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43
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44,45
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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
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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 

 
TEWL PU
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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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(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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1 Fig. 2 TEWL TL × TL
×

in vivo Fig. 4
TL AUCblood TL

TL
Fig. 2

95%  
TEWL  TL

Fig. 2 ×

 
 

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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1  
 

 

TEWL PU Table 2  
 

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. 

 

TEWL PU

×

 
0.1w/w% TL  (

5.0 cm2, 10 mg/cm2) TL
TL

TL Fig. 5   
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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. 
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 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. 

 
PU  (PU: 230 ± 60) 

 (PU: 72 ± 19)  (Fig. 7B) TEWL
 (TEWL: 225 ± 14 g/m2/h) 

 (TEWL: 191 ± 9 g/m2/h)  
(Fig.7 A) TEWL

53

15 2 TL
 (Fig.7 C)

TL
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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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(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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(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. 
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TEWL AUCPU AUCblood Fig. 11A
B TL

 
 

(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.   



26 
 

Fig. 11A Fig. 2 0.1w/w% TL  (
5.0 cm2, 10 mg/cm2) 

TL  ( ) 0.25%  ( ) 
TL ×

× TL  ( ) 

0.25%  ( ) 

× 0.50% ( ) 
×

Fig. 11B TL  ( ) 
0.25%  ( ) AUCPU

AUCblood

TL  ( ) 0.25%
 ( ) 

TL × 0.50%
 ( ) 

×

  



27 
 

4   
 

1
TL

TL

TL
TEWL TL

 
2 TL TL

TL TL
TL

 
3 TL

TL

TL

TL TL

TL
 

AD
TL ×

TL
TEWL TL

TEWL TL
AD

TEWL 37

TL TL

TL TL



28 
 

TL TL
× 54

TL
TL  

TL  (Fig. 
12) TL TEWL

TL

×

Tewameter® 
MSC100/TM300 (Courage & Khazaka, Koeln, Germany) 

VapoMeter® (Delfin Technologies Ltd, Kuopio, Finland) 
TEWL

  



29 
 

 

 
Fig. 12  Flowchart for prevention of systemic side effects in AD ther-
apy using TL ointment.   
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TL

TL TL

TL
33,58

0.1 0.03 % TL
TL 0.1% TL

0.004 0.003w/w% TL
 ( 5.0 cm2, 10 mg/cm2) TL

TL 2
TL Fig. 13

 
 

 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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(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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(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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AD NC/Nga

61  (dermatophagoides farinae extract, 
Dfe) 62,63 AD

4w/v%  (SDS) α

100mg/ / 2 3  ( 6 ) In vivo
21 29

1) 2) 3) 
4) 0 1

2 3 64

TEWL PU
AD Fig. 

16A, B, C D  
21 29

21
29 × TEWL
11.1 ± 2.4 (g/m2/h) 17 39.3 ± 

7.4 (g/m2/h) 21 31.0 ± 9.6 (g/m2/h)  29 16.9 ± 6.2 
(g/m2/h) 29

PU 101 ± 19 10 188 ± 
102 14

21  (167 ± 80) 
29 111 ± 28
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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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(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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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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 ( 21 ) TEWLAD

TEWL in tac t ΔTEWL TEWL in tac t AD
TEWLAD

TL Table 4  
 
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) 

 
TEWL in tac t

TEWL in tac t

TEWL in tac t 2

TEWLAD TEWL
 

 (
0.79 cm2, 8mg/body) 

2 TL TEWLAD Fig. 19A B
Fig. 19B TL  

Fig. 19A  (TL whole blood concentration = 10.702 × TEWLAD – 
127.42) TEWL in tac t (11.1 ± 2.4 g/m2/h) 2
TL 109.09 (pg/mL) Fig. 19A
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TL 85.50 ± 19.45 (pg/mL) 
TL

TL TL
×

 
 
 

(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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2
TL Fig. 20

TL TL  
TL
TL 15 (ng/skin mg) 2

TL TL
 

AD

2 2
AD

 
 

 
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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3  
 

 
AD

 
AD 21

AD 0.50w/w%
0.1w/w% TL  ( 0.79cm2, 

8 mg/body) 2 AUCPU Fig. 21A
TEWL AUCPU TL Fig. 21 

B  C  
AUCPU Fig. 21B

TL TEWL Fig. 19A
× TL AUCPU

 (r = –0.226, P = 0.480)
TL

TEWL  (TEWL -
:  20.1-33.1 g/m2/h; TL  

18.8-49.5 g/m2/h)  
TL
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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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TEWL
TL

TL
2

AD
TL

2  (4) 
Table 5 TEWLAD

TL  
 

 
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 0.50w/w% 

21
 ( 0.79cm2, 8 mg/body)  2

AUCPU Fig. 22A TL TL
TEWL Fig. 22B C

TL AUCPU Fig. 22D   
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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.  
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AUCPU 0.1 TL
AUCPU

(Fig. 22A) TEWLAD  (20.1-33.1 g/m2/h) 
 (35.7-44.1 g/m2/h) 

3 TL 78.71 ± 32.98 (pg/mL) 
 109.09 (pg/mL) TL

2
TL

3
TL  

21 AD
 (24 ) TL TEWLAD AUCPU

TL TL
TEWLAD AUCPU

TEWLAD 30 (g/m2/h) 
 (12 )  (12 ) 2

TEWLAD

AUCPU TEWLAD

 

Table 6 Table 7   
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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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TL TL
TEWLAD AUCPU

21 AD  (24 ) 
 (P < 0.001)  ( R2) 

TEWLAD R2

AUCPU  (B)  (P = 0.297)
 (β) TEWLAD β

TL
 

TEWLAD 30 (g/m2/h) TEWLAD

 (P = 0.233) ×  (P = 
0.010) R2

TEWLAD 30 (g/m2/h) TEWL
 (P = 0.022) R2

TEWL AUCPU

B 0
× TEWL AUCPU B  (P = 0.011)
TEWL β AUCPU β

TL

TL  
2 Fig. 19B 0.1% TL TEWLAD

TL TL
× 7 4 2

 TEWLAD

4 33.2-44.9 (g/m2/h) 
 (Table 4) TL

0.1% TL
AUCPU  (371 ± 98) AUCPU  
(194 ± 26) 0.1% TL

TEWLAD

TL TL
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TL Fig. 23B  
TL 2 Fig. 20

TL 15 (ng/skin mg) 2 Fig. 23B
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0.1%
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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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1  
 
1.  

®  0.1% 0.03%  ( ) 
A.G. Scientific, Inc. (San Diego) 

 (EB)
λ-
 ( ) L-

 ( )  
 –  (CMC 

Daicel 1170, 500-800 mPa·s, 25ºC)  ( ) 
 (OP-100-10) 

 ( )  III K-Pine
 ( ) 

 
  
2.  ( ) 

 ( H27040 –April 
8, 2015)  (WBN/ILA-Ht 9-10 200-300 
g)  ( )

12

5% α  (
1.5 g/kg)  

 
3. In vivo TL  

25.5±1.0ºC 40 60
 (WBN/ILA-Ht 8-10 ) 5%

α  (
1.5 g/kg) 
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 (TL) 10 mg/cm2

100 µL  
 
4.  

 (TEWL) 
VapoMeter® (Delfin Tech-

nologies Ltd, Kuopio, Finland) 
 (PU) 

PeriScan PIM ® (PRIMED Ltd, Stockholm, Sweden)  
 
5. LC-MS/MS  (α

) 
TL 85% 65

TL
100 µL α 0.1M

α 3 7 α 150 µL
10

LC-MS/MS
 (Asc) 10 ng/mL α α  

( α ) 250 µL
30 10  
(25ºC, 14,000 rpm, 10 min) 450 µL LC-MS/MS

 80ºC
SpeedVac 2010 (Thermo Fisher Scientific Inc., Yokohama, Japan) 

 (45ºC, 800 rpm, 2 h, 5.1 Torr) α

70 µL 10
 (25ºC, 14,000 rpm, 5 min) 50 µL LC-MS/MS
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6. LC-MS/MS TL  
TL LC-MS/MS LC-MS/MS LC

(LC-20AC, Shimadzu, Kyoto, Japan)  
(SIL-20AC HT, Shimadzu, Kyoto, Japan)  (Hypersil GOLD 
CN, 150 mm 2.1 mm, Thermo Fisher Scientific Inc., Yokohama, Japan)

 (CTO-20AC, Shimadzu, Kyoto, Japan) MS  
(4000QTRAP® System, AB SCIEX, Tokyo, Japan) 
Table S1 4000QTRAP® System Table S2
TL TL {822.3 (m/z)}

{769.3 (m/z)} Asc
Asc {810.3 (m/z)}

{757.3 (m/z)}  
 
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 TL  
TL TL TL
 (w/w%) TL

TL 0.1%  (cm2) 0.79, 5.0, 10
5.0 cm2 TL  (w/w%) 

0.003 ( ), 0.030, 0.10 ( ) 
 (20 ) 

 
 
8.  

5, 10, 
11, 13, 15, 20  
 
9. TL  

0.1% TL
24

TL 100 mL
100 mg 2 mL

α 100 mL
1.5 mL

 (25ºC, 14,000 rpm, 5 min)
α 2

LC-MS/MS TL
TL  
 
10. TL  

TL  ( TL : 0.004, 0.003w/w%) 
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11.  (PBS) pH7.4  
Table S3 α A, B 2 3

 (ASU-3D, AZ ONE Co., Ltd, Osaka, Japan) 
 

 
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  

MD  (
50 kDa) 21G

pH7.4
PBS λ  (λ 1.0 µL/min) λ

500 µg/mL α PBS
α 1 in vivo

λ  
 
13.  

TL
 ( 0.25, 0.50 w/w%)

in vivo   
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2  
 
1.  

α

 
 
2. In vivo TL  

25.5±1.0ºC 40-60
 (WBN/ILA-Ht 8-10 ) 5%

α  (
1.5 g/kg) 

1
TL 5.0 mg/cm2

1
 ( TL  

0.004, 0.003w/w%)
100 µL  

 
3. TL  

TL 15 90 α

 (500 µL, i.p.) λ

5 mL α

24 1.5 mL
 (13,200 rpm, r.t., 15 min) 1.5 mL

α  (Asc 10 ng/mL) 1 1
LC-MS/MS  

 
4. LC-MS/MS  (α

) 
1 5.  

 
5. LC-MS/MS α TL  

1 6. α TL LC-MS/MS
  



67 
 

3  
 
1.  

®AD
Na (SDS)  ( )  

 
2.  (NC/Nga ) 

( H27044 April 8, 
2015) NC/Nga  (8-10 20-25 g)  (

)
12  

 
3.  

— —  
1–  NC/Nga ( 10 )

 
2–  ®AD 100 mg

×  
3–    
— 2 — 
1–  

 
2–  4w/v% SDS α 150 µL

×  
3–  ( )  
4–  2

 
5–  ®AD 100 mg ×  
6–    

1 2 3 6
 

17 6 21
29  
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4. PBS pH7.4  
1 11.  

 
5. In vivo TL

 
25.5±1.0ºC 40-60

NC/Nga  (8-10 ) 5%
2.0-2.5%

TL 8.0 mg/body
2

 
 
6. 0.1% TL  

TEWL (4) 
0.1% TL

37ºC 10
NR-50 (THINKY Co., Ltd, Japan) 5  

( , 2000 rpm; , 800 rpm)

0.1% TL  
 
6.  

TL
 ( : 0.25, 0.50w/w%)

in vivo  
 
7. LC-MS/MS  (α

) 
300 µL α 0.1M α

3 7 α 450 µL 10
Asc  (10 ng/mL) 

α 750 µL 30
10  (25ºC, 

14,000 rpm, 10 min) 1.3mL 80ºC
SpeedVac®  

(45ºC, 800 rpm, 4h, 5.1 Torr) α
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70 µL 10
 (25ºC, 14,000 rpm, 5 min) 50 µL LC-MS/MS

 
 

8. LC-MS/MS α TL  
1 6. α TL LC-MS/MS
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D'Agostino-Pearson  
P < 0.05

Kolmogorov-Smirnov  P < 0.05  
t P < 

0.05, 0.01, 0.001, 0.0001 F
P < 0.05, 0.0001  

2
Student t

Welch t Man-Whitney U
 
1 3

×

Tukey-Kramer
Dunnett

Kruskal-Wallis Dunn
 

2 3
Bonferroni

Dunett  
2 P < 0.05, 0.01, 0.005, 

0.001, 0.0001  
2012 (Social 

Survey Research Information Co., Ltd., ) 
Graphpad prism6 (GraphPad Software. Inc., USA)  
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