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Development of Temperature-responsive Liposome for Transdermal Drug Delivery
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Abstract: We prepared poly (N-isopropylacrylamide-co-N, N-dimethylaminopropylacrylamide) (PNIPAAmM-co
-DMAPAAmM)-modified with the cationic liposomes prepared from 2-Dioleoyl-3-Trimethylammonium Propane (DOTAP) ,
and their temperature-dependent release behaviors were investigated. The enhancement of the drug release from the
liposomes was observed above the lower critical solution temperature (LCST) of the copolymers. The fixed aqueous layer
thickness (FALT) of PNIPAAm-co-DMAPAAM modified liposome increased at lower temperature than LCST, compared
to that at higher temperature than LCST. The contents release behavior, surface properties, and cell affinity of these
liposomes can be controlled in a temperature-dependent manner. In vitro permeability studies of liposome were conducted
in a Franz diffusion cell. The results showed that the cationic liposomes had good stability, high entrapment efficacy,
increased skin permeation. The PNIPAAm-co-DMAPAAM modified liposome will be efficacious carriers for the

transdermal drug delivery.
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DDS i%, mEANFE G LR OBES 2 OB L TE a0,

WTHEDDS & W) B X FRIER L, BEWI S A7 A TTS
BHIAN DDS O —D LRI IND L H 1T/ o7z, TTS HHAl
OFLEIAIS U < 13RO RIEEEE D F % [Bl# T X
5. BHERIS U TRETIEARETH 5. RA&KGAE
R BE~RIENARETH Y | ERFICRTEEFOAR
DI ERFTF O D, HTHRBRAMMECE 2NN
FOFEENSAERBEKRESTHDL Y VIBEERWZY R Y
— ANEFEHRHEN TS, UR Y — AFAERHNOM R
ETRC CEMEAE A R D TRIEMEIRY) & BN O BKMERR 4
Z, KIEHEEY ENKMICE AT D Z &, ZHEFERmIC
TiEEYEME SR T2 EOEMIC LY . FEOHE % 5
THIENARETH D,

Flo, UFRETIII N E CRESEMER ST TH D poly
N-isopropylacrylamide (PNIPAAmM) % DDS &+ U 7 ~J&
L., IREIC LY AEEY O MEIEATRRA T Y V=
FMUDDS F/ % v U7 &M% L T&E7, PNIPAAM (FKH
2B W T T IREG RISARIEEE (LCST) Th D RCE LT, 1K
BRI TIEE S T8I3KF - R L a4 VRoMEE T Bl
KM, BRI TR Z AR L, BUKPEMREERIC XY
O THMNEE L/ v Ea— IRRE L 72 0 Bk 2R
W T, Z OBUKIBKME O Z AT R 2> S S
bHe ZD=— 7 RMHEEDT-S . PNIPAAM 2 &R L 72 Y
AR Y — AL LCST LT OIRE TIX U &R Y — AER KT
JE &S 5 Z & TPEG & [RERICE E, & 7= TR Mo
LV o TN R R I & B ELY GA A A [R1AE U i R R A
mEx®2Z ERWIFFTE S, BIZ, LCST ML EDIRET
IZ PEG &I HE72 0 . PNIPAAM AKFIT25 221k v U
R Y — DR ASBUKPE & 72 0 R HIIE A~ D EL Y A it
SNEEYORE R EHNFRETH L EEZ NS, ZD
BEISEEES T2 R Y —AEMT 2 5L LT,
PNIPAAM D [y KD H VR % v EEaiHt o 27 L4k L,
fEEm@h &R & < 4 5 Phosphatidylethanolamine, Dioleoyl
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MESTFEIRY —AMZEATEIENTXS,

ARFSETIX, BEISEM RS 1 2 &l U7 gEet: Y R
— L DERA~DISH BRI AXL, LCST % 37°CLL LI H
OIREISBMEE ST 2 OB Y K Y — 22 B L
BEWINAIS Y U7 2% Lz, T2 T, VRY—LDFK
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[1] R EEISE RS> 7 DDS v U 7 ~DJ&H : NIPAAm
& F AE v E v — T H DH N,
N-dimethylaminopropylacrylamide (DMAPAAM)7> 5% 0 | 1K
IR LA B IZ LCST % Ff 2R £ Jis & M & & + poly
(NIPAAM-co-DMAPAAM 3%) #%&t « Gk L7z, BERLA MRS
& ® DOPE & poly (NIPAAM-co-DMAPAAM 3%) % 5 A& S 4,
J1F A v MENEE @ 1, 2-Dioleoyl-3-Trimethylammonium
Propane (DOTAP)ZIEHfid 2 2 & TIRELEMED K Y — 4
EERLL T2,

[2] BEJSEM Y R Y — L O : Zetasizer Nano ZS
W2k, BEEZELLIERNG, VKR -0k TR ER
HBNM AT Lz, X512, Zetasizer Z VT, fERIL 7=
U AR Y — LD EEARFE DR (FALT) Z 5t U GFAf L 7=,
F o, WEIEYOIEY I HRIZOWTHRIE LT,

[3] BB . X— R~V ADOEEE R, KIEE
WDV TR L 7=, Franz cell Z Ay, Donor filic U 7R
V—LBF 2 AN, ERFMICY T 7L, BiRERE
1Totc, NWEEYOHIREIZ L > THBREFH L, §F
fili L 7=,
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[1] NIPAAM & DMAPAAM % &AL, 39°CD LCST % £F
-2 poly (NIPAAM-co-DMAPAAM) % & ik L 7= (Fig.), Z DIl
FEISEMEE oy TI2 7 o —& LT DOPE 54 L, fREE
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Fig.1 The image of temperature-responsive liposome
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130nm, F30mV OREEBNMNEZFFODO VKR Y — AEER L
T FT2 VAR Y — AOREINEEEHRT 27-912.25 C
~45 C~ 2 CToOlRER LH I8, K RoEbz Bl
L7z & Z A, HEBBIEEMITGE7 C)BW Ch RO KN
R & iz (Fig. 2), Z AT IS & 4 143 LCST LT
DOREIZBNTIFAF - ELTNDZ ETIRY — A
RHIN/KFIE TEDODN TSm0, VKR Y —AEENEEL
LTWaHDIZxt L, LCST LA EOIRE Clim a8 o ik
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Fig.2 The particle siza depend on temperature change
in temperature-responsive liposome and unmodified liposome

[2] Zetasizer Nano 2S % H v (& ffi L 7=
DOPE-poly(NIPAAM-co-DMAPAAM) 5 mol %2 & v fESI L
7eEEAFEOE S FALT ZHIE Lz, R Y ~—IEEfY
RY —hbbR R v—%2EMT 22 LITXD FALT i
HARK L7=, 7. DOPE-poly(NIPAAM-co-DMAPAAM) D&
HEEZHCTZLICLY FALT 800 L T < A 23815
iz,

[3] JEEEJ&Z M Y R Y — 42 5-Carboxy Fluorescein (5-CF)
% WNEF L7-, 5-CF 1% PBS Buffer 1 Cfighf L, & F A4 1Y
WY —LDOIREBE LG LT WD, mWEAEEES
LB TE, £, EWiHERERE L L 25 LCST
PALICIWTHIEERERERT D 2 & 2R Lz,

[4] #FH MY KRY —2E L TDOTAP, HPEY R Y — A
& L C Phosphatidylcholine (PC), 7 =AU R Y — 2%
PC & Dihexadecyl phosphate (DCP)% PC:DCP=15:1 & #H bt
ELT, SHEEOBRZRZVRY —LEERL, BNREMAR
W EDRBERIR DAL EBIET 572D, X—Fv TR
FiJ & Franz cell (Fig.2) ZM W AEHHEREIT- 12,
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Fig. 4 The cumulative amount of Carboxylfuorescein
penetrated through mouse skin in vitro.
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