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L 2k Di(10-hemisuccinyloxy)decyl muconate(DDM) 2} di(6-hemisuccinyloxy)hexyl muconate(DHM)7} g4
Hydon, s&do Fabslo] 247k 97T T9TAAN AAojd vehiidlth o]8L2 AAA R, w2 ZyargZo)
dioleoylphosphatidylethanolamine(DOPE) & &§3loix =2lE£Z & 3AJshA] 99kA|qk, phosphatidylcholine(PC)s} &35
H P EZTS YA Y 2E T4 DHMo] 254nm9] zejAdel] k29 w 1,2-F3ubso] 44 2185t DOPE/
dioleoylphosphatidylcholine(DOPC)/DHM(3/3/1) 2 & A% ZFL FA pHollAL kAt okabA pHellA= &
otAsted pH 4.85% 5.82] phosphate-buffered saline(PBS, 37°C)ell 4 3023 50% o|uje] Z7t %915 calceing) W&o
LS H3t. calcein® W& pH7L ZHaHe] ofeb 4 Zr1ebsd pH 559 5.0 THAAE 27k 24 caleeing] 50% 9 100
%7} w2 = o

Abstract: Di(10-hemisuccinyloxy)decyl muconate(DDM) and di(6-hemisuccinyloxy)hexyl muconate(DHM) were
synthesized, and showed a phase transition in an aqueous solution at 97 and 79°C, respectively. They did not form
liposomes by themselves or even in the presence of cholesterol or dioleoylphosphatidylethanolamine(DOPE), but did
form liposomes when they were mixed with phosphatidylcholine(PC). DHM molecules in liposome membranes were read-
ily polymerized via 1,2-polymerization process on exposure to 254nm. Liposomes composed of DOPE/dioleoyl-
phosphatidylcholine(DOPC)/DHM(3/3/1) were stable at neutral pH, but leaky at weakly acidic pH. The leakage of en-
trapped calcein from liposomes in phosphate-buffered saline (PBS, 37°C) of pH 4.8 and 5.8 was complete within 30 and
50 min, respectively. The release of the entrapped calcein was increased with decreasing pH such that 50% and 100%
of the calcein were released at pH near 5.5 and 5.0, respectively.

LM = Aol 2ol #9 vhett. deba HEEe v
Bozy AL olgsle otk mY HTTe

NEZES FROITA o) B2 97) dBol  He dYge] F4 @] BRe] 8ol A
AL ARA) AZ GARAY S §TE 3 BAAG G SolmTh ool HEE A4

59



60 AR - 24 - A

2
o{8t7] 9sted 25k FEA X]Z‘a‘vb_'—z}%ﬂl g o
2 377t AL 2], HZelE FYA phosphati-
dylethanolamine(PE)3} PCe] &¥E2xy Ay
13UE YT LE oo rhgned T4 2y
A_Q_o}l)_‘,]_ g]=2A HE(RA)o] ba¥i -}
9l& bicontinuous cubic phase(Q )2
o, T2 Aoy FYY o5
A4 2 A AL AT UA Fd[3].
FELEL FE HTFL AAFA7)7) Y3 9y
22 o]gHAR 2 FHoRE 2T E EqlE S
HEA1717] st °l%3a‘ TE doh T AA
¢ HEFAA S
93 84 AR o
27t defdh. olw nFRA AA
A olFehE fAsA Tty 2

_?L

)l

o] A z7
F A2 FoHT B Hold. ol ¥FPA A

o]
A=A DOPES o4& £ 9ltd| oj& zxuto
2 BFY AgzdstelA o]Fo] ol inverted
hexagonal phase(Hy )& #A4sl7] Lo}, o=
EH ofz] Ao = o)Fojn DOPE/bissorbylphospha-
tidylcholine(3/1) .2 FA= 2] £Z (oligola-mellar
liposome) 5& #F3A)o] R EAES w2dddn}

AH=HT I[5]. oL Bz3
3

ojg] 7} rﬂl’éﬂ ‘il“/}- ZﬂLH"le] "sz‘é TAE
#HAs7] 943t B EZo] TAL ganglioside GM1
[6]e1t poly(ethylene glycol)[7, 8] So & FEA
71 ‘stealth liposome’e] Tat=| it o]ejat gz
2 ARHAAZA Y Az F QAR ¢7] o
oA el o] HFAZbe] A ZrtstA) "} 7
T WEAde g AFE st 2e s o
s}, 4[9], DHUO] H FEE4] st 2
9 o] 2 ¥ & Qe YEESo| Az
3] pH| W3} 43}01 Weo] FEHE YJrze
PH-Z&4 2lZFolgtx st 244 (pH 5.0~

He ot Py

dm wy rlo Ha

sodste, A8 W A 1E, 1997

o

- 37

ok

o]od 4]

6.5)9] endosomeo) X33l
A 2] Aol BT
zbd Aelch pHHe4
DOPEs} 2-& PEsh 3144
© %542 (amphiphile) §¢ Egso
HZols F4 PEE olgslo Ao =
pH-2H3-4 BZ3 = Az 11]. wpeba okard
4 pHell4l& 7k2 84707} S35 o] o)Zu goio)
Asts HA 47) wol] AZEY Abo)o) HEo] 7}
3l 5‘1‘:} olf EZ o]FuFo] AT A3}
o & dodAY Hyato 2 Agge -4*5‘"“4
THEel WEEgdy ¢34 12].
ArchebacterinZHE] F&2H AAZA] o]|F2Hy
A A (bipolar lipid)& shte] 2 72]3}8+E (macro-
cyclic compound) 24 ¥ 254 wHdfs algo)
YFoR Ag7ld dAHo °‘Eﬂl[l3, 14] o}¢}
e HET2E 72 BAES bolaamphiphile &2
bolytez}ir ge}[15]. o]n] 6}»}94 2B o]|Rojr)
2 Eh obel[15-18] RdAlE R Sof 9l bol
aamphiphiles % A= 19-21]. Yuldo 2 o}
dAlk& bolaamphiphilee A} =& (curvature) =}
ol olgte] hZur} npgZe] thixol o go Aa
A Shofek 817) Wl AL HTEe WEA B
15}"4'- 2 FH2EH S )& AL Hrlet
A ool tiFto] HETF upgZo gxste] TEE
AZ 287 Wil EE9 HAo| s15aA B

L%‘*]-%-J diacetylenic bolaamphiphile2 2]
HEs 71 o 2258 gA4stdenl 04
#FETe] 7eskdnt. BlA bolaamphiphilee-
g dE 397} 51 Z A7t B2 wppz
o A=gehe AbAe) dhed AT 15, 19].

22 0T o4y %“JH*& &M AA Fgut
doz 4 9= 534 bolaamphiphile2] 43}
ol4g WEA o g dA7r} o}A7A Tao)
w7k gk mebd B dpoae Ao 3
4 SEAME #FPo] 7b5T Bl o)y}, 2z
A Uzgo 2 Fojx)2] Fgo2s ey
= F7H1717) dstei[18, 22] rigid segment
& 4 9& muconyl groupe] Exke] Z7ke
%‘31]/\]——94 bolaamphiphile & 45} 9} 23].
o|FFA EAHE9] ArHo| 7% (phase transi-
tion behavior), 3334 2 pH Wsld g2 2qz
o Wz So HF EAL 2Alsg).

N

O

Lw;ﬁ

2 o
wju wo

LJ‘

el ox JEL o*
to ox 2

(

o do @ @ oy o
o
do oot



%% Bolaamphiphile 712l ¥43 53] #% A7 61

2.4 #
2.1 A & 7T

Tetrahydrofuran(THF) & JE&§F 249 E43
|4 Z8ske] HAFTh. Trans, trans-muconic
acid(98%), HE€(99%), 1,10-8|7kc]1&-(98%), 1,
6-# AT 2 (99+ %), FF EFA(99.8%), oxalyl
chloride(99+ %) calcein(indicator grade), Z# 2 H
Z(99+ %)<  Aldrichjit, thionyl chloride= Jin
Chem.jit, succinic anhydride= Sigmalt2X¥ T
sto] AASA @ AHgsiedct. DOPE(>99%),
DOPC(>99%), DPPC(>99% )+ Avanti Polar Li-
pidsiitell 4 F9)8t5it}. Sepharose 4B+ Pharmacia
Biotechjitell /| Fqlsted Apgsiodct. Hhet 2 2otk
23 (TLC) & Fdlole(¢FulEH, A7t 2 60,
F-254, 254 0.2mm)st £4 2ZejEa =g 4
2]7} A (200-400 mesh ASTM)& Merckit 24
Flslgde}l. Ado] &%= Dupont Thermal Ana-
lyzer 20000} DSC 910 moduleg AAs}to] o| 43}
dct. ExZ9] =& Brookhaven(USA) 5mW
He-Ne laserZ o|43tod 90°oj4] U Ao 2 &7
shodt}. Calcein® &3-& FD-110 JASCO spectro-
fluorimeter o}-&-8to] FAstgon, 34E2 3
T = Hewlett-Packard 8452A tio]o 9= UV-visi-
ble spectrophotometer & o]&3}o] &Assict. ¢A4=
sgEo) satrzE JEOL-JMN EX 400(400MHz) =
2E NMR 2"e231$ o] 243t}
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A7F 7bdske] #5417 % u|ukg thionyl chloride
£ 73etsbo) A 78] mucony! dichloride(I)& A=
stado). 838tE Id] THF(15ml)E #7}sked 1,10-d
74t} e-(3.7g, 2lmmol)¥® s8] ™(l.4g, 17mmol)$E
=9l THF $oof] ALEH7INA k&4 vheba
A4 2427 Tt AET. AA
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Fig. 1. Synthesis of DDM and DHM.

=97:3, R=0.3)2 2elste] 0.75g% 39ch(24
%). mp 120C; IR(KBr) 3310(0H), 3071(=C-
H), 1700(CO0)em'; 'H-NMR(CDCL,) & 1.2~1.6
(m, 32H, HO-CH,~(CHy),-), 3.6(t, 4H, CH,-OH),
4.1(t, 4H, CH,~0-C=0-), 6.1~7.3(4H, -CH=CH
-CH=CH-)

2. 2. 2. Di(10-hemisuccinyloxy )decyl muconate(DDM)
(lla)

318HE I1a(0.75g, 1.7mmol) 2} succinic anhydride
(0.66g, 6.6mmol) S EFdi(40ml)ol] Folw A4 &
A7l A 2427 B d& 71Ee FRFAAC EF
A& A FL7NE ol&ste] AAST HA4b-oE o}
Adlel=(1/D2FE AZFAAAM 083¢gE it
(77%). mp 116°C; IR(KBr) 3500-3000(COCH),
3078(=C-H wvinyl), 1700(C=0)cm™"; '"H-NMR
(CDCly) & 1.2~1.8(m, 32H, HO-CH,-(CH,),-),
2.6(t, 4H, CH,-C00-), 2.7(t, 4H, CH,-CO0-), 4.1
(t, 4H, CH,-00C), 4.2(t, 4H, CH,-00C-), 6.2~
7.3(4H, -CH=CH-CH=CH-) ; Anal. Caled for
CyH:0,,: C, 62.36 ; H, 8.31 Found C, 62.18 ; H,
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8.32 ; Awn=264nm, w|gHE, e=31500;DSC, T,=
97°C(c=14.7wt%, PBS/d| Qe Fe)E=1/1).

2. 2. 3. Di(6-hydroxy Jhexyl muconate(llb)

L6-gAt] & olgste] 2.2.1004 Zled Wyl
wel dAstgnt. 'H-NMR(CDCL) & 1.2~1.8(m,
16H, HO-CH,-(CH.),), 3.6(t, 4H, CH,-OH), 4.2
(t, 4H, CH,-00C), 6.2~7.4(4H, -CH=CH-CH=
CH-).

2. 2. 4. Di{6-hemisuccinyloxy )hexyl muconate(DHM)
(lib)

B Ib2HE 222604 7|ed By §A4
2 AAE . mp 99~100°C. 'H-NMR(CDCL,)
0 1.4(m, 8H, CH,), 1.7(8H, CH,), 2.6(t, 4H, CH
2), 2.7(t, 4H, CH,), 4.1(t, 4H, CH,), 4.2(t, 4H,
CH,), 6.2~7.3(4H, -CH=CH-CH=CH-) ; Anal.
Caled for CyHy0p:: C, 575 ; H, 7.06 Found C,
56.7; H, 7.02; Aw.=264nm, ®|&&, £=31100;
DSC, T,=79C(PBS, ¢=0.08 mg/ml PBS).
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2.3. B|ZZ9 Mlx o 2olZo tt

Zzd AA 9ige] AHgeke] PBSY 50mM
calcein  §-A(pH=8.0)% Y1 FZ%N(freeze-
thawing) 0 2[24] 4347 & 80T o|AdlA =
=3 EA4712 1087 HPsta 58 A B3 &
Al 1027 255%2 Hsiadcth. 2|25 ¥4
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Fig. 2. DSC thermograms : curve 1, DDM(14.7wt
%) ‘in PBS/ethylene glycol(1/1, v/v);
curve 2, DHM(7.7wt%) in PBS.
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Fig. 3. DSC thermogram of DPPC/DHM(2/1, 12.
4wt%) in PBS.
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3.2. 2|lZES M=

DHM =labdl| calcein 2H(pH 8.0)% 7}sle] &
Agdded $FA7L 257 E4H7]E 043
2 EF S Azstnal shedont caleein®] F4lo] A
3 o]0}z #| gttt DHMe| PBSE #7lsty %
292 AT gels TR o) WA
= l2 22 QiatEo] A Eabele] SIRE
gobalch. o] DHM AAze2E Ez0l 44
A gerte A 9t ole AL EF
Azt WA & o] wiEel tiA 3 el DHMej CHEH
A A" Azfoltt. AF7HA] dHA ddAtE o]
24 2Rt} ZE2H S} PCE Fvistd
ZZo] PP AL ol AEANAM dFIAd
t}. 22} DHMd|& DOPEY E328ES 1:39
H§2 AH7lstdE calceino] FJ=A ¢ Jﬁ} o] 7
& DHM 218 A5Hat 2440 #8o] FE3]
o]Fo)z|7] ¢t7] P&ql Ao A7),

PC %4+ DPPCE ®isle] DHMS 2:19] )&
Z 235ty 50mM calcein £-o8-& A7}ste] Bz
AZg A, calceino] EJ=Egoem calcein
3te] 92%7]— etk (F,=33, F..=430). Calcein
71& DPPC/DHM(2/1) E%E0] ¥
23% dA4%E F7 it Caleein®] 3ol 70%

o

Ao, 4
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Fig. 4. UV absorption spectra of liposomes com-
posed of DPPC/DHM(2/1, 8.0x107°M) in
PBS. The spectra were recorded after expo-
sure to 254nm light for the following
times . curve 1, Omin; curve 2, 10min

curve 3, 15min ; curve 4, 180min.
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vtz & 4= 9lgt. DOPE/DOPC/DHM(3/3/1) &%

ol HHE w5 AP Uo R calcein £4%
sk 81%9 43¢ BHHF,=110, F.=
594). ¢]= DOPE/DOPC/DHM(3/3/1) &35 =

2ZS B35t calcein £9E A2 f9do] e

TEE FYdde Z& oujgth. DOPE/DOPC/
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croscope(TEM) Apglel 4 thzkzlel 4o ey
dovd A7el o 100nm FEE H2H5ch o k=
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Fig. 5. Schematic representation of 1,2-polymeri-
zation of DHM in liposomes.
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Fig. 6. Time courses of leakage of calcein from
liposomes composed of DOPE/DOPC/DHM
(3/3/1, 4.8x107*M) in PBS of pH 4.8(@)
and 5.8([1) at 37C.
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Fig. 7. pH-dependent calcein release from DOPE/
DOPC/DHM(3/3/1)(@) and DOPE/DOPC
(1/1)(QO) liposomes in PBS at 37C at a
lipid concentration of 4.8x107*M for both
experiments[ 23 ].
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7r¢%x pH 5.8~6.304 o 50%9] 3-3iZe] WE
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9 DOSG ©Z%[32]% #AHskeh. 8 DHMo| 3
7k ¢4 DOPE/DOPC(1/1) @Z2F(HT W7
110+15nm) & £agh oFabAde] o4 whgo] A
o] odofipa] ggte}. o] DHMo| 2 EFel4] pHel
g o2 Agsta g duigt

4.2 £
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pH 55 A4 50%9 W&ol dejvir] pH 5.0
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