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FREN e B A sl (kS 2017090110). 44 Y48 SEIG R B, 7E45 245771509 10 1 20 mg-kg i, 4K Z4%f /1N BRIt
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pH responsive docetaxel micelles with improved therapeutic efficacy
on mice xenograft tumor

HAO Dan-li*, WANG Jie*, XIE Ran, YUE Qiao-xin, YI Hong, ZANG Chen, ZHAO Qing-he",
CHEN Yan-jun”

(Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China)

Abstract: The non-specific administration of antitumor drugs is the main cause for the side effects of chemo-
therapy drugs on normal tissues. The application of nanotechnology in the delivery of anti-tumor drugs is one of
the important ways to improve the therapeutic effect and to reduce the side effects. The current study aimed to
synthesize pH responsive poly (methoxy-ethylene glycol)-poly(lactic acid)-poly-(£-amino ester) (PBAE) triblock
copolymers to deliver docetaxel (DTX) and improve the anti-tumor activity of DTX. PBAE was synthesized by
ring opening polymerization and Michael addition reaction, its structure and molecular weight was characterized
by *H NMR, the dissociation constant of base (pK,) were determined by acid-base titration method. The critical
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micelles concentration (CMC) of copolymers was measured by pyrene fluorescence spectroscopy. DTX loaded
copolymer micelles were prepared by membrane hydration method. The size and its distribution as well as the
stability of micelles were determined by laser light scattering analysis. The drug loading content (DL), entrapment
efficiency (EE) and cumulative drug release from micelles were evaluated by high-performance liquid chromatog-
raphy (HPLC). The sizes of DTX drug-loaded micelles were in the range of 10 to 100 nm with narrow distribution.
DL of DTX in PBAE1 and PBAE2 micelles was (5.3 £ 0.10) % and (4.9 + 0.05) %, respectively, with EE was
(93.8 + 1.70) % and (87.2 + 4.10) %, respectively. The drug-loaded micelles showed pH sensitive drug release
properties under weak acidic conditions, which showed potential drug release of DTX under mild acidic tumor
environment. A mouse Lewis lung carcinoma model was established to evaluate the therapeutic efficacy of micellar
DTX formulations. Significant inhibitory effect of the nanodrugs was observed with DTX dosages of 10 and
20 mg-kg?, respectively. Moreover, the pH responsive PBAE1-DTX micellar drug exhibited stronger therapeutic
efficacy on mice xenograft tumor, as compared with the non pH sensitive micellar drug (PELA-DTX) and free
DTX. All animal experiments were performed according to the animal ethical standards and approved by the
Animal Experiments and Ethical Committee of China Academy of Chinese Medical Sciences (No. 2017090110).
The in vivo anti-tumor activity studies showed that the tumor volume growth rates of mice in different drug-
administered groups were: PBAE1-DTX 20 mg-kg* < PBAE1-DTX 10 mg-kg* < PELA-DTX 10 mg-kg* < DTX
10 mg-kg™* < normal saline, with the PBAE1-DTX group as the most potent group for tumor inhibition. The current
pH sensitive DTX nano-micelles showed high potential in further studies to promote the application of nano DTX
formulations for tumor treatment.
Key words: pH sensitive; docetaxel; nano-micelles; lung carcinoma; anti-tumor activity
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0.1 mol-L™* HCIiA 35 % #i pH % 2.0, F$H 0.1 mol-L*
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Scheme 1 The synthesis routes of poly (methoxy-ethylene glycol)-polylactide (PELA) and poly (methoxy-ethylene glycol)-poly(lactic

acid)-poly-(5-amino ester) (PBAE)
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& CMC.

B AR RRROG]ERRAE 70K
B 3 Fl 58 & W A4 L %% 100 mg, DTX 6 mg, % F 8 fis /K
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T8 % 20 mg, N A PBS (pH 7.4) 4 mL ¥ fi# 5 46
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PELA 45 #4 /1 (1) 5 T 4b, 756 5.5~7.0 H L 3 M A AL
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B — (AR, e B ABTE R A, DA I H A KV
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Figure 1 The acid-base titration curves of copolymers of PELA,
PBAEL, and PBAE2

I AR, BN [R) SR G 0 EE 3GV RUR AN R
HAE . Wi 2 ffrow, B 5 G Ak B2 39 DR T8 (R 9 S B
18K, 5 R K 1 334 nm 1] 336 nm i, F 9
636G E T, DA Lyge/ g, X T AWK FE (1 56 H 1
K, Pl /s Zafeikoxf IR A, 5 PELALPBAEL
FIPBAE2 ) CMC 431 4 1.1.3.0 #1 0.8 pg-mL*.
2 EARCRAVHI & R R

2 SR 1] 6 SR FH VRS /K AR, 8 D7 A, AT 1
24 I RO AE 10~100 nm 22 [7], 3 i o (1 3% 24 &
KMOHEETLREEZER, R NEKL. HIE3T°CKk
P£7F, 48 h J& # 25 /i oK PBAE2-DTX IR AR AL A K,
FIELZ N, PELA-DTX 5 PBAE1-DTX 7£ 48 h Wi fa &,
KRBT G5 2 5, 45 % WK 3, A ki £ PELA-
DTX & PBAE1-DTX P F fi o ik AT J5 45 52 58 0F 90«
DTX i R R AhRE R 45 R oR, TEpH T4 &R, W
Pl 25l R 48 h BT C Ge it % 2 5%, M 7E pH 6.5
%1 F, PBAE1-DTX 5 PELA-DTX JI% #i 48 h I £ i
Ry A F) (89.7 £ 0.71)% 1 (75.7 + 0.33)%, H.
PBAEL-DTX s # B (P < 0.05)1,
Table 1 Characterization of docetaxel (DTX) loaded polymer mi-

celles (n = 3, x % s). PDI: Polydispersity index; DL: Drug loading;
EE: Encapsulation efficiency

Micelle Diameter/nm PDI DL/% EE/%
PELA-DTX 50.49+0.80 0.173 4.9%0.05 87.2+4.10
PBAE1-DTX 79.11+1.61 0.202 53%0.10 93.8+1.70
PBAE2-DTX 8251+0.93 0.207 51+020 89.3+3.50

3 ZEEMBERRERMEENE

T C57BL/6 /N B 32 Fh Lewis 40 i 7 57/ B A e
o HER A AL PP A DTX 9K B A B e o 28, 45 5 I
Kl 4. Saline 2 J % DTX A 45 24 20 /) B e 4R A0
BB 1) ZE K T 0 o SR AN [RIIG 7 40 R R AR
KR BEAT LL R R I, 75 4L R A2 K R PBAEL-DTX
20 mg-kg?! < PBAE1-DTX 10 mg-kg* < PELA-DTX

10 mg-kg® < DTX 10 mg-kg™ < saline, & 44 241 5
saline ZH AH Lt 32 GE $ i1] Jif g7 A B 15 K 17 PBAEL-DTX
20 mg-kg AH IVE B o B35 . RS 2530, 54/ A
ERNTEEZESR, SUE A4, 325 R R4 /N R
IAERCAIEIN. KBS R&H ARG NREREER
N B oA I, 3t b 254 e o =, F-R B SPSS15.0
BRAE N 25 S B o B R B 45 257789 10 mg-kg i, &
40 )93 BB & )y PBAEL-DTX < PELA-DTX < DTX, 3 H.
3B 2 1) B A R 3 1 2% 5, T PBAEL-DTX A 1197
MEAEE
4 H&EZ @S/ EMEHELR

Jih IR 2 2 HY IS A 10% %2 3 H S [ 5, 31T H&E
Jett, POC BB IR, Wi 6 iR, MR 4 R4 H&E
Jeth J5, 20 BA% S 20 B o Hh g R R A o 5 A €, T 2 P
WRTRIRAS — [P 2L, W 2H 20311995 7% vl o ol W0 %2
Pet A BRI A SR o . BRI AT 0, saline 2 ks 4 g
He B2, TSGR E, AR 4 24 20 A i e 41 g HE
BIAS PR 5, AE B K 45 2555 & 20 mg-kg™ i, B B 2
A i PBAEL-DTX £ il 8 4 fig K /N A3, il 2o
o, HBE R, Tt B 20 f 52 450 ™ E ) A SRR &
(10 mg-kgt) &5 245 26 19 H I 2 ALLER 52, F 440 ff <2 4 A
BT PBAEL-DTX & 71l & 41, & ] PBAEL-DTX 4l K
Ji2 R B A S i ) R Vi 1

g

AHIF TR F IR T 7 12 O S P R B L R
PELA, 7€ It JE At E 38 i3 Michael bk 51 N5 45 i Jk 45
B 58 - p- S FE i, 3515 pH BUR = ik B 3K &%) PBAE.
GRSV R AR T © w20
YA EERIR N, AR R, B R irrf
SETE; @ REWIR AR SR K 5 H g /b i
F PRI B, 902 1t IR P9 B2 2R B I s, SiE K 245 W 7E 1A
IR IR [, S AR B © R AWM RE AT )
IREE pH AR 78 A A g 57, I 390 e 7 e TS 245 0 1)
Hmea, @ RE&WE FAIRZ 52 1R T, BRsE
K] CAEE IS KR, BR PR 51 R ISR R, R A AR
B IR i /N o1 HE AR A, BB AR AR 2

A 5T R R 3 2 2 K I PELAL PBAEL Al
PBAE2 () pH UM, 2o PELA FFRHBE SR HH— € 1
SEUPE R, IX 3 EYR E T g5 R b ) R KON, 1T
PBAEL 5 PBAE2 [ 1 Ik B8 A1 10 A fii Jk 55 A ] i A2 ol
TR, R E 5B H TR A A 2B R, X N 25 1 55
B M 26 PF N R UR AL T AT AR, CMC 2 RN
WM EE B R e 71—/~ Z %, PELA.PBAEL il
PBAE2 [ CMC #1534k, 1t B 58 & W d kL 58 5 7RI
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= 0.05 mg-mL"
3600 0.1 mg-mL"!
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Figure 2 The critical micelle concentration (CMC) values of PELA, PBAE1 and PBAE2 copolymers
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Figure 3 The stability of DTX loaded PELA and PBAEs micelles in pH 7.4 PBS at 25 °C and 37 °C, respectively (n = 3, X % 5)
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Figure 4 In vivo tumor inhibition studies. A: The sizes of mice Lewis tumor post treatment via i.v. administration. The injections were

carried out at days 0, 3, 6, and 9; B: The body weight of mice in various groups after treatments (n = 4, X + s)
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