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1 SEIGERS

1.1 i #

ZESCHR[ 1] A R K73 F GO.5 ~ G2.0; TEZ e EE o A CaH, fin[al 7 5 2%
FENITR B IA MeSO, , #E s, g /a AR PR A EZE; Bk N-5 79 3 9 I Ik e i
Acros 3 H], HFHFIEIEC e E LS & A5 TIE (AIBN) i FHETAE TS K B b EE 25 s R 1-(3-
THESNEL) 3-2 Bk i (EDC - HCL) I F B s K AR LR A BRA R el i34 4 b
afi,

1.2 BEARGEAMNE(N-RRERGERR) &K

ZMSCHR[17 1 5%, DMRA TS THE(AIBN) A5 &R, DS CRR (MAA) R R, @it A
HY LR B9 3 AR St R B 1Y 5 (V-5 N R TN M i ) ( PNIPAm-COOH ). K 2 g V-5 P4 5 P 4 1k Jie Al
0.06 ¢ A5 THEE THA M BEE AR TTHY 100 mL HfT, H 16 mL HEE RIS, A 56
pL SO, BEFL RIS BRI 4. 6% (BERED) , REMEZS, N, SMAY, F 60 CIEEH
FE12 he SOVZEHRSE, W2 K 5 B B, — e o 1 DU SR VA i, K Sl D0TE. 7R S
Wi/ 2R R alifh 3 G, FRA T EOK T, gk, Biat g, dE—paif. g s R ey e
25 TH AR 3] Ak AR PNIPAm-COOH, F=38 52. 3% .

1.3 B(N-BRERGEHER) EEMER XS FREIZ-RIE K

W —E HE Y PNIPAm-COOH ¥R L B AR IR BCIR K 43 PAMAM % T — & (R B 28 187Kk
Pidk 10 min J5, MMA—EEE EDC - HCl, FEZE R FHFE 24 h, ABHrAE (M, =3500) 1, FRED
BN, VABR AR B R 5 /N T8, 88T 24 h e, B r= ) K R R0, A5 30 e s
AH K PAMAM-g-PNIPAm.

1.4 x® 1

FTIR i H1 BIO-RAD 3000 % ( 22 [ ZLAMEIECME ; "H NMR 3% 1 Varian INOVA NMR 78 4% fi 3
PRUEIEIL (500MHz, £ E) EZER T D,0 i, 4 F &8 R HEK B E 6% (GPC, BI-MwA/
PEEK) & , WishAHDUE N, 35 °C, Wik 1. 000 mL/min; I B BURME R 224011 02066 R &
FERLTE 500 nm YBR[ T(% ) |, FHEHERIREETE 0.5 C/min, L5 h 50% B BT R A i B2
RS AR AR IR R, B LCST.

1.5 HYHEHREERIE

FREL—7E it PAMAM-g-PNIPAm FISE 25 05 W 56 5 43 51 5 i T — 8 i FH By, R Vs W 56 2 T R
BT A K PR, FB AR e, RERREZRNEFIMEY I 2 0 T8
AU, 15321225/ PAMAM-g-PNIPAm.

i 3 22 R T (DSC) 1 5E 15| W 9 3 7F PAMAM-g-PNTPAm H (9 B BIOIRZS. R E
Perkin-Elmer /A 7] Pyris Diamond Z& 41 2275 5t SO A A BEA T E . I 5E 254« 20 ~200 °C, T
JE. 10 °C/min, N, 5P
1.6 ZYigAsig

¥ PAMAM-g-PNIPAm 3% T pH =7. 4 (BEFAERZZ ohya i rp, BLsR BE 4 0. 01 mol/L AUV, 4%
WIFREEASE] 0. 0005, 0.001, 0. 002 F10. 005 mol/L MWK, HF#45410.01, 0.005, 0.002, 0.001, 0. 0005
mol/L I RFNE WAL S mL IMA TS i, R o AT 2 i IR 362 | R A 1% 5
ST, SRIGHA 25 CHEEUKIE T, SR —BRAREE 1 1K, 24 h 5 R BOA BT, il f5
VSRR T RGVIRUFIIR . K T A5 B 110 5 2L W5 W S8 < VR RT3 T 428 B L D S ol 8 O e 38 VR
FE(320 £2) nm ZNE G A, ARAEARE I ST RMERS 1A 73 1k B (B R 2 WS AR ) .

1.7 HYBEMIE

G BRI 6 B R AR R (29 10 mg) Y JEURFZS | REBCIR R 40 80 Fii v AT A oy i 38

Yy, B4 em KAEHTASH (IR T5 2000) Ef, LU pH =7. 4 (IBEIRELZE AW 200 mL A H A
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Ji, 7E(27 £0.5) C (37 £0.5) °C, 100 v/min BEIEKIFIRG P TRL.  LL— 22 AR a] 8] e 4
U 5.0 mL, #ZE0.45 wm (EALIERET NS, 5+ RWI0EH, WRAESLIEM T (320 £2) nm PEAANI &
WIERE A, TR BRI R A FE 5. 0 mL BriE S i, DAZERRBR AR R A0 I B9 PR F A 200 ml.

2 ZR5iE

2.1 ARSI
PNIPAm-COOH 5 PAMAM-g-PNIPAm [1)& B2k W1 Scheme 1 Ir7n. W H LA EDC - HCL {5
I, PNIPAm-COOH | FREEFE/RES PAMAM(GL. 0 5 G2. 0) & ILEE /KRBT LI 1. 5: 1.

(0} (0}
~ | sH S+CH,—CH3=
nH, C=CH /k/ AIBN )k/ :
>=0 + HO —— s HO 7
NH Methanol

0O NH
A

NIPAm MAA Carboxylic acid-terminated PNIPAm

0 0
| StCH,—CH | stCH,—CHI=
o T T N
0 NH 0 NH
A

Full generation Carboxylic acid
PAMAM dendrimer terminated PNIPAm
Scheme 1 Synthesis process of PNIPAm-COOH and PAMAM-g-PNIPAm

7€ B4 PNIPAm-COOH 5 PAMAM-g-PNIPAm LA, 4538 R TR 1. i 1 o LUEF],
1714 em ™" AbAFAE—/NE, S PNIPAm-COOH A iR 3. X i FRRILN TR AW R AR, 16
KATFRAET TS B BIAR/N, PR 5RIEEE59. 1649 F11539 em ' AbAY 2 /5144 PNIPAm-COOH
T b T A A0 T AF B4R AE i, 2970, 2938 1 2875 em ™' 434 —CH,—, —CH,— 1454k
Bl 1388 F1 1363 cm 'y 5 P EE LB B A XS FRAS T IR 2l & 4 248 iU BUE, 3311 em ™' H—N—
H 4aPR g ; 1458 cm ™' —CH,— BIARXTFRES il 4k sl 0.

5 PNIPAm-COOH RYZIAMEGIERE (1 3526 b) #H L, PAMAM-g-PNIPAm AUZTAMETE (E 1354 ¢)
IR A 1714 em ™ B IE B9 R 0% UEH] PNIPAm-COOH I (9 3% 56 3L A 5 4 IR K 4% F PAMAM
(G2.0) Ry BFA A T I, ELFEINCNEIREA , 1538 T8k 5% PAMAM-g-PNIPAm.

XFF PNIPAm-COOH 5 H & 0y 1k 2% i # 4 5 #6417 7 H )&, & 2.580 (—OCCH,—S—),
1.463 ~1.598 (—S—CH,—) (broad); 1.896 ~ 2.005 (—CHCO—) ( broad); 3.777 (—N—CH—);
1.028(—CH,).

PAMAM-g-PNIPAm
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Fig.1 FTIR spectra of PAMAM ( G2.0, a), Fig.2 'H NMR spectra of PAMAM ( G2.0, a),
PNIPAm-COOH(b), PAMAM-g-PNIPAm PNIPAm-COOH(b) , PAMAM-g-PNIPAm
(PCNG2.0, ¢) (PNCG2.0, ¢)

K5 RN ) 5 AR = R H NMR RS T He S (B 2) . rTLAE 1, %2k ¢ PEEA PNIPAm-COOH F{4E
fIEIg | A BACIR ST PAMAM fO4RAEIE. H T PAMAM-g-PNIPAm H PAMAM I (5 FE (5l AH %4808
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H A TFHL B, A AT RER AN AR 43 PNIPAm WEIrfE a5, DR Il e BURH X 452708
2.2 SDFEREEE
KB B 5 A1 (GPC) X' H NMR J57%43 5175 %) PNIPAm-COOH £ PAMAM-g-PNIPAm {843 F it
VIS PAMAM-g-PNIPAm 3R, AR m R AT .
M_(PNCG2.0) — M_( PAMAM2.0
B = . M, ( PNIlemCEfOH) x8 :
MWE T FTUE N, G5 F A T RIFEE . (E AR G & MR R T 100% , 7]
e T PNIPAm-COOH £k 515y 7 & id ki 5 Table 1 Molecular weight and graft ratio( %) of

x100%

BT L PAMAM W %00 B9 B R 45 0y, R EERLH PAMAM-g-PNIPAm

PNIPAm-COOH %y 4 48 F H P B 2 s 4 Ak, HELL Material M, M, PDI  Graft ratio( % )
PE, TR T —E R 2. ik PNIPAm-COOH 1711 2857 1.67 -

T T NMRG R SR 2 g PCNG2.0 27084 31326 1.16 187

PNIPAm-COOH 453t 1 55 5 FRITRFAE A0 B 5 N R i O B T 0 i RS 3. 777, 1H) it
f)—CH,—S—JF I AL (8 2. 580, 2H) 153, i W+ 1Y LU (E 8 &F PNIPAm 43 4% (19724 8 &2 FoT
25, M5 PNIPAm-COOH By %03 43+ (M) 7 2920. i i #5455 PAMAM-g-PNIPAm H1—
CH,N—(8 2.509, 2H) 5—N—CH—(8 3. 783, 1H) By REVE AR A L BIAS A H A T80 11388, It
SRR R 42. 6% .

2.3 I HEREIEME LCST

PNIPAm-COOH ( PC) 5 PAMAM-g-PNIPAm( PCNG2. 0) /KA TR 7E IR TH i ik 2y 2 B AR 0 B 4

BV PTG A i, IR SS BN HOK S Table 2 LCST(C) of the products in buffers with

) LCST. £ 5 B LCST 2R FH R Ah-1] DL 43 e e i different pH values
W, giR/WE2. NE2TLUENL, BEYH Solvent H,0  pH=2.5 pH=7.4 pH=9.2
LCST ZZZ wpi i se i K, A5 R A Y PAM- FC 36.9 19.4 34.8 37.6

AM-g-PNIPAm 15 JE 3% K 325 PNIPAm Al b, 1CST ———e20 79 190 M3 369

(Bt & A T AN AR B 19 AR Ak

T MR ASFEEAL R pH B AR, 1 —Fh g2 ke 20 4 B/ 25 ik, 2 T
PAMAM-PNIPAm (%) LCST {ELXF pH A BUSME 2 Aol 28 {0 Y. it 3% 2 A0, BERHT PNIPAm ) LCST {H
TEBRME VAW T % LCST {5 K, #4805 1 PAMAM-g-PNIPAm 767K H1 i) LCST {H A K, XA fig 5 PNI-
PAm-COOH A R umidi 3L A4 5. 7 PBS(pH =7.4) MIZE B+, B-A W LCST {E 435 ek b
i) LCST {HRFIRT 2.1 ~3.6 °C, 2 FhgZuhil iy pH (EAHT, v RE 2 M Z PP S T UE TR EY
FIZEK/BKYE, XTRAWIY LCST (A7 T m. il i R A W7 pH AR S & 09 2% sh s i i
LCST {EF LAE H, FERRPE I LCST i/, REWAER R T IV EIRMURA ) RS hn#nT 42 sl e
R s AR TEZE R, AW LCST {Hfc K pH =7. 4 M s R PR A& YH) LCST {EE . H
I, TERRPEASE T AR AW LCST A, FEmf e R nT $2 m A0 LCST {E, M nl LATE ST 5
B IR U R AE

[l PC AL, PCNG2. 0 ZEZK 7 LCST {34 T 1. 0 °C, X 1T 85 KRB AR IR R 472 1 B9 3 K
PEA G, FRKERMAEM R AW SRS EE N, 35 TR G LCST H. 7E8 iR
t AEOLHIA AR R, AT RE R BB i AR A Yk B8 0 L SRR T BRI SR AR S e, IR e T
LCST {E ARk, BARIF PRI 7 i — 2058
2.4 BHYPBIRENEFEES

FEM| B35/ PAMAM-g-PNIPAm G2 | [ 3527 19 3 BICIR S X6 245 10 %) 5 1 e 3 S i B AT AR
REIRZMR. A SR A 2578 A3 5 F% (DSC) X5 e 52 B ) LA AR S HEA T 1 AR

257N PR AT R IS AR T i HOIRES , B 25 LA RIATEAE , WIFE DSC &L H 25 1y i
Mg AL T B, A2 LT R IEA S TR, W25 ks ahid e e TE e, A
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K3 ATLAA H, WSIMESEEAE 160 CA AT A —imI g |y HOJA fil% ; PAMAM-g-PNIPAm 7£ 87 CAbfT —
W R ; TTIS| S5 o/ PAMAM -g-PNIPAm U4 DSC & v, 15| S5 7 A S 2 1, i
AEAEZ AR, WM e LITC e I 5 T IR S B 2k 8] PAMAM-g-PNIPAm 70 F-H1; 52 A0S Lk, A
[7i] L A51] 14 15 g 2 S 15 38R O W LR & I 7E 87 F1 160 °C T A7 W e | S BHAILBIR & W1 rh 259 5 8k
HASTAEAE , AT E T SMIRAY.

50
a —~
b - 40
/\,/ E
i g1 = GlL.O
< Bl « G2.0
g 20 + PNG2.0
d =
zor -
/—v’/_— B .CH'-"""_——-_-
1 1 1 1 1 L J “ B
1 1 1 1 1 1
60 80 100 I.Zﬂ 140 160 180 o 2 4 ; g 0
e Concentration/(mmol-L")
Fig.3 DSC spectra of IMC(a) , PAMAM-g-PNIPAm Fig.4 Relationship of dissolved IMC with concentra-
(b), mixture of IMC and PMMAM-g-PNI- tion of PAMAM-g-PNIPAm
PAm(c¢) and IMC/PAMAM-g-PNIPAm com-

plex(d)

2.5 ZoYgiE

Hi/& 4 AT 0L, PAMAM-g-PNIPAm XJREHY 25y n5| b Se = BASEIVER], DR Zd BB i 5 B A
AR AW R HAT A [FBCH A921 K 25 1, ROR n] LR A V25 W) e sl e 25 s P, 386 R
RS, {H PAMAM-g-PNIPAm 3R AR 55 T A ACHOR 2o Sk SR ATZ 1 ) PAMAM B BCRR 731
X ATHESE BT PAMAM BECIR R I3 7 AR Sk A4 PNIPAm 73 1), 23 Jis 111 Ak 14 56 1A 5 35 K
SEOMERE 25 531 MELLE A K 25 I8 B 2
2.6 HYEIMNFIHIR

HRAEI 2 IS RS A (TSR 25 MR A 43 3%, il 259 R Rt 2. 299010 23 Bl e 4%
Cumulative release = { [ 200 x ¢,y (n) +5.0 % Yo (n=1) 1/W, | x100% iF8. X, W, WRFIEE Y
B2 (mg) , ey (n) A ¢ TR HLER o Y B I R TBOU HH I 26 3 MR B2 (mg/mL) , HAE 5251 4%
FrER AL A A R E; cppe (n = 1) A 0 — 1 I 2 B R OB AP 5] W 35 2 1 36 B (mg/mL) ;
See (n = 1) WHT n =1 Y E H R 05| D S S 1k B 2 .

M S T, ZEARTRI IR A E R, MIWESE S/ PAMAM £ 25 47 114 24 W TR ookt i 22 ) 0 AN W 3. 24
BRI 27 CI, 259 240 min B T 92. 4% , FEARESE 4 MY MEERE T3 37 €, 2998
LT EE AT /N FEE (B, AE 180 min BFEERRAL T 92. 1% , FEABR 4.

100 | 100

e a—a—=n - -
/'/.
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Fig.5 Dissolution test of the IMC/PAMAM complex Fig. 6  Dissolution test of the IMC/ PNIPAm-g-

at different temperatures PAMAM complex at different temperatures
5[0 5& -/ PAMAM-g-PNIPAm A0 W) 76 W)L BE T OS2 MR B 15T 6 Birzs. AAI&T 6 AT I,
MIREREE R 27 CHF, Z5WREI91% , 7592 600 min; M4 FFHE]37 CHY, 25 Rilcs B i
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EARNE, 1E 600 min B REREIL 26. 6% . 1T UL, W5[WE3Er/PAMAM-g-PNIPAm £ 25 1 B 2417 h 5 05| e
K/ PAMAM A48 5 B 5 1) IX 50 HE T2 W[ SE =/ PAMAM-g-PNIPAm A2 I & 5200 2%, iy HL IR 4
I, B2 TN, R, A AT S, PAMAM,/ | S5 54 28 0 (0 24 My RR G B A e, T
HARDZ R PEE R, X0 i T Y IREAR T LCST(34. 3 °C) I, s Wis TOK aDE s s i, =+
FEETIE, 259 mT LU RLIR IO A 725 s th - BORe s k. T 2438 8 TR 81 37 C B, PNIPAm F it 4
WA HERL T 25 i 1T AL, (88 A0 TRHWRIRAS , BELAS T 259 25 s iR, IR A R B v T LCST
Ph bmf, mgESE S/ PAMAM-g-PNIPAm 425 4 it T J0 o R ek 1

25 TR, BBCIR K 3107 Az Py xor s ge 5 7 ELAT BG v R BB PR e, ZEMETS M 25 W i 4 o R
T ELA T R R N FH 5

& £ X M
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Synthesis and Drug Release Behavior of Thermosensitive
Dendrimer Derivatives

WANG Wei'?, ZHANG Jun', SU Qu', WANG Zheng'*
(1. Pharmaceutics, School of Pharmaceutical Science and Technology, Tianjin University, Tianjin 300072, China;
2. College of Life Science, Agricultural University of Hebei, Baoding 071001, China)

Abstract The thermosensitve polymer was grafted to the polyamidoamine ( PAMAM ) dendrimer using
EDC + HCl. The structure of the dendrimer derivative was characterized by FTIR and 'H NMR and the mole-
cular weight was determined by GPC and '"H NMR, which indicates that the grafted polymer was synthesized
successfully. The thermosensitve properties determined by UV-Vis photometer showed that the LCST was
changed in different medium. Using indomethacin as a model drug, the behavior of the temperature controlled
drug release from this novel polymer derivative have been studied. The results show that the rate of the drug
release can be effectively controlled by the surrounding temperature, and the solubility of the drug is also in-
creased. The new drug carrier is desirable to make a great effect in the drug delivery system.

Keywords Dendrimer derivative; Thermosensitive ; Solubility ; Controlled release (Ed. : W, 7Z)



