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ABSTRACT : Thermosensitive poly(N-isopropylacrylamide) gels containing temperature-sensitive lipo-
somes showing temperature-dependent sol-gel transition were prepared. The surface of temperature-
sensitive liposome was modified with copolymers of N-isopropylacrylamide and octadecylacrylate, which
exhibited a lower critical solution temperature at around 30 C. After mixing the modified temperature-
sensitive liposomes with poly(N-isopropylacrylamide) solution, the temperature-sensitive liposomes formed
physically cross-linked gels through heating the solution above their lower critical solution temperatures.
The release of drug from temperature-sensitive liposomes was determined by measuring fluorescence
intensity. The drug release from temperature-sensitive liposomes in poly(N-isopropylacrylamide) gel
gradually showed sustained-release with increasing temperature.
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Figure 1. Synthesis of PNIPAAm (a) and amine terminated poly
(NIPAAm-co-ODA) copolymers (b).
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Figure 2. Schematic illustration of deswelling of PNIPAAm gel and calcein release from temperature-sensitive liposomes. (a) is a
mixed solution of PNIPAAm and poly(NIPAAm-co-ODA) fixed temperature-sensitive liposomes at 4 C, (b) is the PNIPAAm
gel containing temperature-sensitive liposomes above their lower critical solution temperature, and (c) shows the release of calcein
from temperature-sensitive liposomes in PNIPAAm gel at the transition temperature of liposome membrane.
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Table 1. Physical Properties of PNIPAAm and Amine
Terminated Poly(NIPAAm-co-ODA) Copolymers

poly(NIPAAm) poly(NIPAAm-co-ODA)

LCST(TC) 32 30
M, 17400 16600
M, 5500 10100

polydispersity(Dp) 3.03 1.64

Table 2. Amount of Poly(NIPAAm-co-ODA) on the
Inner/Outer Surface of Liposomes

initial concentration of polymer polymer on outer

poly(NIPAAm-co-ODA)  on inner surface surface ot po lymer
(mg/mL liposome)  (mg/mL liposome) (mg/mL liposome) (mg/mL.liposome)
5 1.08 175 2.83
10 0.55 213 2.68
15 0.76 1.94 2.10

*Total amount of poly(NIPAAm-co-ODA) on the inner/outer surface
of liposomes.
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Figure 3. Deswelling kinetics of PNIPAAm gel in 10 mmol
Tris-HCI buffered solution as a function of time at various
concentrations: 1% w/v (), 2% w/v (@), and 4% w/v (A).
The temperature was 37 C.
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Figure 4. Deswelling kinetics of PNIPAAm gel in 10 mmol
Tris-HCI buffered solution as a function of time at various
temperatures: 34 C (H),37 C (@), and 43 C (A). The
concentration of PNIPAAm gel was 2% w/v.
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Figure 5. Deswelling kinetics of PNIPAAm gel in 10 mmol
Tris-HCI buffered solution as a function of temperature at
various concentrations: 1% w/v (H), 2% w/v (@), and 4%
W/V (A).

64 Wy %

Polymer (Korea), Vol. 28, No. 1, 2004

HoA AR=UdT, 4% wiv 552 A 2F40 T H
Lol SEErk FLE B3] 4 mL)olA AR
FE7F S5k WA wEE Eo] e AdEe
2 e "ok g ez Fo] ¥ 1, 2% wiv &
29 IR AR= Lx0 STl ulel ZEAL] 5E
sl &9 viiEe] SUlslglow, webs 38 T 2ol
Al o] knE o] Alo] YAE Ik 1YY A e
= p3Ale] o] Wi s3e] oFo] AL 4% wh EE
2] PNIPAAm G882 3132}e] ofFo] w7] wief 4=
2] =] Aider A o 2
Al o]FolA W £EHEE 2RV} AASsdE s
g = Qloh a8jEE A3 Foois 571 2
uf 3EARY] ofo] SUMESE 52 =8 Al9H
g, vEARY Fert e W 257t T
/\zol H‘ﬂ-ﬂ-ﬂr/]—zz

g]EEo 2R Calcein®] W&, Figure 6> PNIPAAm
A W5 EEFOZHE calcein®] WES 37 TollA]
17ke] Wstel] wje} Yeliick 1, 2%, 1B 4% wiv
%2 PNIPAAm A uUjF-¢] 2xrIZH 2jxFo vl
B calcein®] BIE-2 60w71A] S7V8FR L 60F ©] 5o

calcein®] W=o] AA3] Sl 235 AT &
o} =3 vEAe] Fxrb =2 4ol caleein]
Fo| Wokom AAs] SrlEE Ae AEE 5 3l
ol-re U3 Fo8} x4 AZke] A
AR eFo] w2 AR HE calcein®] WEE
%}7‘}31 oFoll o]Este] ofzEe] File] Lz
T3} Figure 32] ﬂEJ/]-El?—Ei PNIPAAm A2
o ’“"°] 71°] $ks. < W 4 9l

t} 21H 22 calcein®] HWEo] <F 60;1_—77]-7\] =

iy

Jg e m\z Rl

>

e 2

:HE .
11‘.[“-111["[02':
_°,
'—YL

o N L 32 o 3O |
(B L
5

£
3
A

20 -

Calcein released (%)

0 PR RNV ISR NN IS SR RS S R
0 20 40 60 80 100 120 140 160 180

Time (min)

Figure 6. Release profiles of calcein from temperature-
sensitive liposomes in PNIPAAm gel at various concentration:
1% w/v (), 2% w/v (@), and 4% w/v (A). The constant
temperature was 37 C.
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Figure 7. Release profiles of calcein from temperature-
sensitive liposomes in PNIPAAm gel at various temperatures:
34 C (M), 37 C (@), and 43 C (A). The concentration
of PNIPAAm gel was 2% w/v.
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Figure 8. Temperature-dependent calcein release from
PNIPAAm gel; liposome without PNIPAAm gel (H),
PNIPAAm gel with liposome (@), and PNIPAAm gel without
liposome (A). The concentration of PNIPAAm gel was 2% w/v.
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