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Preparation of Redox-responsive Pluronic F127 Micelles with High Drug-loading Efficiency

CHUAN Xingxing', YIN Yashuang', WANG Xueqing® (1.Peking University International Hospital, Beijing
102206, China; 2.Dept. of Pharmaceutics, School of Pharmaceutical Sciences, Peking University, Beijing
100191, China)

ABSTRACT OBJECTIVE: To prepare redox-responsive pluronic F127 micelles with high drug-loading efficiency. METHODS:
The thiol derivative F127-SH with strong hydrophobicity was synthesized by introducing tert-butyl methacrylate and cysteamine to
the hydrophobic segments of F127. Paclitaxel (PTX)-loaded redox-responsive pluronic F127 micelles with high drug-loading effi-
ciency (F127-SS/PTX) were prepared by film-hydration method as well as oxidation reaction of thiol groups. The diameter, encap-
sulation efficiency and drug-loading amount were detected, and the change of diameter and drug release behavior of micelles were
investaged under reducing environment or non-reducing environment. RESULTS: Mean diameter of F127-SS/PTX micelles was
about (77.87 £ 1.79) nm, and encapsulation efficiency and drug-loading amount were (92.73 +2.35)% and (16.25£0.99) % , re-
spectively. The diameter of the micelles increased rapidly and drug release rate of PTX increased significantly in the presence of 10
mmol/L dithiothreitol. CONCLUSIONS: The redox-responsive pluronic F127 micelles with high drug-loading efficiency are pre-
pared successfully.

KEYWORDS Redox-responsive; Drug-loading amount; Polymeric micelles; Pluronic F127; Paclitaxel
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e 1 7R R BE 2 ik R R R L T AT O 2 A
B ) SR R BTG, BRTE & B2l
Tl 4G pH Ll 348 S PR TR e R S50 D TR A e K
(GSH) VE b 44 N 32 22 11 38 D 5], A8 40 B P9 7 3 % (1~ 10
mmol/L ) ZE75 =5 F A I /M (2 pmol/L) , HLIR A1 Y GSH 7K
IER AR T~ 10f57, X —IR IR o] A HEAA S5
NV AR R . R R IE AR pH AL
B NARH AR , MAE— & 4 1Y GSH 3] Wi i (DTT) 538
JEFIE T 5008 5l 5L, ELANAMY GSH HEE AR 2 LIE
JE AR, DR, S R 25 W AR AR AR R AT DL R
FifasE , BRI 4120 ASEAN IS , 7000 P e GSHAE
T AT B AR AT S R . R 3 S
RGP iR R R V2 N FHU R 25 30

AR, SRR B R YA SR R 5 A —Fh
AR 23 B AARZ B )1z e EY, 3 B JE 52 (Pluronic) F127
(fRIFR F127) e —Fh i 5 PE A0 =i BRI Y Bl 2 TR
il ARBFTEXT F127 RS K BES | H LN A AL T 16 A
R , A e K M R ST AE Y (F127-SH) o 1] FH v AsE
KA SRR AR S 25 2 S AZ I (PTXO) A3 i i 72
WP e 78 F127 BREWIKH (F127-SS/PTX) , Bl E 4 T .

1 8
1.1 88

Avance T 400 I AZ #6477 12 ( 3 [ Bruker /A 7] ) ; Nexus
470 BILT AN TS (FT-IROAY (SE [ JE & S UEF 23w ) 680 AYfifFAR
X (2 Bio-rad 23 ) ) ; LC-10A %1 25 508 AH 533% (HPLC A ( H
A HENF] ) s Malvern Zetasizer Nano ZS R BOGHRLEE A (92 [
Malvern Instruments 23 7 ) .
12 #AE5iRF

F127(32[H Sigma-Aldrich A w] , it %5 : BCBG0585V ) 5 H Jik
P R (MAA) | H LT BR L T B (+-BMA) | R 72 1 e e
(Cym-HCI) (2 [ Sigma-Aldrich 23w , 4t 5 : 728960MV . MK-
BF0026V ,021M1783V, 4} : 99% .98% .98% ) ; PTX J5 R} 24
(e P4 25 9 A= W H AR A BRA #3150 20130721, 4l B : 99% )
BERiNEw Bl e
2 FHik
2.1 FI27-SHEIE R
2.1.1 F127-MAA/t-BMA & B 0.5 mmol F127 ¥ Tif i
F2E A 5 mmol 33 AU A8 B R T iR T RV, 140 CF
PG 1L 1 hilf 0.08 mmol MAA ,0.04 mmol t-BMA fill A | &2
RN Z 140 CCR RV 6 ho SV SE R, 5 M TRA U
wOE QB UTE , i uE K AR A (T vE 3R
(DMSO)¥fift, e NiBEHT4E (IR 73+ Tt - 3 500) . FHZE 18
IKFEAT BT 2~3 d, T A5 (2R Y F127-MAA/-BMA..
R R 65% , —20 CTIRAF# o 77T FT-IR S 3
PROH-NMR) %72, Bl WL 1

M 1R, S 10 F127 A g 7K Bt AR JEFigt Kk v
FEIA 45 )0 77 ) F127-MAA/t-BMA ., F127-MAA/t-BMA K
FT-IR 3% (B 1A) IR 207 046 1 722 em ™ A0 C=0 11
g e sl e, SR W2 & AR B F127-MAA/t-BMA (1) 'H-
NMR I3 1B) 7R ,0=1.0~1.2 JF127 F{—CH,,0=12.2
9 MAA H1—COOH, 6=1.4~1.5 }j t-BMA H1 fJ—C (CH.) s
'H-NMR E s R T A F127 [(RHE 04, 5 MAA fil t-BMA
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Fig 1 FT-IR spectra and 'H-NMR spectra of F127-MAA/
t-BMA

2.1.2 FI27-SHAE R # 0.2 mmol F127-MAA/t-BMA Fli&
it -2, 3 (3- U F SR AL N 3 ) T e — I e R 2 3k (EDC ) -N-
P2 ELBEHAME Y i (NHS ) [EDC-NHS (12 1, mol/mol ) | T — 1 5t
FRmERG T, 200 REG SOV 5 4 2 mmol Cym - HCLIZ T I A
FARIEAE A T, B 1 mol/L B2 1 S I 44 2 pH % 4.0~4.5,
i EEGR 6 he N EE AT B RN TR A B TS (IR
B4y 70 03 500) 1, 10 C e A4 T 1 mmol/L 572 . 1
mmol/L £ R F1 1% F AL BN IR -G . 1 mmol/L 88 4371 78
GYIBENT 24 b, BT AR EEUR Y F127-SH, N 76% , —20
CTHRAF# M. R Ellman’s Assay J05E =y Hp sk &,
5 F127-SH WP 8 AL 520 190.42 pmol/g.
22 KREIHEE
221 WIEHE RWEBOKATE TS 5 ) U R i 8 e
R, REEFRI 10 mg F127-SH #112.5 mg PTX AT 5~8 ml ZJIF
o SERTE ARG L 3T CTF IR HEZE 40 min R 13 51259
SREEL. A 2 ml P BERREE 2% b (PBS, pH 7.4) , &l
FUAHENRY 5 min, K15 AR B TR R 15 315
TEE T IS Y € FL O A T L B R A A T 0 TR 2 2 i ol
(F127-SH/PTX) o [m] J5¢ ARV T HHl A GV, BB A Ab sg 1k
A, RIVAS S T iy R 2 R (F127-SS/PTX) o [,
FHARGAEMi 0 F127 403, PTX, 45 % FE AR B F127/PTX
2.2.2 RiARFN Zeta AL E R B R IE AT B A G BT
(DLS)/3#7. KFH Malvern Zetasizer Nano ZS %Yk S
E A FPRIAE I Zeta HEAV o
2.2.3  AEAMBEAENE R HPLC 200 B b iy
PTX i, %5 @ik Agilent Cis(250 mmx4.6 mm,
5 um) , Wi sAHA ZHE-K W (54 :46, V/V) , B4 1 ml/min,
For I K Ok 227 nmy, ERE LR 20wl DA PTX U R (A4) X5
WLV (o) #EAT | 204, A5 AR v i 4 4=39.016¢+72.37
(r=0.999 5) , PTX Farill JoT e i (R MR Ry 0.5~100 pg/ml.
FEEEWEI 0.1 ml B2 s, A1 0.9 ml ZEFEE 10 4%, Il £ i i
Ao T8 oA S 5 R R B R 0 PTX, EAE , SR FH HPLC A 5 Jie
REWH PTX it 4% U B3 (EE) filgk 2y & (DL) :
EE( % ) = o i 259 & i /% 25 1 100 % , DL(% ) = IR A 2
Yo it/ R+ 258 ) <100 % o
224 T AL DURERARIAE R Z R (PDI) A5 4R,
A3 5% F127-SS/PTX WA il 48 7512 H 7 B[] (0. 10, 30 min)
FEE A IR AL (25,60 C) I ilifl, 25 R 1.
T 1R, X AR AR A T35 4 8 7 A R T RS A TR B

B R A u =V RE (EE 2T GEh2ae 51 PO S /% R TR Y (182 Ly N A
B At AR Tk A, v RS ol B A I IR T e s iy
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®1 AEBEERBERERF127-SS/PTX B R AR 1Z
MPDI(x £s5,n=3)

Tab 1 Diameter and PDI of F127-SS/PTX micelles under

different ultrasound time and ultrasound tempera-

ture(¥*s,n=3)

TiH g Hift,nm PDI

7 T], min 0 109.70+7.20 041£0.02
10 80.55+5.69 0.24+0.01
30 100.01+9.34 0374002

R, C 25 94384229 0.280.01
60 80.72+2.14 0274001

FROEWNE . S3A0, R BRI SR T Lt AT — 2 %200, 60 °C
5225 C TR ACRARTE /N, B LA, B Al 28 14 7 288
TE60 “C 8 10 min,

2.25 prEEEHl BBy §145 1) F127-SS/PTX (F127/
PTX AR T2 5347 \Zeta Wi, (EE DL (I ELE R IR 2.

#R2 2TECRAUKIIZ . PDI. Zeta BB [EEFIDL(X¥+s,n=3)

Tab 2 Diameter, PDI, Zeta-potential, EE and DL of F127-

SS/PTX and F127/PTX micelles(x +s,n=3)

JiEHR Kif2 ,nm PDI Zeafifi,mV  EE,% DL, %
FI27-SS/PTX 7787179  02540.02 -108+0.10 92734235 1625+099
FI27/PTX 28274259 030+0.12  -657£0.67 74014005  136%0.24

5 F127/PTX B o FL 8¢, F127-SS/PTX i o Ay A A2 38 K
PDI i /) 34— B B 4F . F127-SS/PTX Ji& ¥ 1) Zeta Hi, {37
(—1.08+0.10) mV, 4 X HAL FI27/PTX B ohifik . (HAFER M
J& , F127-SS/PTX i R Y DL Ky (16.25 + 0.99) % , it it K T
F127/PTX A (P<<0.05)
2.3 BB IR M S EE 4
2.3.1 DLS/Zr#r  HUE & F127-SS/PTX i W i W , fil A 10
mmol/L DTT, 37 °CF 100 r/min 1825 IR % , e ] i} /]
Ak DLS A6 U AN ] HBORE 5 52 SRR A2 B BRF 1] 79 722 A6 1 1B
FVEAIIA DTT B B4, [ vk A T44E . F127-SS/PTX JiE
AR B IR IR DTT T AR A A5 il WL 2.

10 0 mmol/L DTT,0 h

8
S 6
il
h- 4 10 mmol/L DTT,0 h
B

2

0

0.1 1 10 100 1000 10 000
Hif% ,nm
A A B DTT T HIIA i)

10 0 mmol/L DTT,24 h

8
S o6
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o
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0
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B. A78{JC DTT F A [l [r]
2 FI27-SS/PTX BRRABHILERF DTT THEEIHAE
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Fig 2 Diameter change of F127-SS/PTX micelles with or
without reducer DTT at same or different time points

i 2 TR 7245 DTT 4544 1, F127-SS/PTX Ji il &
A RAE B hIN KRR S IR 2 A ROk . JLR 2 DTT A
i F127-SS/PTX AR i) B ST 24 , T 30Bi /K B 2 ) & A=
RN PR AR R AR T, MIEDTT &F T, R BE S IR A7
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FasE  RiARAE 24 WIS TG B84k

2.3.2  URANZGWIRERL SRS BT A A I TR A (A A R A T
Ko B R 1.0 mol/L KAGEREN Y PBS i - 4 %5 I H
1 ml F127-SS/PTX I R BB TG AL Ui M 4% (AR 401
H+:12 000~14 000) 1, B T% 10 mmol/L DTT () FEJi A I
H1,37 CF 100 v/min &% , 40l 7£0.2.3.4.5.6.10,12 .24 hi
500 pl BEHA BT, 40 [R) A B[R] ve B 199 5 DTT 13 ff e
A o BUEARS DTT BB TR AT BEL, )ik B K
A5 ISF [) 55 10 25 W0 R THORE i 064 T HPLC 437, 22 PTX A9 5 1
TR PTX () BEUBCR(Q) , 2B i £k , 44~ i o) g A4

n—I1
FEA I 3 EATRE. O(% ) =( Voc”+V,_§]c,)/m %x100% , HHr,

Vo(ml) MR BSAARTR s ¢, (mg/ml) S TE £, B T BURE S 14 Jo i
WS 5 Vi (ml) Ry 7E Bk I BURE S B MARR 5 e, (mg/ml) S 7E & 15f BT L
FE i 0T I W B s m s (mg) A ISR P 2 PTX A A0 &
F127-SS/PTX fE WAL s JCIR 557 DTT 44 F 259 il 1
LI 3,

1004
80+

60 =0~ 0 mmol/L DTT

=8~ 10 mmol/L DTT

BRBICE, %

40

201

0 . , :
0 10 20 30
IFA], h
B3 FI127-SS/PTXBIREA L EEF DTT &4 THIZH
Fig 3 Drug release of F127-SS/PTX micelles with or with-
out reducer DTT

IR 3ATH, FETC DTT 444 , F127-SS/PTX JKE 7 6 h 4
Fe2hieth, Z 5 M8 8625 , 24 hitk O 4 50.15% ., Ti{EAT DTT
SAEF B2 BRI R KL, 24 hif Q Jy T4.21% , W1 B 5 T
JEDTTAYEM T 2R . TR DTT B i ol ke 32
ARG G T 2, e PR R T 235 A0 3 B3R, il e 38
R R
3 iTig

F127 fy 3£ /K B B 48 4k 2 4 (PEO) F g 7K BE B AL T I
(PPO) ¥4 i (PEO106-PPO70-PEO106) . 1E R 25 %k IR b1 kL,
F127 HA LU (O Hwi s nl i AR 7K b B 43508 ke
o, T T R £E 2810 37 3 B S I P 808 (EPR ) B8 5 ok 2 i i)
AEJT 5 (2) A, vf i BRI (3) W LA 2o R it 24 21 i
) = R AR T CATP) K A 259 A HEER 11 SR S il s &2
21 25 (MDR) 94 ™, {HI:, F127 [ 4558 B0 I sR A7 4
PUR Tl (1) AEARE | (0 A 30 LIS 268 B i, 51k
2 LR X B2 Kl PPO BRI K A 4R e
(2) BRI,

FEXF LA F ), ASHIFSE T F127 $E4700 F 84 - (1) 4 5
Iy EE— RN A A SR A L, 2% SCHR 131438 B 5
TIEFEE— BB . FE5 | &7 i S AR TR AU T R 9 1
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YERITFIE MGG , 5 Cym (92 51010 IS S0 A8 L AT
6] PPO Be5 | ASi Bt , 76 A it i Hi bk S A S Iy — s, 3
JB AR A PAZ R SE IR, 41 i JEE SR 235 K O RS P, ] R 3
I S R TSR < (2) 455 0™ 4 F127-SH 55 PTX il i 5K
S TE L F127-SH/PTX , P 1] Je v v S0, 1l B PR
IKNRZH IR A SR i — A B, 15 21 F127-SS/PTX., AH
FF I F127/PTX, F127-SS/PTX (kAR F 2y ik kg o, mT
AESE T t-BMA i /K i A 195 LS SB0KE A i K YA K
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IS8 SR T T H A P, T DA R R P K 2 R )
R BRF , B e A L s
F127-SS/PTX i o A s J5L i 1o TRV KA = 3 1o i A ik
JEIREE R R PR EE T BRLAR AR AL FURR 24 T A R B IE . A3
PADTT /E o id J550)™, 76 JC DTT 447 , F127-SS/PTX e i 7E
B ) S HRAE TR AT LARRUE A7 AE 5 AT DTT 2500, A5
Wi, R N 3R, S BUBCR ] R AR SR AR 25 W R BRI
BRI S5 B RUAAE , AT ORUE R SR AR IR ER b CR 1 FRE | T AE
HEA IR B AL IS TE Ak T G e A s R 2 A A TR
2950 PR
A58 3 2 B R v F127 YEAT B K PR S Ak 18 1

BT —FTBRRL, I8 i S - A B SR AR S A,
ST 5 3 i) 10 Y g A 2 i B JE v FL2T RB WIIRE AR F127-
SS/PTX. 5t 4h AW, F127-SS/PTX JIE o 1 2 24 ik KK 4
7o 3 7E BB A SR T RERS PR IR , T SR A A
TR, R . AL, T F127 0k HAT A
MDR HIME T, 2R 7R3 T R BIFFE rh T it — 255 X T 24
PR A AR . 53 Ah R BT AFE F127 (557K PEO Bk e
S, S H A R IRE . ik, F127-SS/PTX K AL A
1RTT A B BB 5
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