e F R T

ACTA CHIMICA SINICA DOI: 10.6023/A15010055

RCOABs-Z2BES 0 TRIARN G A IEREMRR

MAEEE Y kB sl BT ERE K
( LigTT e R A B E S s B R S B A A E AL E R TR AR R S TR AR
i 200237)
CrmERRSE  DEESEE #Eal 210029)
(2B A ML AR F B G 2RISR A 224 T2 220K 246011)

FHE P MEEHT A R B Re b PR 2 C W ERSEIL 2R Y Pluronic-b-poly(e-caprolactone-co-6-carboxylic-e- caprolac-
tone) [Pluronic-b-P(CL-co-CCL), FCINJEY), S8 PTX) R NAF] T — &5 PTX IR 49011 25 FCPTX. il id i 4t
PR('H NMR)AI 5 A (3% (HPLO)RAE 7 R AR 2545 M 30T T AT 25 P i PTX 6B R. @I ARl 24 i ot —
HYBAE PTX, BEEAE PTX MRS WRTZIRK PTX/FCPTX, HEZIEMAEFKEEE /T2 FCPTX F11 PTX 455,
RN E. FIATOEEIREES). &5 A (TEM)ARLIE M (DLS)RAE 1 I R 1 S IR FE(CMO), &M
bt NIRRT R, BEYRTZ) FCPTX B SR A i SRAE A R4 (0 MRAH 251 G5 RS IR E A2 BRI 20
B AT IZ5EAR, BEYIRIZE FCPTX 7RI &by 45Uk A 25 0K 1 3 FH 78 1.

Kegm AR REWAL; BEE KR

Synthesis and Properties of the Poly( &—caprolactone)—paclitaxel Prodrug

Du, Zhengzhen” Zhang, Yan** Ye, Jinhai’ Xu, Heng* Lang, Meidong**

(“ Shanghai Key Laboratory of Advanced Polymeric Materials, Key Laboratory for Ultrafine Materials of Ministry of Education,
School of Materials Science and Engineering, East China University of Science and Technology,
Shanghai 200237)
( Institute of Stomatology, School of Stomatology, Nanjing Medical University, Nanjing 210029)
(¢ Anhui Collaborative Innovation Center for Petrochemical New Materials, School of Chemistry and Chemical Engineering,
Anging Normal University, Anqing 246011)

Abstract This study presents a paclitaxel (PTX) based polymeric prodrug (FCPTX) using functionalized Pluron-
ic-b-poly(e-caprolactone) bearing carboxyl groups [pluronic-b-poly(e-caprolactone-co-6-carboxylic-¢-caprolactone), Pluron-
ic-b-P(CL-co-CCL), FC] as the substrate by a dicyclohexylcarbodiimide/4-dimethylaminopyridine-catalyzed
(DCC/DMAP-catalyzed) esterification reaction. High Performance Liquid Chromatography (HPLC) and 'H NMR were em-
ployed together to prove the successful reaction and confirmed the structure and composition of FCPTX. The result revealed that
the 2'-OH of PTX participated in reaction and the PTX content in FCPTX was up to 18.3 wt%. The polymeric prodrug could
self-assemble into micelles via an emulsion/solvent evaporation technique. Furthermore, the micelle was used as the nanomicel-
lar carrier for delivery of free PTX. TEM and DLS were used to study the size and morphologies of the FCPTX micelles and
PTX-loaded FCPTX (PTX/FCPTX) micelles. The results demonstrated that the two micelles were spherical spheres with narrow
distribution and the size of PTX/FCPTX micelles was larger than that of FCPTX micelles due to the micellar core was enlarged
by the loaded drug. The drug loading content (DLC) and drug loading efficiency (DLE) demonstrated that the great drug loading
capability of FCPTX for free PTX which could be attributed to the fact that the excellent compatibility between drug and micel-
lar core. The sustained in vitro release of PTX/FCPTX was due to that the forceful intermolecular interaction between conjugat-
ed PTX on the polymer and the encapsulated PTX, also, the forceful intermolecular interaction led to the high residual of PTX
(only 33.0% total release after 72 h at pH 7.4). However, in the lower pH environment, the drug release was accelerated due to
hydrolysis of ester bond and disaggregation of micelles. /n vitro antitumor experiments showed that the cytotoxicity of the con-
jugated PTX was reduced due to that the 2'-OH of PTX was reacted and the drug activity was crippled. The PTX/FCPTX mi-
celles revealed high antitumor activity due to the high cellular accumulation by micelle delivery. Subsequently, the great blood
compatibility of FCPTX micelles and PTX/FCPTX micelles were obtained. All of the results demonstrated the use of the poly-
meric conjugated PTX as the core of the polymeric micelles afforded an ideal affinity site for free PTX and had a marvelous
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potential in combination chemotherapy.

Keywords ¢-caprolactone; polymeric prodrug; paclitaxel; micelle
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Scheme 1 The chemical structure of PTX and the synthesis route of
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Figure 1 HPLC curve of FCPTX
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Table 1 The structure and drug loading capability of prodrug FCPTX

a9k

B2 FCPTX I '"HNMR g
Figure 2 '"H NMR spectra of FCPTX

2.2 FCPTX J3R# PTX/FCPTX BRAVFRAE
22.1 R RIKE(CMC)

REW B T R BE 5 SN BEE TE R )
BA NI B AR EEL O LR 1 73 R T AR R
A SCIEIE PG IERE B R AL CMC, W% 1
ATCAR I, BEE PTX RN KR, REMATHAMN
CMC Z#iF#%. XRMT PTX MR EBIKNY T,
M EASH A RIEN) PCL BB SE/K. 43R 5L 1% b
PTX )5, PCL & B it B /A XS 5K, BRIt &
T RTZE CMC RN
222 HEFekitr

Bl 3 AR T — NI R S WRT 25 FCPTX3 ik
W H FTX/FCPTX3 # 2 RR TESRARL A2 o A, Horp
3A FIE 3C 452 FCPTX3 R I A1 FTX/FCPTX3 ik
W TEM . w7 DU %2 31 25 i o0 52 BRI Bk
TEIF H RN —. Bl 3B AIE] 3D 4303l 2& FCPTX3
AR AN FTX/FCPTX3 R B RLAR ATt 0L, ] LA I
A BT PORLAR 3 AT . R 24 s SRR T 24 8 24 s TR A r
TR 1. MTRARRIN S, HRifehsE PTX #i&E
TG K, X2 T PTX VBN —FhBiK 254,
H BB SRR S MM BIKE) PCL B b, A4S T30

Prodrug” PTX in feed/wt% PTX in prodrug’/wt% MX10* CMCY/(ugemL™") Size’nm DLC/% DLE/% Size!/nm
FCPTX1 5 4.82 8.64 101.6 7.74 81.53 114.5
FCPTX2 10 9.57 3.58 109.7 8.32 89.26 129.1
FCPTX3 20 183 237 126.6 8.79 93.47 144.0

“ FC was the abbreviation of Pluronic-b-poly(e-caprolactone) bearing carboxyl groups [Pluronic-b-P(CL-co-CCL)] with M, =22 kDa, PDI=1.46 and every single
molecule had 13.2 carboxyl groups on average; * determined by HPLC; ¢ determined by GPC; ¢ estimated by fluorescence method using pyrene as the fluorescence
probe; ¢ the size of FCPTX micelle determined by DLS;/ the DLC and DLE of FCPTX prodrug micelle encapsulated free PTX; ¢ the size of PTX/FCPTX micelle
determined by DLS.
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Figure 3 The size and morphology of polymeric prodrug micelles
FCPTX3 and drug-loading polymeric prodrug micelles PTX/FCPTX3

A, B: the size of FCPTX3 and PTX/FCPTX3, respectively; C, D: the mor-
phology of FCPTX3 and PTX/FCPTX3, respectively
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Figure 4 Typical in vitro release profile of FCPTX and PTX/FCPTX in
phosphate buffer (pH 7.4 and 5.0) containing 0.5 wt% Tween 80 at 37 C,
sample is FCPTX3 and PTX/FCPTX3
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Figure 5 The cellular uptake of FCPTX micelles

A: FC micelles; B: FCPTX1 micelles; C: FCPTX2 micelles; D: FCPTX3
micelles
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Figure 6 In vitro cytotoxicity of PTX, FCPTX3 and PTX/FCPTX3
against C6 glioma cells
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Figure 7 Induction of apoptosis on C6 glioma cells by PTX (A),
FCPTX3 (B) and PTX/FCPTX3 (C)
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Figure 8 Hemolysis of PTX, FCPTX3 and PTX/FCPTX3 at various
PTX concentration
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micelles (PTX concentration at 0.1 mgemL ")
A: FCPTX3, B: PTX/FCPTX3, C: normal saline, D: PEI
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Schlenk JfiH, AT &M S, i DCC
DMAP, fE =i F XM 05 h FIHA—E =& PTX
[n(DCC) : n(DMAP) : n(PTX)=20 : 20 : 1], k4=
IR NN 72 h, BRI HPLC K s S AT. B0 f 2
DUV Ja ¥ s WO BB HT 48 (MWCO =3500 Da)f,
T DMSO M HEHT 12 h LABR LR R B PTX, #AE DY
B4 DMSO #H, SR JEH#% 2 KAHHIET 48 h DARBR
2: DMSO, Wila1 2 kB s KA. BTSSR 5 B &b
SRV, AR T EEBRIRK Sy, £330 FCPTX, KH
'"H NMR Ml HPLC il 52 H 454 F1 PTX & &.
4.2 FCPTX BE5RF PTX/FCPTX IRV &

BTG R 245 87 5K -6 IR AT 25 325 I R K
F LA 4 R R 4%, BACBIRATF A K 10
mg A 2§ FCPTX A | mL & F k)5, 5 2 mL JHER
BVETR(1 wt%)iRA, R AE AMEQ40 W, 7 2 s,
[EIFE 1 s, 2=FERTIA] 2.4 min)fil] & LR, SLEPS 8 mL JHIR
BNIATR0.5 Wt%)RA, HidE S min J5, iR TR
AL, KRR SE 2 0 (TGL-16C - & 3O,
14500 r/min, 4 “C, 60 min) i 5 ) A ER B 775 VR 75 1)
JEHRUTIE, I — 22 B X 7% 7K H g (XW-80A it i iR &
1T 2 B A
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AU 2582 PTX/FCPTX F il #5772 % 10 mg
HI24 FCPTX A1 1 mg PTX LA 1 mL & H bein i,
R TPRE LRI KRR 4R R G T 5
HPLC 4% UL T A it 8 = 4 2 & (DLC) Al AU 3 %
(DLE).

_ Amount of free PTX in the micelles
— X 0,
DLE Total amount of PTX added 100% (1)

_ Amount of free PTX in micelles
DLC= X1009
Weight of micelles %@

A28 5 2-6 IR il 46 75 1520 10 mg HT 250
10 pg HE -6 (w=0.1%)M 1 mL & Predt, &7
BBRE LIAE. HTEHER-6 FEERMK, ardkR
X T e AR, AR AR EE AR AR (LS FEE B
1), FBLRTZHE S R-6 KRR TR RE
TN, AL R FIRE v % 1 3 G &R -6 A
EERHIMESY) FCOMPRMA B W HHE BRI
.
4.3 FCPTX3 B3R A PTX/IFCPTX3 I RAYIRIMNERL

KB NTE%E S FCPTX3 IRA A PTX/FCPTX3 %
WA INETBAT N, BB NS 0.5 wi% Tween 80 [
PBS ##i(pH 7.4 f1pH 5.0). HARTEEWR: ETARK
FEHTE(MWCO=3500 Da)+ I\ 1 mL FCPTX3 iR H 5k
PTX/FCPTX3 W, HLEFEMED, KEHEE T 39
mL BT, F 37 °C, 50 r/min 53R T RIS
56, (EPUE RS TE AT H 200 pl B R R AN S5 )
2 AR BT, R HPLC W52 B ORE 1 PTX &
THH PTX RRURCR.
4.4 FCPTX3ERERH PTX/FCPTX3 BXRHIIAEIN GRS
N

SKH C6 52 51 988 20 i AR e 4 i, i o 2
F G E-6 X FCPTX BERSHLZ ehnid, &M gE4n i
Xof P AR A ). B A K3 ) Co 4R fE 24 4L
PR AR FL 40000 AN FEFERI R 7% 24 h, A5 FHEL
F %6 MATZ KRB R R ) DMEM (&5
-6 IR EE 200 ngemL ARS8 5% 1 h, 450G, WAL
WIETGEFH PBS Mk =G, H 4% % 5% B 1 v [
JE 15 min. FRCH PBS PPt )E, i 2t 2 s W52 Co
41 B X A [ BT 247 J o () 4R LT O

[FIRER A C6 i fise SR 40 P AL e Rr 4 g, S ik
MTT V34 PTX. FCPTX3 KA A PTX/FCPTX3 i H
P C6 4R SRR EAE . RS IRIR: HxE
K I C6 4% AF L 5000 AN %5 30 T 96 LA,
I\ DMEM 7E# FUEE 25640 N 8595 24 h, Z )50 mlin
A PTX ¥ )9 0~1000 ngemL ' ) PTX, FCPTX3 X
M PTX/FCPTX3 R ) DMEM 1AW 4k 8% 9% 72 h, “F
ITEAE =y, K& a2 LG, H PBS %il(pH
7.4 =G N MTT #3020 pL, 5 mgemL )54k
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LERETR 4 h, NOWGE EIEES, A 200 uL DMSO %
FRUTIEDD. [k 56 AW R 5 B bR (Bio-Rad 550) T
570 nm KNI, LR CLCR A SRR, JF
RYEAEIE F FH GraphPad Prism®™ 6.0 4115 PTX.
FCPTX3 A PTX/FCPTX3 ARSI C6 4HMEHI
I1Cso fH.

ODsam €
Cell viability=——2"P X100% (3)
control

H A ODgampie AN F I AL ALAR ) OD 18, ODeontron
SR ARNN B TR B £ FLAR ) OD 2.

AU 2 SR R A 25 30— 0 ad it Co dHffyd 1556
BOAEP B AR K Co 4iMifE 6 FLAR iAo
50000 NIEE BEREPIEEIE 24 h, SRS IIN T 24 i o ARG
25 AR (PTX W N 100 ngemL ™ )4k &:15 9% 24 h.
A PBS Mgl E, IMNEREIE AL, 550U,
' Annexin V-PI ety i i 20404 Se -4 T
THIL.

4.5 FCPTX3 R PTX/FCPTX3 BRI K2
MM

B S I S 6 AR 2T 240 i 5 S 56 SR VR BT 24 IR
FIHT 28R 25 B R I 22 k. L4 BiF i e+ 5
S K I 5 28 22 O N A2 BE AR K B O P i 15 3. 7
2.5 mL Z4IEF RPN 0.5 mL ANFEHRE PTX
PTX, FCPTX3 IRA A1 PTX/FCPTX3 o ()4 3 £ 7K v
WA PTX WKEHHN 0.1 f1 0.4 mgemL™', T
37 ‘CFH3% 3 h JGREMALE 2500 r/min R &0 10 min, HX
VORI 8 A0 4y 6 6 FE 1 (SP-1900, Shanghai Spec-
trum) P & FAE 541 nm PR IRIERE. 2818/ ORAE 3
RSP AE R IE Gt R, i 2 g B8 DA 2 2

ABS ¢t solution —AB Snegative control
ABSpositive control _ABSnegative control

e ABSiest solution 7 i u&ﬁ[ﬁg; ABSnega{ive control & 2E
BRI HIROG L s ABS postive control 72 78 T 7K A RO .

ST 2 M S8 A 92 06 0 TR RN R 5 kA, R R R AE
2.5 mL L4 EF W I 0.5 mL ) PTX, FCPTX3 &
B PTX/FCPTX3 A A A BE R /K VTR A B 241 PTX
WREEN 0.1 mgemL ™", F 37 CTFEFH1h GEEOLSBA
YHE, FHAEEE AL /K S BT A0 R S A 9% O 1B (Leica
DMI4000 B, Germany)7E 3% T~ W 52 21 41 g SR A2 175 100
PEI ¥ ¥ AN A 38 R 7K 43 AR R I 470 HEL

Hemolysis=

X100% (4)
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