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Aerosol OT: di-2-ethylhexyl sodium sulfosuccinate 
IPM: Isopropyl myristate 
MMP: Matrix metalloproteinase 
NaClaq: NaCl aqueous solution 
Polysorbate: Polyoxyethylene sorbitan fatty acid ester 
ROS: Reactive oxygen species 
SL: Sucrose laurate 
SM: Sucrose myristate 
SO: Sucrose oleate 
SP: Sucrose palmitate 
SS: Sucrose stearate 
TBA: Thiobarbituric acid 
TBA-RS: Thiobarbituric acid reactive substance 
Tween 20: Polyoxyethylene (20) sorbitan monolaurate 
Tween 21: Polyoxyethylene (4) sorbitan monolaurate 
Tween 40: Polyoxyethylene (20) sorbitan monopalmitate 
Tween 60: Polyoxyethylene (20) sorbitan monostearate 
Tween 61: Polyoxyethylene (4) sorbitan monostearate 
Tween 65: Polyoxyethylene (20) sorbitan tristearate 
Tween 80: Polyoxyethylene (20) sorbitan monooleate  
Tween 85: Polyoxyethylene (20) sorbitan trioleate 
UV: Ultra violet 
 
 
 
 
 
 
 
 
 
 
 



 
 

1  
METw80-o: Tween 80:ethanol:IPM:NaClaq=30:30:33:7 
METw85: Tween 85:ethanol:IPM:NaClaq=30:10:53:7 
ME gel: METw85 + 6.5% AEROSIL®200 

 
2  
METw80-o: Tween 80:ethanol:IPM:NaClaq=30:30:33:7 
MEAOT: Aerosol OT:ethanol:isopropyl palmitate:NaClaq=33.3:15.2:31.3:20.2 

 
3  
MESL: SL:ethanol:IPM:water=25:10:5:60 

  METw80-w: Tween 80:ethanol:IPM:NaClaq=30:15:4:51 
 

4  
MESL: SL:ethanol:IPM:water=25:10:5:60 
MESP-E: SP:ethanol:IPM:water containing 0.5% dipotassium glycyrrhizate 

=15:15:65:5 
MESP-P: SP:1-propanol:IPM:water containing 0.5% dipotassium glycyrrhizate 

=15:15:65:5 
MESO-E: SO:ethanol:IPM:water=15:15:65:5 
MESO-P: SO:1-propanol:IPM:water=15:15:65:5 
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UV UV
1-5)

UV UVC 200-280 nm UVB 280-320 nm
UVA 320-400 nm 3 UVC

UVA UVB
UV 95%

UVA 20-30% 1,000 µm
UVB 160-180 µm 20%

10% Fig. 1 3,4,6) UVB 0.5%
3)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1  

7  
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Fig. 2  
8  

 
UVB

2-5) UV

UVB Fig. 2 DNA 260 nm
UVB DNA

UV DNA

3) UVA
6) UVA DNA UVB

Reactive oxygen species; ROS DNA
3,6) UV O2¯ OH LOO NO

1O2 ROS ROS

ROS
1,3) UV ROS
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1-5) ROS
matrix metalloproteinases MMPs MMPs

UV ROS

2,6)  
UV

1-5)

2-5)

UV

9-11)

12-14)

ROS MMPs
 

9,10,15-17)

Fig. 3

18-21)

 
 
 
 
 
 
 
 
 

Fig. 3  
 

(o/w) 

aqueous phase 

oil phase 

co-surfactant 

surfactant (w/o) (bicontinuous) 

drug 
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1
polysorbate

 
2

OT  
3

 
4
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1 Polysorbate
UV  

 
1  

 
 
 
 
 
 
 

Fig. 4  
 
 

Fig. 4
UV

22,23)

MMP
2,22-28)

29)

18-21) 228.24
log P = 3.024 Kitagawa

Tween 80 150 
mM NaCl NaClaq IPM

30:30:33:7
METw80-o
302.24 log P = 1.989 270.24 log P = 3.114

12,13)  
METw80-o
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METw80-o
polysorbate

in vivo

UV
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2  
 

1 Tween 80  
 

 
METw80-o

30) 31,32)

12,13,33)  

NaClaq IPM
0.31 mM 0.64 mM 12) 0.059 mM 0.96 mM 13)

METw80-o
NaClaq

IPM METw80-o 576
125 Table 1  

 

 

Table 1 NaClaq IPM METw80-o  

 

Vehicle Solubility (mM) 
NaClaq 0.259 ± 0.005 
IPM 1.19 ± 0.04 
METw80-o   149.1 ± 7.1***, a 

 
Mean ± S.D., n=4, ***p < 0.001 NaClaq IPM  

a  

 

 

Table 1
Fig. 5(a) Fig. 5(b)

METw80-o

NaClaq IPM 5.4 2.3
6.9 5.1 METw80-o
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31)  
METw80-o

 
 
 
(a)                (b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 NaClaq IPM METw80-o 20

(a)
40 (b) 

Mean ± S.D., n=4-8,  
ap < 0.001, p < 0.01 NaClaq IPM , 

 bp < 0.001, p < 0.01 NaClaq IPM , 
cp < 0.001 NaClaq IPM  
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2 Polysorbate/ethanol/IPM/NaClaq Tween 85
 

 

METw80-o Tween 80
8 polysorbate Fig. 6 IPM

NaClaq
 polysorbate Table 2  

 
 
 
 
 
 
 
 
 
 

Fig. 6 Polysorbate  
 
 

Table 2 Polysorbate  
 
 w+x+y+z R 

Polyoxyethylene (20) sorbitan monolaurate (Tween 20) 20 C11H23, H, H 

Polyoxyethylene (20) sorbitan monopalmitate (Tween 40) 20 C15H31, H, H 

Polyoxyethylene (20) sortiban monooleate (Tween 80) 20 C17H33, H, H 

Polyoxyethylene (20) sorbitan monostearate (Tween 60) 20 C17H35, H, H 

Polyoxyethylene (4) sorbitan monolaurate (Tween 21) 4 C11H23, H, H 

Polyoxyethylene (4) sorbitan monostearate (Tween 61) 4 C17H35, H, H 

Polyoxyethylene (20) sorbitan trioleate (Tween 85) 20 
C17H33, C17H33, 

C17H33 

Polyoxyethylene (20) sorbitan tristearate (Tween 65) 20 
C17H35, C17H35, 

C17H35 
 
 

R = C
n
H

m
 or H 
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Polysorbate
 

20 Tween 20
Tween 40 Tween 80 Tween 60 polysorbate

Tween 20 Tween 40 Tween 80 Tween 60
Fig. 7(a)-(d)  

Tween 21 Tween 61 Tween 21 Tween 20
Fig. 2(a), (e) Tween 61 Tween 60

Fig. 7(d), (f) Tween 21 Tween 61 NaClaq
 

Tween 85 Tween 65 IPM Tween 
80 Tween 60 Fig. 7(c), (d), (g), (h)

Tween 85 Fig. 7(g)
Tween 85 1:1 3:1 IPM

Fig. 7(g), (i)  
Tween 85/ethanol=3:1

METw80-o Tween 85:ethanol: IPM:NaClaq=30:10:53:7
Fig. 7(i) ( ), METw85  
METw85 254.9 ± 2.7 mM (n=4)

METw80-o 1.7  
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 (a)                                   (b)  

 

 

 

 

(c)                                   (d)  

 

 

 

 

(e)                                   (f)  
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(g)                                   (h)  

 

 

 

 

(i)  

 

 
 
 
 
 
 
 

Fig. 7 Polysorbate/ethanol/IPM/NaClaq  
(a) Tween 20:ethanol = 1:1, (b) Tween 40:ethanol = 1:1, (c) Tween 80:ethanol =1:1, 
(d) Tween 60:ethanol = 1:1, (e) Tween 21:ethanol = 1:1, (f) Tween 61:ethanol=1:1, 
 (g) Tween 85:ethanol=1:1, (h) Tween 65:ethanol = 1:1, (i) Tween 85:ethanol =3:1 

 
 
 
 
 
 
 
 
 
 
 



13 
 

3 Tween 85
 

 
METw85 AEROSIL®200 6.5%

ME gel METw85 ME gel
200 mM 6

20  
IPM METw85 ME gel

20 IPM 8 7
 Fig. 8(b) ME gel 6 20

METw85 62% 78
METw80-o (Fig. 5(a))  

 
 
 (a) (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8 IPM METw85 ME gel 6 (a) 20 (b)

 
Mean S.D., n=3-4, a p < 0.001 IPM ME gel , 

 b p < 0.001 IPM ,  c p < 0.01 IPM ME gel
, d p < 0.001 IPM , e p < 0.001 IPM

ME gel , f p < 0.01 IPM  
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4
 

 
200 µmol ME gel 20

in vitro
TBA TBA

34-36)  
ME gel TBA

TBA-RS 100% 200 µmol
ME gel 29.5%  Fig. 9   

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 ME gel  
Mean S.D., n=4, *** p < 0.001 

Res(-); ME gel  
Res(+); 200 µmol ME gel  
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5 UV
 

 
200 µmol ME gel 24

UV
 

ME gel UV
200 µmol ME gel

Fig. 10(b)
Δa* 2.9 0.3

 
 
(a) 
 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
 
 
 

Fig. 10 ME gel  
(a)UV (b)UV  

; ME gel  
; 200 µmol ME gel  
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3  
 

2 Tween 80 METw80-o
NaClaq IPM

576 125
253 123 12)

2381 147 13) 3 Tween 
85 METw85 254.9 mM  

NaClaq 984 IPM 214 20
100

METw80-o 0.15% METw85 0.23% METw80-o
0.4% 12)

0.32% 33)  

FLUX 
dm/dt (1) 9,10)  

 
(1) 

 
m = cumulative mass of diffusant passing per unit area through  

stratum corneum 
D = diffusion coefficient 
K = partition coefficient of solute between vehicle and stratum corneum 

      Cv = solute concentration in vehicle 
      h = thickness of stratum corneum 
 

(1)  
 

 
(1) D

vehicle- K vehicle Cv

2 2

228.24
368.38

h
DKC

dt
dm v

=
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polysorbate

polysorbate vehicle Cv

Polysorbate Tween 85

18,21) vehicle
33) Vehicle

Cv vehicle
K polysorbate

METw80-o
12,13) METw80-o METw85

D K
33)

18,21)  
UVB ROS

1-5,22,23)

4
5 ME gel

2,4,22,37)  
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4  
 

Polysorbate
UV

 
 
1. Tween 80 METw80-o

 
 
2. Tween 85

 
 
3. Tween 85 METw85 ME gel

METw80-o  
 
4.  ME gel UV

 
 

Tween 80 Tween 85

ME gel UV
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2 OT
 

 
1  

 
1 polysorbate

UV

MMPs
2,4,5,38)

 
vehicle

18-21)

 

di-2-ethylhexyl 
sodium sulfosuccinate OT Fig. 11

Junyaprasert 39) Aerosol OT:ethanol:isopropyl palmitate: 
NaClaq=33.3:15.2:31.3:20.2 MEAOT  
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Fig. 11 OT  
 
 

228.24 log P = 3.024

368.38 log P = 3.071 Fig. 12 Curcuma 
longa L.,

40,41) MEAOT
MEAOT METw80-o MEAOT

OT

METw80-o
302.24 log P = 1.989 Fig. 13 12) 3

2  
 
 
 
 
 
 
 

Fig. 12  
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Fig. 13  
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2  
 

1 OT  
 

 
MEAOT

IPM METw80-o MEAOT
METw80-o IPM

vehicle
MEAOT IPM METw80-o Table 3  

 
Table 3  IPM METw80-o MEAOT  

 

 

Vehicle 
Solubility (mM) 

Resveratrol Curcumin 
IPM 1.19 ± 0.04 0.52 ± 0.01 
METw80-o   149.1 ± 7.1***,a,b   49.9 ± 4.2***,a 
MEAOT  56.6 ± 3.7***   5.29 ± 1.02*** 

 
Mean ± S.D., n=4, ***p < 0.001 IPM , 

a p < 0.001 MEAOT , b  

 

 

MEAOT IPM METw80-o Table 3

MEAOT IPM METw80-o
MEAOT IPM 11 METw80-o 4.8

Fig. 14(a)
MEAOT

62% IPM METw80-o 85 7.9 Fig. 15(a)  
IPM MEAOT

IPM
36 Fig. 14(b)

IPM
MEAOT
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IPM METw80-o Fig. 15(b)
35%

31)

 
MEAOT 2.2%

1.7% METw80-o 0.15% 0.21%
 

MEAOT METw80-o

MEAOT  
 
 
(a)                                     (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14 IPM METw80-o MEAOT 20

(a) (b)  

Mean ± S.D., n=4-8, ap < 0.001 IPM METw80-o , 
 bp < 0.001 IPM METw80-o , 

cp < 0.01 IPM  
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(a)                                    (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 15 IPM METw80-o MEAOT 40

(a) (b)  

Mean ± S.D., n=4-8, ap < 0.001 IPM METw80-o , 
 bp < 0.01, p < 0.05 IPM METw80-o , 

cp < 0.05 IPM , 

 dp < 0.001 IPM METw80-o  
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2 OT  
 

MEAOT MEAOT
OT

 

Fig. 16(a) (b)

Fig. 16(a) OT
Fig. 16(c) OT

vehicle 0.93% OT  
 
 
(a) 
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 (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (c) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 16 MEAOT 20 (a)  

(b) OT(c)  
Mean ± S.D., n=3 
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3 OT  
 

31,32)

 
Fig. 17 OT

2
3

OT 2
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



28 
 

(a) (b) 
 
 
 
 
 
 
 
 
 
 
 
(c)                                     (d) 
 
 
 
 
 
 
 
 
 
 
 
Fig. 17 MEAOT 40

: (a) (b) (c)
(d) OT 

Mean ± S.D., n=3, **p < 0.01, *p < 0.05  
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3  
 

OT MEAOT Tween 80
METw80-o

MEAOT
OT

OT

 
3

2
120 µm42)

Fig. 16 71.5%
62.5% 500 µm

16.2% 6.2%
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4  
 

OT
OT  

 
1. OT MEAOT Tween 

80 METw80-o
 

 
2. MEAOT

OT  
 
3. MEAOT

OT
 

 
MEAOT

OT
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3
 

 
1  

 
1

polysorbate
0.2%

2
OT

OT

 

Fig. 19

43-46)

47-49)

 

RYOTO® Sugar Ester L-1695 SL

228.24
log P = 3.024 354.31 log P = 0.370
Fig. 20 2

50,51)

52)  
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Fig. 19  
 
 
 
 
 
 
 
 
 
 

Fig. 20  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R = C
n
H

m
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2  
 

1 SL/ethanol/water/IPM  
 

 
SL

IPM SL 1:1
4:1  

27%

1:1 2.5:1
Fig. 21

SL
2.5:1 SL IPM 25:10:5:60

MESL Tween 80
Tween 80:ethanol: IPM: 

NaClaq =30:15:4:51 METw80-w 33)  
vehicle 53) MESL

METw80-w 1/17 Table 4  
 

 
Table 4 MESL METw80-w  

 
Vehicle Viscosity (mPa·s) 
MESL 7.75 ± 0.14 

METw80-w 128.9 ± 1.1 
 

Mean ± S.D., n=3 
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(a)                                      (b) 
 
 
 
 
 
 
 
 
 
(c)                                      (d) 
 
 
 
 
 
 
 
 
 
(e) 
 
 
 
 
 
 
 
 
 

Fig. 21 SL/ethanol/water/IPM  
(a) SL:ethanol = 1:1, (b) SL:ethanol = 2:1, (c) SL:ethanol = 2.5:1, 

 (d) SL:ethanol = 3:1, (e) SL:ethanol = 4:1 
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2
 

 
MESL METw80-w

Table 5 MESL
METw80-w 1/18 1/7

NaClaq IPM
0.0259 mM (NaClaq) 1.19 mM (IPM) (Table 1) 50 mM 

(NaClaq) 0.01 mM (IPM) 33)  
 
 

Table 5 MESL METw80-w  
 

Vehicle 
Solubility (mM) 

Resveratrol Chlorogenic acid 
MESL 14.4 ± 0.7  116.0 ± 6.3 a 

METw80-w 260.7 ± 2.6 797.6 ± 6.5 
 

Mean ± S.D., n=4, 
 a  

 
 

MESL

MESL
100 mM  

6
MESL

6-40
METw80-w

MESL
METw80-w 20 40

Fig. 22  
Table 6 MESL 40

METw80-w 19 15
MESL
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METw80-w 6 3.5
MESL

 
MESL 40

Table 6 6 20
METw80-w

 
 
A  

(a)                                    (b) 
 
 
 
 
 
 
 
 
 
B  

(a)                                    (b) 
 
 
 
 
 
 
 
 
 
 
Fig. 22 (A)

(B) (a) (b)  
Mean ± S.D., n=8, *p < 0.05 METw80-w  
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Table 6 METw80-w MESL 40  
 

 
 Incorporation 

efficiency into 
epidermis (%) 

 Incorporation 
efficiency into 

dermis (%) 

Permeation 
ratio (%) 

Resveratrol (MESL)  
Resveratrol (METw80-w) 
Chlorogenic acid (MESL)  
Chlorogenic acid 
(METw80-w) 

0.19 
0.010 
0.25 

0.040 

0.45 
0.031 
0.12 

0.035 

0.018 
0.00085 

0.081 
0.00039 

 
 

Fig. 22 log 
(D/E) Fig. 23 MESL

METw80-w 20
40

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 23 (D) (E)

log (D/E) MESL METw80-w
MESL METw80-w  

Mean ± S.D., n=8 
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3  

 

MESL

METw80-w  
MESL

1 3 (1) D
K Cv MESL

47,54)

55) METw80-w MESL

Table 4
MESL METw80-w vehicle

29)

 

2
OT MEAOT

MMP

56,57)  
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4  

 

 
 
1. MESL Tween 

80 METw80-w

 
 
2. MESL

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



40 
 

 
4

 
 

1  
 

3

Table 7

 
 
 

Table 7  
 

 (SL; RYOTO® Sugar Ester L-1695) 
 (SM; RYOTO® Sugar Ester M-1695) 
 (SP; RYOTO® Sugar Ester P-1570) 
 (SS; RYOTO® Sugar Ester S-1570) 

 (SO; RYOTO® Sugar Ester O-1570) 
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2  

 
1  

 
1-

IPM Fig. 24
46)

 

SL<SM<SP<SO SS 25ºC IPM
SO Fig. 24(d)

1-
Fig. 24(e),(f)

Table 8 4
3 MESL
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Fig. 24  
(a) SL/ethanol, (b) SM/ethanol, (c) SP/ethanol, (d) SO/ethanol, (e) SP/1-propanol, 

(f) SO/1-propanol 
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Table 8  
 

Vehicle 
Surfactant Co-surfactant Oil phase 

Aqueous 
phase 

SP SO EtOH PrOH IPM Water 
MESP-E 15  15  65  5* 
MESP-P 15   15 65  5* 
MESO-E  15 15  65 5 
MESO-P  15  15 65 5 

%  
*SP  

0.5%  

 
 

MESL Table 4

Table 9  
 

 
Table 9 MESP-E MESP-P MESO-E MESO-P  

  
Vehicle Viscosity (mPa·s) 

MESP-E 10.09 ± 0.14 
MESP-P  9.84 ± 0.042 
MESO-E 9.81 ± 0.11 
MESO-P 9.50 ± 0.28 

 
Mean ± S.D., n=4 
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2
 

 
Table 7 vehicle 10 mM 20

MESL

SO MESO-E MESL
5

Fig. 25  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 25 MESL MESP-E MESP-P MESO-E MESO-P

20

 

Mean ± S.D., n=4-8,  
***p < 0.001, * p < 0.05 MESL , 

 §§§ p < 0.001, §§ p < 0.01 MESL , 
††† p < 0.001, †† p < 0.01 MESL  
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MESO-E
Fig. 26 MESL

MESO-E 6

20  
 

 
Fig. 26 MESO-E MESL

 
MESO-E MESL  
MESO-E MESL  

MESO-E MESL  
Mean ± S.D., n=4-8 

 
MESO-E 20

Fig. 27(a)
30 mM

MESO-E MESL 11
Fig. 25 Fig. 27(a) MESO-E

5 mM 2.2% Fig. 27(b)  
 

0.00 

0.05 

0.10 

0.15 

0.20 

0 5 10 15 20 25 
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Fig. 27(a) MESO-E 20  
 

***p < 0.001 10 mM , 
 §§§ p < 0.001, §§ p < 0.01 10 mM  

Mean ± S.D., n=4-8 
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Fig. 27(b) MESO-E 20  
 

Mean ± S.D., n=4-8 
***p < 0.001, **p < 0.01 10 mM  
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3  
 

 
MESO-E

vehicle-
58)  

Fig. 28 vehicle 2 10%

NaCl aq MESP-E MESO-E
MESO-P MESO-E

MESO-E  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 28 NaCl aq MESL MESP-E MESP-P MESO-E MESO-P 2

10% 20
 

*p < 0.05 NaCl aq , 
 §§§ p < 0.001, §§ p < 0.01, § p<0.05 NaCl aq  
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400 800 1200 1600 2000 2400 2800 3200 3600 4000 

A
bs

or
ba

nc
e

Wavenumber (cm-1)

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

MESO-E 20 ATR-FTIR
54,55) NaCl aq MESL IPM

(a) vehicle
2920 2850 cm-1

1650 1550 cm-1

Fig. 29(a)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 29(a) ATR-FTIR 4000-400 cm-1 : (a) , 
(b) NaCl aq , (c) MESL , (d) MESO-E , (e) IPM , (f)  
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1000 1100 1200 1300 

Wavenumber (cm-1)

(a) 

(b) 

(c) 

(d) 

(f) 

(e) 

MESO-E (d) 1150-1000 cm-1 2
1110 cm-1 IPM (e) 1050 cm-1

(f)
MESO-E IPM

Fig. 29(b)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 29(b) ATR-FTIR 1300-1000 cm-1 : (a) , 
(b) NaCl aq , (c) MESL , (d) MESO-E , (e) IPM , (f)  
 
 

MESO-E
10 mM MESO-E 20 vehicle

0.027% 0.0034%
1/400

0.44% 1.42% 0.082%  
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3  
 

IPM MESO-E

2.2% 3 METw80-w 80
MESL 5 MESO-E

MESO-E MESL
IPM MESP-E MESP-P MESO-E MESO-P

Fig. 25 MESO-E ATR-FTIR Fig. 29
IPM IPM

MESP-E MESP-P MESO-E MESO-P
Fig. 25

54) cis
59)

MESO-E ATR-FTIR

60)

vehicle 59)

MESO-E  
MESO-E 2

3

 
MESO-E

3

30 mM
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4  
 

MESO-E
 

 
1. MESO-E

2.2%   
 
2. MESO-E

  
 

MESO-E

MESO-E
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1. Polysorbate METw80-o

Polysorbate Tween 85

ME gel UV
 

 
2. OT MEAOT

polysorbate METw80-o

METw80-o
OT

3

 
 
3.

MESL polysorbate METw80-w

MESL
MESL MESL
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4.
MESO-E

MESO-E

MESO-E
MESO-E
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1  
 
1.1  
1.1.1  

trans- ( ) Tween 80
Tween 85 IPM ( )  
 
1.1.2  

 
 
1.1.3 12,13,33) 

vehicle 37 ºC 20
12,000 g, 1 min 100 µL 30 µL

200 µL HPLC  
 
1.1.4 HPLC  

HPLC 1 L-6000 Pump L-7200 Autosampler L-4000 UV 
detector L-7300 Column oven HITACHI 2 L-2130 
Pump L-2200 Autosampler L-2420 UV-VIS detector L-2300 Column oven

HITACHI  
 

 Mightysil RP-18 GP, 3.0 mm i.d., 150 mm (5 µm) ( )  
 40ºC 

 : : =70:130:1  
 305 nm 

 trans-  
 
1.2  
1.2.1  

1 vehicle
METw80-o Table 1

3
200 mM  
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1.2.2  
PBS; pH 7.4  

1   150 mM NaCl  + 10 mM  
2   150 mM NaCl  + 10 mM  

1 2 pH7.4  
 
1.2.3  
1.2.3.1  

1 Hartley 3
SLC( ) Somnopentyl®

( )
2.4 cm 1

PBS  
3 4 Hartley 4

SLC( )
 

 
1.2.3.2  

80ºC 5
( ) 15

31) 2.4 cm
 

 
1.2.4 12,13,33) 

4.5 mL 0.64 cm2 Fig. 30

NaCl aq 2
1 mL 1 0.5 mL

PBS pH 7.4 37ºC 20
40

3 10 mL
Polytron PT3100 Kinematica 5,000 rpm 1

HPLC
20
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Fig. 30  
 

1.2.5 HPLC  
1 1.1.4 1

3 1.1.4 2  
 
1.3  
1.3.1  

Tween 20 Tween 40 Tween 80 Tween 60 Tween 85 IPM
( ) Tween 21 Tween 61 Tween 65

( )  
 
1.3.2  

1:1 3:1
1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2 9:1

1 g
10 µL

 
 
1.4  

200 mM METw 85
6.5% AEROSIL®200 ( )

1 ME gel  
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1.5  
1.5.1  

2- ( )
(II)

BHT (III) n-
( )  

 
1.5.2  

pH 3.5  
1   3.5 M  
2   3.5 M  

1 2 pH 3.5  
 
1.5.3  

1.2.4 4.6 mL 0.83 cm2

200 µmol ME gel 20
ME gel

3 1.15% 
KCl 10 mL Polytron PT3100 Kinematica 5,000 rpm
1  
 
1.5.4 12,13) 

0.2 mg 1.0 mL 12 mL
5 mM (II) 10 µL 200 mM 10 

µL 37ºC 30 8.1% SDS 0.20 mL
pH 3.5 1.5 mL 0.8% BHT 50 µL 0.8% TBA 1.5 mL 5 mM 
FeCl3 0.7 mL

5ºC 60 60ºC 60
1.0 mL - 30:2 5.0 mL 1,670

g 10 532 nm A

A0  
 
1.5.5   
1.5.5.1  

BCA Protein Assay Kit Thermo Scientific Polyoxyethylene (10) Octylphenyl 
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Ether TritonX-100 ( )  
 

1.5.5.2  
BCA Protein Assay Kit

96 standard 0.4 , 0.2, 0.1, 0.05 (mg/mL)
blank 1% TritonX-100 10 µL standard
blank 1% TritonX-100 10 µL 10 µL

200 µL 37ºC 1
Model 680, BIO-RAD 570 nm

 
 
1.5.6 1 mg TBA-RS  

1.5.5 1 mg
TBA-RS  

1 g µmol  
 
 

* 156,000 :  
 
1.6  

ME gel TBA-RS 100%
200 µmol ME gel

TBA-RS (%)  
 
1.7 UV 13,33) 

UV 1
Hartley 4 1

24 ME gel
200 µmol ME gel 24

24 5

UV UV
138 µW/cm2 24 UV-B , GL20SE ( )

24
Color Reader CR-13 Konica Minolta

(g)1mL
10

10
5.8

156,000
AA 6

3

0

中の皮膚質量試料溶液
××=

−
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a* UV Δa*  
 
1.8  

One-way ANOVA Tukey HSD unpaid t-test p < 0.05  
 

2  
 
2.1  
2.1.1  

trans- ( )
Aerosol OT Tween 80 IPM

( )  
 
2.1.2  

1.1.2  
 
2.1.3  

1.1.3 HPLC
 

 
2.1.4 HPLC  

HPLC L-6000 Pump L-7200 Autosampler L-4000 UV detector L-7300 
Column oven HITACHI  

1.1.4  
 

 Mightysil RP-18 GP, 3.0 mm i.d., 150 mm (5 µm) ( )  
 40ºC 

 : : =120:80:1  
 360 nm 

  
 
2.2  
1.2.1  

vehicle  
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2.2.2  
PBS; pH 7.4 1.2.2  

 
2.2.3  
2.2.3.1  

Hartley 3 SLC( ) 1.2.3.1
 

 
2.2.3.2  

5 ( )
1.2.3.2  
 
2.2.4  

4.5 mL 0.64 cm2 1.2.4
 

 
2.2.5 HPLC  

HPLC L-6000 Pump L-7200 Autosampler L-4000 UV detector L-7300 
Column oven HITACHI  

1.1.4  
2.1.4  

 
2.3  
2.3.1  

4.5 mL 0.64 cm2 1.2.3.1 Hartley
3 SLC( )

vehicle 1.2.4 20
3  

 
2.3.2  

REM-700 YAMATO

100 µm
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2.3.3  
1.2.4 10 mL

 
 
2.3.4 HPLC  

1.1.4 2.1.4  
OT PU 980 Pump JASCO 996 Photodiode array detector

Nihon Waters  
 Mightysil RP-18 GP, 3.0 mm i.d., 150 mm (5 µm) ( )  
 : =80:20  

 210 nm 
 trans-  

 
2.4  
2.4.1  

4.5 mL 0.64 cm2 1.2.3.2
5 vehicle

1.2.4 40 3  
 
2.4.2  

60ºC 1
61)  

 
2.4.3  

1.2.4
10 mL  

 
2.4.4 HPLC  

OT 1.1.4 2.1.4
2.3.4  

12)  
 Mightysil RP-18 GP, 3.0 mm i.d., 150 mm (5 µm) ( )  
 : : =100:100:1  

 360 nm 
 trans-  
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2.5  
1.8  

 
3  

 
3.1  
3.1.1  

RYOTO® Sugar Ester L-1695 SL ( )
IPM ( )  

 
3.1.2  

1:1 2:1 2.5:1 3:1 4:1
1:9 2:8 3:7 4:6 5:5 6:4 7:3 8:2

9:1 1 g
10 µL

 
 
3.2  

TVE-22L ( ) 1° 34’ × R24
1.1 mL 25ºC  

 
3.3  
3.3.1  

trans- ( )
( ) SL ( )

Tween 80 IPM ( )
 

 
3.3.2  

1.1.2  
 
3.3.3  

1.1.3 HPLC
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3.3.4 HPLC  
HPLC L-2130 Pump L-2200 Autosampler L-2420 UV-VIS detector

L-2300 Column oven HITACHI  
1.1.4  

33)  
 Mightysil RP-18 GP, 3.0 mm i.d., 150 mm (5 µm) ( )  

 40ºC 
 : : =60:140:1  

 327 nm 
 trans-  

 
3.4  
3.4.1  

MESL
100 mM

 
 
3.4.2  

PBS; pH 7.4 1.2.2  
 

3.4.3  
5 ( )

1.2.3.2  
 
3.4.4  

5.0 mL 0.83 cm2

1.2.4 6 20 40 2.4.2 2.4.3

 
 
3.4.5 HPLC  

3.3.4  
 
3.5  

unpaid t-test p < 0.05  
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4  
 
4.1  
4.1.1  

RYOTO® Sugar Ester L-1695 SL M-1695 SM P-1570 SP S-1570 SS
O-1570 SO ( )
IPM ( ) 1- ( )

 
 
4.1.2  

1:1 1.3.2
 

 
4.2  

3.2  
 
4.3  
4.3.1  

vehicle 10 mM MESO-E
5 10 20 30 55 mM

( )
6-O- -L- ( )

 
 
4.3.2  

PBS; pH 7.4 1.2.2 1.0 w/v%
Sigma-Aldrich  

 
4.3.3  

5 ( )
1.2.3.2  
 
4.3.4  

4.6 mL 0.83 cm2

1.2.4 6 14 20 2.4.2 2.4.3
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4.3.5 HPLC  

HPLC e2695 separation  module 2489 UV/Vis detector Nihon 
Waters  

1.1.4  
 
4.4  

4.6 mL 0.83 cm2

vehicle 2 NaCl aq 10%
20

2.4.2 2.4.3 4.3.5 1.1.4
 

 
4.5 ATR-FTIR  
4.5.1  

4.6 mL 0.83 cm2

1.2.4 vehicle 20
 

 
4.5.2 ATR-FTIR  

3
ATR-FTIR

 
 Frontier  

 4000-400 cm-1 
 4 cm-1 

 4  
 

4.6  
4.6.1  

4.6 mL 0.83 cm2

1.2.4 10 mM
MESO-E 20 2.4.2

2.4.3  
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4.6.2  
1 mL Oasis® HLB 1cc Waters

37 ºC
80.1% n=4

 
 
4.6.3 LC/MS/MS  

 
LC/MS/MS  
HPLC  

 Shimadzu LC-10Avp system Shimadzu LC-10ADvp pumps Shimadzu 
SIL-10ADvp automatic sampler 

 COSMOSIL 5C18AR-II, 4.6 ID × 50 mm ( )   
 2 µm GL Sciences   

 35ºC 
 0.1%  

 0.2 mL/min 
 10 µL 

 L-α-Lysophosphatidylcholine, stearoyl-D35 18:0-D35-LPC Malmo   
 
MS  

: API 3000 LC/MS/MS system Applied Biosystems) 
 ESI  
 MRM 

 14 psi 
 -4500.0 V  

 450°C 
DP  -41 V -31 V 18:0-D35-LPC  
EP  -170 V -150 V 18:0-D35-LPC  
CE  -26 V -26 V 18:0-D35-LPC  
CXP  -25 V -19 V 18:0-D35-LPC  

(m/z)   605.4 341.0 
                      18:0-D35-LPC                593.5 543.6 

 Analyst software version 1.4.2 
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One-way ANOVA Dunnett’s test p < 0.05  
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