Fig. 2 :ɚ(/ 0.1w/w% TL ˟ʟRĲť  (˟ʟ˻
ȸ̤ɢ 5.0 cm2, ˟ʟ˻ȸ̆ 10 mg/cm2) (/̘;ĥũɏʆ6�N�ʿ ş

̕Ĉɍʠ: TLąȮ˟ʟ  (� ) �K> 0.25%Uu�v��Ȏē˟ʟ  (� ) 
R˻ȸ(/ıē�TL Ü˞ɟʮ̆<ĥũɏʆ:ŕ(5ʧŁ9×ʥRɚ(
/�×Ǉ�ʿş̕Ĉ˙ȣóƝ�ɍʠ: TL ąȮ˟ʟ  (� ) R˻ȸ(/ı
ē;s�n<�ĥũɏʆ:ŕ(5ǍL�:̸�¹ʍ:��qt'O/�

ʿş̕ĈƊ˙ȣóƝ�ɍʠ: 0.25%Uu�v��Ȏē˟ʟ  (
 ) R˻
ȸ(/ıē;s�nIĔǭ:ĥũɏʆ:ŕ(5̸�¹ʍ:��qt'

O/�×Ǉ6�Uu�v��ĖǕȡŰR 0.50% (� ) 7(5ʿş̕ĈƊ
˙ȣóƝ�ɍʠ:˻ȸ(/ıē;s�n<�ĥũɏʆ:×ʥ*NK�

:h�t(/�Fig. 11B KM�ʿ ş̕Ĉɍʠ:ŕ(5 TL ąȮ˟ʟ  (� ) 
�K> 0.25%Uu�v��Ȏē˟ʟ  (� ) R˻ȸ*N7�AUCPU 7

AUCblood 7;̏:<Ƕ;ɐ̐̐Æ �N&7 ǍL�792/�ʿş

̕Ĉ˙ȣóƝ�ɍʠ:ŕ(5 TL ąȮ˟ʟ  (� ) �K> 0.25%Uu�v
��Ȏē˟ʟ  (
 ) R˻ȸ(/̘;s�n<�&;ɐ̐̐ÆKMI̸
�¹ʍ:��qt'O/�&;&7�L�ʿşz�U ̙Ŏ'Oɍß

:Ȋʝ ȶ)/ɍʠ6<�ʭȈ̆;ĵù0$69"�ʭɭˬ˷Ƌ¬˲

:K25 TLÜ˞ɟʮ̆;ĵļ ȶ)5�N7ʑ�LO/�×Ǉ�0.50%
Uu�v��Ȏē˟ʟ  (� ) R˻ȸ(/ıē;s�n<�ĥũɏʆ:
×ʥ*NK�:h�t(/�&7&7�L�Uu�v��;˻ȸ:K

M�ʭȈ̆ Ȓś*N7Ĕǐ:ʭɭˬ˷ƋIƜï'ON&7 ʑ�L

O/�   
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ɧ 4 ɮ  ŚƧ  
 
ǜɥ6<�E+ɧ 1 ɮ:5�U�j�qtʗ˿ɍʠ;ʿşz�Uʙ

7 TL Ü˞ɟʮƋ;̐ÆRˈÃ(/�-;ɽǢ�ǶŪɍʠ�LÜ˞Ɓ
ȵA; TL ;ėċ<¢("�E/ʿşz�U ǶŪ:ǳʙ*Nıē�
˙ȣóƝ�:·�ɍʠß˿;ȵĴĸþ:KNŹ̦Rč$9�&7RǍ

L�:(/�'L:�ʿşz�Uʙ;º�77I: TL Ü˞ɟʮ̆;
ĵļ ʾŔ'O�TEWL 7 TL ;Ü˞ɟʮ̆ Ƕ;ɐ̐̐Æ:�N&7
RǍL�:(/�  
ɧ 2 ɮ6<�TL ˟ʟ;˻ȸǞµ7 TL Ü˞ɟʮƋ;̐Æ:3�5ˈ

Ã(/�-;ɽǢ�TL Ü˞ɟʮ̆<�˟ʟ  TL ȡŰ�K>˟ʟ;˻
ȸ̤ɢ7ǺÀ̐Æ:�M�TL  ĮǜɌ9Ʀǀȴː:Ž25Ü˞ƁȵA
ėċ'ON&7RǍL�:(/�  
ɧ 3 ɮ6<�ʿş̕Ĉɍʠ:��5�˙ȣó;ɍßƝ�:KM�TL

;Ü˞ɟʮüƓ ĸþ*N&7RǍL�:(/�-&6�ɍʠƂŚƁ

ȵɳ:ɓɎ(�TL Ü˞ɟʮüƓ7;̐ÆRˈÃ(/�-;ɽǢ�ʿş
R̕Ĉ(�Uu�v��Rɍ�:ƨʁƝ�(/ɍʠ6<�ɍʠʭȈ̆

;Ȓś:KM TL ;Ü˞ɟʮ̆ º�(/�'L:�ʿş̕Ĉ˙ȣó
Ɲ�ɍʠ6<�ɍʠʭȈ̆;ĵļ0$69"�ʭɭˬ˷Ƌ;¬˲:K

M�TL ;Ü˞ɟʮ̆ ĵù*N&7RǍL�:(/�-(5�TL ˟
ʟ:Uu�v��;K�9ʭɭċʉóRȎē(5˻ȸ*N&76�ʭ

Ȉ̆Jʭɭˬ˷Ƌ;�ǌRƜ��TL ;Ü˞ɟʮRƜï6!N&7RǍ
L�:(/�  

AD ƍʒ;ɍʠ:��5�ʿşz�Uʙ ̙Ŏ'O5�9�ıē�

TL Ü˞ɟʮ;ŻˮǸ̖<ʿş;ˬ˷˷ɠ6�M�×Ǉ�ʿşz�Uʙ
 ̙Ŏ'O/ıē:<�TL Ü˞ɟʮ̆;ĵļ ȶ)N7ʑ�LON�
-;/H�TEWL ;Ȕŋ:KMʿşz�UʙRˈÃ*N&76�TL Ü
˞ɟʮ̆R¦Ȕ(�TEWL :Ƈ)/˟ʟ;Ŧ̄:KM TL Ü˞ɟʮ̆;
ïſ ǘź6!N�AD ƍʒ6<�ɍɃ˿;F9L+ȥɃ˿:��5I
TEWL;�ǌ ˋHLO5�M�ʿ şz�Uʙ;º� ȶ)5�N 37�

ȥɃ˿A;˟ʟ;Ĳť�*9Q1˷÷9̤ɢA; TL ;˻ȸ<�TL Ü
˞ɟʮ̆;ĵļ ȶ)NďʙƋ �M�ŁE("9��-;/H�ɍ

ʠɆĸ;ƊƋĵƎ:ŕ(5 TL ˟ʟR¿ȸ*Nıē<�TL ˟ʟ;Ĳť
RɍɃ˿;F:ï̔*N&7 Ʊŀ'ON�ʿş�;ȶ!/ʲɍE6

ƵÒ ĉ@>LS;K�:ɍʠz�U Ǫɦ:̙Ŏ'O/ɍʠ<�Ĺ

˿ðȠ:ƿƒ6�M�ʭȈJʭɭˬ˷Ƌ;ĸþ ȶ)5�N&7 ʑ
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�LON�&;K�9ɍʠ:ŕ*N TL ˟ʟ;¿ȸ<�TL ;Ü˞Ɓȵ
A;˷Ű9ėċ ¦Ȕ'ON/H×ʦ:Ʊŀ'O9� 54�(�(9 

L�ʭɭċʉóR¾ȸ*N&76ʭȈJʭɭˬ˷Ƌ;ïſ ďʙ6�

M�-O:KM�TL Ü˞ɟʮ;ĥ˽ ǘź6!�̅Ű;z�UɗʃR
!/(/ɍʠ:��5I TL ˟ʟ;¿ȸ ďʙ:9N7ʑ�LON�  
&OL;ɽǢʑŔKM�Ü˞Ƌö½ȸ¦̒;ʾȤ�L�ɍʠȭƓ:

ēQ,/ TL ˟ʟ;˻ȸȃ:̐(5���p��tR½Ɨ(/  (Fig. 
12)�TL ɼɍėċ;ǔļ;̙Ķ<ʿş6�N/H�TEWL ;Ȕŋ:K
Nʿşz�Uʙ;ˈÃ ̅ʹ79N�ʿşz�Uʙ ˷Ű:̙Ŏ'O

5�/ıē�TL Ü˞ɟʮ:ŕ*NɍßȵĴ�Ȭ:ɍʠƂŚƁȵɳ;Ź
̦ ̮ʪ79N�-&6�ɍʠʭȈ;ȔŋI("<�ŗ̌ā:KNʔ

ɒƙʻ�LɍßȭƓRˈÃ*N�ɍʠʭȈ ĵù(5�9��I("

<ɍʠ;ɋ˘ ʾŔ'O9�ıē<�ʿşz�Uʙ:Ƈ)/˟ʟ;Ŧ

̄Rʮ��×Ǉ6�ȣɇ;ƊƋĵƎǐ;K�:�ʭȈ̆ ĵļ(5�

N�I("<ɋ˘ ʾŔ'ONıē<�˟ʟ;Ŧ̄0$69"�ʭɭ

ċʉó;¾ȸRʮ��ʿşz�Uʙ;ˈÃ:̐(5<� Tewameter® 
MSC100/TM300 (Courage & Khazaka, Koeln, Germany) JǜǨ˄6¿ȸ
(/ VapoMeter® (Delfin Technologies Ltd, Kuopio, Finland) 98�ŚĬ
6ƨ1˶> ďʙ9ȔŋǳĤ:KMɯÅ�3ɕǐ̏6 TEWL ;Ȕŋ 
ďʙ6�N�(�(9 L�ɍʠʭȈ;Ȕŋ:<�ļĬ;ʭȈȔŋʴ

ʍ ƅʹ79N/H�¯ż�ʭȈȔŋʴʍ;ŚĬþ:KM�ʭȈȔŋ

 ɯÅþ'ON&76ɍʠʭȈ;ŋ̆Ɍ9ˈÃ ǘź'ON�   
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Fig. 12  Flowchart for prevention of systemic side effects in AD ther-
apy using TL ointment.   
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ɧ 2 ɥ  na���j;Ü˞�K>ɍʠŜƙüƓ:ĉD*ʭɭĹ
ȝæn�{a˖;Ź̦:̐*NǨ˄  

 
ȣɇ;ƊƋĊƇ6�Nʭɭˬ˷Ƌ;¬˲<�˭Ū6<ʭɭĹA7ȝ

OæN&7;9�������������������������

���˖ȡŰ<ɻʋ̗̏KMI̸�/H�ɻʋ A7ȝæ(/ʭȟn

�{a˖<�ɏưʭɭßA7ƘN&7<ʑ�:"��&;/H�ɻʋ

ȍ77I:��{ɳA7ǿFČLONE6;̏�n�{a˖<ɍʠɻ

ʋ :ȚȾ*N�TL <�n�{aɽēƋ ̸�&7 ɔLO5�M�
Ȭ:�ȣɇ;ƊƋǘ:ȷȶ Ç˲'ON	 1-̃Ƌɲn�{a˖:̸�
ɽēƋRɚ* 55,56�-;/H�ɼɍ˻ȸ'O/ TL  ɍʠ;ɻʋȍ:Ė
EONʭɭĹȝæn�{a˖7ɐ©½ȸ(�TL ;ɍʠßüƓ:ĸü 
ȶ)N7¦Ə'ON�TL <ɍʠŜƙ6;½ȸ ǖEON/H 57�TL
;ɍʠ ȡŰ7-O:ĉD*ɍßȣɇ;Ź̦RǨ˄*N&7<̅ʹ6

�N�  
-&6ǜɥ6<�TL ;Ü˞ɟʮüƓ�K>ɍʠŜƙȡŰ:ŕ*Nʭ

ɭĹȝæn�{a˖;Ź̦RˈÃ(/�ɧ 1 ɥ 3 ɮ 1 ̨6<�ʿş̕
Ĉ˙ȣóƝ�ɍʠ:�0.1̻TL ˟ʟRĲť(/�ǜɥ 1 ɮ6< TL Ü˞
ɟʮ;ƜïRǘź(5Ŧ̄(/˟ʟRĲť*N&76�TL ºȡŰ˟ʟ
˻ȸǐ:�$N TL ;Ü˞ɟʮüƓRʭ ȡŰ;ǐ̏ĸþ:ɓɎ(5
ˈÃ(/�ɧ 2 ɮ6<�Ŧ̄˟ʟ˻ȸǐ;ɍʠ  TL ȡŰRȔŋ(�
ʿş̕ĈƊƋȣɇɍʠ:�$N TL ;ɍʠŜƙȚȾƋ:3�5ʑŔ(
/�   
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ɧ 1 ɮ  na���jŦ̄˟ʟ˻ȸǐ:�$NɍßȊʝ;na�
��jÜ˞ɟʮüƓA;Ź̦  

 
˟ʟ;Ŧ̄:K25˟ʟ  TL ȡŰ Ȓś*N&76�ɍʠ A;

TL ;ƦǀɟʮˮŰ º�(�-;ɽǢ7(5ɍʠ  TL ȡŰ;Ȓś 
¦Ȕ'ON�ʭɭ�Lȝæ(/n�{a˖ ɍʠɻʋ :ŇĪ*Nı

ē�n�{aɽēƋ;̸� TL  ȝæn�{a˖7ɽē*N&76�
ɍʠ 6;Ʀǀ<'L:˴ű*N&7 ¦Ə'ON 33,58�-;/H�

Ť˔˟ʟ6�N 0.1�K> 0.03 %;˭Ū;˟ʟ  TLȡŰ6Ɲ�(/ı
ē7< TL ;ɼɍėċüƓ Ɂ9N&7 ʑ�LON�-&6�0.1% TL
˟ʟ�LŦ̄(/ 0.004 �K> 0.003w/w% TL ˟ʟR�ʿş̕Ĉ˙ȣó
Ɲ�ɍʠ:ŒŖĲť  (˻ȸ̤ɢ 5.0 cm2, ˟ʟ˻ȸ̆ 10 mg/cm2) (�TL
;Ü˞ɟʮüƓRˈÃ(/�˻ȸ(/˟ʟ ; TL ȡŰ 2 ɡ̯6�
N/H�ʭ ȡŰR˻ȸ TL ̆6ǯȗþ(�-;ʭ ȡŰƱɟR Fig. 13
:ɚ*�  

 

 Fig. 13  TL whole blood concentrations following application of 0.004 
or 0.003w/w% TL ointment diluted with liquid paraffin on fully stripped 
rat skin (5.0 cm2) with or without the PMS injections. 

Symbols: � - intradermal injection of the PMS; � - non-injection of the 
PMS. Each value is expressed as mean ± SD (n = 7, 9); **P < 0.01, ***P < 
0.001, ****P < 0.0001, for the Bonferroni's multiple comparisons following 
two-way ANOVA.  
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Ŧ̄˟ʟ:KNɼɍėċˉ̶;ɽǢ�ʿş̕Ĉɍʠ:ǺB5ʿş̕

Ĉ˙ȣóƝ�ɍʠ:��5�˟ ʟĲť 15 è�K> 30 èż;Üʭ  TL
ȡŰ º�ÓĕRɚ(/�×Ǉ�˟ʟĲť 90 è³̓6<�ʿş̕Ĉ˙
ȣóƝ�ɍʠ:��5ǕƑ:̸�ʭ ȡŰ792/�ɧ 1 ɥ Fig. 5 6
ɚ(/ʿş̕Ĉ˙ȣóƝ�ɍʠ:ŕ*N 0.1% TL ˟ʟ;˻ȸ6<�˟
ʟ˻ȸɏż; TL ėċ;˴ű ʾŔ'O9�2/&7�L�Ɲ�̆;
˹�:K25 TL ;Ü˞ɟʮ Ɂ9NƪüRɚ(/&7:9N�-&
6�˟ʟ˻ȸ 15 è�K> 90 èż:��5 TEWL :ŕ*NĒË»;ʭ
 ȡŰs�nRǺˢ*N&77(/�Ŧ̄˟ʟ  (0.004 �K> 0.003%) 
Rʿş̕Ĉɍʠ�K>ʿş̕Ĉ˙ȣóƝ�ɍʠ:ŒŖĲť(/̘;˟

ʟ˻ȸɏò; TEWL 7Ĳť 15 è  (C15) �K> 90 è  (C90) ż;ʭ 
ȡŰ;̐ÆR Fig. 14A �K> B :ɚ*�E/�Ǻˢŕ˓7(5˭Ū;
˟ʟ  TL ȡŰ  (0.1 �K> 0.03 %) 6�NŤ˔ʵóRʿş̕Ĉɍʠ�
ʿş̕Ĉ˙ȣóƝ�ɍʠ�r��jt�q~�båȴˏǂɍʠ:ŒŖ

Ĳť(/̘;˻ȸɏò; TEWL 7Ĳť 15 è�K> 90 èż;ʭ ȡŰ
;̐ÆR Fig. 14C �K> D :ɚ*�  
-;ɽǢ�0.1 �K> 0.03%;Ť˔˟ʟĲť 15 è�K> 90 èż;Ü

ʭ  TL ȡŰ<�˙ȣóRƝ�(5�9�r��jt�q~�båȴ
ˏǂɍʠ�K>ʿş̕Ĉɍʠ6 TEWL 7ǕƑ9ɐ̐Rɚ(/  (15 min 
(C): r =0.760, P < 0.0001, 90 min (D): r = 0.940, P < 0.0001)�ʿş̕Ĉ˙
ȣóƝ�ɍʠ6<�90 èż:��5�ĥũɏʆKMI�:s�n �
�qt'O/�&;ɽǢ<�ɧ 1 ɥ6˨B/ TL ;Ü˞ɟʮ:ŕ*N
ɍʠʭȈJʭɭˬ˷Ƌ;ő�RƼƨ*NI;6�2/�×Ǉ�Ŧ̄˟

ʟĲť 15 èż;ʿş̕Ĉ˙ȣóƝ�ɍʠ;s�n<�ʿ ş̕Ĉɍʠ;

s�nKMIº�¹ʍ:��qt'O/  (Fig. 14A)�-(5�90 è6
<�Ť˔˟ʟR˻ȸ(/ıē7Ĕǭ:�ʿş̕Ĉ˙ȣóƝ�ɍʠ6�

ʿş̕ĈɍʠKMI̸�ʭ ȡŰRɚ(/  (Fig. 14B)�&OL;&7
�L�Ŧ̄˟ʟR˻ȸ(/ıē�15 è;K�9Ĳťɏż:<�ȣɇ;
ƊƋĊƇ:·�ɍßȵĴ;ĸþ�À�=ʭɭĹ:ȝæ(/n�{a˖

7;ɐ©½ȸ Ź̦( TL Ü˞ɟʮRº�',/7ʑ�LON�-;
ż�ǐ̏ɼ˷:·�ɍʠßA; TL ɟʮ̆ ĵù*N&76n�{a
ɽē ̴ĝ(�ʭɭˬ˷Ƌ¬˲�K>ʭȈ̆ĵļ:˙Ħ*N˵̞Ÿ TL
;ėċĵļ ȶ)/7ʑ�LON�   
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(A)                              (B) 

(C)                                 (D) 

 
Fig. 14  Relationship between skin barrier function and TL whole 
blood concentrations 15 min (C15; A and C) or 90 min (C90; B and D) 
following application of TL ointment to the skin treated with 
full-stripping (� ), controlled stripping (� ) or fully stripped skin with 
the PMS injections (� ) with TL concentrations in the applied ointment 
of 0.004, 0.003 (A and B), 0.1 or 0.03w/w% (C and D) and vrious appli-
cation areas. 

The solid lines in (C and D) were the regression curves calculated from 
data for open symbols. The r and P value were calculated by the Pearson 
test.  
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ɧ 2 ɮ  na���jºȸ̆ǐ:�$NɍßȊʝ7na���j
ɍʠŜƙɟʮüƓ;̐Æ  

 
ɧ 1 ɮ:��5�ʿş ŊÜ:̕Ĉ'OɍßȊʝRǕ*Nɍʠ:Ŧ

̄˟ʟR˻ȸ*N7�˻ȸëǘ: TL ėċ;˴ű ʾŔ'O/�&O
<�ʭɭĹȝæn�{a˖7;ɐ©½ȸ:KNďʙƋ ʑ�LO/�

*9Q1�TL  ʭȟn�{a˖7ɽē*N&76ɍʠɻʋ :ȾEM�
˵̞Ÿʬȫ;ʭɭßČM˥F Ɯï'O/7ʑ�LO/�-&6�ǜ

ɮ6<�ʿş̕Ĉ˙ȣóƝ�ɍʠ:��5 TL  ɍʠɻʋ :ȚȾ(
5�N�Ǩˇ*N/H�ɍʠ  TL ȡŰRˈÃ(/�  

0.004w/w%Ŧ̄˟ʟRʿş̕Ĉɍʠ�K>ʿş̕Ĉ˙ȣóƝ�ɍʠ
:ŒŖĲť  (˟ʟ˻ȸ̤ɢ 5.0 cm2, ˟ʟ˻ȸ̆ 10 mg/cm2) (�˻ȸ
15 è�K> 90 èż;ɍʠRƸæ(/�Ƹæ(/ɍʠRUktwt�
�:ȋȞ(�TL RƢæ(/�ɼɍėċˉ̶:×ɤ1�Ƹæɍʠ�L;
TL ƢæȰRɬæ(/  (ʿş̕Ĉɍʠ : 66.76 ± 3.05%, ʿş̕Ĉ˙ȣó
Ɲ�ɍʠ : 60.90 ± 5.25%)�Ŧ̄˟ʟ˻ȸ 15 è�K> 90 èż;Ƹæɍ
ʠ  TL ȡŰ�K>Üʭ  TL ȡŰ�ɍʠŕʭ ȡŰǺR-O.O Fig. 
15A, B �K> C :ɚ*�  
Ŧ̄˟ʟ˻ȸ 15 èż;Üʭ  TL ȡŰ<�ɧ 1 ɮ;ɽǢ7Ĕǭ:�

ʿş̕Ĉɍʠ:ǺB5ʿş̕Ĉ˙ȣóƝ�ɍʠ6º�ÍRɚ(/  
(Fig. 15B)�-;×Ǉ6�Ĕ)ǐ̏:�$Nɍʠ  TL ȡŰ<ʿş̕Ĉ
˙ȣóƝ�ɍʠ6KM̸�ÍRɚ(/  (Fig. 15A)�(/ 25�-;
ɍʠŕʭ ȡŰǺ:��5Iʿş̕Ĉ˙ȣóƝ�ɍʠ6KM̸�Í7

92/  (Fig. 15C)�&;&7�L�ʿş̕Ĉ˙ȣóƝ�ɍʠ6<�TL
 ɍʠŜƙ:ȚȾ(5�N&7 ɚ'O/�&;ȚȾ<�ɍʠRȋˬ

*N TL  ʭɭ�Lȝæ(/n�{a˖:ɽē*N&76ȶ)/7ʑ
�LON�˙ȣóƝ�;Ǖȥ:̐QL+�Ŧ̄˟ʟ˻ȸ 15 è�L 90
è;ǐ̏ɼ˷6Üʭ  TL ȡŰ �ǌ(5�N;:ŕ(5�ɍʠ  TL
ȡŰ:ĸþ<ʾŔ'O9�2/�&;&7�L�˟ ʟ˻ȸ 90 èż6<�
TL ;n�{a˖A;ɽē<̴ĝ(5�M�-;&7 �˙ȣóƝ�;
Ǖȥ6; 15 è7 90 è;Üʭ  TL ȡŰ;˫ˠ:̐Æ(5�N7ʑ�
LON�*9Q1�˙ȣóRƝ�(/ıē6In�{aɽē ̴ĝ(

/ż6<�Ĕɨ9ɻʋ ˵̞ŸʬȫȡŰRɚ(5�N7ʑ�LON�   
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(A) 
 
 
 
 
 
 
 
 
(B) 
 
 
 
 
 
 
 
 
 
(C) 

 
 
 
 
 
 
 
 
 
Fig. 15  TL concentration in the excised skin (A), TL whole blood (B) 
and skin/blood concentration ratio of TL (C) 15 min and 90 min fol-
lowing application of 0.004w/w% TL ointment on fully stripped skin 
without (−) and with (+) the PMS injections. 

Each value is the mean + SD (n = 4): *P < 0.05 and **P < 0.01 for each 
time point between two groups, unpaired t test.  
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ɧ 3 ɮ  ŚƧ  
 
� ɧ 1 ɮ6<�ʿş̕Ĉ˙ȣóƝ�ɍʠA;Ŧ̄˟ʟ˻ȸ:KN TL
Ü˞ɟʮüƓ�*9Q1Ü˞ɟʮ;ǐ̏ĸþ:ɓɎ(5Ǩ˄Rʮ2/�

ɧ 1 ɥ;ɽǢ�L�TL Ü˞ɟʮ;ƜïRǘź(5ȸ�/Ŧ̄˟ʟRʿ
ş̕Ĉ˙ȣóƝ�ɍʠ:˻ȸ*N7�˻ȸɏż: TL ;ėċ ˴ON
&7RǍL�:(/�-&6�ɧ 2 ɮ:��5�ʿş̕Ĉɍʠ�K>
ʿş̕Ĉ˙ȣóƝ�ɍʠ:Ŧ̄˟ʟR˻ȸ(/̘;ɍʠ  TL ȡŰR
Ȕŋ(/�-;ɽǢ�ʿş̕Ĉ˙ȣóƝ�ɍʠ:��5�˟ʟ;˻ȸ

ɏż;Üʭ  TL ȡŰ<ʿş̕Ĉɍʠ:ǺB5º�2/:I̐QL+�
ɍʠ  TL ȡŰ≮ÍRɚ(/�*9Q1�ɍʠ;ɻʋȍ :ŇĪ*
NʭɭĹȝæn�{a˖7 TL  ɽē*N&76�ɍʠɻʋ : TL  
ȚȾ(�Ü˞ƁȵA;ɟʮ Ɯï'O/7ʑ�LON�˟ʟ˻ȸż�

×ŋǐ̏ ɼ˷*N7�ʿş̕Ĉ˙ȣóƝ�ɍʠ6<�Üʭ  TL ȡ
Ű ʿş̕ĈɍʠKMI̸�Í792/�(�(9 L�-O:I̐

QL+�ǐ̏ɼ˷6ɍʠ   TL ȡŰ:ĸþ<ʾŔ'O9�2/�-;
/H�ɍʠŜƙ:��5 TL 7n�{a˖7;ɽē:̴ĝ ȶ)/7
ʑ�LON�-(5�Üʭ  TL ȡŰ �ǌ(5�/&7�L�TL ;
˵̞ŸèȰ<�-;̏ĵù(5�/7ʑ�LON�ɍʠŜƙ:�$N

TL ;úǢ<�-;ɍʠ ȡŰ:ÂŇ*N �×ʦ:-;ıē:̅ʹ6
�N;<�˵̞Ÿ;ȡŰ6�N7ʑ�LO5�N 59�ȣɇ:KMɍʠ

ɻʋ :ʭȟn�{a˖ ȝæ(/ıē6I�˵̞ŸʬȫȡŰ;º�

<˻ȸëǘ0$6�M�-;&7 ćĦ6ʬú Ȓś*N7<ʑ�:

"��TL ;ɍʠA;˻ȸ<�ɍʠŜƙ;F9L+ɍʠƙŞ��{ɮ:
ŇĪ*NÙɂƣŷɹʘ;èþʙ�K>ƞćƲɚɹʘ;ƞćƲɚʙRº

�',N&7 İę'O5�N 60�ȣɇɍʠß:<�n�{a˖7ɽ

ē(5�N TL  ̸ȡŰ6ŇĪ(5�N�ǐ̏ɼ˷:·25n�{a
ɽē(/ TL  Ěˤɻʋ;ƙŞ��{ɮ:ČM˥EO��a��T̾
iJǱȭɹʘ�Ł ȳ7�2/̱ɹʘ:˕̱'ON&76�ƞȣɇ½

ȸ:ő�*N&7Iʑ�LON�&;K�9&7�L�ɍʠŜƙ;Ȋ

ʝ TL ;ʬú78�̐QN�:3�5<�'L:Ǩ˄(5�"ƅʹ
 �N7ʑ�LON�   
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ɧ 3 ɥ  Ut~�Ƌɍʠȣ�s��Xj:�$Nna���jÜ
˞ɟʮ�K>ɍʠ ȡŰ:̐*NǨ˄  

  
ɧ 1 ɥ�K>ɧ 2 ɥ:ª25�®šɌ:ˏǂ(/ɍʠȶȴȭƓ Ɂ

9N�U�j�qt;ʗ˿ɍʠR�s�ɍʠ7(5ȸ�N&76�TL
;Ü˞ɟʮ�K>ɍʠŜƙɟʮ:Ź̦RĉD*ʹĦRˏǣ(5!/�

-;ɽǢ�L�³�;ʹĦ ƪ%LON�  
  

 ʹĦ  � ˙&MžNĸþ  

1–  ʿşz�U̙Ŏ  � 
ʭ ȡŰ;ĵļ  
ɍʠ ȡŰ;ĵļ  

2–  ɍʠʭȈ̆�ǌ  � 
ʭ ȡŰ;ĵļ  
ɍʠ ȡŰ;º�  

3–  ʭɭˬ˷Ƌ¬˲  � 
ʭ ȡŰ;ĵļ  
ɍʠ ȡŰ;º�  

4–  ʭȟn�{a˖;ʭɭĹȝæ  � 
ʭ ȡŰ;º�  
ɍʠ ȡŰ;ĵļ  

 
-&6�AD ǭɍʠɆĸRĘ*N AD �s��XjRȸ�5�TL ɍ

ʠ˻ȸż;Üʭ �K>ɍʠ  TL ȡŰRȔŋ*N&76�AD ƍʒ6
˙&MžN TL ;Ü˞�K>ɍʠŜƙɟʮüƓ:3�5ʑŔ(/�'
L:�AD �s�;ɍʠȭƓ:ēQ,5�Ü˞ɟʮ;ĥ˽RƆĕ(/˟
ʟ;˻ȸRˉF�-;̘; TL ;Ü˞ɟʮƋ�K>ɍʠŜƙȚȾƋR
ˈÃ(/�E+�ɧ 1 ɮ6<�½Ɨ(/ AD �s��Xj;ɍʠȭƓ�
*9Q1 TEWL �K> PU RȔŋ(��{���n�7 TL ;Ü˞ɟʮ
Ƌ;̐ÆRˈÃ(/�ɧ 2 ɮ6<�˟ʟ;Ŧ̄:KN TL Ü˞ɟʮ;
ïſRˉF�-;ǐ;ɍʠ  TL ȡŰA;Ź̦Rˏǣ(/�ɧ 3 ɮ6
<�ʭɭċʉó7(5Uu�v��R˟ʟ:Ȏē(�-;úǢRǨˇ

*N/H:�ʭ �K>ɍʠ  TL ȡŰA;Ź̦Rˏǣ(/�   
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ɧ 1 ɮ  Ut~�Ƌɍʠȣ�s��Xj:�$Nna���jÜ
˞ɟʮƋ;ˈÃ  

 
�s�üȫ:<�AD �s��Xj7(5Ǿȸ'O5�N NC/Nga �

XjR¿ȸ( 61�owƞć;Ƣæȫ  (dermatophagoides farinae extract, 
Dfe) RĊƀĲť*N&76Ut~�ǭɇȭRˌɋ(/ 62,63�AD ;ˌ
ɋ:̘(�4w/v%ush�ɘ̃vt�X�  (SDS) αȍ:KM�ʗ˿�
K>ʓ°˿;ɍʠz�UʙRº�',�Ĕ)ɫƙ:owƞćĖǕʽǽ

�k�� 100mg/ÿ /ĥR˱ 2 ĥ�3 ˱̏  (˃ 6 ĥ ) Ĳť(/� In vivo ɼ
ɍėċˉ̶:<�owƞćĲť̎Ń 21 Ǌ�K> 29 Ǌż;�XjRÁ
(/�owƞćĲť̎Ńż�Lɼɍėċˉ̶ŌǈǊE6;ʗ˿ɍʠ�

K>ʓ°;ʔɒɌƙʻRʾŔ(�ɍʠȣ;̅ɇŰRˈÃ(/�̅ɇŰ

;jeU��b<�1) ɋ˘�æʭ�2) ¤ȩ�ɅɍŸƗ�3) ʓ°;Ȋ
ʝ�4) ʓ°˿;ƺÒ�ɻʋǴƵ�R-O.Oȥɇȭ 0 Ȥ�ˡŰ 1 Ȥ�
 ɇŰ 2 Ȥ�̅ɇŰ 3 Ȥ7(5�-;ē˃RɍʠȣjeU7(/ 64�

jeU��b7Ĕǐ:ʓ°˿;ĆF�ʗ˿ɍʠ; TEWL �K> PU R
Ȕŋ(/�AD �s��Xj½Ɨǐ:�$N-O.O;ǐ̏ƱɟR Fig. 
16A, B, C �K> D :ɚ*�  
ɍʠȣjeU<�owƞćĲť̎Ńż 21 ǊE6ĵù(/ �29 Ǌ

6ăȒ(�ɍʠȣ�L;ĥƀÓĕ ʾŔ'O/�ʓ°Ć< 21 ǊE6�
ǌ(�29 Ǌ6ĸQL+�ʓ°;Ȋʝ<ʂƨ'O/�×Ǉ�TEWL <Ƕ
Ūɍʠ 11.1 ± 2.4 (g/m2/h) �L�owƞćǔɺĲť 17 Ǌ6ǔļÍ 39.3 ± 
7.4 (g/m2/h) Rɚ(/ż�21 Ǌ 31.0 ± 9.6 (g/m2/h)�  29 Ǌ 16.9 ± 6.2 
(g/m2/h)7º�(�29 Ǌ:��5<�ǶŪÍ7ǕƑ9ţ<ʻLO9�
2/�PU <ǶŪɍʠ 101 ± 19 �L�owƞćĲť 10 Ǌ6ǔļÍ 188 ± 
102 Rɚ(/ż�owƞćĲť 14 Ǌ6º�Rɚ(�ǶŪÍ7ǕƑ9ţ
<ʻLO9�2/�-;ż�21 Ǌ:ǕƑ9�ǌ  (167 ± 80)  ʾŔ'O
/ �29 Ǌ6 111 ± 28 Rɚ(�ǶŪÍ7ǺB5ǕƑ9ţ<ʻLO9�
2/�  
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(A)                            (B)  

 
(C)                            (D)  

 
Fig. 16  Dermatitis score (A), ear thickness (B) and physiological skin 
conditions (C: TEWL, D: PU) during preparation of AD model mice. 

Box plots of dermatitis score (A) show median and interquartile range; 
whiskers show the highest and lowest values. Ear thickness (B) is expressed 
as mean of both ears. The dashed lines in (B, C and D) show the 95% con-
fidence interval. Each value is expressed as mean ± SD (n = 6, 25, 31). ††P < 
0.01, ††††P < 0.001, the Dunn's test following the Kruskal-Wallis test; §§§§P 
< 0.001, the Mann-Whitney U test. *P < 0.05, **P < 0.01, ***P < 0.005, ****P 
< 0.001, the Dunnett's test following ANOVA; ##P < 0.01, unpaired t test; 
¶¶P < 0.01, the Welch’s t test. 
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owƞćĲť̎Ń 21 Ǌ�K> 29 Ǌɼ˷ż;�Xjʗ˿ɍʠ:
0.1w/w% TL ˟ʟRąɶĲť  (˻ȸ̤ɢ 0.79cm2, ˟ʟ˻ȸ̆ 8 mg/body) 
(/�ɼɍėċˉ̶ 2 ǐ̏; AUCPUR Fig. 17A :�1 ȤƯʭ:KMž
/ TL ˟ʟ˻ȸ 2 ǐ̏ż;Üʭ  TL ȡŰ7 TEWL I("< AUCPU;

̐ÆR-O.O Fig. 17B �K> C :ɚ*�  
AUCPUÍ<�AD �Xj 21 Ǌʐ7 29 Ǌʐ;̏6ǕƑ9ţ<ʾŔ'

O9�2/  (P = 0.128)��ʐ; TL ˟ʟ˻ȸ 2 ǐ̏ż;Üʭ  TL ȡŰ
7 TEWL ;̏:Ƕ;ɐ̐̐Æ ʾŔ'O/  (r = 0.932, P < 0.0001)�×
Ǉ6�Üʭ  TL ȡŰ7 AUCPU7;̏<�ȥɐ̐6�2/  (r = -0.151, 
P = 0.590)�&OL;&7�L�ǜɖɣ6¿ȸ(/ AD �Xj:��5�
TL ;Ü˞ɟʮƋ<ʿşz�Uʙ:Ŷ"Ź̦Rč$N&7 ɚġ'O
/�
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(A)  

 
(B)                                (C)  

 
Fig. 17  AUCPU during absorption study (A); relatioship between skin 
brrier function and TL whole blood concentration 2 h (B) and rela-
tionship between skin blood flow and TL whole blood concentration 2 h 
(C) following application of 0.1w/w% TL ointment (8 mg/body). 

AUCPU values in (A) were represented as mean ± SD (n = 6, 9), 
non-significant (NS) defference between two groups, unparired t test. 
Symbols in (B) and (C): � - 21 days following first application of Dfe; � - 
29 days following first application of Dfe. The solid line in (B) shows the 
regression curve for all data. The r and P values were calculated using the 
Pearson test.  
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ɧ 2 ɮ  na���j;Ü˞ɟʮ;ïſRɎɌ7(/Ŧ̄˟ʟ;
˻ȸ  

 
ɧ 1 ɮ6<�Ut~�ǭɍʠɆĸRǕ*N�Xjʗ˿ɍʠ:��5�

TL ;Ü˞ɟʮ̆ ʿşz�Uʙ:ÂŇ*N&7RǍL�:(/�-&
6�ɧ 2 ɮ6<�AD �Xjɍʠ; TEWL :Ƈ)5 TL ˟ʟ;Ŧ̄Rʮ
��¦Ȕ'ON TL Ü˞ɟʮ̆ žLON�Ǩ˄(/�'L:�Ŧ̄
:KNɍʠ  TL ȡŰA;Ź̦RˈÃ*N/H:�ˉ̶ɺ¥ż:ɍʠ
�L TL RƢæ(/�ɼɍėċˉ̶:<�ɍʠȣjeU �ǌ(�TEWL
IǶŪÍKMǕƑ:̸�2/owƞćĲť̎Ń 21 Ǌż;�XjRÁ
(/�0.1% TL ˟ʟ;Ŧ̄:<�Ȉü{��V�Rȸ�/�Ŧ̄ÌȰ
<  (4) Ų�Lɬæ(�-;Ŧ̄ÌȰKM¦Ə'ON TL ėċ̆;ĸþ
R TEWLI("<˟ʟ  TlȡŰ7 TLėċ̆;̐Æ;ǰŲħ7(5 Fig. 
18 :ɚ*�TEWL  ǶŪÍRɚ*7! TL  Ü˞:ėċ'O9�7´
ŋ*O=�TEWL Í7 TL Ü˞ɟʮ̆ ǺÀ̐Æ:�N&7�L  (Fig. 
17B)�AD�Xj; TEWL (TEWLAD) 7ǶŪ�Xj; TEWL (TEWL in tac t) 
Í;ǺRŦ̄ÌȰ7*N&76Ü˞ɟʮRŊÜ:ĥ˽6!N7¦Ə'

ON�ǜǨ˄6<�Ŧ̄:KNÜ˞ɟʮ̆;ïſ ďʙ6�N�ˏǣ

*N/H:�TEWL ;ĵùȰRŦ̄ÌȰ7(/�*9Q1�˻ȸ˟ʟ
  TL ȡŰR TEWL in tac t Í�L;ĵùè  (ΔTEWL) 6̕(/;1
TEWL in tac tÍRƮ$N;6�TEWL in tac tÍ; 2 ÌÍ; TEWL ÍRǕ*N
ɍʠ�L; TL ėċ̆7×ʥ*N7¦Ə'ON�  

 
 

!"#$%"&' !"#$ =    !"#$!" − !"#$!"#$%#   
!"#$!"#$%#

=
   ∆!"#$   

   !"#$!"#$%#   
� … (4) 
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Fig. 18  Schematic diagram of a decrease in TL systemic absorption 

by dilution of TL ointment using two types of dilution rates   
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ėċˉ̶ò  (owƞćĲť̎Ń 21 Ǌż ) ; TEWLAD7owƞćĲť

̎ŃǊ; TEWL in tac t;ţ6�N ΔTEWL R TEWL in tac t6̕(�Ē AD �
Xj:˻ȸ*N˟ʟ;Ŧ̄ÌȰR˃ɬ(/��XjË�; TEWLAD �

K>Ŧ̄ÌȰ�Ŧ̄ż;˟ʟ  TL ȡŰR Table 4 :ɚ*�  
 
Table 4  Dilution rate according to the TEWLAD values of each AD 
mice skin and the TL concentration in the ointment diluted with liquid 
paraffin. 

Mouse 
# 

TEWLAD 
Dilution 

rate 
TEWL before TL 

application 
TL concentration in 
the ointment diluted 

(g/m2/h) � � (g/m2/h) (w/w%) 
1 39.6 1 2.39 36.9 0.0419 
2 46.8 1 3.01 44.9 0.0333 
3 40.9 1 2.50 43.6 0.0400 
4 31.2 1 1.67 33.2 0.0599 
5 23.7 2 1.15 22.8 0.0873 
6 25.3 2 1.29 23.6 0.0775 
7 26.5 2 1.40 26.9 0.0715 

Dilution rates were calculated using the following two different values. 
1 TEWL i n tac t  = 11.6 ± 2.1 (mean ± SD) 
2 TEWL i n tac t  = 11.1 ± 2.4 (mean ± SD) 

 
Ŧ̄ÌȰɬæ:ȸ�/ TEWL in tac t <�ˉ̶ŌǈǐȤ6ȔŋȑF;Ü

�Xj; TEWL in tac t ;ūīÍ7(/�ˉ̶ŌǈǐȤ:�$NȔŋǨ»

ǁ;˹��L�TEWL in tac tÍ<Ɂ9N 2 3;ÍRƯȸ(/ �ļ!9˹
�<9�2/�E/�ˉ̶ŌǈǊ�˟ʟ;Ŧ̄:ǐ̏Rʹ*N/H�

Ŧ̄ÌȰ;ɬæ:ȸ�/ TEWLAD7˟ʟĲťɏò; TEWL ;̏6Q+
�9ĸü FLO/ �Ģ̭9�7ìǆ(/�  
Ŧ̄˟ʟRȸ�/ɼɍėċˉ̶<��Xjʗ˿ɍʠ:ąɶĲť  (˻

ȸ̤ɢ 0.79 cm2, Ŧ̄˟ʟ˻ȸ̆ 8mg/body) :KMʮ2/�Ŧ̄˟ʟ
˻ȸ 2 ǐ̏ż;Üʭ  TL ȡŰ7 TEWLAD;̐ÆR Fig. 19A �K> B
:ɚ*�Fig. 19B;ʭ ȡŰ< TL˻ȸ̆6̕*&76ǯȗþ(5ɚ*� 

Fig. 19A;ĥũŲ  (TL whole blood concentration = 10.702 × TEWLAD – 
127.42) KM�TEWL in tac t (11.1 ± 2.4 g/m2/h) ; 2 ÌÍ:�$NÜʭ 
TL ȡŰ< 109.09 (pg/mL) 6�N�Fig. 19A ;˟ʟŦ̄˻ȸʐ:�$N
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Üʭ  TL ȡŰ;ūīÍ<�85.50 ± 19.45 (pg/mL) 6�2/�ŌȔ;Ü
ʭ  TL ȡŰ<¦ȔÍKMIº�Í792/ �Ŧ̄:KMəŌ:Ü
˞ɟʮRƜï6!N&7 əˋ'O/�Üʭ  TL ȡŰR TL ˻ȸ̆6
̕(5ǯȗþ(/ıē�Ŧ̄˟ʟ˻ȸʐ;s�n<�ĥũɏʆ:×ʥ

(9�I;I�M�ɏʆKM�:h�t*NÓĕ ʾŔ'O/�  
 
 

(A)                            (B) 

 
 

Fig. 19  Relationship between skin barrier function and TL whole 
blood concentration 2h following application of 0.1% or diluted TL 
ointment (8 mg/body) on AD mice skin (0.79 cm2). 

Symbols: � - 0.1% TL ointment; � - TL ointment diluted with liquid 
paraffin according to TEWLAD. The solid lines in (A and B) show the re-
gression curve for 0.1% TL ointment. The r and P values were calculated 
using the Pearson test. 
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ˉ̶ɺ¥ 2 ǐ̏ż:Ƹæ(/ʗ˿ɍʠRyf�6ɹǆ(�Uktw
t��:ȋȞ',5 TL ;ƢæRʮ2/�Fig. 20 :�Ƹæɍʠ̅̆�
/M; TL Ƣæ̆7 TL Üʭ ȡŰ;̐ÆRɚ*�  

TL ;Üʭ ȡŰ<ɍʠ ȡŰ:ÂŇ*N&7 ʾŔ'O/ �ɍʠ
  TL ȡŰ 15 (ng/skin mg) RĴ:(5�2 ɐƋRɚ(/�*9Q1�
ɍʠ  TLȡŰ ̸ÍRɚ*ǐ:Üʭ  TLȡŰ Ɗ�ǌ*N7Ƭ�N
&7I6!N�  
ǜǨ˄:¿ȸ(/ AD �Xj<�owƞćĲť̎Ńż�ʓ°Ć;�

ǌ ʀʁ(5ˋHLO/&7�L�ʭɭˬ˷Ƌ;¬˲:KNȊʝ ƨ

ʁɌ:ȶ)5�N7ʑ�LO/�(/ 25�ɧ 2 ɥ 2 ɮ6ʾŔ'O
/K�:�ɍʠŜƙȚȾƋ7ȝæn�{a˖;̐ÆRǜ AD �Xj:
��5IʑŔ(5�"ƅʹ �N7ʑ�LO/�  

 

 
Fig. 20  Relationship between TL skin concentration and TL whole 
blood concentration 2h following application of 0.1% or diluted TL 
ointment (8 mg/body) on AD mice skin (0.79 cm2). 

Symbols: � - 0.1% TL ointment; � - TL ointment diluted with liquid 
paraffin. The solid line shows the regression curve for the data (TL whole 
blood concentration < 130 pg/mL, n = 12). The dashed line shows the re-
gression curve for the data (TL skin concentration > 14 ng/skin mg, n = 7). 
The r and P values were calculated using the Pearson test.  
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ɧ 3 ɮ  KMŉÜ9na���j˟ʟ;¿ȸRƆĕ(/ʭɭċʉ
ó¾ȸɍʠ˻ȸ;úǢ;Ǩˇ  

 
ǜɮ6<�AD �s��Xj:��5�Uu�v��¾ȸɍʠ˻ȸ

;úǢRǨ˄(/�  
ɼɍėċˉ̶:¿ȸ(/ AD �s��Xj<�owƞćĲť̎Ń 21

Ǌɼ˷;�Xj7(/�AD �Xjʗ˿ɍʠ:Uu�v��R 0.50w/w%
79NK�:Ȏē(/ 0.1w/w% TL ˟ʟRąɶĲť  (˻ȸ̤ɢ 0.79cm2, 
˟ʟ˻ȸ̆ 8 mg/body) (/�ɼɍėċˉ̶ 2 ǐ̏; AUCPUR Fig. 21A
:�TEWLI("< AUCPU7Üʭ  TLȡŰ7;̐ÆR-O.O Fig. 21 
B �K>  C :ɚ*�  
Uu�v��;¾ȸ:KM�AUCPU <ǕƑ:º�(/ �Fig. 21B

KM�Üʭ  TL ȡŰ< TEWL 7ʧŁ9ɐ̐Rɚ(�Fig. 19A ;ĥũ
ɏʆŲ:K"×ʥ(/�'L:�Üʭ  TL ȡŰ7 AUCPU7;̏<�

ȥɐ̐6�2/  (r = –0.226, P = 0.480)�Uu�v��¾ȸ;Ǖȥ:̐
QL+ TL ėċ̆<ʿşz�Uʙ:Ŷ"ÂŇ(/�Uu�v��;Ȏ
ē˻ȸʐ:��5�Ü»Ɍ: TEWL  ºÍRɚ(/  (TEWL ;ǔŚÍ -
ǔ ļ Í : U u � v � � ¾ ȸ ʐ  20.1-33.1 g/m2/h; TL ą Ȯ Ɲ � ʐ  
18.8-49.5 g/m2/h)�  &;&7�L�ʿşz�U ǳʙ(5�//H�
ɍʠʭȈ̆;º�:KN TL ėċ̆A;Ź̦ ȲO9�2/&7Iʑ
�LON�  
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(A)                            (B)  

 
(C)  

 
Fig. 21  AUCPU during absorption study (A); relatioship between skin 
brrier function and TL whole blood concentration 2 h (B) and rela-
tionship between skin blood flow and TL whole blood concentration 2 h 
(C) following application of 0.1% TL ointment (8 mg/body) with or 
without 0.50w/w% Adr on AD mice skin (0.79 cm2). 

(A): 0.1% TL ointment (–) vs 0.1%TL + 0.50% Adr (+), *P < 0.05, un-
paired t test. Symbols in (B and C): � - 0.1% TL ointment, � - 0.1%TL + 
0.50% Adr. The solid line in (B) is the regression curve for 0.1% TL in Fig. 
19A. The r and P values were calculated using the Pearson test.  
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-&6�ʿşz�Uʙ ̙Ŏ'O TEWL Í ̸�Ë»:��5�U
u�v��¾ȸ:KN TL Ü˞ėċƜï;úǢRàǨˇ*N&77(
/�-;̘�TL ;Ŧ̄˟ʟ7¾ȸ*N&76�Uu�v��¾ȸ�K
>˟ʟŦ̄;úǢ:3�5�Ĕǐ:Ǩ˄(/�ɧ 2 ɥ;�U�j�q
t˙ȣóƝ�ɍʠ;ɽǢ�L�AD �Xjɍʠ:��5I�Ŧ̄˟ʟ;
˻ȸ:KM TL ;ɍʠ ȡŰ º�*N7n�{aɽē:̐Æ*NŹ
̦ ȲOJ*�7¦Ȕ'ON�˟ʟ;Ŧ̄ÌȰ<ɧ 2 ɮ7Ĕǭ:  (4) 
ŲKMɬæ(/�Table 5 :Ē�Xj; TEWLADÍ�K>Ŧ̄ÌȰ�Ŧ

̄ż;˟ʟ  TL ȡŰRɚ*�  
 

 
Table 5  Dilution rate according to the TEWL values of each AD mice 
skin and the TL concentration in the ointment diluted with liquid par-
affin. 

Mouse 

# 

TEWLAD  
Dilution 

rate 

TEWL before TL 

application 

TL concentration in the 

ointment diluted 

(g/m2/h) � � (g/m2/h) (w/w%) 

1 45.2 2.87 44.1 0.0349 

2 37.6 2.22 35.7 0.0451 

3 40.1 2.43 41.9 0.0411 

Dilution rates were calculated using the following TEWL i n tac t  value. 

TEWL i n tac t  = 11.6 ± 2.1 (mean ± SD) 

 
 
TEWLAD :Ƈ)5Ŧ̄(/˟ʟ:Uu�v��R 0.50w/w% 79N

K�:Ȏē(�owƞćĲť̎Ń 21 Ǌɼ˷ż;�Xjʗ˿ɍʠ:ąɶ
Ĳť  (˻ȸ̤ɢ 0.79cm2, ˟ʟ˻ȸ̆ 8 mg/body) (/�ɼɍėċˉ̶  2
ǐ̏; AUCPUR Fig. 22A :�Üʭ  TL ȡŰI("< TL ˻ȸ̆6ǯ
ȗþ(/ʭ ȡŰ7 TEWL 7;̐ÆR Fig. 22B �K> C :�-(5Ü
ʭ  TL ȡŰ7 AUCPU7;̐ÆR Fig. 22D :ɚ*�   
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(A)                           (B)   

  

(C)                            (D)   

Fig. 22  AUCPU during absorption study; (A), relatioship between skin 
brrier function and TL whole blood concentration 2 h (B and C) and 
relationship between skin blood flow and TL whole blood concentration 
2 h (D) following application of 0.1% TL ointment (8 mg/body) with or 
without 0.50w/w% Adr on AD mice skin (0.79 cm2). 

(A): 0.1% TL ointment (–, –), 0.50% Adr-mixed TL ointment (+, –), 
0.50% Adr-mixed TL ointment with dilution (+, +). Each value is the mean 
± SD (n = 3, 5, 7), *P < 0.05, **P < 0.01, the Tukey-Kramer method fol-
lowing ANOVA. Symbols in (B and C, D): � - 0.1% TL ointment, � - 
0.50% Adr-mixed TL ointment with dilution. The solid lines in (C and D) 
show the regression curve in Fig. 19 (A and B) for 0.1% TL ointment. The r 
and P values were calculated using the Pearson test.  



51 
 

Ŧ̄˟ʟ:Uu�v��R¾ȸ*N7�Ŧ̄˟ʟUu�v��̣¾

ȸǐ:ǺB5 AUCPU<ǕƑ:º�ÍRɚ(�×;ˉ̶; 0.1̻TL ˟ʟ
:Uu�v��R¾ȸ(/ǐ:ǺB5�AUCPU <º�Óĕ:�2/

(Fig. 22A)�TEWLAD Í<�×;ˉ̶;�Xj  (20.1-33.1 g/m2/h) :Ǻ
BN7ǜǨ˄;�Xj  (35.7-44.1 g/m2/h) 6̸�2/&7�L�ʿ şz

�Uʙ ̙Ŏ'ON&76Uu�v��;ʿşˬ˷Ơƞ ŴEM�ʭ

ɭċʉ;úǢ ̮ʪ:ȲO/7ʑ�LO/�Uu�v��¾ȸŦ̄˟

ʟ 3 À;Üʭ  TL ȡŰ;ūīÍ<�78.71 ± 32.98 (pg/mL) 6�M�ĥ
ũŲ6¦Ə'ON¦ȔÍ  109.09 (pg/mL) KMIº�Í792/�TL
˻ȸ̆6ǯȗþ(/ıē;s�n<�ĥũɏʆ�I("<ʆ;�:�

�qt'O/�&;ƪü<�ɧ 2 ɮ6Ŧ̄˟ʟ˻ȸǐ:IʾŔ'O/
/H�TL ;ėċƜï:ŕ*NUu�v��;úǢ7<ǆŋ6!9��
(�(9 L�ǜǨ˄;Ŧ̄˟ʟUu�v��¾ȸʐ 3 À6�ʭȈ̆
;ĵļ:·� TL Ü˞ɟʮ̆;�ǌ ʾŔ'O/�  
-&6�&OE6Ǩ˄(/owƞćĲť̎Ń 21 Ǌɼ˷ż; AD �X

j  (24 À ) :��5�Üʭ  TL ȡŰ:ŕ*N TEWLAD�K> AUCPU

Í;Ź̦RˈÃ*N/H:�TL ˻ȸ̆6ǯȗþ(/Üʭ  TL ȡŰɎ
ɌĸǁR�TEWLAD�K> AUCPUÍRˎǍĸǁ7(5�̅ĥũèǡR

ʮ2/�'L:�TEWLADÍ 30 (g/m2/h) RĴ:�-O³�;ÍRɚ(
/ɍʠ  (12 À ) 7-OǚȖ;ɍʠ  (12 À ) ; 2 ʐ:è$5�Ĕǭ:̅
ĥũèǡRʮ2/�E/�-OL;ɽǢRI7:� TEWLAD �K>

AUCPU ÍRˎǍĸǁ7(/ıē;̅ĥũŲ;ɱŰ7�TEWLAD Í̲F

ˎǍĸǁ7(/ıē;ąĥũŲ;ɱŰRǺˢ(/�  
̅ĥũèǡ6žLO/ĥũŲ;ɱŰ�K>-;łŷƋ;ǨŋɽǢR

Table 6 :�ĥũÆǁ7-;ǨŋɽǢR Table 7 :ɚ*�   
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Table 6  Accuracy of regression equation by multiple regession analy-
sis for TL whole blood concentration as response variable, TEWLAD 
and AUCPU value as explanatory variable, and by simple regression 
analysis for TL whole blood concentration as response variable and 
TEWLAD value as explanatory variable. 

— Multiple regression analysis — 

Group of AD mouse R R ad j  R2 R2
ad j  P  value �  

ALL 0.776 0.752 0.603 0.565 < 0.001 **** 

TEWLAD  ≥  30 0.799 0.746 0.638 0.557 0.010 * 

30 > TEWLAD  0.670 0.572 0.449 0.327 0.068 NS  

— Simple regression analysis — 

Group of AD mouse R R ad j  R2 R2
ad j  P  value�  �  

ALL 0.762 0.750 0.581 0.562 < 0.001 **** 

TEWLAD  ≥  30 0.372 0.229 0.139 0.053 0.233 NS 

30 > TEWLAD  0.649 0.603 0.422 0.364 0.022 *  
*P  < 0.05, ****P  < 0.001, NS  = non-significant for each regression model, F  test.  

R  = multiple correlation coefficient; R ad j  = adjusted R ;  R2 = coefficient of deter-

mination; R2
ad j  = adjusted R2 

 
 
Table 7  Partial regression coefficient of TEWLAD and AUCPU. 

Group of AD mice n 
Explanatory 

variable 
B β  P  value 

�  

ALL 24 
TEWL 1.036 0.857 < 0.001 **** 

AUCPU  0.014 0.175 0.297 NS 

TEWLAD  ≥  30 12 
TEWL 1.387 0.712 0.011 * 

AUCPU  0.098  0.784 0.007 ** 

30 > TEWLAD  12 
TEWL 0.948  0.657 0.026 * 

AUCPU  -0.005  -0.167 0.517 NS 
*P < 0.05,  **P < 0.01, ****P < 0.001, NS  = non-significant for B value, t  test.  

B = partial regression coefficient; β  = standardised partial regression coefficient 
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ɎɌĸǁR TL ˻ȸ̆6ǯȗþ(/Üʭ  TL ȡŰ�ˎǍĸǁR
TEWLAD�K> AUCPUÍ7(5̅ĥũèǡRʮ2/ɽǢ�owƞćĲ

ť̎Ń 21 Ǌɼ˷ż; AD �Xj  (24 À ) :�$N̅ĥũ�s�<ǕƑ
6�M  (P < 0.001)�-;ʤȺŰˏǂȑFȀŋÆǁ  (ˏǂ R2) <�
TEWLADąȮ;ąĥũ�s�;ˏǂ R2KMIQ+�:̸ÍRɚ(/�

'L:�-;ǐ; AUCPU;ÎĥũÆǁ  (B) <�ǕƑ69"  (P = 0.297)�
-;ǯȗþÎĥũÆǁ  (β) < TEWLAD; β KMIŚ'�2/�&OL
;&7�L�TL Ü˞ɟʮ:ŕ*NɍʠʭȈ̆;Ź̦<Ś'�7ʑ�L
O/�  

TEWLADÍ 30 (g/m2/h) RĴ:(5�̸ TEWLADʐ6�ąĥũ�s�

<ǕƑ69"  (P = 0.233)�×Ǉ6̅ĥũ�s�<ǕƑ6�2/  (P = 
0.010)�-O.O;ˏǂ R2 RǺˢ*N7�̅ĥũ�s�;Ǉ ̸�Í

6�2/�TEWLADÍ 30 (g/m2/h) ǚȖ6�Nº TEWL ʐ:��5<
ąĥũ�s�;FǕƑ6�M  (P = 0.022)�-;ǐ;ˏǂ R2<̅ĥũ�

s�:ǺBQ+�:̸ÍRɚ(/�E/�º TEWL ʐ:�$N AUCPU

; B ;Í 0 ˦�&7�LɍʠʭȈ<Ź̦(9�&7 ʑ�LO/�
×Ǉ6�̸ TEWL ʐ6<�AUCPU; B <�ǕƑ6�M  (P = 0.011)�
TEWL ; β :ǺB5�AUCPU; β  Q+�:̸�Í6�2/�&;&
7�L�ʿşz�Uʙ;º� ˲G7�TL ;Ü˞ɟʮ:ŕ*Nɍʠʭ
Ȉ̆;Ź̦ ļ!"9N&7 ɚġ'O/�-;K�9ıē�Uu�

v��;¾ȸ TL Ü˞ɟʮ;ĥ˽:Ǖȸ79N�  
ɧ 2 ɮ; Fig. 19B :��5�0.1% TL ˟ʟ˻ȸʐ6ɚ'O/ TEWLAD

7 TL ;˻ȸ̆6ǯȗþ(/Üʭ  TL ȡŰ;ĥũɏʆ:ŕ(5�Ŧ̄
˟ʟʐ;s�n ×ʥ,+�7 À  4 À6ļ!"�ĥ25�/�ɧ 2
ɮ;ėċˉ̶:5Ŧ̄˟ʟRĲť(/ɍʠ;  TEWLADÍ<�ĥũɏʆ

�Lļ!"˳ʛ(5�/ 4À6 33.2-44.9 (g/m2/h) 7̸�ÍRɚ(5�
M  (Table 4)�TL Ü˞ɟʮ:ŕ*NɍʠʭȈ;Ź̦Rč$J*�ɍʠ
ȭƓ6�2/&7 ƱŔ'ON� 0.1% TL ˟ʟRĲť(/ɍʠ;

AUCPUÍ  (371 ± 98) :ǺB5�Ŧ̄˟ʟRĲť(/ɍʠ; AUCPUÍ  
(194 ± 26) <º�ÍRɚ(5�/�-;/H�0.1% TL ˟ʟʐKMIɍ
ʠʭȈ º"�'L:̸ TEWLADÍRɚ(5�/Ŧ̄˟ʟʐ:��5�

TL ˻ȸ̆ŷM; TL Ü˞ɟʮ̆ ĥũɏʆKMIº�Í792/7ʑ
�LO/�   
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&OE6;�0.1%˟ʟ�Ŧ̄˟ʟ�K>Uu�v��¾ȸŦ̄˟ʟ
-O.O;ɍʠ  TL ȡŰ7Üʭ  TL ȡŰ;̐ÆR Fig. 23A :�TL
;ɍʠ �K> TL ˻ȸ̆6ǯȗþ(/ʭ ȡŰR Fig. 23B :ɚ*�  

TL ;ɍʠ ȡŰ7ʭ ȡŰ7;̐Æ<�ɧ 2 ɮ Fig. 20 7Ĕǭ:ɍ
ʠ  TL ȡŰ 15 (ng/skin mg) RĴ:(5 2 ɐƋRɚ(/�Fig. 23B :
��5�TL ;˻ȸ̆6ǯȗþ*N7�-O.O;s�n;¹ʍ̐Æ<
ĸþ(/�Ŧ̄˟ʟ7Uu�v��¾ȸŦ̄˟ʟʐ<�0.1%˟ʟ:Ǻ
B5�Üʭ  TL ȡŰ º"��3ɍʠ ȡŰ ̸�Óĕ:�2/�
*9Q1�TL ɍʠŜƙȡŰ;�ǌ:ŕ(5�ʭ A;ɟʮƋ º"�
ɍʠɻʋȚȾƋ ̸�&7 ǍL�792/�&;&7<�Ȋʝ ȶ

)5�N7ʑ�LONǜǨ˄;�s��Xj:��5�ʭȟn�{a

˖7 TL ;ɽē:KM�ɍʠȚȾƋ ̸E2/&7 ʑ�LON�   
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(A)  

  
(B) 

 
Fig. 23  Relationship between TL concentration in skin and TL whole 
blood concentration 2h following application of 0.1% TL ointment or 
liquid paraffin-diluted TL ointment with or without 0.50w/w% Adr on 
AD mice skin (0.79 cm2). 

Symbols: � - 0.1% TL ointment, �  - TL ointment diluted with liquid 
paraffin according to TEWL, � - 0.50% Adr-mixed TL ointment with liquid 
paraffin according to TEWL. The solid line shows the regression curve for 
the data (TL whole blood concentration < 130 pg/mL, n = 15). The dashed 
line shows the regression curve for the data (TL skin concentration > 14 
ng/skin mg, n = 7). The r and P values were calculated using the Pearson 
test.  
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ɧ 4 ɮ  ŚƧ  
 
ɧ 1 ɮKM�AD �s��Xj;ɍʠ<�TEWL�PU�ʓ°Ć98ȣ

ɇ:̐Æ*N{���n�<-O.OɼǊɌĸþ Ɂ9N&7 ǍL

�792/�owƞćĲť̎Ńż 21 Ǌ7 29 Ǌɼ˷;�XjR¿ȸ(
(/ TL ɼɍėċˉ̶6<�AD �Xj; TL ˟ʟɍʠ˻ȸ 2 ǐ̏ż;
Üʭ  TL ȡŰ TEWL 7ɐ̐(��U�j�qt;�s�7Ĕǭ:
TL ;Ü˞ɟʮƋ:ŕ(5ʿşz�Uʙ Ŷ"Ź̦*N&7 ǍL�
:92/�ɧ 2 ɮ6<�TEWL :Ƈ)/Ŧ̄˟ʟ;Ĳť:KMžLO
/Üʭ  TL ȡŰ �TEWL 7 TL Ü˞ɟʮ̆;ĥũŲ�Lɬæ'O/
¦ȔÍKM�+OIº"9NÓĕRɚ(/ �TL ;Ü˞ɟʮ;ĥ˽<
ďʙ6�N&7 əˋ'O/�E/�ɍʠ  TL ȡŰ7Üʭ ȡŰ;
̐Æ< 2 ɐƋ6�M�ɍʠ  TL ȡŰ 15 ng/skin mg ³�6ɍʠ ȡŰ
;�ǌ:ŕ(5�Üʭ ȡŰ ʪ("�ǌ(/&7�L�TL 7n�{
a˖;ɽē ̴ĝ(5�N&7 ʑ�LO/�ɧ 3 ɮ:��5�Ŧ̄
˟ʟUu�v��¾ȸ˻ȸ6<�ɍʠʭȈ<ǕƑ9º�Rɚ(�TL ;
Ü˞ɟʮ Ɯï'ONÓĕ əˋ'O/�'L:�TEWLAD Í 30 
(g/m2/h) R˚�N�*9Q1ʿşz�Uʙ ̅Ű:̙Ŏ'O/ɍʠ6
<�TL ;Ü˞ɟʮƋ:ŕ*NɍʠʭȈ̆;Ź̦ Ŷ"9N&7 ǍL
�792/�-(5�0.1%˟ʟ�Ŧ̄˟ʟ�K>Uu�v��¾ȸŦ
̄˟ʟ-O.O:3�5Üʭ �K>ɍʠ  TL ȡŰ;̐ÆRˈÃ(
/ɽǢ�ɍʠ ŕʭ ȡŰǺˢ:��5�Ŧ̄˟ʟ;˻ȸ�K>Uu

�v��¾ȸ:KN TL ;ɍʠȚȾƋ;ĕ� ʾŔ'O/�Ȋʝ;ȶ
)/ɍʠ:ŕ*NŦ̄˟ʟ;Ĳť6<�ʭɭĹ:ȝæ(/ʭȟƗè7

TL  ɐ©½ȸ(5 TL ;ɍʠŜƙȚȾƋ ̸EN&7:KM�Ü˞ɟ
ʮ Ɯï'ON&7 ǘź6!�E/ TEWL ;�ǌ(/ɍʠ6<�U
u�v��;ėċ ĵļ(5ʭȈƜï;úǢ ̸EN&76�ǺˢɌ

̸�ɻʋ ȡŰ7º�ʭ ȡŰ žLON7ǘź6!N7ʑ�LO/�

ɍʠŜƙA;ʬú:ŕ*Nn�{aɽēŸ TL ;ő�<ǍL�6<9
� �˵̞Ÿʬȫ7ɽēŸʬȫ<ūʱ̐Æ:�N/HʄʬȫȡŰ;�

ǌ<�ʬú:ɏưő�*N˵̞ŸʬȫȡŰ;ĵùRƑě*N�×Ǉ�

ɽēŸ;��{ɟʮIʬú:ő�*NďʙƋI�M�AD �Xj6ʾŔ
'O/ TL ;Ü˞ɟʮ7ɍʠŜƙüƓ<�TL ;ŉÜ6Ǖú9ȁɊȃ;
əɤ:��5̣Ū:̅ʹ9ɔʻR��NI;7ʑ�N�   
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ɽː  
 
� na���j  (TL) ;˟ʟó �Ť'O5�L 15 ŬC8 ɼ˷(�
Ut~�Ƌɍʠȣ  (AD) A;ɕǘ�K>̋ǘ¿ȸ:�$NǕúƋJŉ
ÜƋ:3�5�×ŋ;ɖɣɽǢ ̛ɢ'O5!/�-; :<�TL ˟
ʟ|tɍʠ˻ȸż;ʭ ȡŰJɍʠ ȡŰ:̐*NɖɣɽǢIǀʻ'

ON�(�(9 L�-;|tRŕ˓:ʮQO/�+O;ˉ̶:��

5I�ɍɃ;̅ɇŰ<�¤ȩJɵǄ�Ȋʝ�ɻʋƵÒ7�2/ʔɒɌ

ƙʻJ�ɍɃ;̤ɢ:K25�ˡŰ  (mild) �K> ɠŰ  (moderate)�
̅Ű  (severe)7ļí'ON:78EM�TL ˟ʟ ˻ȸ'O/ɍʠ;ȶ
ȴȭƓ:̐(5ŋ̆Ɍ:ˈÃ(/İę<9��ʬȫ;ɍʠ˻ȸż;ɍ

ʠßüƓ<�˻ȸ˿¹6�Nɍʠ;ȶȴȭƓ:ļ!"ŢĐ'ON&7

�L�TL ˟ʟ;˻ȸ˿¹79N AD ƍʒ;ɍʠ6<ʶēɌ:ȶ)N

ǭ�9ȣɇĊƇ �TL ;ɍʠßüƓ:ʶ̝9Ź̦RĉD*&7 ʑ�
LON�*9Q1�ʬȫ;ɍʠŜƙȡŰJʭ ȡŰ �-;ɍʠɆĸ

˿;ȶȴȭƓ:KMĸü*N&7<�ʬȫ;ǕúƋJŉÜƋ;ˈÃR

̟("*N�-&6ǜɖɣ6<�Ō̶üȫ�s�Rȸ�5�ɍʠɆĸ

˿:�$N TL ;ɍʠ˻ȸż;Ü˞ɟʮüƓJɍʠŜƙɟʮüƓȬƋ
Rˀǡ*N&76�-O:Ź̦RĉD*ʹĦ:3�5ʑŔRʮ2/�  
³�:ǜɖɣ:KMžLO/ɔʻ:3�5ʹɴ*N�  
 
ɧ 1 ɥ6<�TL ɟʮüƓ:Ź̦RĉD*7ʑ�LONȣɇɍʠ6ȶ

)Nɡ�ȶȴȭƓ;ĸþRɸ˷ɠ:è̞ˈÃ*N/H��U�j�q

tʗ˿ɍʠ;ɍʠȶȴȭƓRĸþ',/ɡ�ɍʠ�s�R½Ɨ(�TL
Ü˞ɟʮƋRˈÃ(/�-;ɽǢ��qtǶŪɍʠ�L< TL <Ü˞
Ɓȵ:ėċ'O:""�ʿşz�UʙRº�',N7�-O:ÂŇ(

5 TL ;Ü˞ɟʮ̆ ĵù(/�'L:��qtʿş̕Ĉɍʠ:��
5�TL ;Ü˞ɟʮ<�ĮǜɌ9ɼɍėċȴː:Ž�&7RǍL�:
(/�*9Q1�AD ƍʒ6<�ʿşz�Uʙ;º�:·25 TL Ü
˞ɟʮ;ĵù ȶ)5�N7ʑ�LO�-; TL Ü˞ɟʮ̆;¦Ȕ:
<�TEWL ;ȔŋRʮ��-; TEWL :Ƈ)/˟ʟ;Ŧ̄ Ǖú6�
N�E/��qtɍʠA;˙ȣóƝ�:KM�ɍʠȊʝ ŸƗ'O�

ʿşR̕Ĉ(/Ȋʝɍʠ6<�TL ;Ü˞ɟʮ̆ ĵļ(/�&;Ü
˞ɟʮ̆<�˙ȣọ́Ɲ�ʐ6ʾŔ'O/ TL Ü˞ɟʮ̆7ʭȈ;Ƕ
;ɐ̐̐ÆKMI̸�Í792/�&OL;&7�L�TL ;Ü˞ɟ
ʮ̆;ĵù<�ʭɭˬ˷Ƌ;¬˲7ʭȈ;ĵļ;�Ǉ:KNŹ̦7ʑ
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�LON�AD ƍʒ6I�ʭȈ̆;ĵùJʭɭˬ˷Ƌ;¬˲ ȶ)5
�Nƍʒ6<�TL ;Ü˞ɟʮ;ĵù:ȅƑ ƅʹ6�M�ʭɭċʉ
ó;¾ȸ:KM�ʭȈ̆Rº�',N&76�TL Ü˞ɟʮ;Ɯï 
ǘź6!N7ʑ�LON�  

 
ɧ 2 ɥ6<��U�j�qtʿş̕Ĉʗ˿ɍʠ6�TL ;Ü˞�K>

ɍʠŜƙɟʮüƓ:ŕ*NʭɭĹȝæn�{a˖;Ź̦RˈÃ(/�

-;ɽǢ�TL ;Ü˞ɟʮĥ˽RɎɌ7(/Ŧ̄˟ʟ;˻ȸ:��5�
ȊʝRǕ*Nʿş̕Ĉɍʠ6<�Ȋʝ 9�ɍʠ:ǺB�˟ʟ˻ȸɏ

ż: TL;ėċ;˴ű ʾŔ'O/�-;ɍʠ  TLȡŰRȔŋ*N7�
Ȋʝɍʠ:��5�ǕƑ:̸�Í792/&7�L�ʭɭĹ:ȝæ(

/ʭȟn�{a˖: TL  ɽē*N&76�ɍʠŜƙ:ȚȾ(/7ʑ
�LON�ɍʠ :�$N˵̞Ÿ�K>ɽēŸ TL ;-O.O;üƓ
ȬƋJ�ɽēŸ TL ;ʬúA;ő�:3�5<�¯ż;Ǩ˄ ƅʹ7
ƉQON�  

 
ɧ 3 ɥ6<�AD �s��XjRȸ�5�˟ʟ˻ȸż;Üʭ�K>

ɍʠ  TL ȡŰRȔŋ*N&76�AD ƍʒ6˙&MžNÜ˞ɟʮüƓ
JɍʠŜƙɟʮüƓȬƋRʑŔ(/�'L:�Ü˞ɟʮ;ïſI("

<ĥ˽RɎƩ(/˟ʟ;Ŧ̄Jʭɭċʉó;¾ȸ;úǢ;ǨˇRʮ��

-;ǐ;üƓȬƋRˀǡ(/�¯ĥȸ�/owƞćĲť 21 �K> 29
Ǌɼ˷ż;�s�<�ʿşz�Uʙ º�(5�N�M�21 Ǌ6ʭȈ
≮ÍRɚ*×Ǉ6�29 Ǌ6ǶŪÍRɚ(/�'L:�ɼ˷Ǌǁ;�
s�6ʓ°;ʕĆ ƨʁ(5�/&7�L�ƨʁɌ:Ȋʝ ȶ)5�

N�s�6�2/�0.1% TL ˟ʟR˻ȸ(/ıē�-;Ü˞ɟʮ̆<
ʿşz�Uʙ7ʧ�ɐ̐ƋRɚ(�ɧ 1 ɥ6ɚ(/˟ʟ;Ŧ̄ Ǖú
7ìǆ'O/�-&6�ʿşz�Uʙ:Ƈ)/˟ʟ;Ŧ̄Rʮ2/ɽ

Ǣ�ʭ ȡŰ;ŌȔÍ<¦ȔÍKMIº�Í6�2/ �˟ʟ;Ŧ̄

 Ü˞ɟʮ;Ɯï:Ǖú6�N&7 ɚ'O/�ʭɭċʉóR¾ȸ(

/ıē�TL ;ʭ ȡŰ<�ʿ şz�Uʙ º�(/�Xj:��5<�

º�ÍRɚ*Óĕ:�2/�E/�Ŧ̄˟ʟ77I:ʭɭċʉóR¾

ȸ*N7�ʭ ȡŰ;ƜïúǢ ˋHLO/�ʭ ȡŰ7ɍʠ ȡŰ

;̐Æ< 2 ɐƋRɚ(��Nɍʠ ȡŰ³�6ɍʠ :ȝæ(/ʭȟ
Ɨè7;ɽē ̴ĝ*N&7 ɚġ'O/�˟ʟ;Ŧ̄�K>Uu�

v��;¾ȸ<�KMº�ʭ ȡŰ /ɍʠ ȡŰǺ ǘź6!N&7 
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ǍL�79M�KMǕú6ŉÜ9ȁɊRʑƕ*N�6Ǖú9Ǉȃ:9

NI;7ʑ�LO/�  
 ³�;ɽǢKM�AD ƍʒ;ɍʠɆĸ˿6<�1–ʿşz�Uʙ;

º�:KN TL ʭ ɟʮ;ĵļ�2–ɍʠʭȈ̆;�ǌ�K>ʭɭˬ˷
Ƌ¬˲:KN TL ʭ ɟʮ;ĵļ�3–ʭɭĹȝæʭȟn�{a˖7;
ɽē:KNɍʠŜƙȚȾƋ;ĵļ ȶ)5�N&7 ʑ�LON�  
ǜɖɣ6<�TL ɼɍ˻ȸż;Ü˞ɟʮ�K>ɍʠŜƙüƓ �ɍ

ʠ;ȭƓ:KMǭ�:ĸþ*N&7RǍL�:(/�Ȭ:�ʿşz�

Uʙ;ĸþ:KM  TL ;Ü˞ɟʮƋ Ŷ"ÂŇ*N&7�L�ɼɍǽ
èʫǀ̆;Ȕŋ:KNɍʠɆĸ˿:�$Nz�Uʙ;ˈÃ Ǖȸ79

N�ù�5�ɼɍǽèʫǀ̆;Ȕŋ<āɊŽ§ʒ Őǎ:Ōǈ6!N

&7�L�-;ɍʠz�Uʙ:Ƈ)5ʬóŧ ˟ʟ;Ŧ̄Jʭɭċʉ

ó;¾ȸ7�2/ʬňɌɭȴ;I7�KMŉÜ9ʬȫɊȃRƲÁ6!

N7ʑ�N�   
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ˑˣ  
 
� ǜːǃRɺ�N:�/M�ɼȑɌ:IɱɜɌ:IƼ�5"O/ŏǉ

:ƒˑ;ƑRȻ(�%E*�ɖɣȇü Ǘǋ"�E/Ļ˴�ǐ̏:9

25I�ǹ;ʏě("ȓ��ƚǅȴ �2/��%6�Ƅ˞7I:Ö

Ō(/ɖɣȶȇR˪N&7 6!E(/�E/�ňǩ�ɖɣ:̐(5�

×éĎRæ'+:��ʤè;Ł!9K�:JM9'��7Ǌ̧�Lʗ 

Rơ(5"O/Ȫ:<�¼§:I˝˜,+:ǔë;×Ƿ˛Fæ*ûǼ

RIL�E(/�  
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Ō̶;˿  
 
 
ɧ 1 ɥ  
 
1. Ō̶ǝǅ  
��t~qa® ˟ʟ  0.1%�K> 0.03%<����ǤŲ¶ɛ  (ļ̑ ) 

�L˗Û(/�Uje�Wh�< A.G. Scientific, Inc. (San Diego) �L
˗Û(/�]�z�ũZp��Ȉü{��V��Zz�j���  (EB)�
`̃� λ-]�`�v��gW�f��K>]lW�<ĝØɶʬšǩǤ
Ų¶ɛ  (ļ̑ ) �L˗Û(/�L-Uu�v��<�Ǡ­þƗšǩǤŲ
¶ɛ  (Ǡ­ ) �L˗Û(/�̂̃U��wX�<�hb�  U�u�q
p  i�{�̼ Ǡ­–�L˗Û(/�]��_h�p�k���j  (CMC 
Daicel 1170, 500-800 mPa·s, 25ºC) <ǤŲ¶ɛoWk�  (ļ̑ ) �L˗
Û(/��Wa�oWU�hj����  (OP-100-10) <ǤŲ¶ɛZW
e�  (Ǡ­ ) �L˗Û(/�ǊǜʬŜǇșʨ^�l  nW� III K-Pine
<�ŠǜʊŨǝǅǤŲ¶ɛ  (Ǡ­ ) �L˗Û(/�-;±;ˉʬ<�
Ü5Ť˔;ȬɷĞRȸ�ɱʵ,+:-;EEȸ�/�  
  
2. üȫ  (�U�j�qt ) 
*B5;üȫŌ̶<�ĭʸļňŌ̶üȫʼŋ:Ȃ25˃ȼ(�Üň

Ō̶üȫɭȴńĠ¶;ƛˋRž5Ōǈ(/  (ƛˋɀđ́H27040 –April 
8, 2015)�̚Ƌ�U�j�qt  (WBN/ILA-Ht�9-10 ˱̺�»̅ 200-300 
g) <�ĭʸļňȶĜɝňk�n�  (įȱ )�L˗Û(/��qt<�ō
ßȵĴ e�t���'O�ʤȺƷ̱��12 ǐ̏;ǍǑĚǘ6�Ō̶
:¿ȸ'ONE6˻é:̳ʖ'O/�ǜɥ;*B5;üȫŌ̶6<�

5%Wm����;ėÛ:KḾ̹řÛ(�-;ż�X�n�αȍ  (]
�z�ũZp� 1.5 g/kg) ;ʞʜßƝ�:KḾ̹(/�  
 
3. In vivo �U�j�qtɍʠ:�$N TL ɼɍėċˉ̶  
� Ō̶ōßȵĴR�25.5±1.0ºC�ɐŕȕŰ 40�60̻:e�t���(/�
̚Ƌ�U�j�qt  (WBN/ILA-Ht ɳ�8-10 ˱̺ ) R 5%Wm����
ėÛ̹́:KḾ̹řÛ(�-;ż�X�n�αȍ  (]�z�ũZ
p� 1.5 g/kg) ;ʞʜßƝ�:KḾ̹(/�ʗ˿ɍʠ;ǻR�̠Ǽh
Y�z�:KM̕ǻ(/�ˉ̶:Á(/ɍʠ<�ǶŪɍʠ�ǶŪʿş

˙ȣóƝ�ɍʠ�r��jt�q~�båȴˏǂɍʠ�ʿ ş̕Ĉɍʠ�
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ʭɭċʉóƝ�ɍʠ�ʿş̕Ĉ˙ȣóƝ�ɍʠ7(/�-O.O;½

ƗǇȃ<ż˨*N�na���j  (TL) ˟ʟó;Ĳť̆<�10 mg/cm2

7(�Ō̶ƹ½;îÅƋRʑ�5ŒŖĲťȃ:KMʗ˿:Ɲ�7(/�

ŒŖĲť<���Zp��ʵ;�V��6Ĳť˿Rʺ���V�� 

ô O9�K�:˻ȸ˿;ĚMRɰɓr��:5Ĩŋ(/�˟ʟ;Œ

ŖĲťż�̢̪ʚKM�{��6òåȴ(/ȅŘɪRȸ�5ɼǐɌ:

100 µL ;ƯʭRʮ2/�  
 
4. ɍʠȶȴȭƓ;ˈÃ  
ɍʠȶȴȭƓRˈÃ*N/H�˟ʟ˻ȸ˿¹:��5�˟ʟĲťɏ

ò:ɍʠz�Uʙ;Ʃǯ6�Nɼɍǽèʫǀ̆  (TEWL) RȔŋ(/�
ȔŋǳĤ:<̍̊Ĭ��n��ǽèʫǀ˃ VapoMeter® (Delfin Tech-
nologies Ltd, Kuopio, Finland) R¿ȸ(/�E/�Ĕǭ:˟ʟ˻ȸ˿¹
:��5�˟ ʟĲťò�K>˟ʟŒŖĲťż�Ưʭǐ:ʭȈÍ  (PU) ;
ȔŋRʮ2/�ȔŋǳĤ:<̣ưˁĬ��g�uq���ʭȈȼÔþ

ʴʍ PeriScan PIM�® (PRIMED Ltd, Stockholm, Sweden) R¿ȸ(/�  
 
5. LC-MS/MS :ĕ$/ʭȍf���åȴ  (αʭ�̕n�{a�ȡʉå
ȴ ) 

� ʭȍ ; TL ; 85%³�<˘ʭȳȼè:èť*N/H 65�Ë»̏6

;˘ʭȳǁ;ĸü:KNŹ̦Rƭ̕*N/H�Üʭ :�$N TL ȡ
Ű;ȔŋRʮ2/�*9Q1�ʭȍ 100 µL :�αʭ;ɎɌ6 0.1M ɘ
̃«̈αȍ7�nx��R 3 ŕ 7 6Ȏĝ(/αȍ 150 µL Rȏù(��
�rqaj�_f�:5 10 ɞ̏Ƞ("ƻƤ(/�'L:�ƻƤż;f
���:̕n�{a�K> LC-MS/MS Ȕŋǐ;ǯȗȫ˖ȏù;ɎɌ6�
Uje�Wh�  (Asc)  10 ng/mL 6αˀ(/Uktwt��αȍ  
(³��ßǯȗαȍ7*N ) 250 µL Rȏù(���rqaj�_f�6
30 ɞ̏Ƞ("ƻƤ(�10 è̏ōȓ6̢ʍ',/�f���R˺Ƅè̞  
(25ºC, 14,000 rpm, 10 min) (/ż;�Ȑ 450 µL R LC-MS/MS :5ŋ̆
*NE6  � 80ºC 6ÈŇ(/�ˀãż;f���R˺Ƅȡʉʴʍ

SpeedVac 2010 (Thermo Fisher Scientific Inc., Yokohama, Japan) :5ȡ

ʉ  (45ºC, 800 rpm, 2 h, 5.1 Torr) (/�¤ȩĨþ(/f���:ɟüα
ȍR 70 µL ȏù(���rqaj�_f�6 10 ɞ̏Ƞ("ƻƤ(/ż
:�˺ Ƅè̞  (25ºC, 14,000 rpm, 5 min) (�-;�Ȑ 50 µLR LC-MS/MS
:5Ȕŋ(/�  
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6. LC-MS/MS :KN TL ȔŋǞµ  
� TL < LC-MS/MS ʴʍRȸ�5ŋ̆(/�ȸ�/ LC-MS/MS <�LC
��� (LC-20AC, Shimadzu, Kyoto, Japan)�\�tW�iYan�  
(SIL-20AC HT, Shimadzu, Kyoto, Japan)�è̞]��  (Hypersil GOLD 
CN, 150 mm�2.1 mm, Thermo Fisher Scientific Inc., Yokohama, Japan)�
]��\���  (CTO-20AC, Shimadzu, Kyoto, Japan)�MS èǡĤ  
(4000QTRAP® System, AB SCIEX, Tokyo, Japan) �L9N�è̞ǞµR
Table S1 :ɚ(�4000QTRAP® System ;ȔŋǞµR Table S2 :ɚ*�
TL ;ŋ̆<�U��wX�ĳ7(5Ǩæ'ON TL èņ{822.3 (m/z)}
;èˀȫ{769.3 (m/z)};Ǩæ:KMʮ2/�ßǯȗȫ˖; Asc ;ŋ̆
<U��wX�ĳ7(5Ǩæ'ON Asc èņ {810.3 (m/z)};èˀȫ
{757.3 (m/z)};Ǩæ:KMʮ2/�  
 
Table S1  Chromatography conditions for qualitative analysis of tac-
rolimus using the LC-MS/MS system. 

Mobile phase 
ultra pure water : acetnitrile = 35 : 65 

0.1 w/w% formic acid 2 mM ammonium acetate 
Flow rate 0.2 mL/min 

Autosampler temperature 20ºC 
Injection volume 10 µL 

Column temperature 30ºC 
 

Table S2  Mass spectrometer conditions for qualitative analysis of 
tacrolimus using the LC-MS/MS system. 

Ionization electrospray ionization 
Scan mode selected reaction monitoring 
Ion mode positive 

Curtain gas pressure 10 psi (nitrogen) 
Collision gas pressure 8� psi (nitrogen) 

Ion spray voltage 5500 V 
Temperature 600�0 

Ion source 1 gas pressure (nebulizer gas) 40 psi (nitrogen) 
Ion source 2 gas pressure (heater gas) 70 psi (nitrogen) 

Analysis software Analyst®, vaersion 1.4.2 
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7. TL ˟ʟ˻ȸǞµ7 TL Ü˞ɟʮƋ;ˈÃ  
� TL ˟ʟ;˻ȸǞµ7(5�TL ˟ʟ;˻ȸ̤ɢ7˟ʟ ; TL ĖǕȡ
Ű  (w/w%) RĸǓ*N&76�TL Ü˞ɟʮƋA;Ź̦RǨ˄(/�*
9Q1�TL ˟ʟ 0.1%Rȸ�5�˻ȸ̤ɢ  (cm2) R 0.79, 5.0, 10 7(
/�E/�˟ʟ;˻ȸ̤ɢR 5.0 cm27(5�TL ĖǕȡŰ  (w/w%) R
0.003 (Ȉü{��V�:5Ŧ̄ ), 0.030, 0.10 (7I:Ť˔ʵó ) 7(/�
˻ȸ˿¹;ɍʠ<�r�~jt�q~�båȴ  (20 ĥ ) Rǈ(/ʿş
̕Ĉɍʠ7(/�  
 
8. r��jt�q~�båȴ:KNʿşz�Uʙ;ˏǂ  
� ʿşz�UʙRˏǂ*N/H�r��jt�q~�bĥǁR 5, 10, 
11, 13, 15, 20 ĥ;�+O�6åȴ(/�  
 
9. TL ˟ʟ;Ŧ̄  

0.1% TL ˟ʟ�K>Ȉü{��V�-O.OR�ɎɌŦ̄ȡŰ:ē
Q,5�zWU�:̆M7M�ƻƤņ6 24 ǐ̏ƻƤ(/�Ŧ̄(/;
1�˟ʟ ; TL Ė̆RȔŋ(/�*9Q1�100 mL ;�j��je
:Ŧ̄˟ʟR 100 mg ̆M7M�a����� 2 mL Rȏù(�˟ʟR
ŊÜ:αˀ',/�-;ż��nx��6 100 mL :9NK��jUq
�(5�˟ʟĮóRǡæ',/�-;�ȐR 1.5 mL �Wa�p���
:èČ(5�˺Ƅè̞(/  (25ºC, 14,000 rpm, 5 min)�Ŧ̄ȡŰ:Ƈ)
5�-;�ȐR�nx��6Ŧ̄ż�ßǯȗαȍR�Ȑ:ŕ(5 2 Ì
̆ù�/�˺Ƅè̞ż;�ȐR LC-MS/MS :5Ȕŋ(�TL ;˟ʟ 
TL Ė̆Rəˋ(/�  
 
10. TL Ŧ̄˟ʟ;˻ȸǇȃ  

TL Ŧ̄˟ʟ  (˟ʟ  TL ȡŰ : 0.004, 0.003w/w%) <�ɰŰ;º� 
ʪ(�2//H�Ĳť̤ɢ³ĹA;˻ȸ˟ʟ;ŝűR̒#ɎɌ6�˻

ȸ̤ɢ7Ĕ)̤ɢ;șʨ^�lRȸ�/�*9Q1�șʨ^�l6˻

ȸ˿¹Rʳʺ(�-;��LŦ̄˟ʟRĲť(/�˟ʟĲťż<�Ĕ

ǭ:��Zp��ʵ�V��6ʳʺ(/ż�-;ĚˤRɰɓr��6

Ĩŋ(/�  
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11. ɨŵ��̃ĳʇʰȍ  (PBS) pH7.4 ;ˏʵ  
� Table S3 :ɚ(/ɻƗ;ǽαȍ A, B ; 2́3 ;ȎēȍRˏʵ(�˚
̥ȄȆȉǳ  (ASU-3D, AZ ONE Co., Ltd, Osaka, Japan) 6˚̥Ȅåȴ(
5ʛǼ(/�  
 
Table S3  Composition of phosphate-buffered saline. 

Solution A 
KH2PO4 
NaCl 

0.03 M 
0.11 M 

Solution B 
Na2HPO4·12H2O 
NaCl 

0.03 M 
 0.1 M 

 
12. MD ����Rȸ�/ɍʠǛǦʭɭ:�$Nʭɭċʉ;ˌř  
� MD ����  (ˬǡʡ́àȶ�qajk���j�èņ̆]qt\�
Í́50 kDa) R 21G ;ȅŘ̇R^�u:ȸ�5��U�j�qtɍ�
:ƫÛ(�ȅŘ̇RČM̕"&76����Rɍ�:Ⱦʍ',/��

���ƫÛ:·�Äʷ;Ź̦Rʇĝ',N/H�����ß: pH7.4
; PBS R̿ǐ̏λȈ',/  (λȈˮŰ 1.0 µL/min)�-;ż�λȈȍR
ʭɭċʉˌř;ɎɌ6Uu�v�� 500 µg/mL 6αˀ(/ PBS :ĸ
�5�αȍʍƳ 1 ǐ̏ż�L in vivo ɼɍėċˉ̶R̎Ń(�ˉ̶ɺ¥
E6λȈ',/�  
 
13. Uu�v��Ȏē˟ʟ;ˏǂ  
� Uu�v��7 TL ˟ʟR^�jh����:ȔM7Mj{p��
Rȸ�5Ȏĝ(/  (˟ʟ Uu�v��ȡŰ́0.25, 0.50 w/w%)�Ȏē˟
ʟ<� in vivo ɼɍėċˉ̶;òǊ:ˏʵ(�ˉ̶:Á(/�   
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ɧ 2 ɥ  
 
1. ˉʬ  
� ˉʬĉ>αŅ<Ť˔;ȬɷĞR˗Û(�'L9NɱʵRʮQ+:-

;EE¿ȸ(/�  
 
2. In vivo �U�j�qtɍʠ:�$N TL ɼɍėċˉ̶  
� Ō̶ōßȵĴR�25.5±1.0ºC�ɐŕȕŰ 40-60̻:e�t���(/�
̚Ƌ�U�j�qt  (WBN/ILA-Ht ɳ�8-10 ˱̺ ) R 5%Wm����
;ėÛ:KḾ̹řÛ(�-;ż�X�n�αȍ  (]�z�ũZp
� 1.5 g/kg) ;ʞʜßƝ�:KḾ̹(/�ʗ˿ɍʠ;ǻR�̠ǼhY
�z�:KM̕ǻ(/�ˉ̶:Á(/ɍʠ<�ʿş̙Ŏɍʠ�K>ʿ

ş̕ĈƊƋȣɇɍʠ7(/�-O.O;½ƗǇȃ<ɧ 1 ɥ7Ĕǭ7(
/�TL ˟ʟó;Ĳť̆<�5.0 mg/cm27(�Ō̶ƹ½;îÅƋRʑ�

5ŒŖĲťȃ:KMʗ˿:Ɲ�7(/�˻ȸ(/˟ʟ<�ɧ 1 ɥĔǭ
9Ǉȃ6�Ȉü{��V�:5Ŧ̄(/I;Rȸ�/  (˟ʟ  TL ȡŰ  
0.004, 0.003w/w%)�˟ʟ;ŒŖĲťż�̢̪ʚKM�{��6òåȴ(
/ȅŘɪRȸ�5ɼǐɌ: 100 µL ;ƯʭRʮ2/�  
 
3. Ƹæɍʠ  TL ̆;Ȕŋ  
� TL ˟ʟ;ɍʠ˻ȸż 15 è�K> 90 è:��5�X�n�αȍ;˩
ùƝ�  (500 µL, i.p.) ż�Ƅʢ�L;λȈʛʭRʮ��˟ʟ˻ȸ˿¹7
92/ʗ˿ɍʠRāɊȸõç:5Ƹæ(/�Ƹæɍʠ;̅̆RȔŋ(

/ż�ɍʠRǈʯȸyf�6ɹǆ(�5 mL ;�nx��αŅ :ÛO�
24 ǐ̢̏ʍ',/�ƢæȍR 1.5 mL �Wa�p���:ȔMČM�˺
Ƅè̞ǳ  (13,200 rpm, r.t., 15 min) :Ʈ$/�-;�ȐR 1.5 mL �W
a�p���:ȔMČM�ßǯȗαȍ  (Asc 10 ng/mL) 1 ŕ 1 ;ŐɢǺ
6Ȏĝ',/;1�LC-MS/MS 6Ȕŋ(/�  
 
4. LC-MS/MS Ȕŋ:ĕ$/ʭȍf���åȴ  (αʭ�̕n�{a�ȡ
ʉåȴ ) 
ɧ 1 ɥ 5. 7Ĕǭ;Ǉȃ6ˏʵ(/�  

 
5. LC-MS/MS :KNf���αȍ ; TL ȡŰ;Ȕŋ  
� ɧ 1 ɥ 6. 7Ĕǭ;Ǉȃ6f���αȍ ; TL ȡŰR LC-MS/MS 6
Ȕŋ(/�   
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ɧ 3 ɥ  
 
1. ˉʬ  
Ut~�ƋɍʠȣˌɋowƞćĖǕ˟ʟ}\jn®AD �K>ush

�ɘ̃ Na (SDS) <ĝØɶʬšǩǤŲ¶ɛ  (ļ̑ ) �L˗Û(/�  
 

2. üȫ  (NC/Nga �Xj ) 
*B5;üȫŌ̶<�ĭʸļňŌ̶üȫʼŋ:Ȃ25˃ȼ(�Üň

Ō̶üȫɭȴńĠ¶;ƛˋRž5Ōǈ(/ (ƛˋɀđ́H27044 �April 8, 
2015)�̜Ƌ NC/Nga �Xj  (8-10 ˱̺�»̅ 20-25 g) <��Þ��  (į
ȱ )�L˗Û(/��Xj<�ōßȵĴ e�t���'O�ʤȺƷ̱
�� 12 ǐ̏;ǍǑĚǘ6�Ō̶:¿ȸ'ONE6˻é:̳ʖ'O/� 
 
3. Ut~�Ƌɍʠȣˌɋ��te��  

—ëĥˌɋǇȃ—  
1–  NC/Nga �Xj (Ǌǜp���j�z�ɛʵ�̜ Ƌ�10 ˱̺³̓ )

RWm����ėÛ̹́��ʗ˿�K>ʓ°˿Rz�]�6ǻ

êM(/ż�̕ǻóR˻̆Ĳť(̕ǻ(/�  
2–  ̕ǻóR?!Č2/ż�}\jn®AD 100 mg Rʗ˿�K>ʓ

°˿:ī×:Ĳť(/�  
3–  Ĳťż��XjR̳ʖc�i:Ƙ*(/�   
— 2 ĥɎ³̓ˌɋǇȃ— 
1–  ǻ ȶ�5!/&7 əˋ'O/ıē:<ƅ+�z�]��K
>̠ǼhY�z�6ñǻ(/�  

2–  4w/v% SDS ǽαȍ 150 µL R�Wa�~�qt6ʗ˿�K>ʓ
°˿:Ȝ�(9 L�ī×:Ĳť(/�  

3–  u�W�� (â̰ )6�NɠŰ¤ȩ',/�  
4–  �XjR̳ʖc�i:Ƙ(5�L 2 ǐ̏ƾʍ(�ʤȦ¤ȩ',
/�  

5–  }\jn®AD 100 mg Rʗ˿�K>ʓ°˿:ī×:Ĳť(/�  
6–  Ĳťż��XjR̳ʖc�i:Ƙ(/�   
�Ü5;åȴ< 1 ˱̏: 2 ĥ;��j6ʮ2/�3 ˱̏�˃ 6 ĥ
;åȴ6Ut~�ƋɍʠȣRˌɋ',/�  
owƞćĲť̎Ń 17 ǊɎ: 6 ĥɎ;ǔɺĲťRʮ2/�21 Ǌ

ɎI("< 29 ǊɎ:jeU��bRʮ��Ō̶:Á(/�  
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4. PBS pH7.4 ;ˏʵ  
� ɧ 1 ɥ 11. 7Ĕǭ;Ǉȃ6ˏʵ(/�  
 
5. In vivo Ut~�Ƌɍʠȣ�s��Xjɍʠ:�$N TL ɼɍėċˉ
̶  
� Ō̶ōßȵĴR�25.5±1.0ºC�ɐŕȕŰ 40-60̻:e�t���(/�
̜Ƌ NC/Nga �Xj  (8-10 ˱̺ ) R 5%Wm����;ėÛ:KḾ̹
řÛ(�-;ż�2.0-2.5%Wm����;ėÛ:KḾ̹Rʂƨ(/�
TL ˟ʟó;Ĳť̆<�8.0 mg/body 7(�ąɶĲťȃ:KMʗ˿:Ɲ
�7(/�˟ʟ;Ĳť 2 ǐ̏ż�ǈʯȸyf�6ǆ̩(�äʭ̒ǵ;
/H:�{��6òåȴ(/��tR°(5ÜʭRƯČ(/�  
 
6. 0.1% TL ˟ʟ;Ŧ̄  
�Xjʗ˿ɍʠ; TEWL RȔŋ(/ż� (4) Ų:KMŦ̄ÌȰRɬ

æ(�Ȉü{��V�:5Ŧ̄(/�˟ʟķ: 0.1% TL ˟ʟ�K>Ȉ
ü{��V�R̆M7M�37ºC ;ƌȓǮ6 10 è̏W�_���t(
/ż�˟ʟʈĽ˾ NR-50 (THINKY Co., Ltd, Japan) 6 5 è̏Ȏĝ(/  
(Ýˠ , 2000 rpm; ʤˠ , 800 rpm)�-;ż�ōȓ:5̢ʍ(/�ǜǨ˄
6;Ŧ̄6<�˟ʟ;Ĳťż�Ĳť˿¹:Èƨ'ONĂè9ɰŰ6�

2//H�0.1% TL ˟ʟ7Ĕǭ:ąɶĲť7(/�  
 
6. Uu�v��Ȏē˟ʟ;ˏʵ  
� Uu�v��7 TL ˟ʟR^�jh����:ȔM7M�j{p�
�Rȸ�5Ȏĝ(/  (˟ʟ Uu�v��ȡŰ : 0.25, 0.50w/w%)�Ȏē
˟ʟ<� in vivo ɼɍėċˉ̶;ŷǊ:ˏʵ(�ˉ̶:Á(/�  
 
7. LC-MS/MS Ȕŋ:ĕ$/ʭȍf���åȴ  (αʭ�̕n�{a�ȡ
ʉåȴ ) 
ʭȍ 300 µL :�αʭ;ɎɌ6 0.1M ;ɘ̃«̈αȍ7�nx��R

3 ŕ 7 6Ȏĝ(/αȍ 450 µL Rȏù(���rqaj�_f�:5 10
ɞ̏Ƞ("ƻƤ(/�'L:�ƻƤż;f���: Asc ĖǕ  (10 ng/mL) 
Uktwt��αȍ 750 µL Rȏù(���rqaj�_f�6 30 ɞ
̏Ƞ("ƻƤ(�10 è̏ōȓ6̢ʍ',/�f���R˺Ƅè̞  (25ºC, 
14,000 rpm, 10 min) (/ż;�Ȑ 1.3mL RȔŋǊE6�80ºC 6ÈŇ(
/�ȔŋǊ�ˀãż;f���R˺Ƅȡʉʴʍ SpeedVac®:5ȡʉ  
(45ºC, 800 rpm, 4h, 5.1 Torr) (/�¤ȩĨþ(/f���:ɟüαȍR
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70 µL ȏù(���rqaj�_f�6 10 ɞ̏Ƞ("ƻƤ(/ż:�
˺Ƅè̞  (25ºC, 14,000 rpm, 5 min) (�-;�Ȑ 50 µL R LC-MS/MS
:5Ȕŋ(/�  

 
8. LC-MS/MS :KNf���αȍ ; TL ȡŰ;Ȕŋ  
� ɧ 1 ɥ 6. 7Ĕǭ;Ǉȃ6f���αȍ ; TL ȡŰR LC-MS/MS 6
Ȕŋ(/�   
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ɾ˃åȴ  
 
s�n;ǶʼƋ;Ǩŋ<�D'Agostino-Pearson Ǩŋ:KM�ǕƑǽȗ  

P < 0.05 7(/�E/�ǯǜǁ ś9"�˅;Ǩŋ6ɽǢ žLO9
�ıē<�Kolmogorov-SmirnovǨŋRʮ��ǕƑǽȗ  P < 0.057(/�  
ąĥũ�K>̅ĥũèǡèǡ:�$NĥũÆǁ<�t Ǩŋ:KM P < 

0.05, 0.01, 0.001, 0.0001 RǕƑ7(/�̅ĥũŲ;ǕƑƋ<�F Ǩŋ:
KM�P < 0.05, 0.0001 RǕƑ7(/�  
ŕƇ;9� 2 ʐʐ̏;ūī;Ǻˢ<�Ƕʼèť�3ɨèǀ6�Nı

ē�Student ; t ǨŋRʮ2/�Ƕʼèť6�M�ɨèǀ69�ıē�
Welch ; t ǨŋRʮ2/�Ƕʼèť69�ıē�Man-Whitney ; U Ǩ
ŋRʮ2/�  
ŕƇ;9� 1 ʹĦ6è̯'ON 3 ʐ³�;ǺˢǨŋ<�Ƕʼèť6

�O=�×Õ̀ʍèǀèǡ�K>ɨèǀƋ;ǨŋRʮ2/�ɨèǀ6

�NÜʐ̏6;Ǻˢ<�Tukey-Kramer ȃ:KMĺ̅ǺˢRʮ2/�ŕ
ȧʐ7;Ǻˢ<�Dunnett ȃ:KMĺ̅ǺˢRʮ2/�Ƕʼèť6ŕƇ
 9�ʐ;Ǻˢ6<�Kruskal-Wallis ǨŋRʮ2/ż:�Dunn ȃ:K
Mŕȧʐ7;ĺ̅ǺˢRʮ2/�  
ŕƇ;9� 2 ʹĦ6è̯'ON 3 ʐ³�;ǺˢǨŋ<�¨Õ̀ʍè

ǀèǡ;ż�Üʐ̏6 Bonferroni ȃ:KMĺ̅ǺˢRʮ2/�ŕȧʐ
7;Ǻˢ<�Dunett ȃ:KMĺ̅ǺˢRʮ2/�  

2 ʐ̏Ǻˢ�K>ĺ̅Ǻˢ:�$NǕƑǽȗ<�P < 0.05, 0.01, 0.005, 
0.001, 0.0001 7(/�9��*B5;Ǩŋ<��ÐǨŋ7(/�  
ąĥũ�K>̅ĥũèǡ:̐QNǨŋ<�Zak�ɾ˃ 2012 (Social 

Survey Research Information Co., Ltd., Ǡ­ ) Rȸ�/�-;±�*B5
;Ǩŋ<�Graphpad prism6 (GraphPad Software. Inc., USA) Rȸ�/�  
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