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[Solution Properties and Self-Organization of Biocompatible

Amphiphiles and Their Derivatives in Water]

Abstract

Biocompatible amphiphiles and surfactants in water were investigated about stability,

self-organized structures and their viscoelastic behavior.

First, the effects of peroxidation and hydrolysis of phospholipid (phosphatidylcholin)
were investigated. The liposome, which is self-organized structure of phospholipid,
becomes unstable due to the peroxidation of unsaturated hydrocarbon chain of
phospholipid. As the result, pH decreases continuously with time. By introducing the
anti-oxidants or bubbling nitrogen, the decomposition is prevented and the pH of the
solutions are maintained in a neutral range. The effects of added dialkylphosphate or
stearylamine on the hydrolysis of liposome composed of phospholipid with saturated
hydrocarbon chain were investigated. Only dialkylphosphate hydrolyzed the liposome
and stearylamine has no effect. When the hydrocarbon chain of dialkylphosphate is the
same as that of phospholipid, the liposomes are hydrolyzed fast. It is considered that the
head group of dialkylphosphate would catalyze the hydrolysis. The influence of
incorporated cholesterol on the stability of liposome was also investigated.

Second, the self-organized structures of cholesterol and phytosterol-derivative
surfactants in water were studied. Trioxyethylen cholesterol ether forms a lamellar
liquid crystal in which the bilayer is more rigid than that of conventional surfactant and
forms vesicle in water. Polyoxyethylen phytosterol ether forms worm-like micelles in
water together with lipophilic amphiphile or cosurfactant. Phase and rheological

behavior of the worm-like micelles were extensively investigated.
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TV a—H%E 25% L EEATE O/W D= < V3 a 2 Tdh B0, BAED MBI 7240 )5 B
¥ 1961 2 Wretlind & 12 X 0 BF &7z Intralipid ZERIZ/2-> T 560, VEy R
Ty g IR D T ORBEMAG N EEER BE IR LT, FIRICERBRIE LThn Y —4
HWEITOTEDICHEESNEZLOTH D, oT, Zhx=<wN g ZiIRIEN A ORH &
LTHWA & &id, BMMEZAEIERNEDIZ 1um S EOREOMIEEEE R\, F
PIRIEEMN 0.2~0.3um O HDNRUEFMF L 2D, 2 b OWFFEI Davis H=° Benita b 2
PN LT B0,

EROE T, IR VIREPRIF SN TE TV AR, HERSBFICRBWO CHERRIRT
REMICBOWTHRE LOMERH 2, BECHAEEIIARRNSZ, BMEDCY VIRE
MEBHRMCRICAD K 91220 BbH{biz DR AN KIBICAEE SNREMER M L
L, ZDHbBEfmaBETh Y VIBRITIRIEVEANBFIRE & 7o T& T2,

U UK Bz HIETIZ< W, HLB (Hydrophile-Lipophile Balance) @29 &
STHMHTH D, KPTHREDDFNEEEEZFERLTNDIE LDV | BRI ZRE
THEIFEZIISL, EOFBRELTEBIRTILZLEITENEE XD, kIl
® HLB % Z8 32 %EN D (R ORABRBICB W TAHAIREEEZZHATND
BRRIEECTHBE LEZD,

1. 1. 4 VRY—AELLTOH

1960 EfXHF A, A ¥ Y A0 Bangham IZEEBEOREREHE SOV EOTHE ) VEEE
HEEL, ZhZ2BEOKPIcoBEy, BEEO/NRE (R70) 2ERSE2EE2RE
L7200, ZDY VIEENBRBRV I NVEREOERD lipo & HIAED soma & D& RGE
ELTYURY—heHENTZ BERBCELTEF—7 v T 1 » 7REMER O DDS (drug
delivery system) HF|: U TERICHESNTETWAAD, [LHEEHT S Z ORREMED A
SISEREHITENTW AN, AR Lz & 5 IcEHIMICh = 0 e - (LEIELD 2N
BERERINDH, EREGITELNORRRTH D,

1. 2 aLRFTa—)

I VAT =) ViZARICHLEADRE TH Y . REEERE L THWZROEFEEGHED
BEOBUKE S LTHRBRED, T7hbb, BHEBREEBEAEE LT LRAT o —ER
PR, AERNREEEDE L LTHEEORIICKESBEELTWAW, 7= POE
(Polyoxyethylene) #{D N L7 FE{EESFIE L COBEEREBIZOWTHIEE ORILAR




ST 72 O BLBR RV BB 2R LT
A13),

F KK L O EER b
Eh., VUIRHE L oBUKRERIC
DWTHERECIMRLH B, V
VIBBICITBBREIC L5V — K
AR (Tc) BROLN BN, =
VAT a—Wd Te LFCIL Y I
BOBRAKEMOMEERZH D
o (fluidizing) , Te A ETEINZ
< BB (condensing), MEE
E{L L., AE L7ZIRH o BE RN
FOMHITAEZLI< DTV,
FRARR U7z & 9IS RRBE R DOAKFIRMY VIBEILEF OFEMBEFRRIZ Te BXHY, Z0
BEFEBRCTORFRECHEIBENEL, VARY—LEBHFOERESCHNOYEDOFRE S| &
I, ZRIERLT, VUEE1EAYEZY 0.2 EAVUEOI VAT E—VORMZLY,
Te DEEHEBENEE LWWEORZELPE LS (K1.2—1) 05,
IDEIICEFEESHIEECHI I LATu— LRl NEBKEE &L L REEERISF
EA4EO B THEBLOBRMEIT ) BIIBD THFEETHD E XD,

. : ot ! o) . .
S DU ENDOTHERMICT T L A
.| TRANSITION". S

vaup: . HRERS
CRYSTALLINE F 3%
starg . Bk

‘ ) T > ’Yr;‘

12—-1. VUEEEaLVATa—/ VEEERW®

1. 3 74 FRATE—V

B OMBEREST TIZa VAT o — AR EE R AT o — L TH D, MR T B -
FRATFE—LROH U RAT A —MIREBEIND T 4 NATa— AR EERAT O —ITh
5. WERIZIEIT VAT n— /L BRED CaufLicflix DEHREZ DL, ABPRENIZ OB
REL BB,

2 VAT a—/LERRICEAREE LTOREZHFEL, EEEEGEOE W REEER &
LCHRENTVWAHOD, FOHFESRBIIHE VRSN TR, ZHiFa LR
TRV SFOMBILERMCHEDERDRNERRINTWVAEIZLD EEbE, L
DU b Z OENREEIZEVIC X 2RO ZIC OV TIEEBREWVIFE b e ST
BYan S OBMEEORER (BSE XU 4 VABYER E) X1 EENS,
PVERT 0 —)VOBEREE o TCW5, Thbb I OBUKEN L 25 REEERO B M
At & ARBIRDMEE A FITSBROFL RERICELEBED THEEETHD LEZ D,
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2R ER (HEH)

2. 1 fHEER
FHRERBEZMEREL, 7o 7APRICHALERBIZBEEMIRNE T A LT v 7 A%
P B HNTHAICRIET 5, BEREOT S L TR S Y —Tid+4oRIBEN
TRz, PR Z MO T Pk fERk U, EO0BEE O TRl 2/ 0 IR Ui
AR ST Z & TH T~ EED D, Vo T TERBIZET 2 £ T,
25°COIEIRMICE A 2 ORBEMKET 5, 0% BRI CTHEERZERT 2, HEOR
HIRIEAR & 7 Pt % UCET 2, IREORIIRCBMEEEIR &/ X BB
(SAXS) HELVREST D,

2. 2 B\BTFARYHE (ESR)

BT A 3B (electron spin resonance ; ESR) &1k, BF ALV ORTHKILBHS
THY ., THBFEETDIAA RO TFHUERNRL 2D, TOWMETERT VO
&, BTOBE ., KEPHERLOCRGBEROFRICE N Z2BET21F0, A7 MR
FIZEVBOND /T A—F — 30 FHECE Y OREBE BTV BEENPL, Yk
ERRBWMRTELTCHRAEINH02),

AR TR EEEAEROMRAESRELZHRETI2EMT, BREORA Y T o—T7
Bl JEIFBAERIC= a2 Uizt n) 2E8AL, SEEOREEDHTF
REIZSWTREET oM, UTFICZORY Yy Fu—Tke 227 NETICLVE DR
AEFENRT A —F— DB FIELERICHOWTHRHET S, 723 ERS OEFE, gfE, B
B, BREE., BHMME (BFACYVLEACOHEER) BIUMMMEE (BFAEY
MOHHE : © T VAN ZEEIRIE) I oWTIIRRH R LR ahizne,

A Ta—TE

R BF E RV RIZ ESR ORIERSR L2V, ThEFICFIB LIZOBRAE 7
a—7HTHD, TROLMRLRDIRMENEDORIC, AHABEFEFTebEMET 1
— T HBNNITAULE LTHESY, AP COBEHESLZEL T o, #it
MR L E D FIETH D, AT u—7 L LTI RET, BEDOH LR
SUMNEERANS, AFETIE= X IV INGERERAVE, AT -7k
WWRBWTHEERDZREZRL LS HBERNVIIT PINVTSOEBHETH S, o TE
B DL NI ESR A7 AR EN D 03%, B B oEROICHERATIENE
Hlen,

= haxv I VHAOEBE ESR AT MVIE, BFAELVOBRE—A Y FD BN X
vy (RBPTIIEFEEN—1,0,+1 OREEZ L D) OBRE—A L FEMEFRTI
DHIZE 2.2—1 TRENDEL 3 AORNRIZHHT 2 (BIM/ES). £ L CEEREO
B2y, STINOERHREFNEET 7 BN LD . BRFENESLE
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RE—r (F22—1 B), WEALZ b)) DOFHEOEMER AT brz@y), Ehk
PHEENDHLOIMEDT VAN DESOEREDS 2% — (B 2.2—-1(D),
BRART bv) ~BT 5, Thll EBVEBE 2D L, ESR A MIZERD 2L
RUBERTCTERARD, T TEBMMEORBORTUIHRNR O THY | BGMZ EY
LT RIEERNEINENDHZ L ThD, NEP, BIEEDRFHEORE ZITAT=
Azz— (1,/2) (Axx+Ayy) =30GTH Y. ZHIZAEKICHRET S L 108 Hz 2% T 5,
o T 1078 s &) BRI R TRODDBOMNIZ L Y AT MURIBIZE(ET D, o-Fil
B O S IIEIRITHGEB O R -2 TERXSN D, 8% ESR AU 7r—T7HTI
107 1< 7 <10 6 DIFHIEBOEIRELZRET 2 I LB TE D, TDOHTH 1071g< <
10795 DEFREIfEELT rapid tumbling limit & FEEIL, K 2.2—1 (B) IZHWRZ pLi b
2%, 10795 < ¢t g <1065 ORFHFIRIIIEECED S BVEES T, BIHMEORK - IR X
NI hvERB,

B
1 106
{A) xiH
Ay
—_— yA
(B) yt R . A'
i
g i
"
O 'VY

Az —_ -
CRIT /N;'O
I \\kx

| |
s,
] |
{p) { |
kRSP I J
) !
| ]
1 1
(EY
AT} A

H2.2—1. =buaFRIIIHMILS BSR A2 b, (A) (B) (C) ZENFNBREEHN T H L0 EMR
(X Y¥2) MW TWBAEET, ThEhOBREILBLNIEBPL L, 0 &, £.5 FLTANY FAHE
i)

Acpr Ay, A, BgBIRTTVYVEETHSD, (D) ILBOED, (B) ZRCESRECBED RS b L
THh b,
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=haFTTIHNALDESR AR LKL, BFOP—< MEERE, NEAEL E
OBWABAERAORINTHY , kRick v Ehn 5,

H=H H-g-S+8-T7-1

ZZTC, HiZHS<T b, SBIO TTEFBLIOEA LV EE T, gl gTr N, T
EHBMEST YL Th D, AT —TEOBRE, P —<  IEHIEE SRS D &
ML,

A ; BB OB S

IO H DT a—T7 D ESR A7 MU triplet Th B, BHUIEDIEN 0 IZFHL
DRCEBEI, EEAE T EHRIEA B <, EBDSEVIE CHUBESIER D, X5 o &
TL Do EEPENFE, PLOMRIE (JH) & 3AROEIEIREE (I+1),K0),(—1)
2 B EHEYLE OGRS « .2 RD D Z LR HE B B,

r =6.5X10710 ((X0)/K—1)2—1.0) § H

r L BB e B M EE DB A . Einstein—Stokes DR XY (ra=47 r37,/3kT »»
LHETHZ L HHED, 73 EORE., 47 r3 p X7V INVSFORETH B,

12— RXVNVATT IV VBEALY Y r—7 & LTHW-REEERIE O BSRRIE T
IRVEEMEZ RS AT PARELN, ERERIC X 0 EERIECES OFR BRI 2 B L.
FETEHERS T OEEEORTIIHKD (K 2.2-2),

4 SHmsl(0)

i
H

Iy Iwi i
- |

: Ien

n ]

met1 m=0 m= -1

X 2.2-2. 534V (TEMPO) DESRANZ b
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B ; EBEBIRBVGEE

W72 E T HEER L CREMBEF 2R ORTIE, B ORPMIBR SN ORFOKES
WERHET A5 —8F A — & —NEE L 25, ZENREREEE L LT EORERER O
FHHENZR > TV B DERTA—F =T A—F— (§ FROLIITEHSND,

S= (3cos2 4 —1) /2= (A,—A,) JIA,,— (172) (4,,+4,,) ]
T VOB NAFO Z e T EERE O T EICEE LW AL, S=1 (cosd=1) T, 7L
W& HH 2 EEE L TWABREIZIE S=0 (cos 4 =1/ 3) /25,

D ESR 27 b (K 2.2—38) IZBWTIL, 4 DFREIZED A, 0IE LVMENR
ELRNI ERFBENART bADERDHFIE L IFIE—ET D, —F A,DEMREIZ, R
R MO EORINERK & —ET25Z enb, BEIIRODBZEAHES,

FIT ay= (1/3) (A;+24,)) OBERERAWNCTEREZEZ#E L,

S= (3/2) (Az—ay /JlA,,— (172 (4,,+4,,) ]

ELT SEZRDDIILEHEN, L, BEMOLHEIZIY T2 Y VOMEITED b2
DT, a yDEIFRENERD B,

a n— (1/3) (Azz+AXX+A.Vy)

]
H
I
i
]
]
¥
1
|
1
i
H
! e
]
1
I
F I——
2A
X 2.2-3. S AGREPTDS-FFEV VAT T VEEDESRA N v
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BL., 7V ANDOEHFERWHFEE EROME a I 7 VI NI BIEREICE > T
KELETH L TRRIZI YV HEZRITI,

S= {A,—4) /A, — (1/2) (A,,+A,) I} (ay/ ay)
T a T ERF ORI BRD, a e OEIIEAELZHAVTRORXL Y RD B,

ay = (1/3) (A4,+24,)

$:0,5
Yy =51.8°

$:0.4

y=21.3° y=58,3°

§20.3
r:65.0°

$:0.2 ;
y£72.2° !

$:0.1
y#80.2°

T
$:=0 )
y290°
506G i

M22—4 F—F =T A —F—SIZLBANRT PVHEEOEL
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AR CHNE REVILRTT U VT O h A OBIIES T » Y L O EBEZREN
A,,=6.3, A,,=58, A,,=33.6GThd, SHEDEILIED AT MOBREELEZR
2.2—4 12T,

2. 3 /IMAXKHEE (SAXS)

X #4% 0.lnm A —# —BEOHFICEVERELX AT HERE Th D, TOEYTHREF]
FAL 1912 4EiZ Bragg R FfE@mEHT 21T > TLSkE, 4 OWEOWERITICRIA ST
WB, L LUXBREELE VD & FDOKREOPBERERD DV ITHREREZRE L Lt bD T,
BONBERIIBFOREBETHD, HRIUNDR (KRE, BK, 2u( FRIk®NL, TF
VT 7 ARERE) xR E LERE TR, BRFRo TR EOREITRNLTHD &V 5
BRRFEY. bHODLRVEETRZHDILERD D, 20X ZREMTT O REN
/N X BREGEL (small—angle X-ray scattering; SAXS) T ¥ . #IRAFEBITHIT <V,
JRNZERITONREE (BERIERSO MR L) 2L bX2ERHEKD, Tobb, BTEED
W5 ERET S 1~100nm BE O 1 AOBEPTHETE 2,

ASIXER
GRE: 1)

-

X2 3—1. BRI FIC X BAEELEOTYE

ZERHC IRVEEE 2 R D 7o DI B/ NARELZ AW A EE D & XREFTRAK T, EF
DHF (BERTEIT 4 Avya iES]D) 27V 2Bl LU #ZEZM (T4 Avyvay
FEE) 2RTEY, KELEZEMOFRIZ/NABERICH D BELZ MLO/AS R
B) ICHDEVIHRANCESHDTH D,

BUANZ 23D HZER OB ITEKELRZ MV ¢ TREND, HDAYWERNOBELR A, B %
Exz, K23-10EHI2, ARXBRE—LFROBEANSY V% so, BELA TR OB
g MEsETD (BELA 29, s=s—s0). BELR A & B Z @ - TERIR~FRDHEDOREIC
IMTHREDR D 5,
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1T E=A0—BP = (s—s0) * r

ZOITBECKIE LT 2 SORIETI, TONETAHEERRSZ LITR D, TTHEN
1R ACHELWE SDMMEL 22 THDHLERTDH L,

fiApE=2 7,/ 1 - 1THE
=2x,/ 1 (s—50 * r

:qo 1"

LB, ZOXD gNEELANNT A TH Y X TEZE S, SAXS JIFEE TH LN DA
EO NG d & KIEFoOBRIZ2 5,

q=4/ Asind =2r/d

% 7= Bragg O 5
sinf =nd/2d=1

THHDT, $iek L 1 <2d TEFNTEITITE Z 5720, NP0 nZREREERL
TWAR, ZORDLYICEHMES d/nThd &5 R BR/ERE (hk) 60 1KRK
HeEXDBRITR>TND,
NSRRI FRIT S SR FABELC L B, 20074 TOBEREBR LMD,

(1) REHEAMMEICHERT SV Y — 7R —7 2/ OBE (RAEEDORET)

(2) AEL L BITREICREI BT DHEL (BIREEDOHT)
BE IR L 20 TR BEEOBFEEORY—HICHEL, ZOHERTRIIC
FAEMERMNELS | IWEPICHTRERICT VF M L TND &V ) RETHF 1L EOD
K& &, K, BEEZBITT2b0ThH D, UTIENENZONTRHRAT D,

(DR B HH#E DR

HOBREBRETHLBEER, HFNENEHORERAERZEEL S 2581013,
MEERAOBECRFRRAANRZMSME LD, ZOHE, HFRATFHICLIE—7 R
BN B678), Mo 2 BRI F T — 7 2T TSk FRIBERE, RAEEOK R, M
BItEDE X, XHICIEENODRIFE R 2MEEEAOREIZOWTHRZED Z & HE
%o

REEERISFOBRT lREECE, — KT (FATER), ZKT (XU rF—,
~FY IFLER) BIOSRTEHRFERELLO (F 22—y 7#k&E ; discontinuous &,
bicontinuous &) MNESHNTVD, T 5 OHEEREOBEIIRE RO TR FHZHRIC
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L D B L B — 7 B R0, b bR TR 5 LU S T O 72 (hkD)
WFED DO Bragg REMEREN D, +HREOBELY —7 BEEShIE, ThHE
HANRT "ADKES q DENE, FATZ, ~AFHIFTALEDI IO NAL DENFR
Uk, £ E—I{IEM D Bragg DX (n1=2dsind) \Z LV RAEEDHE d &R
BT ENHES,

K23—-1ICHE4 DENF R O— L ZNERTRTHELLY— 7 D g DB LUV EN L Z 5 X
BfEdamE O Miller ¥6802 7R L=,

#23—1. I7u RNAA2OFNFTI—E Bragg INALE & DA

FDRT E)LARAD— E—J D HEDqD bk (3 F i DMilleriE 30
—XRJT FAS 1 2 : 38 : 4 : -
n @ @ @
Rt ) —(RA) 1 : J3:44:J7:
(1) (1) (20) (21)
=R Bk EflisrAH (SC) 1 J2:43:J4: -
(100) (110) (111) (200)
R A 1 : J2:43:44:-
(100) (110) (111) (200)
LA 1 : 483 : y11/3 : {12/3 : -
(100)  (220) @311) (222)
bicontinuous 1 : J4/3: y1/3: J8/3: J10/3: -

FATBIUOAFT T IFTVRRBDOI 70 RAAL UEEIT AT REH DV Y F—
BHAS T 4 W ARENCTHATICER RS 5720, @EICEM LEBEL N F —28/o, ThEh
DEAMFB Y=L, —RE—2 D Bragg W d (=2~."q9 = 1,/2sin0) £V I
70 RAA VR DERORIZRD D Z & B HED,

727 D=d VI VE— (~XYIFN) ; D= 4.3d
BR(se) ; D=d Bk (bee) ; D=4 3.2d

(2) TEHRMEIEDMRAT

BHE OERD SAXS B A NR—F HEEA 2 §0OFEEIZ24= 3° ~6° (Lmrad~ 0.1rad)
BETHD, Cu—Kaoft QEE 1544) 2RAV3E L, ZO&BIIBEALZ FLokE &
IZLT g=0.004~0.441, HBWNIT T v 7BRIC L TTFEE A~ AICEY+5, =
LA ED R —/VITHRELOFIR & 720 . SAXS ITEEEL LB TH B LWV B,

BELICX VBN LT —F 13, HEICETIHZEMOFRTH LD T, BELMHREE 2.
3=1DEIIT gDEZL > TRELZDZDITITEZD &, g D/NEWEEIR [Tk T2
DFHL LTORESERBRLTEY, PREERZIZPRICL D08 E, g DREVEER DT
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IEEBINERT 4 A v a vl ThbblPREOMEE. HIICETABHRESA

TWD, Lo THIETEMERIFE R OBGELHIHR D 51T,

IEEND LS REEERERDOY A X T

Ry REORIBEHSZT DI EHBHEKD, 2L, ZhbDBROFREVITI VTR
ELHDTHD, e, RES, BR, BLOKREMHEOFIEIAE TITEIET 2,

M ()
s, e | BT ! -
ﬁ#w . <[§I‘&a’+f§2> x: ’f;-‘“\\. 2 <5’Hﬁl)
HELAUR (ry | (m)
5 NI
"~ ~RA3 ) I .
o éuiniler | a2 PR
= (miieﬂll) E { (Porod i)
= | |
i P
______ S W

q

Gr

fe——L—s]
%O D il

3
:

X 23—1. HFHEAFEHREBOLLDHER
[BAR(LESM, auA FREVL, BREERA (1996) XY #HRi#K]

2. 4 REEERESHT (DSC)
REFEHRERNI. FE - BERTROOIREE
BEETVRRED, BETD EITRRT58E 2R
BTHHEBTHD, TRDHBEEREICLDROM
Bkt BEBICIVAETDILOTH D,

DSC D RE©®

DSC & DTA DEWE, H%ENREE EEMH L
DOBREBOETCECIREEZELXEZOEERHTLO
WL, DSC CiRZOBREELHERRBO L —F —
THHMEL, TOREEEZRGTORATH D, BIE
T Z DBEER DSC &, BiRiEE DSC D 2 A D
5, B24— 11 TCZOFEEHAT S, RBHIAE
RHEBBAELD L, M bNZEBYIZ b DEER
Bz Eah, ZO/EERE - BEMERICEEZE
(AT=Ts—Ty) BELD (HFDLERBR), Bk
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T (BF) —

(=]

-« dg/di

TURE) B LU (KR —>
TR, TS MR L UMBOBRE 277, Beks ik
WHMORER (47=7,—1D (EBED ZR{mEN 472 o
BHEE (dg/de) CTHTRT D (FR), diffANR LIS
LANBEME (mr A E—ELE) DY D,

4 2.4—1, DSC OiBEEA /53 B




# DSC 132 OREZEMM () HBVIHRE (D OBk: LCHET 52, i
FREAE S0 DATHEMY ™ % A T BB — S e B R o0 BT SR 8572 0 OFEZE (dg/dd) 1T
MESND [MOFRBM), ~OFELEEDTA @) & BTN R, —ICIHE
EEBADL &, TROLEMELERT E— 7 3 FREic, BiCREENEORIE(
BRTE—7 X EAXIRT T LA ICTA (EBEBSHES) Lo TED bR TS, B
MER DSCiX2EA e — ¥ — 2 AW CTER - RNV — 25 2 & Tkl — A EmHE
BB 2 ¥ 0 T B, Limd8oTF v — h_Eicid = ORIfEIC E L iz BATHERE 3 7=
D OBEIEEOEE (g dD & LTEEEGERSIE,

DSC 7 bEbN5 =0 dg/dt #FEEE (AT/dd) TS &

dg/dt X(@dt/dD=dq dT=A Cp @

AC, —

720, BB - BEMEMORGRE (AC) MELND, - .
S OMEREREEOEKE LCERT AL &%, M 94—2 oSyl /"
(a) 1R T L) I—RICITRE Y — 7 & ER X CRTT B, ) /’

AH —>

! o
DSC & B HRIER & OBIR :/ 7
M24-2 () IZERRICESE BN REEES - AR ol LY

DF N — B VEAREBEEORERE (A Cy) ~RE (D RN

B a AR, & T BERTg T LB X0 e | %0\\\
NI OB REBRS D ESRERD, ZTROACEYrE R
EDHTND, Fv— I VRS bR D=  F e — T. G
ZE (AH RFPOEBRTEBICHEE L, ZuirX T —
THEZBNA o ®2.4-2.7 00~ 3 & VI HNES

EBETD ACHT (a), AH-
70 BLOG-T ()t

A H= Lf:’ A C’PdT DHBAR

ZICTRT T TLi3EEBORGE L UOREDBEZRT, —FH A Co~THROBSETH
5 AH~THEEE 24—200FTH, AH/FIELVBEBROT AN — (Hu) &4 IVF
D ENE— (H,) D% (AH=Hn—H,) ZHYT2ZLREMIND, I B/VIRIK
HBIOF VMO Gibbs DEHBTRALF— (Gn, G, TUFNEY— (Hn, H,) BV
Ty hrt— (S, S OBESZAREEEOMHBEBERIL

Go=Hu—TSn BLW Ge=H;— TS: (2.4-1)

THREIND, REIEEMEE Z VD Gibbs DEBHTZ XX —ZE (46 1T
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AG=CGn— Ge= (Hn—Hg) —T (5a—&) =AH-T4S

LB, BEBEE (T=T) TIXA4G=0 BERTHDOT, 71— I /WIRIRMRIRBICED
Nz bov—2{E (49 Bl chELb6ND,

AS=AH/ T (2.4-2)

AV — 2B VEIAEEERE Clausius ORIZHE D —RIEBTHB ERET D &,
FGn/ dT=—5n  BIW 3G,/ dT=—8,

WAL L, T X D REABEI N D,

A48=80— 8= (3G, /3D — (IGu/ 3T (2.4-3)

ZOREY, Gua~TR IV G,~THROAFEIZTES L IRVBERBL O VHEO= T
o E—CENERAYT B ENFRENB, EoT, R (24:3) HINV— I EABIRKIC
b dxy bo B LBNEBEELECO I AR E S VO Gibbs BHHE TRV
Xl Lo THEDNDIBE (4) EFTHIETHDIZENEREIND, UEDOT E
L0, X (24-2) FAVWTH V- I BVERREBICEDOLZ = e —EbBEE2EH
L., TNEEBEBREEZ S LIZLT, K24—2IRT “G~T" MIBROBEREA#IND Z
Dl N

2. 5 LbAmy—0

HABAOKEBME D S FET IV
B DR LRI S T E R O RN (viscoelastic body) DMEEEZRT Z &AL,
KEBPE M 2 TR b B O F OB 2 PR R OME TH D, T T THEAREMEIC OV
TR~ 5,
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G’ 71

G’ T 77, 02
Ny Y2
T=01t 7 g=011+ 02
@TIRITILETIL b7 +—5 FEFI

B 25—1. HEEMED SR

Bl25—1THRT LI, 7y 7HE (BEE Q@ 227Y 7T, =a— MUK O
MR y) #Hyvafy bTERL, ZOMEAEPLETHEEEZES, ZORO (a) TE
Fhz, (b) XUFNIHESLIZH DT, ThEN~I AV = VET NV (Maxwell Model) 3
74 —7 bEFT NV (Voigt Model) EFFA TS, ZH OIS E OB &R
FHBETHD,

EP. TV I AV VETMIBITHIOTH vy LN o DMOBERERD D, TR ¥
v¥aRy POOTEHEE y1, ye b T5E, BOolZHLTT7 v I70ERIE=2— O
ERIAER Y SLoD T, kRO (2.5-1) BLW (2.52) KBNS,

o= y1G= pd y2,/dt, y=yi+ v2 (2.5-1)

dy/dt= 1/@ X Ao/ dd +o./ p (2.5-2)

FERICLTT4+—7 bETATIE (b) Z2BRLT

c=oc1F+ o2=Gv+ nd . /dt (2.5-3)

I ORIFEFNENHETNAVDESEOTHORBOBRERTEAFEXNTHD, flx
I DERIINZ bNEOTH (I3 ER) PEFMOBEHKE LTExN0A L, Z
nEX (2.5-2) £720F (2.53) ITRALTELNAWMy FERXEZMS Z LicL ., 50 (F
7304 B0 E LTRED, 22 TCINbDETF ST HEELBERICS

WTRRD,
T I ATz VETMZ =0Ty =yo (—E) ODOTHhEE L%, ThE2HRi-E=5E
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12k, >0 Tdy /de=0 &K (2.5-2) 2 L TR,

o () =coe-tr

RELND, EEL, c=7/G 00=GroThb, ORDPLEND LI, AT
M & &b IR T B, T OTREIESEM (stress relaxation) L1\, £ D
BRI 25—-2 (a) TREATHD,

o vse oved G’fﬂ 7m"=~——(éo e o i W
o, 1
I > : 7"“(1—?)
{
! {
! i
! |
! o | "
0 T 0 A
B Fr fll ¢
(&) (b}

®25—2 =AYV EFAOMIBQETA—2 NEFAOZ Y —T(b)

R () CEARRER - =5/ G ANENTESORE L BT 2 LA R,
FEFNIERT (relaxation time) & TN TS, T= r ThhR ¢ =0 ICRBIT2ED 1/ e (=
0.368) T TETT 3, ZZTHRMERIIEAHLOTAHDLE LTEES L, BTN
o () O, FIIMLEOTHD yolZxT BT L & HICE(LT 28R E LT

G =0 (O /ye=G "

PE 2. INEEMBEMESR (relaxation modulus) &VV9,
SN v I AT )VOEFACRBNT, ERRERETHD

y (£ = yoei®t
BEz-LE, X (252 OEEMRL

c () =1/ 1-1i" v XGyoei“t
= (w2rs” (1+wsrs) +iwt/ 1+ war2)) Gyroeit
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T B, 5N EOPRONTESSNBRIEE GHIERIE 720 | FOEKE Gk I
NI IR 0 DR E 721 |

G* (iw) =G (0) +1G” ()
G=Gwz2r2/ (1+ w272, G=Gw r,/ (1+ wz2r2)

LipB, T T GFRBEERMER (complex modulus), GF B I G & ENENLERHME
# (dynamic modulus) 3 X OMELEMIERE (loss modulus) &5 (7, J” 22\ TETE
), B 25—3 (a) I ERRTEZBNABEFREBREINTVWDENR, GG G/ G DI
BEOEDN, Bl o B ED LI VBREINDZ LD DN5,

1.0 1.0
&) J
N ¢ o
© 5
5 05} & 051
3 5
G J
0 1 )\ 0 I i
0.01 0.1 1.0 10 100 0.01 0.1 1.0 10 100
T @)
(a) (b}

®2.5—3. <ZATz/AEFN (a) L74—27 METN (b) DOEE

Ew o= 1 OFERTRVKEHMER (viscoelastic) THDZ &bbnd, &bz EEux

o (t) =iG*| yoe,'(mt+r)‘) (IG#:l: /G|2+Gn2)
tan =G>/ G’ =1"w ¢

EERTZELHED, ERD o (O ITHEEERICOTAEESE XL EDOIREIRZFE LA
BEOIREICTH AN, ZOMHEREDLDLZ LEBRLTWD, TROLIGHDAMBEOT
BT L o IETEATVWD, 2D 0w r—=0Tr /2, @ t—=0TOTHY, FMTxn /2
~0 DIE%E & B, ETMEHERETIE 6= /2, BEBEETIZI=0TH5,

T —2 NEFMI—ER o=o00 (t>0) ZEASEZE &, R (2.5-3) OfigiX

y (t) =00/G (1— e~ ), A=9/G
LB, OFAHRITEER & L Iz KL, BREROE —TEHE vo= 00/ GIZETD, ZDLD

I — AT COOTHOEMEE 7 U —7 (creep) &9, ZOBAEIZE., I1=7/
G IBEIERER (retardation time) &FEEN, BEEBEKMIC—EDOUTH 00/ G 7ELD
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FRARBEPER D BB LT, OTRABN TAELIREERL TS (M25-2 (b)),
TN T A OTARDEIE, 7V —F 2P 547 A (creep compliance) TH Y,

JD =y (O Soo=1/G (1— e *)
LB, TA—7 FEETFNVCERERS D o= c0ei* B X T & EDEENRIGET

V4 (t) :1/G (1""" Ia)/Z) X aoei")t
=1/G 1L/ U+ w2 D)= i wc/ (1+w21?) ooeivt

ThY, HEaL 7514 T A (complex compliance) iZ

J* (iw) = (0) + 1" (o)

DFEHE L EEEIT TR TR

J=1/GX1/ (1+ »212), J=1/"GX w ./ (1+ w?12)

ThV., ZORBEEEEIZR25—-3 (b) TRL,

y (&) =|J*| goetetd (| J*|=J*+J")

To
tand= J/ I =1"w 1
BELND, ZOBEAITHD \\\\\NNNWWMo
FHRORHBIEHDENL D 0 ‘
b8 T BNB, NG
iao
RS A v L

FoRD kS B M ( static
viscoelasticity) HIEEITIL,
—EBOOTHyo 2HEZ TS
H o (D& BET DI SIREFE
£ ? —REOREA a0 EHFATO X 2.5—4. Ebolic, AR, 2U-7&27 Y —7lEE, BLUEEHR

THy (O 2RETS7 V- OF BTN, AIOBE0 TS, AVBRIES
TERHD (M25—4),

S~
o
o~
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ZRD DRI B bk DR B R B,

GWH =0 (B /o
J@ =y (O /oo

G (8 IIFBFBMER (relaxation modulus), J (8 137 V—F a7 F5 47 A (creep
compliance) & FEXND, WTHND yo L ool L B2V, B ¢ 72T OB T, GixEd
A%, JITHEMBEETH Y, BALiZTNEi Pa, Pa 1 Th 5D,

LA O — 0o BT, Bl &k
LiE t Do DIRRTORDIENTK
B3, —EBDISIO T THERY 2 <
ELo3iF, EARBIZLTHRWNT
HISIBLTEMLTLE 5 DRIK
ETHD, B —EDIEHICH LT—
EDRTRY [ FBEED D LIkt
S LTS TR BRICEIZET 5 6 O &
KThHs (K 25—5), kit T
M25-5  HEEOEKCD Sk 0%, R Y & ARRERAETIE GRER L C

A BLG? ) —FE 7 ) — TPEHEE) LESTOWERY, JIXRY 722 < #hn
T B HEHEEETIE t 2o TGEDH J
H 0 TRWVW—TEDHE GeX il Y GeXJe=1 DBFREMNKILT B, L7zhioT

G =Gz (§ +4G., ChE B [ 45)
J() =de () +t/ 7 CRETEPAEIR )

ZIT GRIiZIERIBMLTLESEETHD, JRiZZ V—Ta 754 7 AOHEMERR
EEMEOTARORSTHY . »ITHETH S,

JRIZEMMIZIEZ 2 —2 VETADCEIND 7 ) —Ta T I34T7 A0 K 5 Bk
ThY., HHERETTIE @,=0. BHERETIE y=0 b3,

ARG R B TR

EHORERME (dynamic viscoelasticity) HIEEIX, B v TIREIT 25034 (57) %
52 AHIEETH D, OTHITAREE (angular frequency) w=27z v ZHWTHKRKXD
EHICET, Zhid, K256 CREOHER t=0%1LT5Z LICHEYT3,

y (t) =yocosw t
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A bIE CJR B CIREY 4 2 23, AARDS § 12T A TZ HDIZR B,

X 2.56~86. AR MERIE O O3B LIS

o () = coocos (wtt+ J)
= glcoswt — oesinwt

g1 = 00cos J, o2= oosin J
INEOVRO LD RBFBRERIND,
G (v) =01 (w) /yvo, G (0) =02 (@) /7o
tan =G"/ G
G’ IIRTH D X 5 izirmk (55 W idBhR)) R (storage or dynamic modulus) . G” 138

SR (loss modulus) . tan JIIBLIER (loss tangent) & MEIXiL, Wi A B BE

DE¥TH D,
FULRECRFEZEZLTC, SHEEXTOTAHEZRETDLEX LT L bH¥D, K25
-6 THRA t=02TICBEL, BHLOTHIRD I S ITRT T LRHED,

o () = oocoswt

y () = yocos (wt— J)

= yi1sinwt — y2c08wt

ThEVko XS BREAENRERIND,

S (w) =y1 (@) Soo, I (w) =y (w) /00
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;’Cﬂ’b%“ﬂli’b%ﬁﬁﬁj@ EHC BB (B AVNIEIM) =7 T 4 7 A (storage or dynamic
compliance), #%k =754 7 Z(loss compliance) & FEIFHL 5,
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FI3E [V VEEOBEALIZ L BV R Y —bKSBIKD pHIET

BE

PR A7 7 F PNzl v (PC) mHFflshz ) BY —o% AVEUHREREM 2K
L7, BN PC URY —b% 40°COERBICHKE TS &, SMEOEL & iz pH KT 28
& D, ZDpHAK FIEINE PCOREMT LG O@EL L 02X TV AENTRE N,
ZOHM & LT TFORMBET b, DB LRI CHB o~ baTzag—NDYRY—
LPASDOEMRY R Y — LGEIRIZEHRE AT Y R T EIC L0 PSR, B0 pH K
TEBESZ ENHED, D5eeKRERMAEY VIEE (CH—SoyaPC) ZHWS Z & TR
FAETIZRNT, pHEMITR ARV, JEEOBLL pHIET & OBEIX, F4 ey
—VEUGER (TBA—RS) R U R Y — LD IR = LEOEFIBVTH Rbh5,
TBA—RS i35 B CHRAMEZRLEOHRA KT T2, pH XD EFEIT5, —HTH
WR= AL WIE 14 B OB KT 5, 202k XY, TBA—RS IFE# pH T & B
B e LA TBA—RS BANR= LB D X 5 728 Z0OBmBLARMIC SR L= b0 L
Bbohad, ELTIZANRYRY —LG38IED pHIETIZ RN 72 &E X 5,

3. 1 R

UUIEED D25 VAR Y — AT EFEOBESCHEICET A& E LTESAND
NTETWBD, YRY —L0D 2 5 FEEFICIEEANE & BMEOH 2R+ Z 0PIz b T
YT TAHENARETHY, ZOFIEYBES 2T 5 (DDS) 7 L Okx RSB bRE
INTETNAHO, ZORRIZ, VAR Y —ALIFEY OB ERGZ~DF—F v T 4 v
T BBV TEWVEREZED TETNDO, ET{LHEROBRRABHE LTHEHTHS
EHEINTVBE,

LR D, #xREETCRELEZEO) VIEEOSRIZLD Y RY —LOREE
iz, EEHTOERICBIIARERMBELER-oTVD, ZORBEEMETIDICE
 DFENRRENT VD, FMEIXY R Y — 25K EREE (FIxX£25C, 674) L
TH ERATV Ve T ECREREHER T L BHRD LHRELTNEO, LL,
T DFETANER & L TIREANTIIRY, pH OFEENT Y B Y — A OWER LM ZEEIC
wUCEELZERFCH Y EEHHTOYRY — L0 pHEBZRHNT 2HIBH TEET
HB, ZZTHERESNEVRY —258 O pH KT OBERIZE L TRE L7,

3. 2 HEB

3. 2.1 &A%

§i#E PC (= v %ffi 66, POV 1 1.6 (meq/kg) ) . BEKFBRMKEY VIRE (2 v
#1fi 0.1, POV {& 0.6 (meq./kg) , CH—SoyaPC) 1% AAMASHEE FHV -z, VEF Lk
A7 xz—h (DCP) v /~rInitiflz, a—barvz=v—L, 1,1,33-FT F7x b
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5%\‘/7"13/{“/\ 2—FF ANV — B, 24—=Fa T =)Lk KF P FeClz - 4H20
IR SRR AV, 3—t— T F I —4—k Fuxi7=Y—1 (BHA) TR
[ERAWE, 2TOEY, RERZFRSV— FE220E AW,

3. 2. 2 VURY—LDHE

ZERE YR Y — LN ERITER D O FEEZRAWES, TRbLEMT IV a— LI EE

(FFEY) VJEE L DCP) &Nz, HEBIRE (To) LLLiImE L, BREWILTF D Te LA
FiZn#ER U7z 0.1%p — REEFER A F /L2 WIN LTz 200ml O KIFRIZINZ 3 3RS Lz,
U VIEE & DCP OREITFNEI, 10mM & 1mM (2725 XK 5 % Lz, IBEOSEICIE
TR DB ERIARE I 29 —% A\ Te 2LEDIRE T 6000rpm, 3 SR##RL TiTo/, VAR
VL8O pH X IN @ NaCl T 7.60+£0.05 \ZFHEE Uiz, U R Y — b ORERITHEMM:
FHEEL (QELS) iz L 2HIEERE (Coulter model N4SD ; = — L& —J1 7 o & —#H) (@
THIE LTz, FHRRITEE L% 200nm 2R L7z,

3. 2. 3 JRERB{LOREFE

Buege b DFEMZ L BF ANV EY —VEBRISERY (TBA—RS) OAEREIL, <o
YIOTNATE R (1,1,8,3—F F I bR TuXroMkoEy) oBEE LV, HAR
=/ALE WX Lappin HGDOFEOII LS TEL D, 24—=huTz=/Lk RSP DFEM
KOERBIZE > TRIBEND, 0.06%24—=ha7 ==Lt FSVLDRAFZ ) — LK
E—HOBREREEM S, HFNRLE lml O VR Y —L58RCEEMZ -, £D% 50CT
30 3tk - 721212 10%HCl % 5ml M IBE Liz, IBREMIX045um DAV TF 7 4 )b
FZ—TAHEL1%,. 480nm ORHIEZRE Lz, )RV — LGB ~DHNVR= LAY
DHEERBEDIZ, b ¥EDOI/uuhVh—AZ /) — (111) BKE, 1 Y¥BEOURY
— LOBURICIN Z T FERRIE & AREEHED(LEMIT TN TN 7 v kv LhFE & KBIZAR &
Nic, TNENDIE~DINR=NALEY O BLIZRTIR O FiE TR D 72,

3. 2. 4 REOHFHIE

PC E13E#57E (Phosholipids C-test Wako Kit, Fiytfigiefl) (L vk, 28D
PC OBBIEMRII A vu= v 757 7 4 —&FAWTHRE Lk, Y VEHEIX 20ml @ 3.5%

(viw) KOH =% / —)—7K (100:2) HIKIZENL 80°CTHASIE Lz, ZOHIBEEAWY
ALY ) —VEBETCERRESEL, 512 20ml OKEZNZMLZ, 6NOERT
FRIEIRRRIZ L, 50ml D= F N —F VT 3 Bl Uiz, K 20ml 0K T 3 E¥EE
L. KEBFEIEE, BEMIZ. N—N PAFAHENVLT I K (DMF) —V2FALT7EF
— MZTAF /b=, Chromosorb WAW DMCS H, 5%Silar10C 7 5 A (3mmX2m)

(F A7 v THEAR) ICTRIE L7,
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3. 3. 1

PNEE PC 225725 U R Y — 2458k o pHIET

I PC 75725 VR Y — A5 BIEE IO pH % IN QKB U o AT 7.6 127
L7, 40°C2 HMMRTET A &, ZOM pHIIH4 12 6.6 ETETT S (Fig.l) »
L LI PC 0¥ v 1z CH—SoyaPC % AV 2213 pH BT & 721, I3 PC

pH

7.0 I

6.
00 ) 10 15

Time (day)

Fig. 1. pH Change in an Egg PC Liposomal Dispersion during Storage

The plots show the change in pH of egg PC and CH-Soya PC liposomal
dispersions during incubation for 2 weeks at 40°C in air. Line 1, CH-Soya PC;
line 2, egg PC.

Table 1. Fatty Acid Compositions of Egg PC and CH-Soya PC

Fatty acid composition (%)

Lipid
C16:0 C18:0 018:1 c18:2 C20:4 C22:6
Egg PC 32.5 13.5 29.2 13.6 3.0 44
CH-Soya PC 11.0 88.0 0 0 0 0

Egg PC and CH-Soya PC were hydrolyzed and esterified as described in the
experimental section. Values are expressed as mol% total fatty acids.

Table 2. Effects of Ferrous Chloride (FeCl,) and Antioxidants on the
pH Change of Egg PC Liposomal Dispersions

Treatment pH after storage
No addition 6.45
FeCl, (20 um) 6.18
N, gas 7.30
BHA (2mm) 7.23
VE (2mm) 7.38
VE (2mm), N, gas 71.72

Egg PC liposomal dispersions were incubated for 2 weeks at 40°C after the
indicated treatments. The initial pH of the liposomal dispersions was adjusted to
7.6040.05 by adding I N NaOH.

3. 3. 2

35

VAR AERES I- R A& 2 b
CH—SoyaPC 3£ ZhE&A
TV (Tablel) ., ZOHE X
Y. pH K T iR aafnfglimeaic
Wrb0THD LHREND,

Table2 T/ L7=ERIZ 200 M
® FeClz DM TURY —b%5
BIR O pH AR T AR %, {5IR
WA~ET 28N Y Ky —25
BIRICBEANAT Y VI 2ET &
pHIET XMl =5, £72 BHA
Lg—hadzog—VEIYRY
— KZHEANT B & AR pH K
TSNS, a— a7 =n
—VORMEBRNAT I T D
BEREIHIC L & $HEBT
oz, T D DFERIE pH DI
T A3 R AR F0 R A ER 8435 o iRk
WWEBPbDTHAEZRLTWY
v

U AR Y — BAFEIE T D T VAR = MR O AL




Table 3. Relatic;nship between the Amount of Carbony! Compounds
and pH

Incubation temperature  Carbonyl compounds

(°C) (umol/gmol PC) pH
30 0.6250 6.96
40 0.7132 6.72
50 0.8194 6.35

Egg PC liposomal dispersions were incubated for 2 weeks at the indicated
temperature in air. The initial pH of the liposomal dispersions was adjusted to
7.60+0.05 by adding 1 N NaOH. The amount of carbonyl compounds is expressed
as umol acetaldebyde per umol PC.

Table 4. Relationship between the Amount of Carbonyl Compounds
and pH under the Various Conditions

Carbonyl compounds

Treatment (umol/umol PC) pH
No addition 0.7132 6.72
N, gas 0,0217 7.42
BHA (2mm) 0.2534 7.26
FeCl, (20 um) 0.8352 6.42

Egg PC liposomal dispersions. were incubated for 2 weeks at 40°C after the
indicated treatments. The initial pH of liposomal dispersions was adjusted to
7.60+0.05 by adding 1 N NaOH. The amount of carbonyl compounds is expressed

as umol acetaldehyde per umol PC.

Table3 & 4 121X, 2 EE#%OIP
] PC URY —L0BiEF D H v
A= lbewERE L pH Eik
77, pH IXEE EA & LK
TL., —FThLR=AALEYD
ARRIZ EF3 3 (Tabled) .

JiEE PC O I NVR =AW
DERBEE R 2 72 TRE LTz
(Tabled) , MR DFIET Tid,
BEREWAME L= bD BHA %
WML bolox, LY AR
=LA AR U pH (3K
T4 5, 20uM D FeCla MM L
Teb Ok, FERIC pH 2METF LD
NR=AALEWITENT 5, Zh
LOfERIT, BRIREFESLZY R

V= AGEE D pHIE TIXI N R = ALEHDOERIC LA b D THAIEERL TN, 2D

B L REFIEEE OBRICOWVWTIIZERIZC TGRS,

T 1 ¥ ~
sof a g
[=]
£
=
H
7.0k 30°C ry
- |8
3 g
3
6.0 ¢ 50°C §
5
z
5.0 L L 1 g
o 5° 10 i5 £ o
Time (day)
¥ L} T
30 p ¢

Amount of TBA-RS ( nmol/ pmol PC)

5
Time (day)

10

15

5 10 15
Time (day)

Fig. 2. Time-Courses of pH Change (a), Carbonyl Compound Production (b), and TBA-RS Production (c)
Egg PC liposomal dispersions were incubated for 2 weeks at 30 °C or 50°C in air, The amount of TBA-RS is expressed as nmol malondialdehyde per umol PC. The

amount of carbonyl compounds is expressed as umol acetaldehyde per umol PC,
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3. 3. 3  pH, INVR={tAEWE LT TBA—RS ORKIFZE(L

IR PC U AR Y — L5058 % 30°CIZ TREMAAE L7k, BBk DIEIETH 5 TBA—RS
T IERRANZHM L, 5 B CRRER LIEBRAICETT S, L0 EWRE (50C) 2R
WT TBA—RS BT % 253, R0 5 FRE 2 LAMICEL TS (Fig2() ., —F pH
KT &EDNR=NWALEHOAEREITRED 15 BRIZB W TH OB Z R LT3 (Fig.2(a),
200)) . ZOHEEY pH KT L Tit, TBA—RS IZEBIIZEEETZ O DY Rigfn
NENABRIL S 22 B ER LA T W VR = kB e 720 pH BRI EBL TV & Bbivd,

3. 3. 4 HInNR=ABEBDOLE

YRY — LGB RTO I N
R =LA W O 53y BRI & | E
T B, —EMERAELIZ&IC
saaiRbh—RH ) —)VIEIR
THiH S ® 72,

Table 5. Distribution of Carbonyl Compounds in Liposomal Disper-
sions

Carbony! compounds (umol/umol PC)
Treatment

Organic layer Water layer

TN RIS No addition 0.5463 0.1670
Tableb T/RINBEHIT, & N, gas 00170 0.0051
R = /L’ﬂﬁ’é‘% % /ﬁ'ﬁ&@ﬁ L 7k FeCl, (20 um) 0.6258 0.2183

BWRPICEB b bR S D5,
JuaR/LHOERLY BN,
COHEIEEETHDY VIRE
DREEEE OB £ THEIT L
TEERRLTVDS, Thbb,
FEHB P ICBBEEDOT VT
RIN—TE2EIDRRAT 7 FV
Nz ) CHEERER I, EL
TAfFIR R S B EH OBk {b
BRHBICBEO &V KEEDT

Egg PC liposomal dispersions were incubated for 2 weeks at 40°C after the
indicated treatments, and then the distribution of carbonyl compounds in the
dispersions was examined by extraction with chloroform~methanol (1:1) after
incubation. The amount of carbony! compounds in each layer was determined as
described in the experimental section, and is expressed as umol acetaldehyde per
umol PC.

Table 6. Change in Liposomal Phospholipids after Storage

Treatment PC (umol/ml)
No addition 9.54
N, gas 9.96

Egg PC liposomal dispersions were incubated for 2 weeks at 40°C in air or
nitrogen. The initial value of PC was 10 umol/ml. One m! of liposomal disper-
sion was diluted with ethanol to 10ml], then the amount of PC was measured by
enzymatic assay.

LVTFE FEERE--TWA E B3,

3. 3. 5 URY—LFOV VIEEOMEREL

REHEPTO PC EHBEERIEICTRDEZ (Table6) , Bk =T 7-PC L, 5
TV PC & TIE PCEHRICENIZEEET RV, ZHUIRFEHBPIES L2 NV =1k
LI PCHEER b TVBEERLTWS, ZTNHD PC o fLILET DTV T B
N—ToBEOT VNVBREEEALTVDLEEZOND,

3. 4. EEBIOWEH
UBRY — IS A L CTAWVERERE CEMORTFLZEE AR THIENEETH
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b. LOLARRLEMERFICELCO ) VIBEOAMRICET 2MEITERD Thv, T2
TIRY R Y — 2SR OEREREEICR LT R BEEREFTH D pH ZLIZHOWTORE
72 A 21T o T B, Box IXRTELIR I REFn s B OBER (LS U R Y — LD pHETF
DORINZEE TWAEELFR L, KRERMEIFMOMICKBRMENTZY VIBEHIZY Ry
— LORERIFEICE AVb B2, ZhbD PCITIHENCAEFIEIEN & £ 5%,
BYMZEEICE L CHERS S, ErTHOREMEBREZEY VIEEE YR Y — LI
Wz, pHAR T 2 IEE OB {LIEFRRE PR FREZIL Y B Y — LD T A T TBAtE
WIROFAELD, a—baTdza—LDY R —AE~DE AL, pHIE TR L TEIERM
THEH, SIEPC U RV — AR CTIIREEBELRI T, ¥l 0EAITER THE
ZEHLTHLEHT R,

INBORRLVEHEREFESND(EFERARO VAR Y —AIZxt LTI, BHOTEWVWE D
FMB L POVIEE AT ZKEFEMPC 2. DPPC O#HFRERIEE/EL CWDH LE XD,

FleBx L) VIEEORERL L EDBRDINR =/ ALEWDERIL, IR PC DY R Y —
LAREHEMRE S pH MET L72BRCRE 2FEEZ TR LTV D, WVR=/HbE MO AE k&
X pH BT & MOMBENH Y, —F T TBA—RS LiBEMEN RHEeho7z, 12 BHE
#121Z PC1 u mol %720 0.8 u mol DHNLR=NALEWHRERT 323, Ziii TBA—RS
AREE (39 2.0nmol,” pmol PC, Fig.2b) Z@ENIBXTWD, W R=/ALAWDER
ITBRATY 7 RBCRI OBM T S, pHIETHEE 20,

%< OB PIEEOBRBIETI/ELNLIFIIR< MON T\ D, BEELOFRIIDER
WMTHDBE ) NA Fai—FF P, NEIREZET, T <ICMDEY~L 5B X Ok
T D, TOFE I NA Ra—FF¥4 FiX, EfERo8. FislE L TR LY.
R - SRBHED T LT b K (AR =VLEY) 2E0RA RERDICERINIFLR
{HEBNTNEO, ZNEINVR=ALEMDERIZE Y U RY — 258D pHIE T 4E
L3 EBbhsd (Figd) .

. (Glycero Phosphoryl Choline)
unsaturated fatty acids

O, metal

peroxdation XXW fﬁ; J ~

(hydrogeroxdation) g g C( (% (écn ' f ~CHo
Il JOZ HO o
Ho
carbonyls (.cuo) CHO /O ~C
l ' GPC
O

pH decrease

Fig. 3. Proposed Mechanism of pH Decrease in Egg PC Liposome
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RIFR DI VR = AEE M OHE L IEEOIRERD b AR =ALAWIZEIZ PC O
NElmer k& VAR L, DPEOBET L5 F (PC ORMFNT VI VEDBERLAERY) M
URY—LEL O END, Fxid, IAR=NAEWREICBLSNTELETHAS
7\ MR KL OJEE OB B 2 B LT, D BEORREIEINE (C=4,6,8) . IEMEMEIEN

(C=16,18 fll) & [FE TERWIEMBHEDIEIAE 7 v v AL b — A F — VIS 2 b
Shic, SRIZHICEMS, pHICHBEEX D INVR= N LAEMORENMLETHD L&
2 T35,
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FAE [RAT77FO0a) ohnbld )Ry —AOMKSMRICEIT S
DTN VSRS E D B

EE

YIRY = LHDRAT 7 F 0z ) (PC) 12id, U RY —LSBIEOEELF < B
T, REREMNETD2 T AR VEBCEBNORT T VAT I v OBRRA A O
B ERTIMS G, ZZTIRAMRBEENGR25 VR Y —AOERREREMEICHT
DA F MM E DB E R Ui, A0°CHREFECRBVWTABHOEE THE YTV
FVBHROWEINC & o T, PCIERA ITIMAZREND, —F, EEHOBE CHIATT
UNT I RMEMEDNERMO PCIZIX IR EE 2, T PC OMKSIRIZINT,
B 2RFBHEHE (C=10,12,14,16,18,20) OV T NAFNEROEEL, TAXNLEEDORL
% PC (C=14,16,18) it L TIHRET L7z, MIADMRE X PC DHE L P77 )V VRO 8
BAFER CHEICRRERT, T2bb, PIVA R AVPC EP/ULT FALPC D
D VR Y —LADMASRET, TNENY I Y AFNVEREE D 00 I FABBOEAIL L
STHRbLMESND, VAT T aA )V PCOMKPRIISAT T INE DI Y RF B
WALV ERZRBEIEONZ, PNV IFABBORDYIC, AFAVSNIFEE
BERA LR, =& /=) TURY — S 28 LRI SMRITEE 2, =
XY RY —bROTT VX NVHEEE L PC OFFE & BEAEA TWBE, £ L THERBROEK
HYREALYS PC D= R T NVEBOMASBEEREZ LT AHEERLTVWS,
PCO2HFIRIZa VAT n—AE2EAT DL, PC OMHEBRE (Tc) I ETEE M
KERE IR LTe—F5C Te LT TIIRORMET 25, PC OV T 5/ VEEERZ & DNk #
X 2 S FIEOREMEIZ RS LIREMMES T HFIC LV INET 5, 2= b AT r—RY
R =50 Te L ETIIMBIMEEMBIL Te LT TIRINEZEMIE ST L —FL TS,

4. 1 F#

URY—AEERMSEE LT OO EEEN TV AR, EEOERICE L CORHAMD
REMIZBE LTI Y R Y — A OB LIRS LT 50, TEfiiEli ki 2 /o
PCOURY—AiZ, REMORTF CBESMBELEZ L pHIKTZIIEEITEIRESN
T3, £z, fAFRDO PC 5725 Y R Y — MIRFPICIKRGEEZ T AREDA =
A BER L o TR,

EEHPABH AR OmBESEMEIX, VEY —LASHIEROBEE DIz LIELIE
Aoz, x iTABWERFOTT VRN Y R Y — bk Lz PC OMAKSGE%E B
EEITELZRHLE, 22 TIRI0 PC OMASRIIBWT, HexRREBHE (C=
10,12,14,16,18,20) O TNAF VRO EL . 7L XNLEHEDRLL S PC (C=14,16,18)
W3t U CRRET L7,
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4. 2 ER

4. 2. 1 o

H—SoyaPC (KEFHMAEZY IEE, PCHME 95%). DMPC, DPPC, DSPC (3
Z AN, DIULI NN, PRAFTRAARAT FFI Yy, PC HE 99%) 1XH
AMAEHE A B2, PV FOURE, AL —¥ . GPC (U BuRRT 7 F
Unaly) Zy s IaailyBniz, AT TIANT I, 4A—T I )T UFEY
TR TEARE RV, a2 ) rAdFd v —Bir7ra v dilz flviz, Zofmofk
., REZZEIHRSLV—FOLDOEFDEE AV,

4. 2. 2 URY—LOFH

ZERE ) RV —L58IEIT Bangham & DOFEEZ AV, TRbbIEE L 7 1 ki
D=RAF )= (2Lv/V) ZANTZIET T A IMAEMES %, BET CHEEE R
EL, BRLIET A VAEFRE, Z0% 0.1%DREEREA F/V 2N LIz KIRK TR S
Bleo TORPNT v 7 AIXP—ITT, RERBZ Z2ahbiIBNsET 5 4L EH
Lk, TOM. REXZETNETLOREDC SV —IKEBEBIEE (Tc ; DMPC23C,
DPPC41°C, DSPC55°C) LA EiZm#E L7z, VR Y — 2588 O pH X IN @ NaOH T 7.00
¥ 721X 7.500.05 IZFREE L=,

4. 2. 3 JREOSHEHE

PC £/3E£5&1E (Phospholipids C-test Wako Kit, Fidt#fisietfl) (z L vskw7-, GPC
DEIIFELICX DHFHEOD, ~)vA% 2 —PiZ L5 quinoneimine dye DFEREIZ Lo T
HE LU, T7205,04U0 ® GPC FRAFVZRFS5—F 5UD a2 »4F & —¥, 1mM
D CalCl, &~ NWVAFXVF—BERIEE (RE 3ml) ZEFI®E, At FUF—¥HR
(2.0mDIZiL 5.0U0 DA Z—¥ 22mM D 4—7 I ) 7o FEY ., 3.15mM D7
= /=, 0.5%® TritonX—100 & 0.1IM @ Tris—HCl BERGHB.0) 2 & H ¥, =D
FOGHRIZH LTiE, BEZF 0 ImM IZFHR LY RY — o8k 2Nz, 37°CT 15 454
YF¥FaN—hL, a)rFFF—PILXBaU rnbIELNSEE{LARIIRELIC &
% quinoneimine dye DFAKIZ &> THIE L7z, quinoneimine dye DFERRITEES TR
JEEFTZ AV 500nm TE=F — Lz, URY—LH58KICRLT, 2V VElkmd &8+
LIREMEREL LTHVWE,

4. 2. 4 EFOMOSHTHE

MK IR & UCERT DRI R 7 u~ s S5 74— CER U-, [SHBRLHT
(1% Fuged Silica Megapore column (0.58mm X 15m), DB—1 (J&W Co.) T60CHh 5
250CE TOERBTIT o7, ~U U LOWRN 52.5ml,/ min TiT-72, U VIEEDY V&
i% Heflmayr & D 515@C Phosholipids C-TEST WAKO Kit (FnyestiZks) #FH\\CiT-
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4. 2. 5  TUTIRNVEBROSRTIE

BTCOEREWILL 7 < B LORFER TEERORES L— RREEHVE, 7L
Ta—MZ 5 BRLY V&0 T LKISES W% 80°CIZT 24 ISR LTz, |EREETA
H U T BRI ROSEEERE | L7223 5 A Uiz, FREIKT 100ml % 5 Bz bit, Bz
Ve LHER = F S TR S8, UTICOST AR VSO B & BIEEE 7R,

C10 ; C20HssO4P ;  FHHME C63.46%,H11.44% ; JEE C63.15,H11.71%,mp44°C
C12; CoaHe1O4P ;  FHE{H C66.32%,H11.82% ; JIEHE €66.03,H12.12%,mp57°C
C14 ; CesHeoO4P ;  FHEME C68.53%,H12.11% ; HIEE C68.24,H12.36%,mp66°C
C16 ; C32HerO4P ;  FHE{E C70.22%,H12.42% ; HIZEME C69.92,H12.71%,mp70°C
C18 ; CasHrs04P ;  FHHE C71.71%,H12.58% ; HIEME C71.42,H12.80%,mp76°C
C20 ; CaoHssO4P ;  FHEL{E C72.89%,H12.69% ; HIEME C72.69,H12.90%,mp85°C

4. 2. 6 AFALVIULIFABBOESR

150ml ® 7 m o RV AFIZSE &7 D700 I FOUBBIEKIC = F Ao —F LR s R
MUY TV AR ERE, Ea—Ly h2AWV 0CTES 2ml DAE— FCHETL, ¥
T RAE L DEEPESEHE LR RBETERBLE, RISERBSWITESHRIBET
BEL. P2V FAHEEESIB L TROZEIC, PEZERICERIEE, BEITHE
BRICR D2 ETHET CHREBESE, BAY ) — M THEBR ST,

4. 3 R

4. 3. 1 TTNAFNVERRIZLDYRY—5IL LT PC OIIAKSE

YR —LGBIRF DIEEOSRIE PC, 7V EakX kY Lal (GPC) & IE5BER(FA)
EERTHECTHE L7, SaFIEERD PC bR D U R Y —AHEIKIZ P 0L I F L4
ERAL, 40CTA v Fa—bT5L, BEIEENLRAILEMOILENE U, Tablel
WCAKBBRMKEFRRZ 7 F V02 ) (H—SoyaPCO)h B S U R Y — MR EWE % 50
L. 40°CT 28 BB L=k 5% D PC 5B %R LTz,

EEWIRECTHEIAT T IVNLT I ViEPC OREMRICHEITENYE, ABROIEETHS
TV X FOVREERTiE PC ORBAET B, H—SoyaPC Iz P70 I FOLEERS R A L =B
D, PC D4kt % Table 2 2R LTz, RFEHMF. PC FEMNEAT B L i GPC
L FAZEDPHEMT S, GPCIIPC OBEIZE LT 111 MR SH Y, FA 1 2:1 OFEEN
Hol, ZORERIZPCHELIZGPC L FAIZHELTWSIEERLTWS (Fig.1),
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Table 1. Effect of Charged Amphiphiles on Decomposition of PC
in H-Soya PC Liposomes

Treatment Residual PC(%)
No addition 96
Stearylamine(1mM) 97
Dipalmitylphosphate(1mM) L

H-Soya PC liposomes incorporating sterylamine (1 mM) or dipalmitylphospate (1mM) weve
Incubated for 28 d at 40 °C. The initial pH of the liposomes was adjusted to 7.50 + 0,05
by the adding 1 N NaOH. The initial value of H-Soya PC was 10mM.

Table 2. Decomposition of PC in H-Soya PC Liposomes

od 7d 144 28d
PC (mM) 9.5 8.5 7.9 6.6
GPC(mM) 0.1 1.2 1.7 2.9
FA (mM) 0.2 2.5 3.4 5.8

H-Soya PC liposomes incorporating sterylamine (1 mM) or dipalmitylphospate (1mM) were
Incubated for 28 d at 40 °C. The initial pH of the liposomes was adjusted to 7.50 + 0.05
by the adding 1 N NaOH. The initial value of H-Soya PC was 10mM.

RCOOCH,

RCOOCH PC
[
CH,PO,C,H,N(CH,),

HOCH, l
HOCH
cl|-|2Po4c:2H4N(CH3)a + ZRCOOH
GPC FA

Fig. 1. Hydrolysis Reaction of PC

WL o) UERIXZORET TN LTHRY, ZHIIGPCHDY vy 0EL, 771
BARNVL=RAF ) =)LV TY R —b5HREME L2 KEFO ) VIEED Y V&R
ZLWEIZXD, BRIIZOKSRTIZEL R, Fhiiz, GPC IZ/KMEFR THE—D Y o

JEEERD Y ALEWTH B,

3. 2 PC OMAGIRIZKIET ST A NVEERD T LR VHE DR
x REEOTP TSNV EBAIEZURY —L0% 40CICHB L. £RLE GPC
BEXRIE L7, Fig.2 12 PC OMKSERIZS LI TSR OEE DB B R LT,

44



/1

Fig. 2. Effect of Alkyl Length of Dialkylphosphate on Hydrolysis of PC

Liposomes incorporating dialkylphosphate (2mM) were incubated for 7d at
40°C. The initial pH of liposomes was adjusted to 7.00+0.05 by the addition of
0.1 N NaOH. The initial concentration of DMPC, DPPC or DSPC was 10mM.

Hydrolysis (%)

UR A PC (DMPC:C14)

40 |-
]
DSPC
\.
2
P DPPC
D ®
2 20| d
3, B
xI
= ®
® o
o—" \DMPC
o
\2 O\O ®
B 1 1 )
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Alkyl chain length (Cn)

4. 3. 3 PCOMAKGBIZEIZTTIREDTE
100 |-
-/-\. 50 C
50 |- /'.\ "
® ® o
\ 40T
®
o .
O/O'\O\ 30C
;és/l 1 AL OI
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Alkyl chain length (Cn)

Fig. 3. Effect of Temperature on Hydrolysis of DPPC Liposomes

DPPC liposomes incorporating dialkylphosphate (2 mM) were incubated for 7d
at 40°C. The initial pH of liposomes was adjusted to 7.00+0.05 by the addition

of 0.1 N NaOH. The initial concentration of DPPC was 10 mM.
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4. 3. 4 VRV —AOMASIRCIT BT A VHBRIBER O L AT 10—
ANDFE

Fig.4 iz, DPPC U R Y —2L1D
KSR B P X For
100 - 50°C Bl oL 2T u— L EADR
%Y, DPPC DMK fRIE
B L BT 00 I FBER

F soConol | WEEAMIT LBET B, AU,
% w »“° DPPC U 78> — L OISR
z . o DoV FARRRIC - THI &
° BoshaErm<EMTTO

0 5. PC Izkt L 75%mol i D =

VAT a—& )R Y — AT

0 1.0 2.0 3.0 AT B &, MAKSEX 50C
Dipalmitylphosphate ( mM ) (DPPC @ Tc L D @&V Tik#n

Fig. 4. Effect of Dipalmitylphosphate Concentration and Cholesterol # L. 30°C (Tec LATF) TidfedE
Incorporation on Hydrolysis of DPPC Liposomes

. - pras oo R i
DPPC liposomes incorporating cholesterol (molar ratio cholesterol/DPPC= j‘ Z)c Z D % m:\ CTIH) 1/%
0.75) and dipalmitylphosphate were incubated for 7d at 46°C. The initial pH of - y .
liposomes was adjusted to 7.00-0.05 by the addition of 0.1N NaOH. The initial Bz kB PC DMK ENED

concentration of DPPC was 15mM.

WMEMEIZ L AFZRLTBY &
OFTEED LS B LMK SEMEE S NS, ZDEIL, PC OFEKETOIMER R M L RIZ
L. IVRATFa— LRI 500OREZREZLTND EEBEZ TS,

4. 4 BEBIUY®

YR Y —ADIEATIHEVREFRE CORMBREMEOHKIIBO TEETH D, PCOM
KA T pH. 1REE, BEHIOREE & BREICH LTIThLTE /6, LaL PC DLFEEE
MEZBI LT, WEWEOBEZRE L&y, ARE CARBMIEE OFE TR
5D PC b5 VR Y —s0EHMEZEMICE U CTRET Lz, faft PC I3 #D pH ik
TRELEETHIERIERL ML TNAEO, LHLRME L, Fx 38R PC 23 PRI
IZBWTY, U7X EROEE CRRICMASBINDEEFRELE, U7X
BERRALRY., ERIREBHRORTTUNT I U EFAT S LIRS Z 20,
TV T NVER VBRI K o TR ERSIER SN TV DHEZRL TN D,
BEROIE., B OV I FUBRRITY R Y — AOEES LA IhTWa, Lo
L. P70V I F)OVEEBRIZ L 5 PC OIKSFRIZ Y R Y — AOWEEEZE L, NEYOKE ZR
FTERFALNERoT, FNBIZAEBMIEE T, FICPC ERABEDOT LI AEHEO L DX
URY—AOEMEEEEZHHRT D LTI ARETHD, VT I VERIC LD PC DM
KSRIE, REIMI=Z ) — L ERMLTYRY — 2 EEEZE L TCHRE R, IS
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W FNVEBRORD DA F NP 00 I F AR VT hRIEICE N E N, b0
FERED. ZH 5 PC OMADMRIZY BY —ABEHRDOY VISED v 7 oS T L%
WD~y RN —T7L PC ORBIZBERH S & Bbh b, Kensil & Dennis 50k
B2 o RRRINIR (RE Ik, BEB, NP7V ELTE/)v—) KBTS PC~DE Fuo
XUAFLTE v 7R LTT A YIRS RRDEM(L TR —FRE LT, FLT
ARG RDAEE DERIRIBIC &> TIREMICHBLZIT 2FERE LTS, * 2 TR
W PC oD HERLUEE 2 HFBENL 7 AE, TritonX 12k - CTHEERRE S L
PCRPCE/ v— L VIMASMREZITIZS VWEERL TS, ZhbOBRITIISTAFIL
BRERIZ £ % PC OINAKSRE & 1D MRS B2 B0, DT AR MBIRIC L B Y BY — LD
PC OMAKSRIZ, YV UEED Y R Y — 2 ENVETHEEL TR LTS,

T OFFETIE, PC DAL PC ORSIAEESEE & 27 M VIR D 7 L% A EIE
FHELWEEITRLEESL, REHFEN 2RV L 4 ThAECRE O TEHEEFL
Teo PTNHRNVEBED A~y R T N—FL PC D RF VE OB INK SR T L TR
HETHDLEDLND, ZOoOIREDIEHFBEREN 2 22V L 4 0K L 2 BT IR 2R
BBPHELNDINO, ZHIESHEN 2RV L 4 BRARZEE, PCOMNMERII 2R 37
VIRIBTIIMA SRR K E SWADTHEERLTNWS, Thbb, PC L U7 S LR
UARY — L9 CHRE & BEMBE < WO, IR R b L AR 0 B EEEAT A PC O X7
WELOIMAK S RER Z LTWAEEZRLTWS (Fig.h).

TT TINEESTIANEE Tﬁ? TS > TRANEL

Fig.5. Surface Structure Models of Liposome Membrane

MK RBITRERTFETHD (Figd), Ea L AT a— LR VR Y —LZEBATS &,
KRG REIZ Te 0 BWVERZIE L, Te U T CIME#E LT, a VAT o — iz U B Y —A0
WIEMERS L REMDOTZDIZRHAVDLNDO, ZEa VAT o —AMEE 2 5 FEIZR L
T, RALKFHOREEE R T I2HENHIEEBERL TS, ZThOIIYPT7AF L
BICL > Thizb &b PC OMAKGRD | BEFREMECIE S O EE ORI T ~DyEsiE 1o f i
SNBEEZRLTND,

b, Z 2 CIIAEHIEEIC L 288F0% PC HHRA VR Y — AORMEEMIT OV TH
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L7z, 0COBRFCBNT, DT AFVBEIROEIEIC L 8FIRO PC MRS UK Y
— A EHHERRIZIS VDT B L SRS MRER -3, 7 0 VR VS IE B
DIFETHHATTYVNT I UABASREEAIR. PC OMASRIEE 2V, Zhix
DT NF VBRI X o TINAKBERBERZ ENTWAEEZRLTNS,

PC O3 1#1E PC DFSHERMEE & D7 VX VIO 7 L X ALEEMETE LR A
LB, ZOHNIY VBN yX T RHZPCALE & T AT NVERBRO A~y K7 —
TOMBIZEEIND,

MASRBEITEERFETH Y, 2L RATFa—A% VRV —AIFEATB L, MASR
ix Te &0 EVERIEHI L, Te LT CIMEET 2, Z O0MIIEOMREMMEICRE S, B
MRS EIESND, ZOTE, I VAT r—/liE Te 2L b TRIBEORENMEZ 5% L. Tc
T THEHEDLIEND TN,
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Fig. 6. Phase diagrams of water/PhyEO,, binary Fig. 7. Phase diagram of PhyEO,y/C,EO,/water
systems. I, and H, are the isotropic discontinuous systems at 25°C. The phase notations have usual
(micellar) cubic and hexagonal liquid crystal meaning, as mentioned in Figures 1 and 6. The
phases. S is the solid-present region. Other shaded area inside the W, domain corresponds to
notations are same as in Figure 1. the high-viscosity region of wormlike micelles.
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Fig.1. Partial phase diagrams of water/PhyEO,/C,EQ, systems in dilute region at 25°C. The notation
W, represents a micellar phase and L, stands for lamellar liquid crystal phase. The region of high

viscosity within the W, phase region is tentatively shown by shaded area.
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Fig.5. (a) Variation of zero-shear viscosity ( 7 o)with the wt fraction of C;,EOQ, (W) in 5% PhyEO,y+ CzEO,
(open symbols) and 10% PhyEO,+ C,EQ, (filled symbols) systems. (b) Variation of G, (filled circle) and

z (filled square) with W in 10% PhyEO,s+C;;EQ, system. Corresponding values for 5%PhyEO,¢+C,EO,
system (open symbols) are shown for comparison.
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Fig. 6. Variation of zero-shear viscosity ( 7,) with mixing fraction of C;,EO, (W) in 5% PhyEQ,,+ C;,EO, (a),
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