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Abstract: A pH-sensitive amphiphilic polymer Poly(ethylene glycol)-phenylborate-poly(e-caprolactone)

(mPEG-PBE-PCL) linked by a borate structure was prepared by ring-opening polymerization of e-caprolactone
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(e-CL) which was initiated by a benzene-borate-containing polyethylene glycol macromolecule (mPEG-PBE-OH).
The polymer was self-assembled and formed a "core-shell" nanomicelles structure in aqueous environment and
loaded doxorubicin (DOX) in the micellar core. The structure of polymer was characterized by 'H-NMR, IR spectra
and Gel permeation chromatography (GPC). The morphology and particle size of the prepared micelles were
observed by transmission electron microscopy (TEM) and dynamic light scattering (DLS), and the micelle drug
loading and drug loading efficiency were analyzed by ultraviolet absorption detection. The pH-sensitive release
properties of micelles and in vitro cytotoxicity were verified. The results showed that the polymer micelles had a
low critical micelle concentration, self-assembly forms spherical micelles of about 127 nm, and a high loading
capacity for DOX, the polymer had good pH response and biocompatibility. The loaded DOX was released in weak
acidic environment of tumor cells and was delivered effectively to nucleus. DOX@mPEG-PBE-PCL had a similar
antitumor activity against murine melanoma B16F10 cells to free DOX*HCI. Therefore, smart micelles containing

pH-responsive boronate bonds hold great potential in efficient intracellular delivery of antitumor drugs.
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1.1 JEREEH

ROTFEERHEE (mPEG, My=5.0X10%). e-CLINEE(e-CL, 99%). t& (97%) . FLERF% & (DOX-HCI,
98%) I CLEEfR —Z(DCC) (99%)  4-“HIZEEMENE (99%) « ¥R (95%) : srirdl, 1T
Aladdin A7) 1,1,1-= GREHHE) 2% (TME, 97%) . 4-RHEKEE (PBA) (98%) : 74, MWTib
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33342) (95%): M T AL REEFHEARAF: 5-ZMdE-20-i S8R (EAU) 4 ks R & T
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Fig.2 Synthesis route of mPEG-PBE-PCL block polymer
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WAk, BRHITSREMN S AR RER . KH¥E Malvern Ltd Nano-ZS907 5 25 5t Bl 44 K i & 4% (DLS) I
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(37 °C,100 r/min) FIDLSI & AWK R HFIkifZ .
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mLZ REH (o =4 %)[H € 15 min, FPBSHEE4IM, FFAEM A 24F S AR ELEICA TCS SP28Y A W i i
&I IE R
1.5 &5t
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M (3a) mPEG-PBA [f] 'TH-NMR &4 0] LE $], 3.37 kA1 Fig1)E T mPEG M 3SR i, 3.64
Kb (R T 561 VA R T mPEG 130 3R A R4, 6.5~8.0 AR R F U VA @ T 2R 8 _E AU R i . FLRA 4 T
LN 3:492: 2: 2, SEREVIA, UHBSFERE €4 . mPEG-PBE-OH ] 'H-NMR %1 3.18 &b (1) FH A&
WSO 5 2R B AU RS AR A AR EE O 1 1, Ul BB ER MR AL AR 2 56 42 . A\ mPEG-PBE-PCL ff] 'TH-NMR
WA B R, 137, 1,64, 2.29 F1 4.05 AEHJ5T5 58060y PCL E HUE S WIS I, AR RIS AR EE Oy 2
4:2:2, F£YILL mPEG-PBE-OH 7| Ke-CL TP )&k 1 55 mPEG-PBE-PCL. 1t4h, @i mPEG [
7 IR S 5 PCL 7 R I AT e (R AR 23 T AR T4 SR S b PCL R BN 45, B0 78 (Maxwr)
9 1.02X 10*, GPC 153544 mPEG-PBE-PCL U344 T8 (Mugec) N 8.6x103, 7T & /04i 28 (My/
My 79129,

M (3b) mPEG-PBA HIZLAMG AT LAIE H 1 466+ 1 540- 1 640 ! 4b N ZE A BRSNS, 3 024 cm!
b H=C-H {4 g, 2 884 cm! 424 PEG 1) C-H H4i#R#NIE . 1109 em™ 4b2H C-O-C [ 4R 3140,
ULEA 0K PBA B REI I 51 N 2] mPEG K> 155 . M mPEG-PBE-OH £I4Mi [P LA i 3 340 cm! 4b1H)
W WseHs e e b O-H BERHIEM g, T8 T Ko MR R 5 & I K43 F. A mPEG-PBE-PCL 441 ]
ATLAEH, BT 2 800~3 000 cm™ AL C-H HIFHRANIE SN, 1730 eme! A HY ISR O A IR ARFERFAE R IS U o 25
£, #E—BU B & S mPEG-PBA-PCL.
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4 4 Jy mPEG-PBE-PCL i i f¥) TEM JE 50 B (K 4(a) FTRLAE 730 A7 18] 4(b), FTLAR R 2 ERE, kAR K
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Fig 4. TEM images (a) and The particle size (b) of mPEG-PBE-PCL micelles; Plot of the intensity ratio I33¢/I336
from pyrene excitation spectra of mPEG-PBE-PCL as a function of Ig p (c).

2.3 REWHKEIREK pH v Rt

mPEG-PBE-PCL JK AN pH M 5 () DLS 43 47 45 5 W&l 5(a), mPEG-PBE-PCL iKW pH5.0 F 8h 4
PR EAAM 127 nm EIK 220 670 nm, £ 24 h AZKZE 900 nm LA b. MHLLZ R, 7E pH 7.4 F 24 h AR
SR AT I B RAERA . ARAEISIRME (pH 5.0) (A T R4z Bt I 1A)IGEE 39 K 7T 62 th T R &
pH UK K TRE 52 W T2, mPEG-PBA M ZH 2% i o A 43 B9 1M 3 BUsi /K 1t PCL B SR AR b v I
& IR AR AEAE B4 (pH 7.4) FRE, MAEMRLUA A 55 MECOSIRR 8 2 U0 pH mapitE, E&ER
IR 200 6 P pHL WL ) 4 OK 24 ) A
2.4 BBBRABIM R BE

WiE5(b) iz, DOX@mPEG-PBE-PCL 2 3 H pHIK MRS AT . DOXFETUAEPH 7.4 V5 URE T 22 1%
{HLEPH 5.0 MR HRE ISR 2 Ik, 259848 hf5, fEpH 7.41 K 1 71 #DOX I DOX@mPEG-PBE-PCL [
SMDOXBHE R AL20%, MifEpH 5.0 BT, H1EDOXHIDOX@mPEG-PBE-PCLAE H#]8 hA &7tk
R, DOXBE R CLiAF47 % /247, 48 h/5 M DOXFEHRILFI83.4% .. L EAHr&M: fEDOXIH
DOX@mPEG-PBE-PCLYE MLV H 63 (pHAE N7.4) 1, W CARARZGW IR, E 2K St i e 28 o3
FENERE AR ER (pH 4.5-6.5) KfifA, TSI 259 10 OB

144 100
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Fig.5 Size distribution of mPEG-PBE-PCL micelles (a); In vitro release profile of DOX@mPEG-PBE-PCL (b)

2.5 AT e B RE

Wi 617~ HDOXHDOX@mPEG-PBA-PCLIK H 43 71 5 B16F 1040 i 54 hH112 hi) CLSME R . 55774
h/5, #£DOX@ mPEG-PBE-PCLZHB16F 104 ifd ) 48 fitd A% M %2 21 B . - DOX ) %8, 5 DOX *HCIZAHEL 2%
JGHRFENG S, W RESE R yDOX A LUl I B Y HUR B #E NG, X T DOX@mPEG-PBE-PCLIK U2 i
WAFENGHAR N, AR R P9 AR A AT R A4, RETBUHE DOXOR — /MBI IR FRB237) . 25 15 37 1 1)
K, 12 hiE 4Rz g2 BIDOX I 2 G Il I o, 3% 72 T8 2 ROR B 2 I DOX BRI & 1Y K, I %
7 WK S BRI 7 B A%, S EB16F1040 it IDOXIK EE K. 45 % H]: mPEG-PBE-PCLAY K
i AR B % (.5 DOX I HLYE R 41 e 58 R 1 R85 rPoRR I, K DOXCA 20 16 28 4 il

Free DOX+HCI DOX@mPEG-PBE-PCL

Hoechst 33342 Merge Hoechst 33342 Merge

K6 + i 1IB16F1041ECLSME (%
Fig.6 CLSM images of BI6F10 cells of Samples

2.6 A

mPEG-PBE-TMEXB16F 1040 i ff) 4 #2025 14 43 i 45 SR il 7(a) s, 2 IR RAE B16F 1048 A 1 22 3
MBI B, B/ B s B E (1.0 mg/mL) W JL A B 48 hiG 4UMUE /I thE93 % Ao 47, 45 ikt
REMIRRIEAT R, BB RGWAEMMEAE, 7TRMERNZ A AR YA L.

B DOX 5 DOX@mPEG-PBE-PCL WK 40 55 4 Wi 7(b) Az, A ZLEE & X3 B 16F 1041 i [ 338 4 417 ]
ORI S 2R AR . W E 48 him, TEARMI R EIKETER (0.05 pg/mL) FXT4HMII G %A
RIsZm, (H4DOX R S FE R | ng/mLit, A3 A RTDOX AT LAF A% i (1 5 304 R 4 B 16F 1041 i 177
T, B DOXADOX@mPEG-PBE-PCLK H X B16F 1041 il 7 £ 50 % 4 iU 46 T A3 1 B &k E (ICso) M
73 5)°40.87 pg/mLAN1.15 ug/mL, DOX@mPEG-PBE-PCLJIZ & (1) 41 iy P 5 7 2 DOXAH $Eilr
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