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FERUR R G TS NIRRT A Y436, ARIRIMESE PSA 5 3T3 /NRBLEF 24 40 i S KB A 1 s 1 B b3 200 it 43 31
BFE 24, 48, 72 h 5, i MTT $:AE A A A vE. 45360, PSA AEMIARZSYE R, 72 h A4 3]
WEERT 1 mg/mL. 4HAE4E A PSA-FITC Bk, 3 h FHYEA0AE & 4> &0 99. 24% +1. 03% , H EA B[]
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P, HEE, ZH B (DMSO) & N, N-—H L H UL ( DMF) M Amresco 28 Rl A ; FiAR 2474 KB Hr s
(MWCO: 1000) 1 Spectrum 23] ; HANAFI W DMEM 5538 %359} Gibeo 221 F2 4. NMR 4% ( Vari-
an MERCURY plus400, Oxford magnet) , 2537184 ( Christ al-21d. plus, Marin Christ) , 284836
YEEET (Dub00, Beckman) , iz 404 ( FACS Calibur, Becton Dickinson) , Fi#5r{% ( SpectraMax 190,
Molecular Devices) , /NG AARZE Y HA5 42 ( NightOwl LB 983 Nel100, Berthold Technologies ).
1.2 PSA 5 PSA-FITC Hi#I & 5 RIE

KH A, + BB, BARIL I I % PSA )| 3f:LA GPC(Jordi DVB Mixed Bed 10 mm x 250 mm columns,
LAERR MR ) S NMR 1 73RAF. ARYEAZRE S s s b 9 AR5 AR, IR 2UAT L3R PSA
1> ALJE (DB) :

DB = (%, + %)/ ( % + %y + %)

K, xy, o, S0 HICER IR | R R ICRZM: BT Y B IR 44K

# PSA(80 mg, 2.6 wmol) 5 FITC (15 mg, 38.5 mmol) 23 L 10 mL B2 528wk (0. 1 mol/L,
pH =9. 6) M EIRAT, #OEEEBFE 12 b DLE. B DR T BT IE LA E S R TR AGA T, 53]
87 mg PSA-FITC ¥y, W% 91% . VIAAIRIRIRER S th s % FITC, LASEAMr OB LT 488 nm 4b il
Yk FITC prfiath e, ISR S WROGEE.
1.3 HEXEEUHNRNEER

KB AR Bz e 240 Jif B 373 /)N BRUBSCEF 24 4 i i 1 o 1R 2% e 20 B F 5% BT (3 ) , L RPMIT
1640 % DMEM 5580, & n 8 1% HHEE R, 10% KGR, F 5% CO, 37 CRFRM N
BigE. 55 x10° 4~ KB 4iEsl T sfLik Lad 2, A PSA-FITC, 2595 30 min, 1 h &2 3 h. Ll PBS
B2 IR, FIK 3 ~5 min. JEEHEILEE.0>(1500 t/min, 5 min) , 37124 FER)E L) PBS ®8, ARG
JHLASCIN 7 41 i e S i
1.4 #HpaSH

Pk 5000 4~3T3 5 KB 4fiffd/ LAY EE A 96 fLAR, R BE I E 8 DAL, UL PAMAM-G4 55 %)
HRZH, LAIARME MTT 3552504600 41 a7 s 500
1.5 Rk

JiBi Ik Bz H RSO, 1EH 8 JE# balb/c B (n =9) (1KH 20 ~30 ¢) TELRAIZEE 1 d, B
kS PSA-FITC, TS 24 h A7/ N idE RO G RUR. K aiiabse, 7 B & MEds, LIUK PBS BEid
JERT, FHET AL, B ARG FE N T %, aEad WinLight 32 24F ROT Thfig A & 2 otk
B, UL ets/pix/s 7.
1.6 ZitAx

SR I SPSS B (12. 10) #4757 22 0 A FAHDCHE 0 #r, LA P <0. 05 N 22 RA Giit v X

2 ZR5iE

2.1 PSA 5 PSA-FITC W4l &5R1E

GPC 5 7% FH B S B A PSA B4 T84 3.0 x 10*, 0 F &3040 1.3. "H NMR 1 “C NMR
e H AR EE D 0. 41, Horp A e BE A & B 29 05 129% (BER 70 8K) . LA UV-Vis 7 488 nm A0 A5 PSA-
FITC REYIWIEIE, H FITC bR ph I M A 2B 5 R AW FITC BE/R 3025 8% .

PSA JE— PP HA S A AR R RL, & T, B IRRE . ST AR RIS R
KR I B RE 5 — ROV MRR I BAL AR . SO0 A5 AR, PSA H AL A2 28 4. BFSTHRIE PSA
Z AN B o Pk S8 St 5 S 45 0 AT AR 41, 8 NIRRT K 18,9 MRS A T, Ik TERIEN
PRAR KA F R E e 7. R 3R B R D A1, AR 75 224 LR TR 4. IRk PSA
VA R AR A W IS 2 AT AT 25 T W ) 1 R
2.2 PSA WyEsSMEMIHEEM

T RS R IR A AR ) A AR A, R TR A I I R A R 8 i A v B A 1C, %K
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P a1 R, K PSA 5 KB I 3T3 BFP AN BIREF 24, 48 J 72 h 5, AR A0 A i A
PE. YIEE E 72 h, PSA WEEER T 500 we/mL B, 40H0E S HF 46 5 F I, =5 T PAMAM-G4 (10 pg/
mL) (P <0.01). PAFRAIAE) PSA HNHIHEE (1C,) ¥R F 1 mg/mL(72 h). 4 PAMAM-G4 ¥ & KT
10 wg/mL I, 52 E R KB % 1T T . PAMAM-G4 5 3T3 MEE 24 h IF 40 0 2300 i v 5 ] 3k 59
500 pg/ml., [Mi4FFEEF LR 2 48 h 5, 23051 TR 50 pg/mL. Roberts 257 43 51K e BE Ry
1 mmol/L F110 wmol/L AY5E 3 fUFIH 5 AR HAR b PAMAM 5 V79 [ 6 BRUIM BT Z4E 40 9% & 24 h
&, KA 90% 4HMEAET . Malik 251" A8 T PAMAM 439 L) — & 5T 4% (DAB) . & 52 5% ( DAE)
RRIPAR K A>T SR A e i 22 ( PLL) 5 2R R SR A d:1:, /5950 75 Roberts ALY 45
W, HRER R 50 ~ 300 we/mL. BRI 0 20 0 75 1 B A Kl A mi e B o 5 HE A 1 A2 1
Fit AR AR PSA HIHEFRAY, LN, HESWHR, BA%ER, S50 Fizd
AEJaR XS LAl PSA RIS AEMIAI A, BT, ZFHEFREW AR K . PEI,
PAMAM SE1E R 245 B 56 DR ik AR i 2 i, LR Bk 0 2 TR PN A 0 FH 32 31— BR T, DLk
AMHEFE H PSA I 5 09 A AR P L1 BH B SR B WV SR Ak 3 e il ) 1o FH 2044 8 1k T g
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Fig.1 Cytotoxicity of PAMAM-G4 and PSA against 3T3(A) and KB(B) cells after incubation for 24, 48,
and 72 h at a variety of concentrations

Viability of cells exposed to PSA was expressed as a percentage of the viability of cells grown in the absence of polymer.
2.3 mAApEAR

08 5 90 K 200 A SRS 0 240 L P 2 S P R AL 4 X PSA-FITC 1A /E . PSA-FITC 540l &
J&, ARHEXT PSA-FITC AYFRAEA I AREPE , 250 & 2 FrR. W% E 30 min JFAUGETTES SRR, Il
SEI TN 9843. 8 +15.51 4~ Horr M1 (M) 4 9617. 8 +68.79 >, M2 (FITC FHH:) 4 )i 226 +
56.08 1, UM EYIRYER 40 &0 2.02% +0.89% . [A1HE45 1 h BHE40ME 40 & &k 24. 13%
+3.3% , 3 h BRI 40 & 50 99.24% +£1.03% . FACS 455 R, 4% PSA-FITC 4 B & (19
HVEA B S5 F A AL IE b, Jevprasesphant 251" 855 =40 PAMAM LA FITC #RiC)5, 5 Caco-2 ZH U587
B3 h JETAAIM AR LI ML X EEERIE K 87%+3% , TEAHIRIIEE S0F R URAR T4 SCHRIE 19 99. 24 % +
1. 03% (4 N 2 o FE
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Fig.2 Flow-cytometry results of KB cells incubated with FITC-labeled PSA
(A) 30 min; (B) 1 h; (C) 3 h. MI: mark 15 M2; mark 2( FITC).
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2.4 PSA-FITC AR, FEH TR

K13 250 T IEH /D BURFIKEE ST PSA-FITC J5 /NGRS AR I K 5385 45 PIIE R 2 S iU L.
HIFE 3 (A) AT, TESYIG 24 h, /N B MPOEES, I REEL; K3 (B) Bk, H . /h
. AL, B RERDOGE S T H e MR/ 4121(P <0.05). % 1 WU, i ROT DAE SRR 4140
MERVICE SRR > B > BF > /Mg > B > LA > Bl > 0 > . IESSDE MR s, PSA-
FITC {J41)5 24 h, Kk, B | MABSRKNE S 00, XFRROLAT R85 Bk SOE s i BE S R 2 I
Ji TR A G BRSO AR L i SR A P A RIS TR R (NADH ) | BEER RIS T IR
(FAD) Z57E 4516 ( <400 nm) 8050 I 7T UL'E (400 ~ 500 nm) BYIRSS R AEF2E A R 566, BT, B Bos
— BT T 31 5 PSA PEFTA G . PSA NIHETREW, Sy W IE IR PN Bz 22 48 1R 0 g i 22 3
wEnf, HEMBETREAYW PEL, PLL, PAMAM %578 JFFHE (A AR 09 70 A R0k 100 B/ NE 4
L ) 7 F i 1 BB R 5 [ 455707 I L far 1) PSA 2545 ISR A8 T MET ™. ey 8 ) 205 245 BB 005 16 % 1k e 25 4
ik B R AR B . AR 418, RIS 2 e IR AR R, ISR e 8. B
R, IR 0 ) 25 25 7 X R B E g s i S Bl L i T AE AU R R s, B ke
MR B4 B EPR %00 ( Enhanced permeation and retention effect ) i 125 43 F-#4 41 B 5 e 42 - g Ab FE
Bk s VE . I B R R PR DR SRR -2 R R 45 G AR S L Y n 0 I ik . ARBFSE R, PSA
TIEE /INRAR N 4340 R TR S AR TR ERS , T 802 Ja X B AU s RIVE R, mligds
Ji9eE 240 A e R R S T R B S AR I B AA | TC A SR B 3 S 0 ) Ak 25 B Y, 2P S IE TR
AT,
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Fig.3 Representative images of ir vivo fluorescence imaging of normal nude mouse after intravenous
injection of PSA-FITC conjugate(24 h) (A) and dissected organs of a normal balb/c mouse
sacrificed at 24 h post-injection(B)

1. Skin; 2. heart; 3. lung; 4. spleen; 5. kidney; 6. liver; 7. muscle; 8. stomach; 9. intestine.

Table 1 Quantification of biodistribution of PSA-FITC in normal nude mice

Organ/tissue Skin Stomach Liver Intestine Kidney Muscle Lung Heart Spleen
Mean Grey ( cts/pix/s) 234.68 47.895 19.316 18. 701 14. 761 14.263 7. 6646 6.7348 6. 6852
Standard deviation( + ) 17. 046 8.976 4. 6643 5.9954 6.012 4.048 1.163 4.0487 1. 803

LR LIk, PSA A RAFRIEIARANE, JFREBAN I AR Ay, T IEH /) AR A 23 A G A vk
T ReMER:. NG, PSA RGBT RIZY) | BN, Ta AW bR el B ) R A 0 FH A5
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Biocompatibility and Biodistribution of a Novel Cationic

Polymer Hyperbranched Poly ( sulfone-amine ) as

an Intracellular Delivery System

CHEN Su-Yun', SUN Guo-Ming®, JIANG Lei', LI Nan',
LI Pei-Yong'*, ZHU Xin-Yuan®”
(1. Department of Nuclear Medicine, School of Medicine, Ruijin Hospital,
Shanghai Jiaotong University, Shanghat 200025, China;
2. School of Chemistry and Chemical Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract Hyperbranched poly ( sulfone-amine ) (PSA) is a novel class of hyperbranched macromolecule. In
order to assess its feasibility of using PSA as a drug delivery system, we synthesized PSA-FITC by conjugating
a fluorescent diagnostic agent fluorescein isothiocyanate ( FITC) to the terminal amino groups of PSA covalent-
ly. As measured by UV-Vis spectrophotometer at 488 nm, the resulting conjugate contained 19 molecules of
FITC per unit of PSA, or 0. 08 molecules of FITC per repeat unit of PSA. Cellular internalization ratio of PSA
were studied by flow cytometry( FACS) and demonstrated that the cellular uptake was time dependent. The in
vitro biocompatibility was examined by MTT method against 3T3 cell line and showed no notable effect on
bioactivity of the cells. FITC labeled PSA was injected i. v. into normal nude mice. The optical imaging of
dissected major organs/tissues revealed that preferential accumulation in specific organs was not observed at
24 h postinjection. The results suggest that PSA has characteristics of good biocompatibility, high efficiency of
cellular uptake and modifiable surface function groups as well, which can serve as excellent platforms for a
variety of therapeutic and imaging agents. It can be taken as an attractive drug/gene carrier system for intra-
cellular delivery.
Keywords Poly (sulfone-amine) ; Cytotoxicity; Intracellular delivery; Biodistribution; Biocompatibility
(Ed.: H, ], Z)



