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DI 22 LGk 3K [ 2 A 198 B B i (TPPL) Sy i Ak 57, IR 45t HO-PNIPAM g K% 751 & #1, 5-H JE-5-4%

PR U AR - = YRR R TR IR (MAC) RS, 5-— F B = 35 Y RL R R T ( DTC) S LR ik B TP RGBT A
[Fi) 25 4] B B8] 0 795 25 Atk BE AL ZR ) P(MAC-co-DTC) -b-PNIPAM. % i Bt AU I B W) £ K b ] | 41 28600 i e 1Y
JEEH, Fe CMC {H° 20 ~ 60 mg/L, T Z5Ki 42 20 ~ 70 nm, LCST {5 38 ~43°C I 2 P 52 46 R AR R AF 69
AR LUK P 25 W T R I JE A o WS R 25 ) T 5 1 i B B S 5 0 i oK) 25 W ) SR AR S AT O, B R

e W B2 IR B AT R I 4 IR O 2 0 R e
KEA

WA 3 e B e o e - K BT K U
Y T I R LA KA PR R R A K b T
WA R AR RN B 6 % 1E R 254
ERARI , 9K G R AR DL % A0 1 3 K e iR
5y W IO AR P g 2R 9 A W, 9T L e B 1 37 2 B
RLLFE9I8 5 Al 1. MR 45 b 26 80, 70 s e L 2
W TR L A i B R R L A
0 A S 0y I o e L R e T A A —
*%.
358 ) 071 JE SRR X B £ S RS HEAT R
T ) 7 T 0 5 A A 2 R ) — 20 R e R
1 7 25 90 45 1 TR I I R4 PR S5 1 1) A A
S 7 ) 2 W B AT R T NS5 TN R TR U T
(PNIPAM ) HL A f A% I 5 4 A U )3 (LCST) , 76 3t
B4 g v A S K B BE DR i B A TR 1Y
PR 0 S A e o
HE W) VT R 6 T R 2 — 28 T ) A 0 ]
i 5 2 TRRE LA B U B0 2 0 A Y R BL A
TR R, OB A AT I TR 4 4k E M
BE 25 R R R A TR Al 3R R SR
L gy T A R R TR TR DL A B 7 s AR R
£ R A R R R AR R IE A5 B TN e v 1 — T 1Y
WA I, B R A R AR 0, 7R A
Wy S 126 43 TR R A 1T 3 T A 0 4 )

fi% B 2R P R R SR R, PNIPAML, A= ) ] e TR R TG, AR R, 29l BEie, Bk

A LA 5% B T RE S R A B IE . FRAT A LAAE
MEtR P E SRR R G IR, a8 T — &
B AN [ 235 e 1) A ) I e 3R Ok TR T S HC 3 SR Wy
RE, I 250 AL R s 2 gk Y

A SCAERT W TAE S Al T, R FH 2 FL Ak 3K [ 2
Ak % Fi% I8 B B (immobilized porcine pancreas lipase
on silica particles, IPPL) i {8 fk 57, Vi & #4 HO-
PNIPAM g 45 T 51 % A1, 5-FF -5 4 7 4 3t
SRR R TR (MAC) Fi1 5, 5- 1k =
B IR IR (DTC) Ry M B BAR Sl e T R R 5, &
BT S [ S5 KL R T R R i B B R R Y
P(MAC-co-DTC) -b-PNIPAM ; #f 55 T P ( MAC-co-

DTC) -b-PNIPAM 7E K 1 () 1 201 %5 47y 1) B 5 25
W0 570 B AR RO f
1 SKIwElsy

L1 {FRa

J# PN D5 i (PPL) I T L [H Sigma 23 7], 15 )
9 198.90 U/mg # H (pH = 6.0, A N K
V) A SCHR (9 1Y 75 vk 4 1 2 FL Ak 2K [f 5 1k
¥ F# g 5 6 (immobilized porcine pancreas lipase on
IPPL). N-5 N B N 46 Bt i
(NIPAAm) 1§ T Acros 23 1, B {8 1. %l 5 £ B
(HSCH,CH,OH ) g - I~ ¥ [= 25 48 A1, ool 1k 22 1R /s

silica particles,
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. 5 A A 2K B BE (BPO) I T 96 £k 27 1
I T 95% Ll 45 i 3 k. e il i o
Grtrat R ZE R ik, BT AR R o E
8000 ~ 12000 Da. Hela 4 [ ity T 2 30 K % £
O RS AT 10% Jif A4 i3 (FBS) LK 1% i/ 3%
(HHEZ-HE5HZ 10000 U/mL) iy DMEM £ 5 3 (3-
Dulbecco’ s Modified Eagle’ s Medium) , £ 37°C
CO, (5% ) K5 % 46 b B 3¢ WEME 5 MTT (3-[4,5-
dimethylthiazol-2-yl ]-2, 5-diphenyl-tetrazolium bromide,
Amresco) [T #§ B2 25 2% vp %5 9 ( PBS, 0.1 mol/L,
pH 7. 4) BC il A B S mg/mL .
1.2 P(MAC-co-DTC) -b-PNIPAM W& B,
1201 5-FE-5-05 Y 40 Bk Bk - = I B ik 2 TR
(MAC) 195 1

R BB 1 TR, 5- k-5 -0 P U AR - =T
IR B2 P (MAC) 2 IR SCHR[ 10 ] & .

(0]
X B e
OH OH O O O 0 OH OH O 0
Kéo —’\éo Kéo Kio Kéo
HO HO O (0] (o]

SRR

Scheme 1 Synthesis of MAC
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&

o

IPPL

[ —————

130 °C

1.2.2 5,5- " H 3 = B 3Lk @2 g (DTC) 19 &
B

5,5- I3 = LR R IR (DTC) 1 A i 2
MESCHR[ 1L ],

1.2.3 HO-PNIPAM {4 %,

L HSCH,CH,OH 1E 4 4 % % 71, BPO K 5]
KA A B EERG AT SE A R R R
53T 51 % ) HO-PNIPAM ' | & il i £t/ 25 P 2
i 7% % — 5 B i) NIPAAm (HSCH,CH,OH % BPO
7T 50 mL PO K I, B R 70°C S By
Th, iR REWHECETIIE3 R, 5H2E THRE
e

NIPAM + HSCH,CH,0H -2

HOCH,CH,S-PNIPAM

Scheme 2 Synthesis of HO-PNIPAM

1.2.4 P(MAC-co-DTC) -b-PNIPAM )4 B%,

R &K 3 Fr s, LLOIPPL S 4 4k 5, HO-
PNIPAM K4 F 51 & 5, P F 75 0 20 R ik 12 g
MAC FI DTC Sy 3k 5 s A, & nl 1 8 29 14 ik B 2l
W SEPE S B4 P( MAC-co-DTC ) -b-PNIPAM. 4 —
EE I MAC DTC . HO-PNIPAM J% IPPL & F% &
B A FEAE,130°C TR S h, K2R =%
T AW b, i DR R 25 [ A IR 4 S T
T DU R B AT R T, 7 50%

PNIPAM
SCH,CH, O

Fongidonteot
<

Scheme 3 Synthesis of P(MAC-co-DTC) -b-PNIPAM

1.3 EAaYHRIE

K Mercury VX-300 %! 4% ff 4t 9% 4% ( NMR )
X SR S5 R BEAT 1 RAE 5 0RO
(CDCLy) B H K (D,0). BE W4 ¥ & S H oy
At 1 BB 2 15 1038 - 22 A BE OGO B R 20 by
(GPC-MALLS) /M 15, GPC 3% F Waters 2690 Al Ji§
Je % 35 35 AL, DME Ry itk GE W, I T B2 30°C, i
B 0.3 mL/min; XUKE I 4% 6065 22 #1 B2 OGO B
S5 K % (DAWN EOS, Wyatt Technology, 4
JEP A 690 nm) DL Ko 7R 22 47 O A I 4% ( Optilab
DSP, Wyatt Technology) .
1.4 HEWEFRIE K

P(MAC-co-DTC) -b-PNIPAM 52 ¥y fisg o 3 1

T AT R AR R 10 mg IR WE T 3
ml DU WG, & T4 T, 76 800 mL ZE 1K h
#EHT 48 h, B 4 h i — IR ZEBK.

LEEAE B K 98 R R 4F ', I 1S5S A 9 g 43
GG (Perkin Elmer-2) & 1 2 5 4 1 tlm 57
& o e J& (critical micelle concentration, CMC) . %
A5 B A TR R VR R (6 x 107 mol/L) it A —
FRYNAS [6] e B2 1) 5 5 W) K %5 W (0. 0001 ~ 1 mg/
mL) H R R HCE 24 b 3R OGS R SR KR
393 nm , R S8 A IR 58 43 0 S nm Al 10
nm. L 339 nm Zb 1Y 5 5 51 BE 6 e 5 ) vk B 0
BUEAEE, CMC B 8 % SN 5 6 9k BE A LR 98 A8 1)
JIE X5k 1 1) 5 W
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1.5 HEYRRESERTHRIE

FH JEOL JEM-100CX 1T # 3% §f Hi 7 o 6 4%
(transmission electron microscopy, TEM) W %X T
P(MAC-co-DTC ) -b-PNIPAM 3£ 5 Wy i 52 119 I 4.
R A JEE D ) O /D e R R ISR, 5 T 2
g/ L W RS IR 4 5. it v J5 2y 100 kV.

TR YRR kAR KR/NS 4 4 i Nano-ZS
ZEN 3600 B 56305 AR 40 BT A 5 J o v i ok
JE4 0.2 mg/mL, ARG E 3 UOR OB {E.
1.6 HEYERRHEETITANNUE

e W IO 1 i AR e S 95 ik i B (LCST) R
FH4E 58 a] U, 4% %% BE i ( Lambda Bio 40, Perkin-
Elmer) ] %&. Fi¢ % 0.2 mg/mL f§ P ( MAC-co-
DTC) -b-PNIPAM 1) /K % W&, 75 A [5] It B (28 ~
45°C) T HAE 500 nm Ab () G B2 A ko
A TEIEL 10 min, LCST # 5 SCH 5 & 97K 3 0 i
K H 50% B T X6F R B R 5 4 HO-PNIPAM £y
LCST {E R HI R RE 5 75 250 7E -

1.7 HEWHEBMSENNE

EAAESL 6000 /> % BE K Hela 20 i ff 4 75 5
10% FBS ) DMEM 3% 5 5E . 7 96 L Ak 14 45 4>
FLI A 100 pL £ 55 ,37°CF T 5% 1y CO,
B FRA P R 24 hooff 100 WL 547 R [ 2 5 v
JZ i) DMEM B 5% 36K B A 2 F ik By 55 3 4y
Jrb, X RRZE A 100 L (4 58 42 15 595 ik, 4k 2L 1%
7 48 h. f14F 20 WL MTT 35 W A 2 Hela 4 iy
OGRS SR 4 b RS A RS H DMEM,
200 wL DMSO fn AH i IF7E 2 3 T Ik 2 , i b
{2 (550 BIO-RAD, USA) il ZE 570 nm 1 4k 1Y %
DG . A ML A R AR A SR

Relative cell viability (% ) =
(A e =A0) 7/ (A e —A4,) x 100
Hrp Ay 2= FROCHE A, 2 A IMEEY
I AR LA 2 TR S W IS R OGAE.
1.8 HEMBHRERHE &

DL 7K P 18 28 245 99) It 1R Tk JE Ha A hy A L 24
Yy, R B Mk il 46 1 3R Y B2 R #5 10 mg
RPN 1 mg BERRIKJEATE T 2 mL Y SR,
BT EN A, 78 800 mL Z% 48 K b = i E A
24 h, % 4 h e — WA, Bl 25 0 R Y 2 2y
JEE RS T 5 R A7 B8 B R T IR T
DMF #,270 nm ) & H0 0% B, AR 4l LR 24 =X
TFR R B 7 3 B2 i DL el B

Micelle yield (wt% ) =

Weight of drug-loaded micelles « 100

Weight of copolymers and drug fed initially
Drug loading content (wt% ) =

Weight of drug in micelles 100

Weight of drug-loaded micelles
Entrapment efficiency (wt% ) =

Weight of drug in micelles
Weight of drug fed initially

1.9 HEBYBHARRNAYERIERFAR
JPAE 4CHI 3TCHRAF T WS TR Y 42
JEE A 25 BT . M — s A 2 R T
3 mL PBS, & F@&Mr A, b — BLAF AL 3 mL
VR, TR 3 mL 4 PBS. IS ) % R A 243
nm O BE L AR DL 2 ST 25 W 1 BT

=)

H

x 100

Cumulative release (% ) = (M,/ M,) x 100
Horh M AE o P20 ZRBE R 255 M, 2k
ALY IR A 259 B

2 BR5IE

2.1 P(MAC-co-DTC) -b-PNIPAM )& i

B AL B AL SR ML R Y P(MAC-co-DTC) -
b-PNIPAM R H] 2 2B G 0. BRI A R G &
BT B iy Ry R R R 4 51 & 3R] HO-PNIPAM , 38
i 3 45 6 5% 7% #) HSCH,CH,OH A1 8 {& NIPAAm
B H A, A5 3 T PR 4 1 43 5 ol 4500 1 2000
) HO-PNIPAM. %5 — 4 DL [& 52 fk i 1PPL A {1k
#,HO-PNIPAM 4 5| & #],130C F ALK RS, &
BT 4 FhOAS [R) 45 7 b A1) 69 e B 20 7 o P R R )
P(MAC-co-DTC) -b-PNIPAM , 5 S tn 3k 1 frox. T
AR Y) s> F = BEE HO-PNIPAM 435 (Y 3% il
M3 I ; HO-PNIPAM 43 & AN A B, 2L R Y 73+
Tt B L K B BB HE %) 38 i 1

BT Ca) 52 B il 4 09 i Be B PSR PR L R )
(i)' H-NMR 3% (CDCL, A ). W Hon] DL
FEHFE VLI TR ) AN W] 45 4 R oT i RR AR 0, Hob
=5.8~5.9 f1 5.2 ~5.3 2 MAC {ll&E W 4 —CH
= CH, B MEI&;6 =4.6 f1 4.3 3 MAC fil] 4%
—CH,—CH = CH, Al & 4 —CH,—0—C0—0
—CH,— Ay 55 fiF ;6 =4.0 Jy DTC F H—CH,-
—0—CO—O0—CH,— 1y fiEgE; 8 =1.3 F1 0.9
5 MAC J DTC il 55 —CH, MHRFAEIE;8 = 1.1,
1.6 ~2.1 DL J 4.0 435 g 5% /K 4 Bc PNIPAM i
H—NH—CH ( CH, ),, E 8 —CH,—LL J& ] 5&
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Table 1 Synthesis and characterization of P(MAC-co-DTC) -b-PNIPAM

PNIPAM NIPAAm: MAC: DTC (molar ratio) m,"
Copolymer
M, PDI Feed ratio "H-NMR M, PDI
Copolymer-1 4500 1.96 1.4:1:0.4 8.7:1:0.3 10800 1.47
Copolymer-2 4500 1.96 0.9:1:0.4 5.3:1:0.3 13300 1.42
Copolymer-3 4500 1.96 0.3:1:0.4 3.4:1:0.2 13600 1.50
Copolymer-4 2000 2.39 1.8:1:0.4 3.8:1:0.2 6500 2.01
* Determined by GPC ;" Determined by GPC-MALLS
600 a
500
1g/L
400 -
2
Z300
&
kS
a L 200
0.0005 g/L
100 |
0%
Q200000000 AMA X
T————f—=—=7="" g — g oty

Fig. 1 '"H-NMR (300 MHz) spectra of P( MAC-co-DTC ) -b-
PNIPAM copolymer ( room temperature): (a) in CDCl; and
(b) in D,0

2.2 HEYRERBEN

5B P R dE B ) P ( MAC-co-DTC ) -b-
PNIPAM 7£ D,0 (' H-NMR % & W & 1 (b) fiF
R HAE CDCL 3L R ) H-NMR 3% (& 1
(a)) , 4 s /K B B 19 45 #4 5.oC MAC J DTC (1)
FROE UG 58 208 2%, RO F 56 K 55 Be PNIPAM 1 %%
ANFRAE UG . 33X i T 7R 7K SR AR I g K i B g
BB Z BT T R A% -FE S R IR

2 22 P e SR W e K v B o R e T I R
W BE CMC B, AT JE J DL i 7K B % 3R K Bl
FEMIR A, e K PR A B B — R Y IR
A E Y, HA SRR E , 78 HOE i 72 A
Je kA B KA T A A oK P G A Y B o
LY A R R v R DA N ) i R (5
g K KOG R &, B T P ( MAC-co-DTC) -b-
PNIPAM 77K A 53 o (4 e AR AT

PL Copolymer-4 Sy i , & 2 (a) J2 %GR 5
AWy BE (AR DGl £k . BB L IR Wk B 3

0 A
320 325 330 335 340 345 350 355
Wavelength (nm)

600

500

400 -

—4 -3 -2 -1 0
lge (g/L)

Fig. 2 (a) Fluorescence excitation spectra of pyrene with
increasing concentrations of P(MAC-co-DTC) -b-PNIPAM (A,
= 339 nm, [Pyrene] = 6 x 107 mol/L); (b) I in the
excitation spectra as a function of logarithm of P ( MAC-co-
DTC) -b-PNIPAM concentration ( The CMC of the micelles is
52 mg/L ( Copolymer4)).

TG B — > S8, R B IR B i LA K i
HEA BRI B K N % 5 9¢ ' 0k B2 Ok A 98 728 I T
IO F4 35 W e B i SOl CMC AR5 1 2(b) 2 339
nm AT EIR FE Ly 5 U B0 B 09 AH SC it 2k, &
S AR R BE B Dl Copolymer-4 (1 I 5 JIE o ¢
B CMC (52 mg/L).

K2 P T 4 T AN TR 45 4 be A1) 3 3R ) e ol Y
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Rsf (CMC fE L K& LCST fH. R a] A& i, Br il
e B L PSR P 3R SR IR B B R Y
CMC i, 7R 7KV R AT B0 O B2 2 1, RE AR E 77
FE TR ACHE WP X T B A A [R] PNIPAM 2% K 4
By SR Yy, i K BOBR |, 5 K 8] A BAE FH )

R, CMC R/, X 55 SCHR [ 15 ] 4l 19 45 1 260 5
MxF 3 A A [ KL PNIPAM 2% 7K 8 B (H 3% -5
7K L6 AR ¥ A9 35 28 9 ( Copolymer-3 I Copolymer-
4) ,PNIPAM 73 ¥4 /I , AH R L 7K i B Y < B2
i, K T A 1 S, CMC B R

Table 2 Characterization of self-assembled block micelles

PNIPAM

Average size

Copolymer TEM (nm) CMC (mg/L) LCST (C)
M LCST (°C) d (nm) PDI
Copolymer-1 4500 36.3 155 0.27 26 56 38.0
Copolymer-2 4500 36.3 167 0.07 43 24 39.0
Copolymer-3 4500 36.3 192 0.10 70 21 40.0
Copolymer-4 2000 38.0 165 0.16 35 52 42.5

“Determined by GPC

2.3 HEBYRROESRRTHRIE

KM TEM WG T ik B 14 34 5 Wy e o) 1) T2 35
FIR/IN. NI 3wl DL 3R 0y i o 52 90 ) Bk
AR X T HA M R PNIPAM 38K B Be iy 36 2R
Wy, 7K S BOBUR , R N AR OR IR AR AR K 5
Xk T HA A A4 R PNIPAM 2% 7K 8% B (H 35 -5
7K Eb B AH 3T 1Y) 32 28 ) Copolymer-3 1 Copolymer-

Copolymer-1

Copolymer-3

4, PNIPAM 43 T4 /N, R B F) 5 /K i BE K 32
IIN B TR AR AR N

222 BT SR OGO R AR 2 A i 4%
B S 5 e o 9 R /IN-5 3 A . SR TE K HR B AR
BRI A BIK G R 155 ~ 192 nm, K
T TEM W42 i 5 o 1 2 R, X 5 SC k4l —
B BT v T LSS B R AR A S— L

Copolymer-2

Copolymer-4

Fig. 3 TEM image of the P(MAC-co-DTC) -5-PNIPAM micelles

2.4 HEBEYRRWBRFERR
SCHR R 3 PNIPAM 7E 32 ~ 33°C i) ££ 76 &
MR RO e A 1 L A A S e e — AR Y

I JEE YU L PN, 6T 7 (49 A 5% A2 I ARk O LCST. i
I8 T LCST i, PNIPAM i T2 &R T 5K 7
B0 B AR AR T T K s 5l B = T LCST
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I, SURE B B IR, PNIPAM o ] 5% S5 7 % L R ke -

B EBE R B KA T AE B, AR ARAY S
IR VR & A4S . PNIPAM (Y LCST {5 4> F &
M, 2> T BN LCST Mg . AHF 5, iR
Yo v W L R AL SR E N LR EREAY
{14 Yk B UM, LCST B 8% 2 X8 500 nm P KT
K EN R AWK WGE L 2R 50% FT Xt R A il 5 (.
ZER IR 2.

ALy T 4500 12000 (1)K 5T 51 %5
HO-PNIPAM [ LCST {8 43 %24 36. 3°C #1 38. 0°C.
B B 3t B ) P ( MAC-co-DTC ) -b-PNIPAM fi)
LCST {f = T H: A B 41 s, HO-PNIPAM [ LCST
{H , U0 Copolymer-4 1) LCST {H &y 42.5C (& 4),
B T H E Kk B Bt HO-PNIPAM iy LCST {4
(38.0°C). 7 itk By 1 £ B ) P ( MAC-co-DTC ) -b-
PNIPAM 43 ¥ o1, i 7K 1 3R ik 8 T % BE 1 51 A &
fii LCST { Tt &, wT B 19 J5 R 36 R ¥ 78 K A
HOE BN AT T A% -FE 4548, A R PNIPAM 55 B 5
KA E AR . SE 86 25 SR R, b T LA A )
PNIPAM 3% 7K i B (1 3L 59, o K i BB K, LCST
(B 5 16 F A R [ 48 PNIPAM 5% 7K 8% B
R 3E-55 K H 9] A G (9 35 R 9 Copolymer-3 il
Copolymer-4 , PNIPAM /3 T-H# &, LCST {8 #ik.

120
-+ HO-PNIPAM
100 —O—P(MAC-co-DTC)-b-PNIPAM
S 8ot
8
=]
g 60
g
=]
s 40F
~
20
O 1 1 1 1 1
25 30 35 40 45 50
Temperature (°C)
Fig. 4 Optical transmittance of aqueous solutions of

P(MAC-co-DTC) -b-PNIPAM  with  its
PNIPAM ( Copolymer-4)

corresponding

PNIPAM 7¢ i & 7t 28 L LCST Wil i), 43 74
PRSI N ) 17 VS = W e S S RS
—E R AR SO BIAE 25°C F40C T
N T i B Y 3 5y e o) B A0 R K /N an 1 5
FiF 7~ , Copolymer-4 FIFFE i 14 JIE B A8 40°C B 14 ki 42
Lt 25 °C B (8 R AR AT — o A2 B A /S

Fig. 5 TEM image of the P ( MAC-co-DTC ) -b-
PNIPAM micelles at 25°C and 40°C  ( Copolymer4 )

2.5 HEYMARSHERAR

SCHR AR R T R R R R R R A
PNIPAM ™ 8 ELAT B A% IO A ML 35 4. A SCH 56 T
N [ Ve i L B v WO Hela 400 A= K 19 5% .
K6 Frzn, 2 Copolymer-4 ¥k & 15 %] 0.4 mg/mL
i, Hela 20 8 1) A AT S8 B A 32 52 ), 3% B Jor
Tl 25 Fy i Be 78 0 2% M 2L 2R ) P (MAC-co-DTC ) -b-
PNIPAM HAT [ 4F (1) A= ) AH 25k

~

S 200

>

£ 150 /E_/Hﬂ
s

= 1004

5}

S S0r

=

E 0 1 1 1

= 0 0.1 0.2 0.3 0.4

Concentration of copolymers (mg/mL)

Fig. 6 Cytotoxicity of P(MAC-co-DTC) -b-PNIPAM copolymer

at various concentrations ( Copolymer-4)

2.6 HBUMRRHGMAHEBRMIEREFAR

VAR K R 4% 25 W) 16 R T Je e A B 7 24
Yy, KBTI W 2 T SRR W98 T A
[F 45 g S 3R 0 M R 1) 245 ) 0 4805 B P E
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Table 3  Micelle yield, drug loading content and entrapment efficiency of P(MAC-co-DTC) -b-PNIPAM

Copolymer Micelle yield (% ) Drug loading content (% ) Entrapment efficiency (% )
Copolymer-1 88.7 3.5 34.7
Copolymer-2 75.9 5.8 50.5
Copolymer-3 78.2 4.5 39.1
Copolymer-4 65.0 3.7 24.9

Wk 3 s, ik B L R Y S5 AN T\, HOE
TGP 28 24 JE SR 7 4 2 2 o R B R R ] 4
JRARWY X5 T HAT AHTE] PNIPAM 5% /K 8% B iy 4t 5
Yy, Wit i K B B 1 S SR e R ) 28K 24 i
A3 B RAEAE — A SR BN 5 v/ i o #2500 B
BOE T K MVE R ), i K B B3 KA R T 24
Y ) B0 485 TRl ), 256 7K e BT R R % R i A7 e R 3
HEAE I 5 Rt 3 0 2R - K LA B T 3R
1 3 24 2 F 40 2 R ( Copolymer-2) . T X F B AT A
[F] K PNIPAM 3 7K % B AH 2% - K L 451 A1 3 i)
) Copolymer-3 F11 Copolymer-4 , PNIPAM /43 F
BN AH A B K S B o) 1 0D B KRR
FH 3B o 7 38 3 24 i DA el B R i)

HE— 2B BF T T IR W 4824 I R AE S TR R
PBS Z2 i W b 0 G W BT o, I 7 BT AR
AR B 24 F , B A [F] PNIPAM 2 7K 55 B
ILRY), o K B BB R 24 3 RN {8 [R] I
2 - 7K ik B LU ) o0 I 23 B AT B R A AR E 1, A
(101 2T/ = R T s = S S B N 1 I SN 51
PNIPAM 2% 7K i B AH 3% - 7K bE 491 A0 3T 1 36 2R
Copolymer-3 #1 Copolymer-4, PNIPAM 4} T &
ZIN T 2 R AR PR 3 R A M TR Y
2K B B 3G A A TR A AR E L [R]I,4°C A
37°C AR EE T (4 25 ) B ik 58 = W, T 11 45 1)
ik B B P S M R LA R G B I RO 24 ) R v
fiE. MR JE K T LCST {H i (4°C) , PNIPAM %% B
1) 25 7K O e R ) A -7e 25 R 3 o e, 2 ) 82
DAY 9 I8 2022 08 R il s 24 3 B 45 0T LCST {i I
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Fig. 7 Drug release of P( MAC-co-DTC) -b-PNIPAM micelles

containing prednisone acetate at 4°C and 37°C
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SYNTHESIS AND CHARACTERIZATION OF
PNIPAM-b-POLYCARBONATE COPOLYMERS AS SELF-ASSEMBLED
THERMOSENSITIVE MICELLES FOR DRUG DELIVERY

ZHENG Xiaoming, JIANG Tao, HE Feng
(Key Laboratory of Biomedical Polymers of Ministry of Education, Department of Chemistry, Wuhan University, Wuhan 430072)

Abstract A series of poly( N-isopropylacrylamide) ( PNIPAM ) -blocked polycarbonates,P( MAC-co-DTC) -b-
PNIPAM , were designed as thermosensitive micelles for drug delivery. The amphiphilic block copolymers were
synthesized by enzymatic ring-opening copolymerization of HO-PNIPAM, 5-methyl-5-allyloxycarbonyl-
trimethylene carbonate (MAC) and 5,5-dimethylirimethylene carbonate ( DTC). The novel block copolymers
were characterized by' H-NMR and GPC-MALLS analyses. All the amphiphilic copolymers were able to self-
assemble into nano-sized micelles in aqueous solutions with hydrophilic PNIPAM shells and hydrophobic
polycarbonates cores. The critical micelle concentration (CMC) determined by fluorescence spectroscopy using
pyrene as a probe was around 20 ~ 60 mg/L. Transmission electron microscopy (TEM) measurements showed
that the micelles presented even spherical shape and the diameters of them were about 20 ~ 70 nm. The
micelles exhibited thermosensitivity at lower critical solution temperature ( LCST) of around 38 ~43°C ,which
was related to the hydrophilic PNIPAM blocks. In vitro experiments demonstrated that the P(MAC-co-DTC) -b-
PNIPAM showed low cytotoxicity. Furthermore , the micelles were loaded with hydrophobic drug of prednisone
acetate (PA) and in vitro drug release investigation also displayed thermosensitivity. The results suggested that
P(MAC-co-DTC) -b-PNIPAM copolymers would be a promising thermosensitive carrier for drug delivery.

Keywords  Amphiphilic thermosensitive micelles, PNIPAM, Biodegradable polycarbonates, Enzymatic

polymerization, Drug delivery, Cytotoxicity



