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FEE: AT adk pH 1A, & % B4R E MR 5, R4 & T pH/F 24 30h B &
2R R TR RABSEAT UK, sbaBat BRI R R 5 R AR 4 A, Tl W) B Hee R e R A B st 5
AR DB MO EAEE BB, BARAFRRESY, ZREMAEKRER PHS B R RIK R,
RFARGYTE L. AR S G LB F 2 R R R AT RAE, FFEMAKRA
WAL HAT R MR IIERAT AR, EREY, M HEFERBGBR NAEBIFLERR, AR
¥ pH AE., 3R A BABRIE, A et 25 sk E. & TIPBE4ae) pH MK T EFAL . #
F AR B T R LR, T B v AR 4 M 64 AN B VT A 5O X BEAL A4 (e B F) BE) Y R AR
TR ANER B, AL TG K R, BRI R 67 e K. Bk, VAORANER A KR
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AR R B e b, AR R 06 9T R G AR K R oA 09 2 A AR
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)% B (Glucose) &= — M LM, 7EHR B A
BT, R B — P EE, AR R
e, FEAE AT ) VAR A BT A B
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3~10 512 MRIEX—4F, KT AR
53 F R R 5 A B R S PR RO e v T B
K. BT e 1R 24365 R SEREHE AR 4 I
VR HR R A TR B R A Ak s R 2 B, R YRR M
BEKF-.

DIZEHRIR (PBA) A S B TC ) i 43 FAPEEE A
I PE U, PBA R R BT Hof LK
AR, [ T 25900 B 0 H R
2 PBA Ffk BAT 0l g A A p i o e A 34,
I PBA 1EA—Fhis SR e 2L i ST A5 21 T
Bk )2 B H. PBA Y pKa {E 4 8.2~8.6), FE/K
T PBA A 7R B B P = AT B KT R
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Ziyishik ARG5Sk IR . VB, AR
, & BIRAAEREN—F, BSR4, 5 PBA
PR AT 780 250 ) N ) A P I AR AR B, K
ViR E SR A P B K b

ALK 25 25 38 (DOX) AR B2 ), Xof
HIRBEDex) TN, UL Dex SE/KImZEMINRRS e
BN VB, SABiK S, TSR K —UiiE K i)
WiPEEE A 91(Dex-CPBA-VB,). Dex-CPBA-VB, 7RI
W RS BT RUEOR, KK 2% DOX L
TEWOR A, TR B AT g K A AL R K P Ab
TR EYBOR. FMIRARHEEA pH BURtE, 16
a4t TR, S DOX 2585y . DOX
AP s, PR RNA il DNA
BB, JRT AR 2, WA Fh A S
IR AR R A A KA U, DOX ilid#k A\ DNA
AR & . FR, PBARENS S 1,28 1,3-
M R SR 4 BT R RN IR R L S, il
PR BN RE OIS A 1 7 26 B VA P S A R R 25 43
¥

1 LIgES

1.1 XA 5 RA

HIZRBEART 2 F &R 10kDa., 1,8- 449N
FR[5.4.0] +—T%-7-45 (DBU) T 2 sa kA k0 A
FRZvH]. VB I T IEH A AT PR |l 3-SR
(CPBA) . — HI &V 1 (DMSO) . 1% b 5 &
(DOX-HCl). =ZHR(TEA)WTBIh: T A5 F04G
FRAHE]. 1-ZH-3-(3- I ERE BN B b — %
(EDC-HCI). 4- HHEFLEE(DMAP) . RIS
(NaHCOs) . 2 S 4 (Na,HPOy) . 2 — SN
(NaH,PO )T 25 SR SR A PR 2 ).
1.2 Faes-5 RAEBBES (Dex-CPBA)#I 4 A%,

Dex-CPBA JBid Figfb 5 il s 5 201, Bk
Ve BEA: ¥ CPBA(165.9 mg, 1 mmol), EDC-HCI
(383.4mg, 2 mmol)fl DMAP (146.6 mg, 1.2 mmol)
16 20mL DMSO HHRIKESE, 1A 5 R E A
50 C, PiFE2h, LUSIE CPBA BRIE; SR)5HS Dex
(162.1 mg, 1 mmol)i) DMSO 10 mL BN F3RIER
L RETREE I 24 by FREHR RSS2 T
4%(8 000~14 000 Da)*ZEHT 3 d, & 4 h #—1KK, F
RS RTIR, R R AR (FEE 57.1%).

1.3 VB,-3% 4 & — %) R 4518 % 4 (Dex-CPBA-VB,)

AR,

Dex-CPBA 5 VB, 244 Bt 2R iiang s .
¥ Dex-CPBA(310.0 mg, 1 mmol), VB3(376.36 mg,
1 mmol), DBU(1 mL, 7 mmol)£E 60 mL T DMSO
S IKIRERANGS @it 36h; RV SERE, THiE
B B JOKERIREN, IS IEEE S 2 E TR
(8 000~14 000 Da), 7£ pH=8 (H] NaHCO; 7)) %
BTOKPENT 3d, RIEHBRRETFRIPEN 2
K, B 4h fo—TJ0K, BALERTEL. HTER
WOZARFY(EER 66.3%).

1.4 & 258k (Dex-CPBA-VB,/DOX)# 4%,

Dex-CPBA-VB, fefE/KH H HFETE UK, #
K2 DOX. BARIRAVED TS FREL 10 mg
DOX-HCIE T/MFEHEH, NI S mL HFEHEA
TERIZWERESET, B 20 uL =2 WRZ R R
HRE b, i et 12 h; FREL 20 mg (1Y
Dex-CPBA-VB, 524 T 10 mL 7K, {25
BIE R 2megmL”, FEHHESGT, Z8H55IK
1t DOX HYHFHA TR R ISR G YK, 5
T TERE 24 h; RGNS AL B)ENTSE(8 000~
14 000 Da)EHT 24 h, 4 4~6h #—UkoK. AT
FEFTEEY, FHARTIE, MBI OB RGE
£ 70.7%). RHEDOX brifErhZL, i+ EH/K254 DOX
B2 25 R (RpLo) AL R (Rp1e).

M 100%,
m

2

R

pLC

R, = x100%,
m

3
K my AR REMR T DOX Fii; my ik
FRAETTR; ms RN DOX E&.
1.5 ZMBMEREAE
1.5.1 BrEER A,

i Bruker Advance 400 MHz BAZ L3R4S
Dex-CPBA il Dex-CPBA-VB, Z5HHEf T340F. J14
MRS ARSI DMSO Hh, il i 225t ik By
20 mg-mL" I, SEMONERE IR PR .
1.5.2 W R kR Bl 2

FEEAE A2 et e, M NRE L pril
REWIE R A (CMO)!, Bk N
BRI B EE T NI, ExHLRER
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10° mol-L™', #& —BtiHaljE, 43AH 400 uL _Fik
HEHFS 2 94 10 mL B/, PSS 2R T
A WIRES BT pH=7.4 I{) PBS tr, BlE k&
W EE 7 0.000 1~0.500 0 mg-mL ™" 8% 2 mL, fRIK
N RS MR, RS, 37 CER
WENEHEFE 24 h, EBCA KA 335 nm, LZHHEK
JUFE 350~500 nm. FEOEIREEH F-2700 2650008
BEHER SRR KR 335 nm AbidsE, 7E 372nm Fl
383 nm AbTEG5R BE) FUAEL (I372/383) 5 PP AL S WA
BERPEA R, 2 DR L R Sk
(ORI (logO)VEIE, 1 204 5838w B Xt W7 1 ik
FERIRER B G SRR

1.5.3 RAMI RALIZ S A0 M]3,

SR S EHUT (DLS) J7 ikl 245 A SR A
PR R A PN R R S H o A HARER 2 3R
hg: FRIEE LR RS 30 min, AHAEA BB ).
MR B AR SRR EE R 0.1 mg-mL, 3
LR Zetasizer Nano ZKR1 SO H kT DLS 43
br, BRNRES 3K, BCFHAE.

1.5.4 R H A

SR H 2T 5 S 5T 224 ISR ) A S b 24 R il
F14. 4% 9.0 mg L ZHL I (Dex-CPBA-VB,/DOX)
FEFEECT 9mL 19 PBS ZZ0hii b (pH=7.4), #5HL
I mL R E T &4 (8 000~14 000 Da), 1%
Wil LIF A ST E T 10 mL Al &g+,
37 CKIGE . FETRICHT a) )b B, MAZ R LR
2 mL BOR, FFAMIN 2 mL FEER) PBS ZpiE. M
FENETEEN E BUBAY 2 mL BS0E T DOX & &.
WEB AWK 494 nm, & HHEK A 505~630 nm,
WAL KR 594 nm AbAYFENGIREE oo, (EDGFHR
DOX FrifEh e, THERBE T DOX &=, WA
KFHREETEREY R Snm, HLEA 600V, F4#H
-k 2 000 nm-min’".

2 #R5IE

2.1 Dex-CPBA-VB, #4-%,

Dex 5 CPBA Z5 &l Bk BV 5E %, 4%
A 1 s, AR IR EGEIESE, TR
75,79, 8.1, 84 AHIEIE)TETF CPBA
] FINE, £ Dex-CPBA A", Dex-
CPBA 5 VB, (BB R TR Hed e T, & s

el 1 PR, B AREER EEIE S (& 2(c)), 1E
EENIRS R 11.3 AbAIEVHE T VB, FERENA, 1
AR 8.0 AbHYIEVHIE T VB, FRMEA. 5
2RI, FAFE R 8.0 Abaid AN i
K, £ VB, O IHETE Dex-CPBA L.
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Dex-CPBA-VB, |

i
(c) Dex-CPBA-VB,
B2 fwitiRsi

22 RAEWIERTRBAAZ G EAE

AR EEI 2 Dex-CPBA-VB, [ CMC 1,
R ME 3 PR, REW/KERAE 372nm Fil 383
nm A5 SEIREE AR (370 s3) SR GPIR BRI R R,
e 4 Frs.

372 . . ——0.000 1 mg-mL"!
300 P — = 0.000 5 mg'mL"
' - 0.005 mg'mL"!
L ! —-=0.01 mg'mL"’
250 ! —---0.025 mg'mL"!
| ---- 0.1 mg'mL"’
5 2001 1 - W 025 maml
o —_—— mL-!
,E,Z 150 M 0.5 mg-mL’
= ;
100 - i1 “
1 N
50t Lo \
1 1
1 1
0 [ 0.000 5
1 1 1 1
360 380 400 420 440 460 480
W K/mm
B 3 Dex-CPBA-VB, & ik FEEHIE L & 5Lk
1.9
1.8+
1.7F
s 16f
2
< 151
1.4}
13-

1.2
-4.5 -4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 -0.0
logC

Bl 4 FEHIBELLES Dex-CPBA-VB, iR EXT#IX R
& Dex-CPBA-VB, ZAWik EEIIZR#HE K,
Lo/lss B2 N, A& UL SRR Dex-
CPBA-VB, ] CMC {E (&l 4), #1°5 0.067 mg-mL"™".

H T E 2R RIENBIWERN G, RIS H W 2%
REWA —ENFBEIEH, CMC B ZiEdE
FEEZ L.

FHEI R A R NE B Dex-CPBA Al
VB, ##5, it HAHZEE ) Dex-CPBA-VB, L&
# DOX JEHR, 7E PBS 7.4 1T 48 h PIRiA243
PRFFEE(290.2£128.9) nm FI(321.7+141.6) nm N2 E
(8 5). ZB4H%) Dex-CPBA-VB, % DOX HPRiAEHH .
R (IK 6).

360 -
320+
280

g 240+

&

& 200
—a— Dex-PBA-VB,

160 - —e—Dex-PBA-VB,/DOX

120 +

1 1 1 1 1

0 10 20 30 40 50
H¥TEl/h
E 5 Dex-CPBA-VB,#1 Dex-CPBA-VB,/DOX &
PBS 7.4 THIRIZRERT I L X &R

20} —#—Dex-CPBA-VB,
—e— Dex-CPBA-VB,/DOX

107! 1(30 16‘ 162 163 16“
$rf%/mm

Bl 6 Dex-CPBA-VB, #l Dex-CPBA-VB,/DOX HIHI12 45> %
2.3 Dex-CPBA-VB,/DOX #, 25 & R4kl 25 Bk

75

SEISIAE, B DOX £ DMSO H )8 s MsitE
2845 Dex-CPBA-VB,/DOX [#ZHZEH 41.6%, 11,
HEN 88.9%. A TR I, #£ 37°C
ST HEATRAUREOS (B 1(b)), B TL5 )
k1 PBS 6.5. PBS 6.5(& 50 mmol L™ B4l
PBS 7.4. #%% Dex-CPBA-VB,/DOX WL AEANE]
pH AR FEFEERET DOX RSN
110, HEBEL & mE 7 PR, E 7 a7,
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iKY DOX BEMR AR %18 HiwE R
T, WA SRS, FEARREOR pH (ELEIE N
2 M B ) 2 S BORE O R, X K A TE A
EINEAESRME T PBA REMSHIEI AL HTEREK
HEFIFEE A1, TS50 Dex-CPBA-VB,/DOX
e SRR AR B LA, bk TP 7228 DOX )
R, SEI LG pE e . ZEAERE pH 7.4 5%
T, DOX 7E 96 h i) SRR &4 13.1 % (11 7).
BRI 5t pH &S 6.5 BF, DOX 1E 96 h Bl 2
BRI 14.7 %, SR SR T % b
WEEFFE 50 mmol-L™' B, DOX 7E 96 h Bt AR
T 27.7%.

—=—PBS 6.5

30  —®—PBS 6.5, 50 mmol-L™ #ij&ji

—A—PBS 7.4

251

20

IR %

0 1 1 1 1 1 1
0 20 40 60 80 100

B E)/h
B 7 7A[E pH REEMERE T DOX HIEIME Y #h 2

IEAh, el T RS w] eSS B0 A X AR P A
IR AN, b 2SR A A b pH B4
VEIE R AU A4 pH B, LA A Rk A
IEWHA G, XAk N B B EE 22 50
WU RE 2 B R AL TR R AL, B LUt
2% DOX R pH W] I 1A VA 2 e R o)
g E T B X

3 HiE

ARSCLL Dex AFERIAPEL, il &5 1 pH e AT
Ze e 7 () 0L R RE AR, il TRk R R CPBA
Dex IR, SR 5 1 i 1) 2 B ey 57 64 R i i i
VB, 5 PBA fHIHR. %R EWAKIEH PR A4
PIVIBOR, FFREA B HIKZ5Y DOX. fk4h
YRR, HAR SN SRS T A R vl
¥, HBEA WA pH iRk, SR
Jii pH {EALTIES B ER, 25 R,

FEAREETR 0T pH (B RTLUIMR 2 B RE . R
TR Jo v 5 A ) i B A B 2 W R T EE 221
T 88 2 B AR I 25 W R TEOE FE W S R (96 e Y
FRECER A REAER 2 /). B TR ALEA
fiC pH B, SAIEHEREEIVRR ORI, %I
W)X pH B, oA A i R Ao B2 R
F3A0 TR e e T BB S, WTH TR R
HRLURZS IR 2.
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Preparation and properties of pH/glucose dual responsive
micelles system for drug delivery

CHEN Fengjiao, ZHANG Jiaying, DAI Fanjia, ZHAO Lingling*
(' School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China )

Abstract: In view of the microenvironmental characteristics of low pH value and high glucose concentration in
tumor site, pH and glucose dual responsive drug loading micelles are designed and prepared accordingly in this
study. Dextran is modified and combined with phenylboric acid through esterification reaction, and then coupled
with vitamin B, with diol structure through glucose response phenylboric acid ester bond to form amphiphilic
polymer. The polymer can self-assemble into micelles in aqueous solution, which encapsulate the hydrophobic
drug doxorubicin. The drug-loaded micelles are characterized by 'H NMR and dynamic light scattering, and the
drug release behavior in vitro is studied by simulating human physiological environment. The results show that
doxorubicin can be released continuously in the loaded micelles, and the release rate can be accelerated by
decreasing pH value and increasing glucose concentration. Because tumor sites have lower pH and higher
glucose concentrations than normal tissue and tetrahedral phenylboric acid can form stable phenylborate esters
with diol compounds such as glucose, this shifts equilibrium in the direction of increasing hydrophilic forms and
decreasing hydrophobic forms. As a result, phenylboric acid-based materials are glucose responsive, and the
transformation of this material makes them ideal for diagnosing tumor-related diseases.

Key words: DOX; micelles; pH-sensitive; glucose-sensitive; drug delivery
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