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Fig. 1 Formation mechanism of lecithin wormlike micelle.

Table 1 Relation of molecular assemblies and CPP.

CcPP =3 3~2 2~1 1

Surfactant
shape

©

Structures
formed
reverse reverse reverse
micelle  rodlike/wormlike vesicle lamellar
micelle




Lecithin

\ /
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(0]

molecular weight* Average : 775.037
molecular formula* Predominant Species : C44HgoNOsgP
fatty acid distribution® linoleic acid (63.0 wt%)

palmitic acid (14.9 wt%)

oleic acid/vaccenic acid (11.4 wt%)

*Data from Avanti polar lipids Ltd. web site.

Fig.2 Chemical structure, physicochemical properties and fatty acid distribution of

soy bean lecithin.
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Table 2 Gelation ability of various carboxylic acids against n-decane at a fixed

Hydroxydicarboxylic acid

Hydroxytricarboxylic acid

o -Coumaric acid
m-Coumaric acid
p-Coumaric acid
3,4-Dihydroxybenzoic acid
Tartaric acid

L(-)-Malic acid

Citric acid

lecithin concentration of 10 wt%.2?)
Compound State
Monocarboxylic acid Acetic acid sol
Propionic acid sol
Benzoic acid sol
Dicarboxylic acid Succinic acid sol
Fumaric acid viscous
o -Phthalic acid sol
Tricarboxylic acid trans -Aconitic acid gel like
1,2,3-Propanetricarboxylic acid gel like
1,3,5-Trimesic acid gel like
1,4,5-Trimellitic acid viscous
Tetracarboxylic acid Pyromellitic acid insoluble
Hexacarboxylic acid Mellitic acid insoluble
Hydroxymonocarboxylic acid Glycolic acid viscous
Salicylic acid sol

viscous [22]
viscous [22]
gel like
gel like
gel like
gel like
gel like




Fig. 3 Photographs of citric acid:lecithin:n-decane system at 25°C

(a) 0.7:10.0:89.3 (wt%); (b) 1.75:10.0:88.25 (Wt%); (c) 3.0:10.0:87.0 (wt%).

10



10
-1
—10° L
S5
S
—_ -1
T 10
©
g
= 107
£
2
10°
10-4 II1 1 1 1 1 1 1 1 II0 1
10 10
-1
q(nm )

Fig. 4 SAXS intensity [/(g)] as a function of the scattering vector (g) for the citric

acid/lecithin/n-decane (0.35:2.0:97.65 [wt%]) system.
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Fig. 6 Steady shear rate-viscosity () curves for citric acid/lecithin/n-decane system
at various concentrations of citric acid (25°C). Lecithin concentration was fixed at

10 wt%.

16



3. ZRBAINAKUVB/VYF U/ n-T A VRO T — K E DK

WFNDOB VR EANTERICE O T, WL 2 I B R 722 B 4
PEER LT, I, BRI B OB a7 —KiE po il KT K FE D LR > ER
DEBZONWTRHEZITo7-, Tuos 7 —HEX, EFHHBENEICILES
TR 2 W A 0 s IZAMF L2 Th 5,

Figure 71, E FeX v MU DARUBOIZ = UEE, B FreX P LRy
el A, e RaXxTE ) AAVRCBEO ) a—LERE Vo lidio R
53200 ReXx v ALK orBrrntnmEmELE L THWEROERr T
—HECMEYWEIRE S OMKRERT, WTWOMEDEZHWTZRIZEWT

W EREOBEMICE s T By T —MERE KL, Zhix, WY

BOWERBMT DN, LY F Uik It lrOoRSSEZBEMT 5720
ThdreEZODND, ZNOLOBMEMEZHNTERLETMRIELrOER
VTR EAZER LA RE, E R X N AIAR VB THL = UBITRD
HROICHEZ EF2 2R TE2mMMEMETHY, B FrXF v E S HILR Y
MCTHD7Y) a—VBERELIEN NS VW ERRENTZ, ZOZ b, 4
FHOANAEXFVIEOBN VT UMK I ELOMEICEEL RITT &N
RIS T,

Table 313, Z WL A7 U == 7 THMIREHEB ST VAR CERIZHOWT,
LY FURBEIOWRICEELLEEORRKEe T —MELRT, p-7 v~ /LR
ERSTRXRTOINANVR U BEHWERT AR RBEYME TH D D-VAR— R
RAKEHWESGGEHEANTIELINIREVErR Y —EEL R L, —KIZH
NMARF UL, -OH L TRV AKE/R G LA T LS TS, 2O
FEEOBIN, INVKANUCBEBMEDBEICHWEZRGWEr Y —WE L2 R T
—HThHorEEAONIZ, ZOZ LD ANVRBERIT., &AL &2 £l
WIBLVEZERTHAZDOMO TENATZBEDE THDL LW Z &N LNIT

o in,

17



MW ERE L FHRRIELOE S EDOBFRICOW TIE, SAXS HIE O E
ZHWT, X 0EEMICHE Lz, Figure 8 (a) 121k, —flE LT/ L
YF ST AR, 7 U BRIRE O R LD SAXS AR v &
Y, B, EORFEFER., HEEREZHERT 272D n-7 7 T 5510
WL, Ly FUREIX2 wt%lCEE L, £2C, TAEKO a2 v b0 X
MmH, VT UBBEETRRIELVORSOBMBERG LIz, 7= VBIBEED
B, AN OSBEROAENRICR o7, TOZEnD, 7T UBR
FEICLo Tk I B L0k Fuk . BEMENE(T 22 LB R INT,
WA R X 2L O R S 1%, Guinier SEIRIZ 35 1T 2 EARSEI O H#PH & B E AT T 5 AL T

BO., BREHRALVNAMNETHEDODLONLDIBDIEERW, LR ->T, 7=

g

VEBEEEOESWVLEDIFENMRIELOLEERENEWVWS Z LY, Pa

4

T RO ERE XL 2,

SAXS HIEDFEREZ AN THHIRI L oBrmERICET 2R 21T - 72,
Figure 8 (b) IZiZ—HlE LT =W/ Vv F o,/ n-7 5 %D Cross-section
Fuy bERT, HROMEE LW OB YR Re NRE V., (8) K&
T 5L THmEER (r) LD 2,

Rc?
mwuhmmm%jff

(7)

r=~2Rc (8)
X (7)) BIOKX 8) ZHVWTHH LEZME R r L7 2 VBBEELEOBEKE
Figure 9 [Z/" ¥, 7 = U ERBE NN T 2 OV Wik 2 B v o Wrim £

WOFPITHRLE, COZEnb, 7o BEBENINT S & K &
MORSEFTRIBEERLDTHICHKRT 2L VI ZeRAREhE, h

18



T B E N L F U OBKEBICAVIATZ LIk > THRET# RN L.

CPP R 2D DWW I LOWMBEERENWMLELDEE T,

19



S —@— Citric acid
@ L(-)-Malic acid
4 —O— Glycolic acid

Mo (Pa-s)
SN

-2 | | | | |
0.0 0.5 1.0 1.5 2.0 2.5

Concn. of polar substance (wt%)

Fig. 7 Zero-shear viscosity (7o) of carboxylic acid/lecithin/n-decane systems as a
function of carboxylic acid concentration at 25°C. Lecithin concentration was fixed

at 10 wt%.
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Fig. 8 (a) SAXS scattering intensity [/(g)] as a function of the scattering vector (q)
for citric acid/lecithin/n-decane systems at various concentration of citric acid
(25°C). (b) Cross-section plot of the SAXS profile of citric acid/lecithin/n-decane
[0.35:2.0:97.65 (wt%)] system. The fitting result based on Eq. 8 is shown by solid

line.
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Fig. 9 Relation between the section radius (7) and citric acid concentration in citric

acid/lecithin/n-decane systems (25°C). Lecithin concentration was fixed at 2 wt%.
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Table 3 Maximum zero-shear viscosity of various reverse wormlike micelles using

carboxylic acid. Lecithin concentration was fixed at 10 wt%.

Zero-shear

Polar substance viscosity (Pa-s)

trans -Aconitic acid 5151
1,2,3-Propanetricarboxylic acid 5088
1,3,5-Trimesic acid 37620
p -Coumaric acid 531
3,4-Dihydroxybenzoic acid 3291
Tartaric acid 49210
L(-)-Malic acid 1360
Citric acid 60100
D-ribose 1234
water 634
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Fig. 11 Variations in Go and 7 at different citric acid and glycolic acid concentrations

in the carboxylic acid/lecithin/n-decane systems at 25°C.
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Fig. 12 The model of linear micelle and branched micelle. (a) Linear micelle model

(b) Branched micelle model
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Fig. 13 Phase diagrams of (a) citric acid/lecithin/n-decane system and (b)

propanetricarboxylic acid/lecithin/n-decane system and line A-C and line A’-C’.
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Fig. 14 (a) Plateau modulus (b) zero-shear viscosity (c) terminal relaxation time of
CA/lecithin/n-decane systems as a function of lecithin volume fraction (¢) at three
different weight ratios (lecithin : CA). The straight lines were determined by the

experimental points using the least-squares method.
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PtcA/lecithin/n-decane systems as a function of lecithin volume fraction (¢) at three
different weight ratios (lecithin : PtcA). The straight lines are determined by the

experimental points using the least-squares method.



Table 4 Values of the exponents in the scaling laws.

Model/experiment G, o T Refs.
Theoretical values

Linear micelles 2.25 3.5 1.25 [20]
Branched micelles 2.25 2.5 0.25 [20]
Experimental values

Lecithin : CA

1:0.1 (line A) 2.80 £ 0.01 3.81 £ 0.12 1.01 £ 0.12

1:0.13 (line B) 2.44 £+ 0.09 3.18 £ 0.17 0.75 £ 0.09
1:0.175 (line C) 2.31 = 0.20 2.54 = 0.22 0.23 £ 0.04
Lecithin : PtcA

1:0.1 (line A") 3.39 £ 0.08 4.94 £+ 0.12 1.56 £ 0.07
1:0.125 (line B") 2.43 £+ 0.03 3.11 £ 0.04 0.68 = 0.04

1:0.18 (line C") 2.04 = 0.10 2.13 £ 0.15 0.09 £ 0.05
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mole cular weight 288.24 mole cular weight 362.46
mole cular formula C,oH,50, mole cular formula C,H;3,05
Log P 3.32 Log P 1.61
melting point 152~156°C melting point 211~214°C

Fig. 16 Chemical structures and physicochemical properties of TES and HC.
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Fig. 17 Photographs of D-ribose/lecithin/IPM/TES = (a) 3.75:30.0:65.25:1.0 (wt%);

(b) 4.85:30.0:64.15:1.0 (Wt%); (c) 6.18:30.0:62.82:1.0 (wt%) at 25°C.
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Fig. 18 (a) SAXS intensity [/(q)] as a function of the scattering vector (g) (b)

Cross-sectional plot of the SAXS profile for the D-ribose/lecithin/IPM/TES

(0.41:2.0:97.52:0.067 [wt%]) system.
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WD BIRIEYE ORI L B AR S D R L R E Y S
AL Xdice by, 2O E o 2 L7 (Fig.20), a DENRRKE WV H D IZF
ELBENE W, FORER . S B E O MmMEIZAK (90° ) >D-U A— & (78° )
>4PGL (70° ) DI TH -7z, THOXIIT, MEBDEOMMEDOKE S & Om #
B OE S ICHBER AN Z LD, WBEYE OMmED Om fHik D)L S I2 K&
HELTWDL N Rm®Eh, £, SMEEERIT, D-UAR—2% 0
TERTROIES, KEAWERTR OIS Kole, ZoMMEIZ, A A VIZ -7
A MW 3R RICEBWTHREIKTSH D %1123,
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Fig. 19 Partial phase diagrams of polar substance/lecithin/IPM/systems in the

dilute region at 25°C. The notation ‘Om’ indicated the reverse micellar phase region

(gray). The highly viscoelastic region within the Om phase is shown by dark gray.

The polar substances were water (upper), D-ribose (middle), and 4PGL (bottom).
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v

Water
D-Ribose
‘/e 4PGL
v oV a[°]
Water 100 0 90
D-Ribose 485 100 78 a
4PGL 660 240 70

ov

Fig. 20 The value of IV and OV calculated using organic conceptual diagram.
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3. BEME /v F v /IPM/TES @ 4 R RIREX

VU F Uk I v iE, BAORMICEE R R T LI G, BIEME LY
FUSFAND ISR E, EMEBRMLUZ 4 % TIE, Om KB X O
R PERHI S B2 5, £ 2T 1 wt%iiJE O TES Z i L 72 % O IR R X 2 1F pk
L. TES IRMA AR I BV ORI RIETHELRF LI,

Figure 21 [ZMMEM'E L v F > /IPM/TES ® 4 iy R IREX %2 R~3, T
NOMMEMEEZN W RICEBWNWTS, Om HEAR O biv7z, TES @ IPM ~O
RARFE L 29 pg/mL F2E CTH H 72, Om fHIK TiX, WME %2 B 2 72 TES N 2
ootz EnTnd, LER->T, WIhoBEDmE 2 HWERICB WY
THh. 1 wt%dD TES 2R EICHEIL TED LR RENT,

Figure 20 & Wb 92 Z & T, TESRMAFMR I B L ORKIC R T T 8%
BEfL7c, WFnoBEmEZHWZRIZBW TS, TES ORMICEY Om 8
WD FINTIKLS oo, TES X, MEPIZ-OH &2 b > TS 720, -OH %
WMLy Frol rBRECRAELTARELTWSEEZDLOND, £/, TESD
BRAKE WIS mniediz, A b L F U oBKEOMEFE A KL
CPP WY SHETWD, ZORE, LI F itk I B oBKEHIZHB W T
HEWE I T 2 EbEEREML, KV ESREOBEMELZIRINTE D LD

CRBTO OmBEIENILL 25 EBEZ BN D, Lo L, mokh SR 0 JK &1
WTFNOMHEMBE 2R WIZRIZBWTS, TESORMIZE VK Rol, Th
X, TES BPHMR I ELOBREHEFE L CEAOMENKFT L2 LIcLoT
BLDLEEZXZLND, TES OWRMAREEIC KIFTRBICEL TiE, KELUKET
BRI D,
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Lecithin
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D-Ribose
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Fig. 21 Partial phase diagrams of polar substance/lecithin/IPM/TES systems at 25°C.
The notation ‘Om’ indicated the reverse micellar phase region (gray). The highly
viscoelastic region within the Om phase is shown by dark gray. The polar substances
were water (upper), D-ribose (middle), and 4PGL (bottom). The TES concentration

was fixed at 1 wt%. Black dot and black star were used in skin permeation study.
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4. Bu o7 —REICHT 5EMIRMOE

WK ZERT 22 & T, TESORMMAP MR I ELOBRICEEL KIFT
ZEMmEENRT, LERS T, EYOBRMIZ, Ev 7 —HEIZKLTHRE
KEEBETLLEZEZIDLND,

Figure 22 {2, K, D-UAR—RA, 4PGL ZZh T MEHE & LAV, TES
Z 1 wt%iR M L7 RICBIT 2 EFIRMENEDOHRERT, REL~OEM%
MELTRCTHEEZIT T, WTHORIZEW TS, (KE A B#HEM T
IWITHE DO ZEIZH L THENR—ETHLI LN, =a— Mri@EhdrRd 2
LR ST,

Yo7 —iELmEMERE L OREZ TESBIL O HC ZHML 7R &4k
\Z Figure 23 IZ/R 7, WTINORIZEWTH, MEMEREOHEMII L TER
VT —MENER L, KEHWER TR S SWMICHEN EH L. 4PGL = H
WZR TR LRMNICHEN EA L, £/, D-UAR—Z2Z VR TER &
THENRbEmRoTc, 2O b, KFEEMARA L L THED S W
FNMBEREINDEEICIE, D-UR—ABRFHTHL LR REINT,

EYOBEMPE e o7 —KEIZRIETRECONTHRA Lz, KBty E
WCHWZZRTIE, TES E HCOWTREZRMLZZGAICH . KRESHBERET
L 7z, Shaikh HIEKZBMMEWE L L THWERIZEWT, EYoRmixzLr v F

WK I BV OMELAKRTIED LHMmMT TR EHOMEK L BT 540,
L™l D-UAR—AB LV 4PGL zhEWE & L THWERTIE, Kz Hni

REVKEOKTIINSrole, ZOMENL, EYOIRMMB v F ik
SENLNOHEICRETEEIIMEVEORBICEKFET 2 EBHALNIR ST,

EMORBBIZLLDME~OEZEOENEZLKT S &, KeBEWEICH W
AT, TES KV b HC O R Er v 7 —MEICKREEE L, B ok EIX
KTFLZ, ZThid, HC XL FrOBAKEMIETKE Y VIR L O EICK
ELEEBLHEZDEODEZEZLOND, D-UARA—AB LV 4PGL MW EICZH
W72k TIE, TES ZIRMT 2 B a7 —HEIXDLT I T L, HC 2R
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ToHEOLTNCERT IR RSN, TESIZ-OH %A | DFFoed, L v
FrimEmwEMoKRERGZMET 2@ &% L, HC 1Z-OH &% 3 Db D7
D, LY F UKL THBEDEO LS s L, UMK I LD E M
Wxrx+ o2 LR RBINT,
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Fig. 23 Relationship between zero-shear viscosity (70) and polar substance
concentration (32°C). The lecithin and drugs concentrations were fixed at 30 and 1

wt%, respectively.
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5. Bv o7 —HEICKTIREDOHE

EWMERMT D22 LIk, LyFrigfkitroto 7 —MEICEL
MAELLZZERRINTE, RBEZBEREZITOICHE>TIE, EHICIREDRE
AR T HILERND D, RERIZ 25CTHERIN TV DL, KEEHERT
e FPRE~OEMZHRE T DO, 2CTEREZITI., 2T, EDE
R EDREEr 7 —MEICEEL L X200 RE LI,

Figure 24 12, D-U A —ZX /L ¥ F o JIPM/TES FB L P D-V HA— R L ¥
F v /IPM/HC £ D 25CHB LU 32CICBIT 2R T —HiE L D-U R — R
FELoBBRERYT, By 7 —HERTVWTROEYZFEMLEZRICB N TEH 50
~80%M AL T L7z, #iftik I &L R RS M DWW T, ik E o ik
BevvrFrol) UgEEDKEFHEDOHILICEIDZ LD THLLEBEELDLTEY 4,

COBGIETEDERNMLEGEICOREKICAELD Z EDRRINT,
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Fig. 24 Relationship between zero-shear viscosity (70) and D-ribose concentrations
at 32°C and 25°C. The lecithin and drugs concentrations were fixed at 30 and 1 wt%,

respectively.
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6. BIEWME /L F v/ IPM/ TES RIZK T % H: Bk 8

HEHOWMIZEY, L FrigfRIitrote sy —fENEBT L2 &
MR ETz, TES ZUWWMUL7ZRTIEX, TES ZIRM L TV WK & Ll L C kB
WIRTFT 52 ERHALMNTR SO T, TES ZIRM L 72ROV T, oM
MERINLTWDINE I ERF L,

D-UAR—2R /1L ¥F > IPM,/ TES 5% O B B9 K5 8L ) & 5 B % Figure 25 (b)
WCoRd, WEE, Bue o7 —HER 1, 10, 100 Pa-s OREHZI DWW TIT» 7=,
o v 7 —¥EN1PasBLOI0Pas DRETIX, WTFhoEEHKIZE T
b GN GCRYBEMNERY KR RTIERH NIRRT, — T, B
T RSN 100 Par s OREFTIX, A 22rad/s TG'E "B RRE L D,
ML R LT, THOOMENSL, Bue 7 —KiE2 100 Pars OB Tl
FTHBREILEEOFMRIBANBHR SN TV DD EEZRT Z &R
o T,

ZOBGIE, KBXWAPGL ZBMEMEICH VR THRKTHY . KEH
WZRTIEE e o7 — ¥ 10 Pa-s OB T (Fig. 25 (a)). 4PGL # w7z

FRTIEEa 7 —HEN 50 Pa-s DR ET (Fig. 25 (¢)) kimitEx2 R L7z,
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Bofi VUFUHRRIBABAILGOEMREZEMEICET DB
EIH TR, VY F Uik I L o®EAICOWTHRE 21T o2, F DfE
R, oKkEBEDEE L TCHWELYF UMk I L i, EMBimogEsr
ZTRESHERME T T L2208, D-UAR—AB LV 4PGL #BHEME & L
THWERTIE., BMEOHBIZ/ NSV ERAHLNCR-T, £, 1 wt%jE
O TES #WM LR OREREZER L, KEZ®RERTIX, Ly F URBE
ZEELTITO ZENEELVLOT, RERKOBHNLS ., MMEYWEIREICK L
TOmBEENt+oRBEEL 2L, LY FUrRBEZIOW%ICHEHELEZ, LY F
VIEEE 30 wWt%ICEET S L, kb Om HIEN kN oKLV T v SIPMS
TES RICHBWVWTH.,0.1~10Pa s D#iPH T . D-UAR—RAZFWEFRTIT 1~100

Pa's. 4PGL Z W7~ % TIX 1~50Pa-s O CTHAI DR E 2 EINTE 5,

1. LY F USRI BEANDG O TES O K EFRME

Table 512, A CTHEM LA RA OS2, 2> br—AI|ZiE, TES
O IPMBEIK (2> hba— 1) ETESOLYF v IPMBEEIR (2> ho—
v 2) HfEH U7, TES AL 1 wt%IZ[E & L 7=, Figure 26 2 & ® &7 5 @ TES
FEHEE T 7 7 ANV ERT, WTHORANTIE N TS TES IZZEEEE L.
—ERMHUE CRBEDZRENEROICHENT S ER3ERE N, £,
FRE~OBHANL 10 FEF OB SICB T kEZBEME L L THWE WIE D
ODRBEpFZWEILZ 2 Pr— L 1 BLO2 LB L TR 2HEARICHKRT D
ZEmMmsEnT, B, ERREBICBITOEMBROME S Flux &, B D %
Sh4E L 72xW 22 B Lag time 2 5 H L 72,
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Table 5 Compositions of the formulations (wt%).

Control Reverse worms

1 2 VAl W2 W3 R1 R2 R3 P1 P2 P3
Lecithin 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
TES 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
IPM 99.0 69.0 65.6 67.0 67.5
Water 3.4 2.0 1.5 62.8 64.2 65.3
D-Ribose 6.2 4.8 3.7 55.6 58.8 61.5
4PGL 13.4 10.2 7.5
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Fig. 26 Permeation profiles of TES through hairless mouse skin from control 1,

control 2, and reverse worms at 32°C.

Each point represents the mean = S.D. of at least three experiments.
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2. BAKEN TESOREZBEICRIETE
HELyFUWMRIEALNLDO TESOEBES KT 5L, WI>RIZPI T
bHotle, THHDOKLEKIL, 10Pa-s, 50Pas, 100Pa-s LHENRR L0, &
FLHE B NS B I B L T D ATREME AN B X B 5, Stokes-Einstein D = (11)
kB &, BEECEBITHIE ISR L TR TS 20, EOKE &R Ik
Al CIXIERORE RN EL 2 D,

kT
D= (11)
6TNTy,

KIZAR VY < BB, TIXRE, g TRE. 3o FFEE2ET,

T 2T, FEADKSE S Flux 3 KO Lag time IS MIET B IOV THRF L,
Table 5 (T/R L7 RGBT, KB E ERZ 1T\ Flux 8 & O Lag time %
B L7 (Table 6), WTFhOBMEYMEEZMNTZRICTEWNTS, BIEYDE R FH
U 7Ze & 0F AR EE 2N 2 o o T A AKX Flux <° Lag time (Z1E & A ERE L
BNWZEPHLMNI ol THiE, EFIRREICI T 2 HY D B RE % E I
BWTIE, ERTOIEBOHE TIde<, RIETOEMILERERHEHEL oo T
WHlehEEZILND,
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Table 6 Flux and Lag time of TES from reverse worms at various viscosities

(32°C).

Polar substance o Rheological Flux Lag time

(Pa-s) Property (ng/cm?/h) (h)

Water Wi 10 viscoelastic 3.98 £ 0.21 1.06 + 0.08
w2 1 viscous 3.96 + 0.39 0.96 + 0.08
w3 0.3 viscous 3.94 + 0.32 1.17 + 0.34

D-Ribose RI1 100 viscoelastic 2.69 £ 0.25 0.77 £0.13
R2 10 viscous 2.91 +£0.23 1.04 + 0.08
R3 1 viscous 3.21 £ 0.49 1.20 £ 0.53

4PGL P1 50 viscoelastic 2.35+£0.12 1.02 + 0.09
P2 10 viscous 2.27 £0.23 1.24 £ 0.09
P3 1 viscous 2.39+£0.19 0.74 £ 0.15

Each data represents the mean £ S.D. of at least three experiments.
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3. Ly F Uik I A RA DD O TES K E %G

VT Uik S B B A D A O R DS Flux 38 X O Lag time [IZ 52 2 % K&
FERWZ LN RSN, 22T, EMMEEEZ. SWEMELEZHVEZRoH
T.RbER VYT —HEOREWRKE THDH WL, RL,P1 Z W THBMEYE O TES
FRIEHBICES 2 282t L, Figure27 (1) ICfx o Z@HA Lz L &
®D Flux 773, WIBLORI 26O Flux iI£, 2> b —/L 175 O Flux &k
WL TCHEICH KL, TES ® IPM 2% 3 2 E 133 L% 29ug/mL TH Y |
10 mg/mL (1 wt%) @ 5 HZ Tk I BV FICFEE L, NV O IPM @ TES
WEIX 29ug/mL £ 2N T THIHIEBEXLOLND, EPWIFIIBALFTLET
bV, I EADLEE~OSEITmRO T nWEEZEXDLE, Kk, LI F U
R IEALLO Flux Iz e — b 12050 Flux &R U, ZHLLTFICE
L, LMo T, Ly F Uitk I v v ® AT, BEYoORERZBEZMRET S
HRPHDHEZEZ BN D,

Willimann 513, KV F o NV IF oAV TR ELRNPD DR AR
FIVELEFTeX YT e - LOREHERERNS, LT UNMAEREICEE
ERIFETZELICEY Flux R RTDH I Lzpmm@Ll 3™, EEIZ, v be—
2B O Flux id, 2> b —L 12560 Flux LB L THBICHARLE Z
EMb, LYFUORES EERAREZEZOND, LL, LY F oYy

ERREEHOALLEZDL L, ILEDOLYF U E2E54FL TS Wi, RI, Pl
MHO Flux ZAF LR T T, ABICERRD LWV ERMBFERL - L2V,
Figure 27 (2) 12, & EACHIT D Lag time /"7, 2> bue—/b 1 LHEgL
T, I b — L2 BEXOWMIKR I ELLE O Lag time T A FICEL 2o 7=,
b LMHCR I B OREAP G LIER L, EWORBENIEEGEE 2 LA S
50 THhNIE, ¥R I AL EH W E & D Lagtime X2 > Fr—L 1 K0
HLELSRDEFTTHD, Lo T, Ly F ik I oKy Rk EE IR
EERIZIER DA D = R LABNGFET D2 R RBI T,
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Fig. 27 Comparison of (1) flux and (2) lag time between control 1, control 2, and

viscoelastic reverse worms (W1, R1, P1).
Each point represents the mean £ S.D. of at least three experiments.
a) Significant difference vs control 1 (P<0.05).

b) Significant difference vs W1 (P<0.05).
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4. LV FUERRIBALOEEE/L L TES REERME

LY F Ui S A5 O TES @ Flux 82> hE—/b 1705 ® Flux &
WLTHRTDZLEPHONIR ST, ZTRETOMETIEZ, L rF ik
TEAVEACENTIR, VLY F ULV EOZEREES A TWDS L
EZDNTWEN 3 WMEYMEM T Flux OFERS D Z &b, Hilb e 2
H=ALIEMORE» S D LEX BN, T2 T, EREOEAOKT % Bl
Bl hH, KBLXUOD-VAR—ZZWMEWEIZH R TIE, BZF & DA
HICBWTRFTICER 2 A L Tz 4PGL Z M ME# B I Wiz 5% Tl
BEHOEETHoTe, ZORKADOEAN Flux IZH5 2 D5 EIZOWTHRF L,

RGBS 2 MW C R F M alTd X VR E &l EBR % O KA OB 217 - 7,
Figure 28 121X W1, RI, P1 B X Q= bu— Lo K Ei#E AR L O & %R E
BRBEICE T 2MEBEMBET A RT, =2 hr—v 11X, TES ® IPM KB TH
D, EHAE REERERZDNTICEWTS TES OB R Iz, =2
fa—n2iB80WTH, TESOLYF v IPMIER~DEMREN 1 wt%ll F T
D7D, KEHEMRNICIE TES D@ BBEI N, L2 LEEZBREREZIC
(. TESOf@IIBE ST, MAMCIIAOh RN/, 7 X T KBITHHK
Wt AV =AM = BIO~LVEZ =¥ uoARNBRINT,

IO bR =L 20D T A TG~ DOEEEBIC OV T, Figure 21 Ta L
oA R EHWTELET 5,k L F 2 IPM/TES % O IR EX (Fig.
21 (a)) W, )@y Nnar ba— L 2 OMETH D, KT DK KA K
Ehn e, ko OMEPRKAIGMICBEH L T OmEKkAZ@EBBL, 7 X T
A BT A~ B ET D, T 0bb, MEBEBIX2EREICIR-TEY, 2
B H OB #%IC TES OEFEEA R s Tnd Ermahi, 2 BB
BB ER TR BMEEEBENEHIRE L 22729, Lag time N IER L |
HWH 10 R ZOREEZmEITVMRIBALRLEERL TORNWEEZZ LN D,

Wi, RI, Pl O#MR I LDV THRERICKRFT LIz, W o®HA G
B A RTCIEE A CRFNE ST ERERRIBL T L 2D, MAEBRIZAD
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N7z, L2rL, KEEEERZDO WI BLORI FiZiF, 2 hr—1 27T
bAONTEXOR, FATHBITHEENRFT A —ZXA M) = BILO~LH—
Y7 uAn@ledsnit, WI O A% Figure 21 (a) OIREX ETHRIET 5, @
o O WI THD, 2212, RETOKRPRINS D & MK
HRCBE L, A 7S EZTERT HHEEICBE T 5, REICHEM L W1 o
B2 REERICBR LM EE Figure 29 IR T MR ZH W THE L L Z
AH, EH 1TRHENPS 7 A TS ~OBELBENEZ > TWVWDH I LR LN
oo, RIOHFEITIE, D-UAR—RITMATAKEWIFH2OMEDENTFES
L2l b, RER ETOREITEHEL WA, WI EREO A D =X LT
TATHRB~DBEEBENELD LB L LD,

R I EANDL T A THE~OWELEBENAEL S WL KT Rl Tl Flux
DKL, WBEBEENSELZ2 VD PL TIEFlux O KB AELNR N Enb, W
MK I BADLDL T ATEE~OMEEBED Flux 2RI ELIHRRKTH D L&
ZHD,

KIFRIIEEET AL E L TAT LA YRR ER AN, Efe &g
AT VAT U ZARBIZE W T, MEKSEFBRICKRERENDR N &ERHR
HEINTWD 4D, LEERoT, B MEBEMEALESGAICDH., AEEROBES N
HELDEREEESND,
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5. Vv FUEMRIEALNOEEEIE TES OFEERRE

Bf§ L OBmMEIZIB W THEANEZE R OKSEZRILL, FMKRIELNE T
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D F<ITIE TES BT HET. 7 AFHAET THE—RHUIZT X LF —REOREW
wWEFREIC R B XN D,

FAZWRET TTES NifAFRETHDL & & FluxiITED LI ITRBIND
DINBELE LT, YO S EEEE % R T Flux 1T, EF KRBT D BALRFH
bV OYMEBEETHY . Fick DF —EAZHWTRATERZSND 4,

dQ A-C, KD
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XFO QITREEYEHRE, A XT”AOEHAmME. COIXERATOEYBEE, K
LR g /BRI O3 5 Bl AR B, Ds 1XYW O g R IR R, LITKEORE S
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ay T AP OIEY OIEE, y FEEFTOEYOIEEFRBIEERT, KRRFIZTEW
TiE, ZREMFT—ETHLOT, APFOABLITLEFI—ELEELTLY, £
L BN EECERALARVWEA . DT —ETHDIND, Flux 2 K& & 5 7=
DIZE ey ZMsE20. b Ll F 2B IERITI NI TS, 0B,
ay ITEEFRTOEERE pvEHOWTKRO LI ICET ZENTE D,

ay =V Gy (14)

Figure 31 IC 2N E KR T 5,

)

yor C(max)f-——f-—-———-—--—2 )

% . ERERY

Csx5(max)  Caw(max)

Co

Fig. 31 Relationship between thermodynamic activity and concentration of TES in

vehicles.

—IC AR EL EICEY BRI EN TWa R (BREBIR) 2@EH 35 & &,
KPYPRFE—ThNIEEACELLT alT—ETHY, 22K KTH D *® (Fig. 31
T (1), ZAT7WMBTO TES T X AF—OEmWiBfFIRETH LD,
TATEBEFOp TR IELFO)p LV EREWVVETHDLEEZDZ N
T& 5, £72, WAMKEIZH D C55(max)lT Caup(max) L AEFE TH L0,

TDOLE g MWK LY b K& D (Fig. 31 o (2)), L7=»N->7T, TES
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NTATIREP CHEAFIRETH D, o (TFER L TH Y | TES O Flux 2 i
SnD VWS AR RIS, Thbb, WI, RIBXUa hfr—L 20
TES X, = br—L 1 O TES LKL THEAPTHEENRESSL-oTEY,
ZDRER.TES DELE~DO G ARE ST Flux R RLTWNWD Z LRARES
i,

W1 & R1 @ Flux DEWIZHOW T, K& D-UR—Z2DMMEDEWDELEL
TWaeEEzons, AEBMENEZ AW CHEMB L-mEYE oML, K >D-
UR—A>4PGL DIETH S 434, ZDZ &b, KnbRbd T A TiRET T
. D-UR—ZAnbR57ATHMEPT LY TES D XL F —RELH WD,
KEBUEDEZHNZRZIBWTEE~OSEIZLIVES THL, D7D
WL 225D Flux 8 RI 7 H D Flux ICHRTHRELS DI ENRRBIND,

LYy F UMM I EAND T A TRE~OBEEBOBRRZIZHOWNT, WY
BRI CTOMEL2BRFNTH7ZD, 1g ® WI, R1, PlLiICKkZMz., #HEHLE, WI
X 1 pL @K, R1 X 30puL @K, P11 200 uL DK Z Z N ZE 0NN Z 72, 8L
ZWANOBREASEEM U, ZhiE, MR I B AERA KERINL TT A
THE~DOHEEEBE L TWDS Z Earmd, £, WILOFHR, Rl LHE~TAHR

WEROKTHEEBZEZ T 20N S, P1 Tk, WI BXO RIL 2R

L EERBICIE S OKRBYLETHDL Z EBRHL N o2, 4PGL 34 iE
FIZKIEEEZ 6 Db o TWVWHDT, 4PGL HE N L EOKEZRFET L2 L8 T
EHEBAOND, LI o> T, 4PGL ZMMEME & L THW IR I B
TRER NS DRGOEBERE LD Rpol bR I LT,
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Polar subs€arice/Lecithin/[PM/TES

Fig. 30 Polarizafi ic reverse worms (W1, R1, P1). Images were taken 48 hours after the enc

permeation expgq

—
—

Two days
After
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6. LUF UMK I EARANL O HC RGFZ B

TES O JE B IEIC >\ T, Ly F r ik I o 8E <k, FEA L 3R
READNDL T ATIEE S EEEE TS T, TES BREA P T 2L F— 1R
foOBmWIEEMRELE 2D, TOME, RE~ODEPEES LD Z & HRR
Shic, MOEDIZBNTHRBROBIAELNEL L0, HC ZHMLIZL ¥ F
WA < VAN A D TR L 7,

D-UAR—R /1L vF 2 IPM,/ HC (5.4:30.0:63.6:1.0 [wt%]) &M 5 @ HC D
Flux 3 X O Lag time Z# & i L 7= (Fig.32), 2> b —/L 121X 1 wt%® HC %
IPM IZIRIN L2 %2, 2> b — L 212iE 1 wt%® HC & 30 wt%®D L ¥ F
Y EIPM I L 72 @R % AW 72 HCIX TES E B L T 0 &S/ K& <
Log P 23 /NE W ®IZ Flux (Z/h S W23, TES DIGE & RARIC, WK I i
Al ar b= 2050 Flux i b —/L 1 @ Flux £V b A &EICH
Klle, RIEZBERBEO LA O T2 FICHMBELH W TBET 5L, TES
EWMULIREMBIC, 7ATRB~EMEEB L TV I BERI L,
Fo, HRIEARBABL LN Fr =L 20056 O Lagtime (X, 2> hr—
V1M EH O Lagtime KW b AEICHE KL, 2Nd TESEZIRM LR EREET
by, EANEERTOKERINL THELZMLZOL, HC OFZBMEN LA T
LZENBEHBTHLEEZX LN D,

U EDORRENL, TESUAOEMIZEBNTEH, TESOHEGLHEDO A =X
LATHEMOEIGERBENEES D Z ENRBENTZ, ZOAD=XLTBN
TE.EWOIPM P BLOT A TRBT COEMEPRESEET D LHEN S
No, LyrFrgfiRI e Ar®8lATIE, AR Y —FBIcBOTHLEYOREE

DHEBEZZTLED, BENEBLIOCEDOBRNEEICR > T DI ENR
S,
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(b) lag time between contro
cithin/IPM=1.0:30.0:69.0(wt%)), and

(a)




EIHE E

e OBMEDMBEEHWCWTEMEREL T MR I L 2R L, KEE
AL LTS HTREMZBRET L T2,

B EmIEEEN O H S5 IPM 2K - SV iRb T 2 BEMEO A7 U — =
T aAT o, TORENSG, K, D-UAR—AZ, 4PGL @ 3 FJE O WME%'E %= M
WT Ly F Uik ®/AAEZHBL, 2oL FEHEE S X OEY K E
FBFFHEICOWTHRN T2 E L,

WEwmE /L F v/ IPM,/TES ® 4 57 RIRRER 2 EAL L . Om fH I & & fh

BB Z R LT, WTHORIZEWTS 1wt%®? TES ZZEICAEILTE D
T EmR LI,

LY FUREE 30wt%, BWBREZ 1 wt%lZEHE L TLAnr v — %8 % Rt
L7z, Bl D- VAR =22 BHEDWEICH VR TEWVWEZ b ol 2Rl © X
D2 ENHL TR oo, FEAREE X TES OWMIZ L VKT L, HC OEMNIC
FOWRIT DN RINT,

TES Z# Al W7 R EE R FERICEB W TiE, Flux IIBEWE OFEIZ X - TR
D KBIOD-UAR—REMEWEICH W R T IPM BB K & ik LT Flux
DAHBIZHRTL2ZEE2HLNILE, ZhDODORIZEBW T, KE L O Hfil
CHRAPBEZETOKGZZRINL ., FHRKIELNET A TRE~EEEZ L
TWOHEFRRBO LN, 7 A FHREP TIX TES OBEMMENME T L, —KHIZ

BWEIFREL RD L TTESODRE~OHZEA/ERLTWLILEE2LME,
DEIREEBEERIFEINDIDENIBEYEORBEICKFEL TWDHD
Ly F Uitk I 2 GEHRAE L THWDLISEIZIE., MIEYE O ER
MEETHLZENTRINT, HC ZIRMLERICB N TS, FEROBL G N4
LD ENRBEINT,

Wz KH P CmfFOREBICRSZ LI, KE~O OB ZREI T D FEL
LTS T2 303D, Lol ifafik 8o EMIT AR E RO T, WAIH
THEMICMENEL 2, "HATTIEIZETHY . BE~OEPE%IZEY D E



BIFIRAE & 72 D L o F IR X B VK 0 K B RS E AR AE A T = X T
AIFANCHERICHEKRWEE XD,
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Ly F Utk I i, RN DBILA S TW D @m e F 7 VAR 5
TNALAl & e LT, BRI TINE D LB 2 < BUKYE - BUKPEWT R
OMEIZRH L THEATZAIREIEZ L L, BE - AR ~OBMMELEm N E Vo
RlRZbD, TOLVyF ok I e, RRICEN T 2w E I
TZOYWHAFRMEE N R0, WThoOMBEWE %2 M2k I iz
BWTH, @oF 7 bAIRE S+ 7 vk flicle~5 & ok ik
SRV, ZoME kST, SHOATEENIEN D WIS,

Fho. EE VYT WHIR X 2 v & B RA O BEANS R S 5 R 8 2
SNTWVWa, Lo, VyFUridFRIe L E2EEICEA LEPRITEZD R
<, BYOREHEBICEHTIE2AD=XLIZONWTIEEFoRBRBN RS TV
U 12))

AR TIE, TV @mWER - AU ER 2/ T 2L 2 kI e v RO 5®
KLY, LYy T iR I B LRk EEARAEA E L CoISH O AR
PEIZOWTRHRFZITW, LUTORRIEL LT,

FHLWBEMEE L TAOIALVRCVBICERL, il F kI terzs
WRLI, 72V BEBEMEICHWZR T, -7 8 > OFE D 7000 77512
FTHEMULE, INVEAFVEOBENRZVHEOIFIEREMEMINELS dd, X
DEmWEr YT —fEZHEONDLI LN RINT, £, AR T =T A —
ZDAF—V v I HEmERWE, LY FUBMIRIBALOEREICET S RFHS
BWTEH, 72 0BELOR T N MY AAVRCBOREN &S WHEEICE W T

DRV I B R TWD T ERRINTER, BEKRTHDITH 2
DOFTREOR TR AN oT, ZHL DKWL, VAR X N -OH
BR-NHy ZE Vo ekt LY b vy Frol VR EKAME
LTWD7®d, IEHmAMICE L TKZRAEOMAIBEZNEZ VT WD &3 HE
MThodeBxoNl, LEDOHERL2G, IARFTEFT VT Uitk It
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NDOFERICHES 2B ETHY ., IVRUBERATLIZ L TENEZL A 1Y
—REE ORI BELEZERLTET D22 6L,
WIZ, Ly FUMR I B ICEARMNL, REEARA S L TCoicHO
AREPEICOWTHRF Lz, EPoBRMIZEY, vyFridifiikItrota v
T AR L, ZOREIIEN T oMY E O MBEICIKAFET D08, AL
LTHHATE2RE2/AM L, REFGBERICENTIE, VI F Uikt
WEERID TESRHC O R FHER ZRET D5 2 L E2Rm Lz, Thid., RE & O
fEIZ B W THEA N RFE R OKS 2RI L THAMK I BANDL T A TH#HE~L

/J

MIEERB T 508, 7 A 7T TIZUMIR I B & ik U TEY OB MRS
BrFL, EUR BRI X —REO®mWEMATKREIZZR 2 Z & BFEKT
o ENRBRENTZ, TOTATHEM~DOBEEEOFEIT, L F rififl
WA ORFBICHERTI2HBEMEORBICKEFET S22 E2H LM LT,
AEFEIZEY, Ly F UM B VI TAFERICEB W T, MmEYE &
DI T2 Z EOEEEPHAL IR, I 2BEDEORRLIT, L0 E
Ny F kI BLrOEREREIC L, £, HEBEHRA L L Tk
WR LY F ORI BV R T D ME 2RI 52 kxRS
BEHOWTHBRFTOILERNDH D Z EN RSN, AP TR IR

CEEEARAE L TCORHORRE T, BRI AaRICET 5 REo—
Byl nZ L xRS 5,
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REVYF v (RRAZ77F Y ral &5 95%) 1% H.Holstein GmbH & Co.
i PHOSPHOLIPONYOG # Z D L FM M L 7=, 7 = VB (CA) .7V =2 — L (GA) .
L-U v A (MA), Yubv At v, ZRER, YU FLEB, a T, o-7 ¥
gL AR, 1,3,5-F U AR, FERR, A X — VIR BEE LT (BR) O KRRk
i (BERFRR - F5#k) 220 FEH W2, 7~V BIXBE RS (K) © 1 #dMh (E
1 k) 220 EHMA LR, 1,23-7 280 U BLKRUEE (PteA) (>95%) .
Vb Rkrd R EER (95.0+%) EMEMETE (K HobozzoE £l
MU, £72. trans-7 2= g (98%), 2 AU Mg (>98.0%), AV h
it (99%) 1L SIGMAALDRICH o b 02z D £ EMHEM L7z, 1,45-FU AV
MR (>98.0%) WA LK L (k) Woboxz2zoEEMEM L, n-7 I
B AL (BR) OFfk s 2 L 7o,

2. ABtoFE

VEBOLYTFUVBLIOEEAONLVRUBREDRED A X ) — VB2 S
Bz, Tz —Bea—27 - FNTEEREIELOL, BEGZRICIVEEL
ERICHELZ, 0%, n-T W EMBEENA T IR T v I AL —TF —%

MWTHAF L 25COERMEP T BEHHE L TFEAREE L AT L7,

3. /A X BRECELEI B
N X FBRECEL (SAXS) JIZE L. SPring-8 1T 38 W T FEHE &b /N M IK A i EL [B] B
KEBRHAE—2ALT7 A4 BL4B2 W, HEE2 mm O AFET T AXZ ¥y BT U —|Z

ABAZFEHELTHWE, XBOKEIX 0.1 nom, 7 A7 EIL 4000 mm., HH I
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TA A= 77 —F 30emfg) ZHW, 28, HEREIX25CTH -

7~

4, VA w P —HE

LAr Y —RJEIZ., A ML ARHBA LA A —%— (HAAKE RS600, Thermo
Fischer Scientific Inc., MA, USA ¥ X " MARS I, Thermo Fisher Scientific Inc.,
MA,USA) Zfw, =2—v 7L —hrErH— (EA35mm b L <L 60mm, =
—rff1° ), ¥ rva—rFLr—rtr¥— (EFE60mm, 2—2A1°) B
FORZ A7 — b —(EE35mm b L<IE20mm, ¥+ v 7 1 mm)
ZEALCHE L, EFMMAENEITEBMICEAWIEhE BT, £27 >
TTHABMEENLE LCEARE L CRELRM L, £, Bhaokh e
EAT. AW —E FTOF AR E IS &0 BB RS M S I A2 SR oD | B RS
PEREIEN O OF A (v) 2 HWTHIEREER (G) BLOHEKHEMER (6") O
B (o) KFEEEZR N, S0, BEOREZNIET HOICY L2 |

N7y T EMHWTHEEZIT> T,
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TRTOEBRMBELIOERFETIE1EEDOHFIBEICEL TiTo, LTICH
| mERLD S ETRET D,

1. A

TES [XFOLMEE T3 (Bk) &b FH %2, HC IZFfhkdmz 20 £ EHEM L7,
D(-)-U R — R TR HIE TR () OoFfmz, 7231 ik (L(+)-7 %
ANECRE R 99.6 %L L) IFFEHME L (K obor 0 E EMEM L,
RV Z7 VD iE () 4148 roborzzofEMALE, KO0 TEE
K ((BR) RERETRE) 220FEFMEH L, REFERLTE (K 0
DHEZOEFEEM LI, I VUAF WA Y T (IPM) X, FOLHE T3
(BE) OFe#hihx 2O EEMEM LI, ¥ Ay a b ABEHKRERSER
(pH=7.5%£0.1, 500 mL H) (FFLM3E TH (k) o4& FHEERA L, 7
th=FUVIEBERET (BK) omErsve~x 777 40 —HzlH LI,

2. AR Eo R
MUEMENRECEHEOHAE, VEEROLVF OB L UOMMEYE & TES B L
KIFTHCZ VBEDAZ ) —NVIZERICERSEL, Zhz —Bea—2b7—F
NCTHEBEIELOL, SLIEHMEZRICEVEREZZRICHELL, Z0%,
IPMZLEEMX T/ X F v 7 AX—F—% O THE L, 25CoHEIBAE T
T1EMEEL CEMEREE L, Bt L, £, MEDE DS ER CKIE
DG, BEEOLV YT B LUMMEYE, TES b L <X HC, IPM O3 T

rEY LY BHREMRE,. FEL,
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/N XORRECEL I E A Y
N X MR ECEL (SAXS) W& X . Bruker AXS #8 @ Nano-STAR #Z 7=, X
BWOWEIX 0154 m, ¥ AT EIZ 106cm, BEBICIFIA AT FL— L%

AW, ok, HEIX 25CTIiro 7=,

4. FEW) B RE 7 i I BR

EYOREEBEOFMICIT, ~T VAT 2EE (MAESHEETFABRHY
fil 7. Hos:HR-1 7R X% > 7THils, o) ML, 77 YRk v
(Hanson research Co.. AZhM M : 1.74 cm?) O L ¥ 7 ¥ —RWITITHERY VR
ik (PBS) ZH\W, ~ 7 X7 4 v 7 AX—F—THH (550rpm) L7z, 72
B, 77V RIEHEALRNIER2CERKOERICIVIEEEZ Rz, KK 1 g
HANT VA ADORBIZBMA L, L7 ¥ —KIK 0.5 mL Z&FERKEICEILL T
Y80 PBS TEEM 27, ML LE® 7 ¥ —ikiL, HPLC T TES B X O
HC #HlE L., RHELEEZEE (pg/cm?) ZKEMICKH LT vy M LERELE

HmiwmE -7 a7 7 AV E/EMR L, Flux 3 £ O Lag time # & H L 72,

5. HPLC #| &

HPLC ¥ A7 AL, R 7 (PU-2080, H AR th) . 40w Bl &
(UV-2075. AASGE (B&)). 7 v~ b3y 27 (C-R8A. (KR) EER/ETHR)
ZMWiz, U7 5 L-column20DS (—fix fif [ 5 AL 229 E 51 fili iF SE 1A ) %
R L, 7. BEMICIIEETENKXEZITo72T7 8 =) VL EKEEMEL
1 ViR ZHBHA Lz, £72. W#EIEL 1.0 mL/min & L, TES B X O HC O & i
BXZE 0 241 nm B L 254nm & L7z, BRERIL, SEERELE WV CHE
B L7z,
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6. 1 't B B B 42

RE ORI OB, REHEMS (ECLIPSE E600W POL., (#£) ==
H) MW TIT 572, f531% 500 i5~1000 5 CHIZE L 72,
7. T — B RN
REEZBERNOHELONET — 2 X VEHE CHERERFZAE (S.D) TrRLE (n=
3). AEE
MEFICAEE L AR LT,

1 %€ 1X ANOVA Fisher’s PLSD test 2 iV, P A2 0.05 R D412
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RIFFREATHIICEEL T, BBEL VG E ZHEEZ W& E Lz, BARK
FHEEEE ABEELACEIEHEP L L ET.

HARFIE LA EEBR FHRIFELER D U A ARRFPIEEHER I
FEFERAECIT, ZLOTHFLITHBEIIMA, HAxORELEZWELZE, @
XEFERIEDLZENTEELL, EHILHL LT ET,

Flo. AMXERICY Y, AREALDIHSEEREOFTEZHY ELEAAK
FHEE AR ETROREAICESEHH VL ET,

RROZETICHIZD £LTIE, BARFESRMAR BRKELERL O
WCHARRFEZHU R BHOEZEEOBLLD TER THE &5V
BV E L, MICELLFICELS ZHEHEWEZ W2 & EMH o &I x
Ec AV VN

BB, IEFESARLDCICEBEMSAZIILD, HFREELILICL, FE
FEAREMREOERICEHIHVZLET, S FHAFLLL I0FITDEVED

ITOWCER L THE A O T /1 2 W To 720 7o B R 5 38 5350 38 dn g BRAL - A0F 28

LWHBREMHFIZR > T ZEY, BIZRFRETOMRETFEEZE>TZHARAKRFTK
FEEEFER AT E TAECARERSEHLB L BT £,
AHFFE O —FIL ., KA BS EiF% SPring-8 (% 5 2014A1055) Z R L
TiITWE L7, BE<#LELLETES,

82



2% 3CHR

R. Scartazzini, P. Luisi, Organogels from lecithins, J. Phys. Chem. 92

(1988) 829-833.

HAMAL 2w, [Hm e REiEEA-EWrSISME T, BARMBIEYS,

(2005) 95-100.

J.N. Israelachvili, D.J. Mitchell, B.W. Ninham, Theory of self-assembly
of hydrocarbon amphiphiles into micelles and bilayers, J. Chem. Soc.

Faraday Trans. 2. 72 (1976) 1525-1568.

J.N. Israelachvili, D.J. Mitchell, B.W. Ninham, Theory of self-assembly
of lipid bilayers and vesicles., Biochim. Biophys. Acta. 470 (1977) 185—

201.

Y.A. Shchipunov, E.V. Shumilina, Lecithin bridging by hydrogen bonds

in the organogel, Mater. Sci. Eng. C. 8 (1995) 43-50.

S.H. Tung, Y.E. Huang, S.R. Raghavan, A new reverse wormlike micellar
system: mixtures of bile salt and lecithin in organic liquids., J. Am. Chem.

Soc. 128 (2006) 5751-5756.

K. Hashizaki, T. Chiba, H. Taguchi, Y. Saito, Highly viscoelastic reverse
worm-like micelles formed in a lecithin/urea/oil system, Colloid Polym.

Sci. 287 (2009) 927-932.

K. Hashizaki, H. Taguchi, Y. Saito, A novel reverse worm-like micelle
from a lecithin/sucrose fatty acid ester/oil system, Colloid Polym. Sci.

287 (2009) 1099-1105.

83



10.

11.

12.

13.

14.

15.

16.

K. Hashizaki, H. Taguchi, Y. Saito, New lecithin organogels with sugars

of RNA and DNA, Chem. Lett. 38 (2009) 1036-1037.

K. Hashizaki, N. Watanabe, M. Imai, H. Taguchi, Y. Saito, Possibility of
vitamin C to induce the formation of lecithin organogel, Chem. Lett. 41

(2012) 427-429.

K. Hashizaki, Y. Sakanishi, S. Yako, H. Tsusaka, M. Imai, H. Taguchi, Y.
Saito, New lecithin organogels from lecithin/polyglycerol/oil systems, /.

Oleo Sci. 61 (2012) 267-275.

N.M. Murashova, E.V. Yurtov, Lecithin organogels as prospective

functional nanomaterial, Nanotechnologies Russ. 10 (2015) 511-522.

K. Hashizaki, H. Taguchi, Y. Saito, A novel reverse worm-like micelle
from a lecithin/sucrose fatty acid ester/oil system, Colloid Polym. Sci.

287 (2009) 1099-1105.

M. Doi, S.F. Edwards, Dynamics of concentrated polymer systems .1.
Brownian-motion in equilibrium state, J. Chem. Soc. Faraday Trans. I1.

74 (1978) 1789-1801.

M. Doi, S.F. Edwards, Dynamics of concentrated polymer systems. Part
2.-Molecular motion under flow, J. Chem. Soc. Faraday Trans. 2. 74

(1978) 1802—-1817.

M. Doi, S.F. Edwards, Dynamics of concentrated polymer systems. Part
3.-The constitutive equation, J. Chem. Soc. Faraday Trans. 2. 74 (1978)

1818-1832.

84



17.

18.

19.

20.

21.

22.

23.

24.

25.

M. Doi, S.F. Edwards, Dynamics of concentrated polymer systems. Part
4.-Rheological properties, J. Chem. Soc. Faraday Trans. 2. 75 (1979) 38—

54.

M.E. Cates, S.J. Candau, Statics and dynamics of worm-like surfactant

micelles, J. Phys. Condens. Matter. 2 (1990) 6869—-6892.

Y.A. Shchipunov, E. Shumilina, W. Ulbricht, H. Hoffmann, The
branching of reversed polymer-like micelles of lecithin by

sugar-containing surfactants., J. Colloid Interface Sci. 211 (1999) 81-88.

Y.A. Shchipunov, H. Hoffmann, Growth, branching, and local ordering of

lecithin polymer-like micelles, Langmuir. 14 (1998) 6350—-6360.

AAfLZ=Mm, 2o PR Voo FRZERE] , JabsrRA

(1996) 66-80.

R. Kumar, A.M. Ketner, S.R. Raghavan, Nonaqueous photorheological
fluids based on light-responsive reverse wormlike micelles, Langmuir. 26

(2010) 5405-5411.

T8 B VIF U S REBS AN RDIFE RV TF AN F L,

(2010) 6-13.

H. Matsuoka, J.P. Kratohvil, N. Ise, Small-angle x-ray scattering from
solutions of bile salts: Sodium taurodeoxycholate in aqueous electrolyte

solutions, J. Colloid Interface Sci. 118 (1987) 387—396.

P.E. Rouse, A theory of the linear viscoelastic properties of dilute

solutions of coiling polymers, J. Chem. Phys. 21 (1953) 1272—1280.

85



26.

27.

28.

29.

30.

31.

32.

33.

A. Khatory, F. Kern, F. Lequeux, J. Appel, G. Porte, N. Morie, A. Ott, W.
Urbach, Entangled versus multiconnected network of wormlike micelles,

Langmuir. (1993) 933-939.

R. Granek, M.E. Cates, Stress relaxation in living polymers: Results from

a poisson renewal model, J. Chem. Phys. 96 (1992) 4758—-4767.

J. Appell, G. Porte, A. Khatory, F. Kern, S.J. Candau, Static and dynamic
properties of a network of wormlike surfactant micelles (cetylpyridinium

chlorate in sodium chlorate brine), J. Phys. II. 2 (1992) 1045-1052.

F. Lequeux, Reptation of connected wormlike micelles, FPL (Europhysics

Lett. 19 (1992) 675-681.

M.E. Cates, Reptation of living polymers: dynamics of entangled
polymers in the presence of reversible chain-scission reactions,

Macromolecules. 20 (1987) 2289-2296.

P. Schurtenberger, R. Scartazzini, P.L. Luisi, Viscoelastic properties of

polymerlike reverse micelles, Rheol. Acta. 28 (1989) 372-381.

PEE P, BJEaE A RAl o Bk & RY, Drug Deliv. Syst. 22 (2007) 450—

457.

F.P. Bonina, L. Montenegro, N. Scrofani, E. Esposito, R. Cortesi, E.
Menegatti, C. Nastruzzi, Effects of phospholipid based formulations on in
vitro and in vivo percutaneous absorption of methyl nicotinate, /.

Control. Release. 34 (1995) 53—-63.

86



34.

35.

36.

37.

38.

39.

40.

F. Dreher, P. Walde, P. Walther, E. Wehrli, Interaction of a lecithin
microemulsion gel with human stratum corneum and its effect on

transdermal transport, J. Control. Release. 45 (1997) 131-140.

Y. Yokomizo, H. Sagitani, The effects of phospholipids on the
percutaneous penetration of indomethacin through the dorsal skin of
guinea pig in vitro. 2. The effects of the hydrophobic group in
phospholipids and a comparison with general enhancers, J. Control.

Release. 42 (1996) 37—46.

F. Dreher, P. Walde, P.L. Luisi, P. Elsner, Human skin irritation studies
of a lecithin microemulsion gel and of lecithin liposomes, Skin Pharmacol.

Physiol. 9 (1996) 124-129.

H. Willimann, P.L. Luisi, Lecithin organogels as matrix for the
transdermal transport of drugs, Biochem. Biophys. Res. Commun. 177

(1991) 897-900.

H. Willimann, P. Walde, P.L. Luisi, a. Gazzaniga, F. Stroppolo, Lecithin
organogel as matrix for transdermal transport of drugs, J. Pharm. Sci. 81

(1992) 871-874.

S. Avramiotis, V. Papadimitriou, E. Hatzara, V. Bekiari, P. Lianos, A.
Xenakis, Lecithin organogels used as bioactive compounds carriers. A

microdomain properties investigation, Langmuir. 23 (2007) 4438-4447.

I.M. Shaikh, S.L.. Jadhav, K.R. Jadhav, V.J. Kadam, S.S. Pisal,
Aceclofenac organogels: in vitro and in vivo characterization., Curr. Drug

Deliv. 6 (2009) 1-7.

87



41.

42.

43.

44.

45.

46.

47.

48.

K. Sato, K. Sugibayashi, Y. Morimoto, Effect and mode of action of
aliphatic esters on the in vitro skin permeation of nicorandil, /nt. J.

Pharm. 43 (1988) 31-40.

L.A. Lyon, "Handbook of applied surface and colloid chemistry vol.2",

American Chemical Society, (2002) 159-188.

A. Fujita, Prediction of organic compounds by a conceptional diagram,

Pharm. Bull. 2 (1954) 163-173.

Nihon Emulsion Co. Ltd., "Formulation design with organic conceptional

deagram", Nihon Emulsion Co. Ltd., (1997) 4-12.

S.H. Tung, Y.E. Huang, S.R. Raghavan, Contrasting effects of
temperature on the rheology of normal and reverse wormlike micelles,

Langmuir. 23 (2007) 372-376.

R. Rissmann, M.H.M. Oudshoorn, W.E. Hennink, M. Ponec, J. a.
Bouwstra, Skin barrier disruption by acetone: Observations in a hairless

mouse skin model, Arch. Dermatol. Res. 301 (2009) 609-613.

E. Benfeldt, J. Serup, T. Menné, Effect of barrier perturbation on
cutaneous salicylic acid penetration in human skin: In vivo
pharmacokinetics using microdialysis and non-invasive quantification of

barrier function, Br. J. Dermatol. 140 (1999) 739-748.

Pk T, TR RANORE EIGH] , ¥—= & v — AR,

(2011) 188-191.

88



49.

50.

51.

T. Higuchi, Physical chemical analysis of percutaneous absorption
process from creams and ointments, J. Soc. Cosmet. Chem. 11 (1960) 85—

97.

H.A. Benson, Transdermal drug delivery: penetration enhancement

techniques, Curr Drug Deliv. 2 (2005) 23-33.

M.A. Pellett, M.S. Roberts, J. Hadgraft, Supersaturated solutions
evaluated with an in vitro stratum corneum tape stripping technique, /Int.

J. Pharm. 151 (1997) 91-98.

&9



BEFE - L — &
W 25 n i EE
4PGL |7 FZ 7 V&V v~ 7o Yo o7 —kE
CA =g 2 X i HCEL A
CPP |EHAFE AT A —X I(q) | X % BCEL o
GA 7 a— Lfg v A
HC t Rravsy v K B2 & /5 790 1 o> HE W 4y B AR 2L
IPM | S URFUEA Y Tt L k ALY < v EK
MA U v IfE L B DR &
Om W L Liail St I PE A B K 0 R S
PtcA | 7o /82 b U BV R B A X M E
SAXS | /N X HEL ) E oV T
TES |T A AT q X MECGELX 27 ~ v
AL 0 RAEEYE W E
4 S o0 A i A r I NN 2N TR e
a B IS & Fm oy
dhg S i i M A R K B o W i B Rc AR S B LW o B 2R
Atail S IE M A B K ES o W i AR T ek L
ay LA o 3K o BT R TE B T % B[]
Cy LA T o FE W Tb Gl - BRI
D KW D BE IR EUR R Trep LT — g R
y A WO A v i BN
Vs B2 i v SR o 3% B4R Vil | SR TS PR A BR K O (R
P LA 3K O IE B AR w JE I
G’ B R M R é Wi 2 L o KRS Sy =
G” R R P EHEVWR Y P T — 7 DR
Go |77 r—mEx vvayAR

90




JF & wm 3C

1. M. Imai, K. Hashizaki, H. Taguchi, Y. Saito, S. Motohashi, A new reverse
worm-like micellar system from a lecithin, multivalent carboxylic acid and oil

mixture, J. Colloid Interface Sci., 403 (2013), 77-83.

2. M. Imai, K. Hashizaki, A. Yanagi, H. Taguchi, Y. Saito, S. Motohashi, M. Fujii,

Skin permeation of testosterone from viscoelastic lecithin reverse wormlike micellar

systems, Biol. Pharm. Bull., in press.

91



