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FEE W T AN - R RS [ i RS (RAFT) AR AR SR A L T —Fh 28 7K B A 21 LA O
FEFNHT K BE 25 I WE BR B B ) 35 B4 79 5% 1 i B 3R A4 PMAILgGP-b-PPDSMA ( PMgPP ), A% i 34 ¥k &3
('"H NMR) FIBERSE 15 (05 (GPC) A BT 0 UE T B AR W i fb24 2548 . FI AR TTIE B AR S AL AL B 28R
I £ A% R BEACR (1 PMPP 44K (PMgPP-CC NPs ). g G HUS ( DLS) #5345 ( TEM ) T
TELERFN] | PMgPP-CC NPs B8/ (<30 nm) , HARARMEAE . EABEH K (GSH) i 5345 T, PMgPP-
CC NPs RiAR AWK, KA T flgids. LI £ (DOX) A28 & T PMgPP-CC/DOX NPs, #zj&n]
K 12.5%, MRIEZEN 83. 3%, Hki R 5235 19 PMgPP-CC NPs RifR K/, BRIty s). thohzsy
B | PMgPP-CC/DOX NPs fERIR 1 46 h BT 4. 47%1%) DOX, 1MifE 10 mmol/L GSH 444 F
ZRBRILE] T 50. 6%. MUE SR — A IHIE T PMgPP-CC/DOX NPs 1] 7 850 3174 200 it Py bl ok ¢
i DOX. /RSN IEENE (MTT) 52363581, PMgPP-CC/DOX NPs %t i HepG-2 40 2 90 HH B I A 39 1 300 3%
. B, ZY)6E PMgPP-CC NPs 785X HUFH0 ) KA 45 24 1 2B RA7 i 1o FH i 5.

KR PRI AR REUR SR BCR G TN R S B BB R G (RAFT) 5 25k
RESES  0631; TQ463 XHEFRERG A

S LA A A 2540 188 3K AR G AR SR AT 25 e R B e BRSO B T Bz —, A
YRR U 25 WA R | A RO R A A O T A A SR A 4 K 245338 2 2R T 5
IO e 96 200 L N B AR BCERSE . N IR AR B A S TR PE (pH = 4. 5~ 6. 5) | v B2 38 I Ve ) o 45 e I
(GSH, 2~10 mmol/L) Fli & A WM, SCHLME I M2 T st R i, $m TIAYTRICR .

JAEUNIE, R L 2503808 R GEAE R G4 25 LAY SO MR MBI AR AR 1R | IR A A
B B DR A A ). X A oK 24175 16 AP 58 R A S 1 D — AT 8, AN ST LR i M
R BAAAE MG FR R v AR e 1, 107 L AT AU 25 W B B R, AR RIS b — A
R SAACIE IR E REIAT, BT M 830 SR vy 1oz 8 Py 200 KT 245 5 A A S K ) 8 i 7 P A oK
RN BT T T SRR AR 25 R T T B AR PR RS MR RE R A, IS B IR 1L R A PN
VB GSH IR, PRBARZE %, SCOZG M D Rl . SR P B IR R 2- (L RE HE-2- b AL ) LR
(PPDSMA) [NJGTE | RAFAEYIAI A AN AR iy R S5 O, T2 P T 4 A ads Jit g Rz P4 240 K 28 1A
IEFE)E S

TELA K 243 TR s 32 I 408 1) C A B v 088y 7 A A K 24 903 18 R G A e AL 4 e 8 R R
AN A BOR M. 85 B OO 5 U (GAL) | FUBE, R BLORsZ IRAE T, Hor
A FUBE IR Bl L P TIN5 5 MRS 8 1 2 AR (ASGPR) BA F MR Bl R 1, % HI T £
SR IRCHR. GAL MIHESIRIESS, &4 GAL FEMTRY 2R 5 W i 240 26 O A0 K B B AT LA AE WA
J 2 T BT I ] i A SR R G 43 WO K 245 0 2 A R 0l 8 45200 R AT 55 Jom
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SUEERERS 1 RS (RAFT) 7kl 46 17 36K Be GAL M | 5 7Kk B A 42 35 00 JJEL 41 P 0] e iy 79 36
REBEERAY), HAPR R 25 R 25 2 ( DOX) I 3 T e RE (LB 35 91.2%) |, IF
SEELT PR AHAE H1299 PN pH e R RS, AR 2GRN AE R SR 24 DOX X e 4t el F 348 20 4 i 3%
FAR—F PRSP RN GAL B3R PE, 45 T8 GAL I3 A% 3 FY M i — P 4 3 2 T R0 BH
FILIRY R 3Rk Be, PPDSMA A /K BC MR P B LR Y, e T BRI 25t fh 44, DL GAL
AR HE T DOX I R A S R AN, FFma i 4 Py GSH {2 iE DOX B, (B LR 9 K 4k N R AL
B, Hhe bz KAFFRRE M, 1 HXT DOX M1 2R I AE (35 28. 2%, 2yl 7.2%).
AKX LLE A GAL PR AW KB, PPDSMA KB KB, #1145 T A58 GAL ] 5 40 1) fic 4
TN AZ i B A IR 1) AU A I BB AZ S IR 9 KR (CC NPs ), FIHTE A U & GAL 11 6-0-H 3N 46
WEdE-1,2,3, 4-X0-0-57 W N 2E-D- i~ FLAE (MATpGP ) A1 2-( nHb I J-2- — i e 5 ) WY 2 TR 04 1R & P
(PDSMA) HDJRER & B, 38 i W25 n] 396 fin -4 A 55 55 75 B B SR R & (RAFT) FIFR IS 5 4R B I AR 4
FUN 4 T SR B R A ) PMALGGP-b-PPDSMA ( PMgPP) | JEFHRRAIESR 200 ('H NMR) FIsEI B
B35 (GPC) X PMgPP JEATALA 45 HIFRAE. LL DOX SyBEAI 244 | 3 3o 94 K BT Ve H AR R S Ak A 22
1B 5217 1l 4 2% U825 PMgPP-CC/DOX NPs( W Scheme 1), MR #RZ5PEfE. 40 KR4 o 67 43 )
(DLS) | BT BB (TEM) %5 % Hobr 42 K /N A b 470K, 176 40 7K SF-_E #F 55 PMgPP-CC/
DOX NPs F 48 Ak S 1oy 1 L2 JF98 8 20 i ( HepG-2) PN B 25 045 B AT Ry, e J LR &0 400 i 5 1
(MTT) %28 T 28 AR A B A 2P R PMgPP-CC/DOX NPs it HepG-2 20 i A48 5 190 7 35 e
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Scheme 1 Schematic illustration of PMgPP-CC/DOX NPs with intracellular redox-responsive
properties for GAL-mediated targeted delivery of DOX
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1.1 KA E5NE
ZCHR[ 16 ] 7245 PDSMA |, ZIECHk[ 21 ] 7l MATpGP , X HiAk 224541847 "H NMR
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W ; S HESCHR[ 22 ] 772 il a8 = AC T e BE-2-5U 0L RN R IR (CTA) 5 D-(+) - FLBE (GAL, 4l
95%) . LIRS (LERE 95%) | 2,2 - B NERE (L6 98% ) XA MEH K (GSH, 4ifE 97%) , Kt
T BB AR A BRA T B-3ndk OB (41 99% ) | PRI E ZE (DOX - HCl, 4liJ¥ 98%) & DMEM £
FiHk, K Sigma-Aldrich A H], DOX - HCl 2 h VR T 2 J5 15 B ik PE Y DOX; 1E ke (265 98%) |
LR TR (ZEE 99% ) . WERE(ZHEE 99%) | VKEEIR (261 99%) . R (AR 99%) . WK (2HFE 85%) |
AN (L 96% ) I IC/KBRIREE (46 99% ) , R XM= 5m B A BR A |l 5 IR (465 98%) |
=W (EGN, 4l 99%) | PUSWENE (THF, 4iFF 999% ) K AW HE(DCM, 4L 99% ) , KRHERMHZE Rk
SERFNA FRA T, &H EZEAA R JK NI, EuN, THF F1 DCM; Jo/K k(461 99% ) , K& IR
HkHA PR A WeBRIER (H,S0,, 4R 98% ) , Kbkl —); A% TIE(AIBN, 4 99%) ,
AR T AR F], £T0K CEEESS T, 1S 2S 2B AIBN; L (DMSO, 465 99%) ,
KB B AL 2= R A BR A A AN (LI 99% ) , KEDEREPHE K JRA BRA R, — H JEmgme-— 28Ik
TRALVUME (MTT, 461 98% ) MG 4 MLiE (FBS, 46 99%) , FE[E Amresco 23 H); HHEE HepG-2 4HHH A
o ] B8 A B B TR B 2 R T

Bruker 400 MHz #% 4R S 3% 0 M ("H NMR ) , [ Bruker 23], #5710 57ACE 5 (CDCL,) 851
R HFEA ( DMSO-d, ) ; Waters 1515 RIEE 2 5 (431 (GPC) , £ [E Waters A F], (i RGN
GPCmaxTM, ishHlk THF, HEE A 1.0 mL/min, SR Model 3580 M2 A8 BUG I 2%, BAK LM H
FRUEY) ; Brookhaven BI-200SM 44 K 5h 25 Y6 HUSS (DLS) , 3% Brookhaven 23] ; TU-1901 K148 4h-0] I
P IEHEEETT(UV-Vis) , JbRt AT HALES A R ST A H 5 JEM-1011 BU3E 5 i 7 B BE (TEM) , HAR
JEOL /A H]; Leica AF 6500 AU SR AL 58 (CLSM) , T2 Leica 23 ).
1.2 PMgPP & A

PL MAIpGP SHER{K, CTA & RAFT 855687, ik RAFT R &6l &5 —# Bt PMAIpGP-CTA R &
Wi SRJG LA RAFT K3 F45 57 57, PDSMA ik dl it RAFT 34 il % Wi ik Bt PMAIpGP-b-
PPDSMA ( PMpPP ) AW ; f5cJm R H W R 5 T 4R I OB B oz il 8 P SE M BUR B PMePP ;& B

2 Scheme 2 FT7R.
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H & § ~CizHas
(N =0 >0 3§ o d
A\ o 6] . (@) HO s ¢ e 2
£ 0 HCOOH Ho‘hﬁ(o 1
O % - HO' Gy
Q O / S
B S>\:N {/ N
P & 8 ! T S
PMATpGP-b-PPDSMA(PMpPP) PMATpGP-b-PPDSMA (PMgPP)

Scheme 2 Synthesis routes of PMgPP
1.2.1 K4 F5 &7 PMAIpGP-CTA t94 /&  7E N, 5T, ¥ MAIpGP (2.5 g, 7.61x107* mol) , CTA
(0.1 g, 2.48x107* mol) , AIBN(0.01 g, 0.61x10™* mol) ATH (10 mL) 7 HIHNA & 25 mL A #E 1)
Schlenk B H, SrHI A G LV R E 25 - TR 3 IRTEFRPR . 7F 70 CIAE#E P £k T, I 24 h.
FRONEERE , EKIEC e UivE, 8. 30 C 125 T4 24 h, 15 28 @M AR PMAIpGP-CTA, W%
91.5%.
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1.2.2 PMpPP # 4 @& LI PMAIpGP-CTA A K4rF RAFT i, PDSMA Jyiifk, £5d%8 4 RAFT R
AAFFIEA AR SRR R P B A8 PMpPP (1) Al PMpPP( 11). LA PMpPP (1) f& BRI, #4
PMAIpGP-CTA (0.8 g, 9.29%107° mol), PDSMA (0.9 g, 3.62x107° mol), AIBN(3.8 mg, 2.32x107°
mol ) FITHI 2 (8 mL) JIlA 25 mL 44 #% S1HE T-# Schlenk & H | 3B 5 J5 B8 HR- B2 - FE A3 IR
TEIRBRE. 70 CIMEREII TSR T, I 24 h. RIVESHIG , TEVKIEC kb iide, idg. 30 CEZ%+
24 h, 1R E CRK PMpPP, % 92. 6%.

1.2.3 PMgPP B4 & ¥ PMpPP (1.5 g) MIFER (15 mL) M A Z 25 mL WA # 111 +E 7 Schlenk 4
v IR EE 48 hy SRS, SN TN 3 mL ZEMK , kSR IEREIEEE 3 hy NS, B
VB T B MTAS GEATASIREE 0 Tk 3500) 1, Z280H/KBNT 48 h, SRIGWR VR T1E, MBI 5
) PMgPP #3k.

1.3 PMgPP-CC NPs {9l & R iR E ik

1.3.1 PMgPP W& B (NC) ft CC NPs By # & 5 RAE SR GIKTTTE AT 2 £ PMgPP-NC
NPs. 7EZE IR MR, K PMgPP (10.0 mg) AT DMSO(1 mL) H, # 43K 6.0 hy 2RJ5, K5 9.0 mL #
MR 2% WA (PB, pH=7.4, 10 mmol/L) B4 A DMSO ¥, Aksifiid 12 h. )W LEH )5, F PB &
BT 24 h, B 4 h T4 1 JGENTA T, §i14525 1 PMgPP-NC NPs i3 .

4 PMgPP-NC NPs &R A, 76 N, W E T, K GSH(GSH 5B AW ie 2R ke 19 BE IR L Ry
0.7:1) JINAZ] PMgPP-NC NPs iFHH, HEHE 8 h. B 5¢ 419 NPs IR 4 TCA PB R b BT 8 h,
TEZS A T AREEH PB 2B T 24 b, it B v NPs NAX o055 B L BB 28 50 S0 H SR
il €25 1 PMgPP-CC NPs. ] DLS %2 PMgPP-NC NPs Fl PMgPP-CC NPs (R4 K 537
1.3.2 PMgPP-CC NPs Wi B R 2 MK 20504 1. 0 mg/mL PMgPP-NC NPs Fl PMgPP-CC NPs %
W PB R BE 1000 175, % St PEor 8 2))5 , I DLS {5 PMgPP-NC NPs Fll PMgPP-CC NPs ARi12 K
O3, VR PIR R RE.

1.4 PMgPP-CC NPs S4L 3% 5 I #0052 14 B R AE

TE N, 4UFE T, 7] 4 mL PMgPP-CC NPs ¥ I AGE & GSH(GSH AN 10 mmol/ L, B8 iR
YRR P A SRR ES ) | SRS TETEIRIR % s (37 °C, 110 r/min) 7, 39ICE 5, 10 #124 h 5, J DLS i
% PMgPP-CC NPs Fift78 1k, %%< PMgPP-CC NPs 48 (ki JF AU
1.5 PMgPP-CC/DOX NPs Hy#I& 5K 1T

PMgPP-CC/DOX NPs 1 il #5 J7 15 5 25 11 PMgPP-CC NPs AHAL, i d UV-Vis MR, 8 22 &
(DLC) FifE % (DLE) . ¥ PMgPP (10 mg) il DOX (2.5 mg) T DMSO(2.0 mL) H', ZEEBEAHT
e S1BEFE 6.0 hy SR, 9.0 mL PB ZE A DMSO R 5 WINZS G, k&Lt S1Bidt 12 h, I PB
BT 24 b, BT EEMRE 4 h 1 REENT AT, §i175 PMgPP-NC/DOX NPs.

¥ PMgPP-NC/DOX NPs i FR%, 76 N, 4UF T, # GSH fil A PMgPP-NC/DOX NPs i1, 4
FF 8 h. EEAE IO PB BT 8 h, SRJGFES A MUk H PB & HT 24 h, 45 PMgPP-CC/DOX NPs.
JH DLS il € PMgPP-NC/DOX NPs Fll PMgPP-CC/DOX NPs FRiAR K /N K A3 . #4/b: PMgPP-NC/DOX
NPs il PMgPP-CC/DOX NPs ¥ Wi in 2146 W L, R & T4 05, H TEM W% PMgPP-NC/DOX
NPs il PMgPP-CC/DOX NPs WIS,

¥ PMgPP-NC/DOX NPs 1 PMgPP-CC/DOX NPs i % T J5 s T8, 20 916 0.5 mg %14
JMAE] 5.0 mL 25 & 1, H DMSO & %5 3 %I B£ 4k, W] UV-Vis | il PMgPP-NC/DOX NPs F
PMgPP-CC/DOX NPsIFMWOEREE (K3 K 9 500 nm) , HE4E DOX 7E DMSO Ho i) 48 S o ith 2k 15
DLC 1 DLE.

1.6 {KIPAMIRER

¥ PMgPP-NC/DOX NPs Fll PMgPP-CC/DOX NPs 43 A2 AB M4, ] UV-Vis I E PMgPP-
NC/DOX NPs Fl PMgPP-CC/DOX NPs 7E3JESbiA R A A A0 J5 55148 T B % 30 mL PMgPP-CC/
DOX NPs W50 6 4y, 76 N, ZUE Tl A B4, B 3 4343 3 20 mL JE4A 4L iE
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J74r BT (PB, pH=7.4, 10 mmol/L) 1, J3 4k 3 {343 AT A R ZE AR FR Y 2 R A8 ALk J5 B 54 Jit (PB,
pH=7.4, 10 mmol/L; GSH 10 mmol/L) 1, 7E/KBHHIRIRZ 4% (37 C, 100 v/min) PHEFTRL DOX fiff
5% EBE— BEIS RIS 4 mL BEHORIBURE IS AN 4 mL BERCA BT, F UV-Vis K00, 3155 ik B2 Fn 2t
22 1) SRBURE A L B o ] ) A5k £k
1.7 #HAEPEEELH

LA 10% (F5340) FBS 19 DMEM Ry BEali5 520, 4% HepG-2 4L LA 1x10° Cell/mL 4 i 4 i 45
T 6 fLtkh, BT 37°C, 5%CO, MARFIREE Z5F T 3555 24 h. SRS 40 5 ASERI W B2 (10 pg/mL)
fI#REZ5 DOX, PMgPP-NC/DOX NPs il PMgPP-CC/DOX NPs ¥k, 4k£2855% 8 h. f5 81545 2 B F7 i a]
J&, A 1.0 mL PB #9 DOX FI NPs, & 2 IR, 7£25 CAMAT, FH 4% Z R BB EE 15 min, 58
J5 Fl DAPT XS Al A% AT e 5, I CLSM AT W%, FRRIC k.
1.8 S HESRR

FH MTT #3423 14 M2 PMgPP-NC/DOX NPs 1 PMgPP-CC/DOX NPs HZHIREYE. LA 10% (HAFR
53%0) FBS 1) DMEM i 5Ll F2 0, 44 HepG-2 il L) 1x10° Cell/mL 45 T 96 fLAkH, & T 37 C,
5%CO, XM F 5 5% 24 h. F§ DMEM 7 B #1245 DOX, PMgPP-NC/DOX NPs Fll PMgPP-CC/
DOX NPs AW, 142259 R 0. 1~20 pg/mL VTR, BL 100 pl £5 ¥ BE YR 1 43 3 242 i
A A ALAR TP ARRURE IR IR, ARZEHESR 24 h. JH 100 wL DMEM BUC BB IR, A 20 pL MTT %
W, Widt 4 h BEREHUE, BUBEFRIE ) A 150 wL DMSO, #7H5g 4%, {#i1] Bio-Rad 680 fHfLi&:
M 570 nm ZLAYIROCRE , THI AN A .

2 GRS

21 BEMESYRNLEEHRIE

A GAL 45 FEAR P R IE — Hi ke Th BERE A 19 MAIpGP F1 PDSMA 2 A&l "H NMR WLE 1.
1A UL 2 Pl A Al 2 25k rh BT 5 A 0 1S 34 3T X AR 0 D TRTRRURI S HL R 40 LUAR A
FWE R T MAIpGP il PDSMA JJRE A,

B)

C

|

Fig.1 'H NMR spectra of MAIpGP(A) and PDSMA (B) monomers

K 2(A) N PMAIpGP-CTA () '"H NMR &, Al LAF H, 8§ 5. 52(§) &b iy AR I s Sy i 34 v S Sk B A 22
A TREIE, 8 2. 24 (a) AU IAIE Ry CTA AYE FH L S05 FHRAFIE. 3T 2 R ARIGIE T AL LT DL
115 PMAIpGP-CTA 1 MAIpGP ¥R G A 25. 0. LA PMAIpGP-CTA A KT RAFT #E55R45 , i
B FEH] PDSMA Rl #5 T Bi K PPDSMA A [A]#E 4 1 2 Atk Be 2R &4 PMpPP ( 1) FMPMpPP (11 ).
& 2(B) N PMpPP( I1) ) "H NMR i%&. S5E 2(A)XFHCATLAL IR, 6 3.75~4.75(e, f, g, h, i) ZbAYW%
Wl IH & F PMAIpGP-CTA, 8 7. 13(p), 7.74(q, r) A1 8.49 () AL AW Y I T )& F PPDSMA H (it it g
IRFTRERL A T FRAEDE. AR PMAIpGP FRAEALA07 R 6 5. 48 (j) 1 PPDSMA F¢iEfL 407 5 6 8. 49
(s) ALY AR AT LATHEL Y PMpPP Y PDSMA (R SRR Sy T, 45585 T 1.

it GPC FKAE PMAIpGP-CTA Fll PMpPP W4 F 43R El 2(D) ], A UL ETAT B35 AR 2 B 4317
It H PMpPP [ EEREE 7> T K o T 2 KR AE 8, A d5 50N, 56 RAFT IR A HE
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fiE. A AT S Y PMpPP 78 FH R Hh ] DL A= FH RS S 4 T T R 4 Sy A R 2 M B SR 6 ) PMgPP.
XL 2(C) FI(B) AR, 8 1.2~ 1. 6 AL JL-F- 2880 2%, RWIG T PMgPP.

) TMS (B)

ctHtg+i

PMpPP(1l)

1 TMS]
S| TT etfhgrhtiti+k btd ¢
P Uk\ PMAIpGP-CTA
1 Il 1 Il 1 1 1 1 1 1 1 1 1
0 9 8 7 6 5 4 3 2 1 0 16 17 18 19 20
0 Retention volume/mL

Fig.2 'H NMR spectra of PMAIpGP-CTA(A), PMpPP(I)(B) and PMgPP( 11 ) (C)
and GPC elution chromatograms of PMAIpGP-CTA and PMpPP(D)

Table 1 Chemical structure and compositions of PMpPP( I ) and PMgPP( II )

iti i 1 M M (PMAIpGP)/M _(PPDSMA
Sample Composition(/unit) ('H NMR) N M,_/M,(GPC) n( pGP) /M ( )
MAIpGP PDSMA ('H NMR) ('H NMR)
PMpPP( 1) 25.0 29.0 16013 1.09 0.63
PMpPP( II') 25.0 39.0 18566 1.32 0.50

22 NPs WHERRNMHBRERREE

B A Y PMePP /KBS GALMIZE, GAL & &L fmlkid, S Tk, nfE AR K
B PMgPP  PPDSMA Bk, BRIk, WiEdE PMgPP B4 9 nl DL i 49 K U e 32 i &
PMgPP-NC NPs. PPDSMA | (&8 43 MLIE P — B S 7EidE 5 GSH iR JE 451 9T, £ PB I WGE DT
J&, TR & & S L9 PPDSMA, SR J5 38 4o S k-5 3k Ak 11 28 36 R o il 4 P9 A% i i 58 1k 1Y)
PMgPP-CC NPs. % 2 7] I, PMgPP-NC NPs #l Table 2 Characteristics of blank PMgPP-NC NPs

PMgPP-CC NPs f{RiAR K/NTE 22.7~26. 0 nm Z[f] and PMgPP-CC NPs
MAEB(PDI=0. 14~0. 18) 8%, e Ramak NC NPs cC NPs
YIEAEMK PRI R A SRR B B, G Size/nm PbI Size/nm Pl

T | SEBUK B TA5H DL IR e s g VPP 239408 014 22715 016
iﬁiﬁ%ﬁ:%gﬁi ) ﬂq PMgPP-NC NPs *jﬁ%% PMgPPII  26.0+1.6 0.15 23.7+£0.2 0.18
IR, JEE AR 2 F R G YR 7 7 & 22 5 AR K, R e K B L A 22 88/ (R 1).
PMgPP-CC NPsHECHXFI PMgPP-NC NPs HPRIARTE A 2E/0N, IX 2 AL A i SC Ik FrEL. aniEl 3 s, 4%
Wl N 1.0 mg/mL [¥) PMgPP-CC NPs £ PMgPP-NC NPs AW 2> M M B £ 1.0 pg/mL, &k
PMgPP-NC NP BJmkif2 i 48/, i PMgPP-NC NPs Hiff Befa & P4 2%, 1l PMgPP-CC NPs i
BRSFARARAR N, A58, I, PMgPP-CC NPs A 1 2 i HoAe 1R P I Y5006 34 3 72 b 1) B s
FasE .
2.3 SEWIER N A

TERJF 20T, EAkid i S PMgPP-CC NPs N B 5 B W 2445 F T PMgPP-CC NPs i £
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Fig.3 DLS measurements of 1.0 mg/mL PMgPP Fig.4 Reduction-induced size changes of PMgPP
(1 )-NC NPs(a), 1.0 mg/mL PMgPP( II )- (11)-CC NPs
CC NPs(b), 1.0 pg/mL PMgPP( I )-NC NPs Concentration of GSH/( mmol + L™') and time/h:
(¢) and 1.0 pg/mL PMgPP( I ) -CC NPs(d) a. 0, 0; 5. 10, 5; ¢. 10, 105 4. 10, 24.

AE[15
/IXQL iy

FH Il 4 AT 7E 10 mmol/L GSH (AU eE 240 Jfl o 38 B i R 5% ) B9 2544, PMgPP ( 1) -CC NPs
REFR S b, RARR ST 23,7 nm JEIKF] 25.0 nm, 10 h BB T30 K/ R 2 wm BYZHE A, X
ERNIBJFZAF T, PMgPP (1) -CC NPs PNA% 6 B iy 224 117 A A4 O 20 206 i KOk . i P A2 Ak A 41 T
FHAE PMgPP-CC NPs P SRR MEBURE 25 W B k>, [k, PMgPP-CC NPs n Fl T Ak if J5
JEMEANK 25 AR
24 HBYRFBERLE

DOX 1E R —Fh s YT Ly 259, LAHONEAI 255, BIF58 PMePP R & WI1E b —Fp A id T
YK 25 AR N DOX Tk AR SMBECERE. 2 3 45 PMgPP-NC/DOX NPs 1 PMgPP-CC/DOX NPs )
DLC, DLE FRife K/N S H A 25 . IR 3 T LIE H, 24 PMgPP-NC/DOX NPs [ DLC A 12. 0%
i, DLE & 80. 0%, i PMgPP-NC NPs X%f DOX 58 H 8414 1 28 BE /1. 24 PMgPP-CC/DOX NPs f
DLC 4 12. 5%0, DLE Jy 83.3%, 5 PMgPP-NC NPs #f ., PMgPP-CC NPs %f DOX 2 HUIg 53 i) 171 2555
Table 3 Characteristics of PMgPP-NC/DOX NPs and PMgPP-CC/DOX NPs”

NC/DOX NPs CC/DOX NPs

Sample Size/nm PDI DLC(%) DLE( %) Size/nm PDI DLC(%) DLE( %)
PMgPP( 1) 21.5 = 4.8 0.16 1.9 79.3 20.1 = 4.8 0.19 1.7 78.0
PMgPP( 1)  25.0 + 3.2 0.19 12.0 80.0 24.8 £ 3.9 0.18 12.5 83.3

# Theoretical DLC: 15.0%.

R, ATRERE M T LR 2 A TR Bl R AR S 20 -

(1) PMgPP-CC NPs #% I IEFR 5 DOX 43 Pt 7 e o AT ’..
5 5 3R A7 16 arom S 4 AE AT E RIS . voablae
(2) PMgPP-CC NPs PURZ “BREEROSSIE, fEpaRess T ol
IS B i, A FF XE DOX #0958 (0 . 534k .-
PMgPP-NC/DOX NPsFl PMgPP-CC/DOX NPs f) ki : ¢ I .
BN, YR IR ek B s 4 T 100 *  {lom

t PMgPP ( 11 )-NC/DOX NPs Fil PMgPP ( I )-CC/
DOX NPs ) TEM . AJLIFE Y, 2 Fhak2h NPs 22
WERTE , Rife KN i 55
2.5 EIMAYITERIERE

PMgPP-NC/DOX NPs 5 PMgPP-CC/DOX NPs #JHA GSH #u4:, UL PMgPP ( 11 )-CC/DOX NPs
FIWFFENT G, R BT IR R AR R A E T DOX AYMRIMNER AT R (1 6) . ZEAS T GSH LR vhilk
W (BEBLALTR ) , 46 h B PMgPP ( 11 )-CC/DOX NPs iy RELZG Bt A 4. 47% , KT PMgPP ( I ) -NC/
DOX NPs 5. 26% , BLIWATEZSUMAR 444 F , PMgPP( 11 )-CC/DOX NPs H#ikasE , A ) TRAREE R/
H. #£ 10 mmol/L GSH & Wi 1, 46 h i} PMgPP ( I )-CC/DOX NPs (1) RFEUR & 50. 6%, &= T

Fig.5 TEM images of PMgPP( II )-NC/DOX NPs
(A) and PMgPP( II )-CC/DOX NPs(B)
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PMgPP ( Il )-NC/DOX NPs [ 2 FUR Jif i o6 [ PR
41.8%. X JEHFAEMIA GSH WJE T, 24 GSH <l /1{1;]
fEFF PMgPP-CC/DOX NPs i, $T7F 1 4> 2 E F et

AT 245 YT AR SR T 1 — B s Of ot

IR 2 4 TR RS ;T GSH /R FIT T PMe- T M0 P

PP-NC/DOX NPs i, FTJF 1 A~ Hik e B — A7 6 g o /,-f"/ . a

1 Y THIER LA T HIENLBE; PMPP- g e
CC/DOX NPs % GSH fEHR, MR A iR Time/h

KA, Bl PMgPP-CC/DOX NPs 5 PMgPP- Fig.6 GSH-triggered DOX release profiles from
NC/DOX NPs #flt GSH #BU g . 78 1E # A PMgPP( I )-NC/DOX NPs(a, b) and PMg-
VAR GSH He B AR 71K, — M 40 o 41 3 PP( I)-CC/DOX NPs(c, d)

GSH ¥ A 2 ~20 pmol/L, U AR 1 5 1) Concentration of GSH(mmol + L™") : a, ¢. 0; b, d. 10.

GSH gt SEEAT PMgPP-CC/DOX NPs HUfidi%e, Hli, PMgPP-CC/DOX NPs 7EAA R P45 th 4544
FasE, 2 BB, [RG5S EI], PMgPP-CC/DOX NPs ANUAEAE 41T BA LR g
P, T ELAE RO R 40 R TR SR A T T PG b R 25, A R T IRAIG DOX FERIER, 4w
FIFHEE.
2.6 ZHAEREAEIERE

PMgPP Ht GAL X e 40 il HepG-2 BA R s PSR M /R ], i CLSM AT LA HepG-2
Y faXF PMgPP (11 )-CC/DOX NPs [ A FIE N 25 R TR 16 7 25 B H#E [ 45 DOX I (10 pweg/mL)
1T, HepG-2 4f Jfl %I #R 25 DOX, PMgPP
( I )-NC/DOX NPs I PMgPP ( II )-CC/DOX
NPs () CLSM &, & 7 af LA, xFF#izy
DOX #ZbFiY HepG-2 2L, PRI sh ¥ L FE 20
MR B TR B9t 2 HepG-2 Al 4
PMgPP( I )-NC/DOX NPs #il PMgPP( I )-CC/
DOX NPs Zb35 , 4 f 5 A 40 A rh B T 4828
B 2T (0 ¢ ), {H 2 PMgPP ( I )-CC/DOX
NPs &b 3 40 L 3 2 % 98 & 2 & T PMgPP
( 11 )-NC/DOX NPs Ab 3 (1) 20 . 3 b 21 (5 5%
St B A BRI X ) 32 R Rl PMgPP
( I )-NC/DOX NPs il PMgPP ( II )-CC/DOX
NPs J& 38 8 GAL 45 3= 3§ 1] 1) P9 7 1 FH
N, F Tl B R P R B GSH 1Y A7 AE,
PMgPP( I )-CC/DOX NPs % PMgPP( I )-NC/
DOX NPs 24y B i Jir EH%, Y DOX Fig.7 CLSM iml;lges zf/ H((;pG-Z cell: af(tjer incubated :Ivith
AR, FILL ()0 e N8 N e
DOX NPs b H 1 2 A% qj%) 3R e . X 4t equivalent DOX concentration of 10. 0 pg/mL for 8 h
g5 RAER GAL /%) PMgPP-CC/DOX NPs 4%

Images from left to right show DOX fluorescence in cells(red) and

PMgPP-NC/DOX NPs Eﬁ ﬂ:‘” ?*ILL Htljﬁ-? ZPI‘] ﬂﬁ_ﬂi cell nuclei stained by DAPI( blue) and overlays of two images.
Py I Ie 240 B P 1% v A58 bR R T
27 GRS

254 PMgPP( I )-CC NPs #l PMgPP ( I )-NC NPs %} HepG-2 4 g it 2 By A 25 P vl LAFH MTT 32 3%
FIPAE (K 8) , HepG-2 4N 5535 1. 0 mg/mL B PMgPP ( 11 )-CC NPs 1l PMgPP ( I )-NC NP 4t
PR 48 h, A0MLAE I RAIIRAE 95% LA I, A 2 Ff NPs XiF i 200 Jid i 334 7 30 A5 O S8 00 ol 3% v, DR
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PMgPP R AW EA R HIEYIA A TE, T DIAE A —Fh e a9k 25 28R k1Rt

PMgPP-CC/DOX NPs X HepG-2 4 Jfd (1 14 5 410 il v P v] Lk — 20 ] MTT 5 #4758, LA PMgPP
( I )-NC/DOX NPs FI#24 DOX Axf L, L4553 UK 9, PMgPP (11 ) -NC/DOX NPs 1 PMgPP ( 11 )-
CC/DOX NPs LA K #RZ DOX X} HepG-2 2 38 5l 1 il 55 S 222 0L BH S 1) 245 1 ok B AR % e mT DU,
PMgPP (I )-CC/DOX NPs % HepG-2 4t i34 5 1 ] % 1 & 58 T PMgPP ( 11 )-NC/DOX NPs, iX/ZH T
GAL /- S 14 T 1] A A LS PMgPP ( 11) -CC/DOX NPs A HBCR 25 Rk, 5 CLSM 455 —%.

ZZ1PMgPP(11)-NC NPs 120 | DOX
120 PMgPP( 1l )-NC NPs
= 100 ., 1ol 23 PMgPP(11)-CC NPs
g 20 z 80
g 6o £ 60
B 40 3 40
20 20
0 2k A A 0 E
0. 0. 0. 0 0105 1 2 25 5 10 20
¢(NPs)/(mg-mL™) ¢(DOX)/(ng-mL™)

Fig.8 In vitro cytotoxicity of blank PMgPP ( II )- Fig.9 Cell growth inhibition activity of free DOX,
NC NPs and PMgPP( II )-CC NPs towards PMgPP ( I )-NC/DOX NPs and PMgPP
HepG-2 cells (I )-CC/DOX NPs as a function of DOX

dosages towards HepG-2 cells
3 & g

LA RAFT A FIARTE RO S0 il £ T 5K BE S A GAL BT /K BE &8 n] i 6 5 K 1Y) R
FHERBER A Y PMePP, JEXT HALAE5 /AT TR FRAE. DLH S DOX 2444k, M TH A GAL
A 1) 5 AT AR A3 S 7 T A 2EL % Y P A% 22 B PMgPP-CC/DOX NPs. PMgPP % DOX & B i B &4 17
AT, B REIA 12. 5%, fUEE N 83.3%. PMgPP-CC/DOX NPs fERR IR h4iifa s, 25 2
PR CEARMK, MIAE 10. 0 mmol/L GSH T AZHR IAZffiA | SCER 25 Hes Bk, X HepG-2 4 il 2 B
SR I TS G TR, S Y PMePP WIE I BER ST VB R 2 a8k, Ho g K o 25 ) 2
RAF 7 B RE A R 409 ANRLRE J1, JF ELEH X g S e R 114 A= BRAVOCA B8 ELA S ks Sl Jes ey 1o 4
I, PMgPP-CC/DOX NPs £ [ ] [ 24 ks v B2 T 7 S0k HL A V7 13 0 HH i 5.
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Synthesis and Self-assembly Properties of Intracellular Redox
Bioresponsive Block Copolymers with Hepatoma-targeting Groups'

ZHAO Jungiang® , YAN Caixia, CHEN Ze, YANG Ning,
FENG Xia, ZHAO Yiping, CHEN Li
(School of Material Science and Engineering, Tianjin Polytechnic University, State Key Laboratory of
Separation Membranes and Membrane Processes, Tianjin 300387, China)

Abstract  The amphiphilic block copolymers PMAIgGP-b-PPDSMA ( PMgPP ) with a hydrophilic block
containing galactose side groups and a hydrophobic segment containing pyridine ring disulfide pendant groups
were prepared by two-step reversible addition-fragmentation chain transfer( RAFT) polymerization and acetal
deprotection reaction. Their well-defined chemical structures were confirmed by proton nuclear magnetic
resonance(' H NMR) and gel permeation chromatography ( GPC). Core-crosslinked PMgPP nanoparticles
(PMgPP-CC NPs) were prepared by nano-precipitation technology and thiol oxidation self-crosslinking
reaction. Dynamic light scattering( DLS) and transmission electron microscopy (TEM) were used to determine
the size of PMgPP-CC NPs( <30 nm) and the particle size distribution indexes were narrow. Under the reduc-
tion environment of GSH, the particle sizes of PMgPP-CC NPs were increasing with incubation time, indica-
ting the disassembly of PMgPP-CC NPs. PMgPP-CC/DOX NPs were prepared by DOX as the model drug,
and drug loading content up to 12. 5% and entrapment efficiency of 83. 3%. The particle sizes were similar to
that of the corresponding blank CC NPs, and the particle size distribution was uniform. Within 46 h in vitro,
4.47% of DOX was released from the PMgPP-CC/DOX NPs in normal physiological conditions, whereas
50. 6% was released in the presence of 10 mmol/L GSH condition analogous to the reductive microenvironment
in cytoplasm. The cell uptake tests further confirmed that PMgPP-CC/DOX NPs could be efficiently released
in the HepG-2 cells. 3-(4,5-dimethyethiazol-2-yl ) -2, 5-diphemptetrazolium bromide ( MTT) assays show that
PMgPP-CC/DOX NPs has good proliferation inhibitory activity against HepG-2 cells. Therefore , multifunction-
al PMgPP-CC NPs have a good prospect in the field of precise hepatoma-targeting drug delivery.

Keywords Galactose; Redox-sensitive; Core-crosslinked block copolymer; Reversible addition-fragmentation
chaintransfer( RAFT) polymerization; Drug delivery
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