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WAER, hED) ;S8 (TR A TN, |
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Pk P 3% AL (500 MHz, % [ ); L 4 Ot 3% X,
TENSOR27 (&= ) ;3% §f B 4% , JEM100CX2 # i ff
HLF U ( HAS ) s 20406 B i, U V2450, 7t
VL E R 0.5 K/min( HAR) ; #4471, NETZSCH
TG209 ({8 ) £E 15 PR AT, Uik 4L, Agilent
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IR VR R U K R L35 °C L Y 0. 3 mL/min, K
U5 N B BE 5 B 3 B 0 HL, Beckman Sigma 3k15
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1.2 EEEE (PAMAM)GO.5 K&K

e 2 " (3.005 g, 0.05 mol) FEEJ WA
S A G BEFE BT = DB, UKs 22
18 7% 7P M B2 W R (25. 8 g, 0.3 mol) (Y HY i i3
WSS RS AR A 35 C R
24 h. JiE ZE bR 2o RO R TR O TR Y TR R R R
1550 v 2 (g BB A R 2 MS ' H-NMR
FAE, DL E P W 0 45 8. m/z:404. 6, H-NMR
(CDCl,,8) :2. 486 (4H,NCH,CH,N) ,2. 433 (8H,
CH,COOCH, ), 2.763 (8H, NCH,CH,CO) , 3. 737

(12H,CH,COOCH,).
1.3 R GL.0 KBEMK
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B AT B R BT = DR, UK L 2
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VW R B AR R TE 35 TR
N 48 h. N 5E BE SR ] LA e % 25 R ANAE 35 C
T2 EE, P74 Sephadex LH-20 £+ 4li 1k ) 2
A 2 TR R MS ' H-NMR &A1, DL &2 7=
MW 45Ky, m/z:516.2;'H-NMR ( D,0,8) : 2. 403
(4H, NCH,CH,N), 2.581 (8H, NCH,CH,CO ),
2.221 ( 8H, NCH,CH,CO ), 3.25 ( 8H, CONH-
CH,CH,) ,2.802(8H,CH,CH,NH,).
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O HT B W R e, RO R B, AR, AR
35 CF Jeniy 82 h. Jie ZE B 2 A B Ny 09 P9 A 1R Y T
FEEF O, A 2R e Wik s
MS . 'H-NMR % 1E, LW & 7 W 00 45 M. m/z:
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( CHCH, ), 1.88 ( CHCH, ), 3.76 ( NHCH-
(CH,),).
1.7 B N-BWEWTGG ARG G R B R
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W AT IR 2] PNIPAM 2547 (0.2 ¢, 0. 067
mmol ) L) f&z PAMAM G2.0(0.1 g, 0.07 mmol) i&
TR A BRE 15 min J5, A 1-(3-Z 5
W) 3-2 Hk W B ER (0.1 g, 0.522
mmol) , 7£ 27 CF i+ 5 N 24 h, 7= ¥4 A& Hr
2(M, =7000) , H] K &KEH 3 K, 5791 K
VSRS VR T8 15 31 1 € ARl K 7 ) PAMAM-
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IR, BT I FE R 6 h, 85 S, e B0
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UUERD R =W 8 6 S 90Kk, i Tk & M. &
B A KRS R PTG B — (R G,
PNIPAM-PAMAM | 54 43 2 | 0 &1k B 09 B8 7R HE R
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A& A LB EE IR ol 1011 10.
1.9 E/ASMKMARYEHAR

ATEERE T AT 4 mg/mL RE G, ITE R
AR OIEALTR T, P A AR S I /N0 1 3k T
WOE IR X A3 HRE hAE 880 nm AR IR N 2 W
O FEST 30 min, 42FF 5 min idsE—IRIEE 2.
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PAmSIIR 36 3 S /N 4 F RS AL 25 ), 1 WY v 4y
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Fi 2 ok 20 1k il 25 1 A2k 25 9 Kok, SR )R L 4
HE W TaHEMBAK D, 785085 2.0 (6000 1/
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2GR, i 320 nm Ab I 2 R B AL Y
Mgl 6 S RO RE A5 A Ik SE AR EN Z (& 1,y
=0.0278x — 0. 0503 ) A 1 A # £ BT (1) 05| W 56 =F
(HEEEs ) &, Em 5 W 25 W e 8 4 5o
20% (Gl) fl 11% ( G2), 16% ( PNIPAM-
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Fig. 1 Standard curve of indomethine
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KB O el 1 2 A A AR R T K
A% RGN € , 8 2 (a,b,e). AT LLE B, 2K 2
B YK R A% T % 5 PNIPAM-PAMAM fY 4%
WG PR3 — 2, i IR B R A Y R T 4 %
[T

Xof S5 A i £ Ak (TR AL B R ) 45 SR
Bl 3(a', b, ), 5HMBE YL E A, BE R
FEWE (1647 em ™ 1 1559 em ') 30 BH B4 5,
[i) Bf— NH— {1 455 35 2h 16 (3285 cm ') B T B 9%
MR, W R R R R R AV S &R
W k4 T 2 BAEH.

Fig. 2 "H-NMR spectra of PNIPAM-PAMAM (a) ,
G1(b) and G2 (c)
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SR TEM (I 4 .5) X It G B0 PR 20 94 K 4k
T3 M AT A A R AR B RAL, o A T8
100 MR F 142 T8 — 4 (G1) FIhifR 2y 8. 1
nm( & 4), B HGC2)Z 4.3 nm (K 5). P
Yl oK 4k A I PNIPAM-PAMAM J 2 A [ ff ¢
FEPPRLAR AN 4 R S AR 2 2R — B
2.2 BEVEHNKREES FRIEIERTE
KRNI RAE T 2 A & 90K kL, i
— B WiE T & IAFAE (8 6) (0.3 mg #£ 5 4 mL
A1 em A4 E ), 5 PNIPAM-PAMAM 5
% B0, G1 7E 541 nm &b, G2 7E 532 nm Ab ¥ 181
T T AR B WU R AR T
T - A e - A R e o TR B e s A
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Fig. 3 IR spectra of PNIPAM-PAMAM (a'),
Gl (b") and G2 (c¢")

60 65 7.0 75 80 85 9.0 95 10.0
Size (nm)

Fig. 4 TEM image of Gl and the size distribution for 100

particles
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Fig. 5 TEM image of G2 and the size distribution for 100

particles
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Wavelength (nm)

Fig. 6 UV-Vis spectra of G2 (a), G1 (b) and PNIPAM-
PAMAM (c)
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Mt PR R RS SRR EE,
FATIr B X G1 G2 HEAT T G 43 HT (TGA) (K
7)o MR, PR & ANk KL TGA & v 25 ~
400 °C X [A] % iz ] 4 3 7 v A 22 TR0 rh A
gy, Hd 25 ~ 100 C K4 FooX el T
PAMAM 14324k 28 B DL R FE 5 4 % 1D A 25 I
by TALEEAE /N3 F 35 L. 400 °C 22 J5 o 4 4 2%
H)E T 4 F |y PNIPAM-PAMAM. i TGA %%
W 456 & 9 KR fee fh L E 59 atoms/nm’ %5
SHCEAVE T AKX B T WA G &9k
ki F1H PNIPAM-PAMAM [ %5 % .

M, xp, xy xR,
Po = 3M,

M, & TR R, 9K A B 12 0p, 4
KK 4 2 % &y, PNIPAM-PAMAM 5 4 ¥ 5 &
HosM,, PNIPAM-PAMAM JE /R S fk. 15545 5240 31
H:pe =8.9(chain/nm®) ,p, =9.8(chain/nm”)

100 —Gl
—G2

80

60 |

40}
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O_
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Fig. 7 TGA curves of GI (a) and G2 (b)

WS IRULR Gl RIHE G2 F i g, A
WHBAT KRR, TAS KERE. XS
JE T TEM 5256 25 5 — 5.

2.4 BREYEHHXRESASERNE

T RO SR G 1 Y A S M B 5 HL i Ak i Ak
AR IR AR F, P, mT DL 40 W Bt 1 4 g ok
RE,EEHKER LCST K E S Y PNIPAM-
PAMAM A fr g 45, FATTR H 31T T %40 iE e %
EORIUpAER

MNIEL 8 AT LA Y, 5 R % 4 3 4 g0 oK kL |
()B4 %) PNIPAM-PAMAM ( LCST 433.5 C) #
b, P9 20 PNIPAM-PAMAM & 1 (1 4 44 oK ki i
LCST {8 ¥ 47 #2 7/ (LCST 235 K. G1,40.3 °C;
G2,38.2 C) , XK PAMAM L5452 T4
K5, B AR A R R 2T R R Y
PNIPAM &A= AH7AE B , PAMAM R S B e 48 FL A
S LLIE N PNTPAM (9 AH 72 | 3 B A0 A2 B 5 fig 1 4
SR LTE B LCST #2545 7.

100 ig(;lymer alone
—2—G1
80
< 6ot
=
2
g 40
E
= 20
0F | 335°C ?8.2 g | 403°C .
25 30 35 40 45 50

Temperature (°C)

Fig. 8 UV transmission spectra of G2, Gl and PNIPAMAM-
PAMAM
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SR, S AZA AN BE A LR TR SR AR, MM G vk s
FERL A TR e PGRIT AR ARG & 5L Bk,
AT LU AR T AL T DR R RGE . T
Az I I 2L A SR AR FATIA AT AN A 4ok &
HA w12 e, A LT3 sEAE S A AL 7,
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Fig. 9 TEM images of G2 and G1 before (a, b) and after (¢, d) LCST
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Fig. 10 Laser results before phase transition of the

samples for G1 (a), G2 (b) and PNIPAM-PAMAM (c¢)
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Fig. 11 Laser results after phase transition of the samples

for G (a), G2 (b) and PNIPAM-PAMAM (c)
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AR AR P, AR SC MR A B 17 I T DA 4 A R 2R
A, DT G~ P ST 8], AT LA AT A% 0/ S AR
IRITRIVE R, 2w AU G2 TR 4L G1 /D,
JEN T GOk A R, H: 3 T A 88 1 L 4R 0t R
TN AT T 407 VR U T R
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B A TR TR T A 0Kk LAY,
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Y15 4 A KA 15 PNIPAM-PAMAM 2575 5 H]
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R £ PNIPAM 3500 T [ ph A B 25 P
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Fig. 12 Cumulate release of the drug at different temperatures
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PIAL S G AR G AH EE, B T A R 2 3 3 e
2558 e fe JE I A M R, % [ %) PNIPAM-PAMAM
TEPI AL 5 90K 4 2 T b B9 A [, 0 2 AR 72
Ja R E AR, /NG —2, B G1, H R m R
BRI —E R TR —4, B G2, b 2R
T B 2 3R T RE B AN TR, SR, Ak AR AR R s R T
AE R A — 2L i 5 A T o B — 26 DA 5 BCH B
2y AT, R 2 58 A — 2 5 b [ I X R Y
SERALN T — AT UL T B A R AR T R R R 24
109 R

3 #Hig

ARICE BT VAR G Y o #AR Y 2 A gk
S A B e N 2 P 4 R A WF 9 2 I AL
BEWTT AR SN RES, &N
PR A LCST (B T i 1l VR & W R
RZTAT A KA s B IKF LCST B 9 6k
Be2G 5625 T LCST W B R B2, [l R & W
B M 1) A K 4 BT A TR Ol 25 4 R AR AR A
PRI 5% At 3% B L o 80K EL A S B g RV O, R
B R LT ER AN I, (H 2, DL A
TR BT EA — L E X
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Study of Thermo-responsive Gold Nanospheres as Non-covalent Drug Carriers

Bo-wei Sun', Wei Wang’, Yan-wu Cao', Rui-hong Liu', Yan-jun Zhao', Zheng Wang'"
(" Tianjin Key Laboratory of Modern Drug Delivery & High-Efficiency Pharmaceutics
School of Pharmaceutical Science and Techology, Tianjin University, Tianjin 30072)
(* School of Life Science, Agricultural University of Hebei Province, Hebei 071001)

Abstract  Poly( N-isopropylacrylamide) ( PNIPAM ) grafted polyamidoamine ( PAMAM ) was used as
stablizer in gold colloid synthesis, and water was used as solvent by using in situ synthesis method. The
prepared gold colloid showed different responsive behavior under different temperature both in the aspect of its
photo-thermal properties and drug controlled release properties. 'H-NMR and FTIR were used for
characterizing the polymers on the gold colloid. Transmission electronic microscopy (TEM) was used for the
core size determination and it revealed that the core size varied under different synthesis conditions. UV-Vis
spectrum was used for its surface plasmon resonances properties study and the results showed that the
maximized adsorption was different for gold colloids with different ligand densities. Further study on lower
critical solution temperature ( LCST) was carried out with UV-Vis spectrum and the results showed that the
LCST of the polymer precursor was enhanced after the introduction of gold cores. The LCST of polymer
precursor was about 33.5 °C ,and that of the gold colloids were both above 38 “C. The morphology of the gold
core after phase transition detected by TEM showed that severe aggregation occurred after phase transition,
which endowed the gold colloids the thermal responsive photo-thermal conversion ability ,as a result of that,the
side effect of photo-thermal treatment could be reduced significantly. Laser was used to investigate the photo-
thermal behavior of the gold colloids and the results showed that significant photo-thermal conversion process
occurred for all of gold colloids after phase transition (the temperature after laser excitation increased sharply
from 25 °C to 43 °C and 48 °C ,respectively). The drug release study indicated the controlled release behavior
of the gold colloids under thermal stimuli. All these results showed that this kind of thermo-responsive gold
nanospheres has great potential to be used in both photo-thermal field and controlled drug release field.

Keywords Gold colloid, Thermo-responsive polymer, Photo-thermal conversion, Non-covalent carrier
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