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Abstract The aim of this research were to prepare C1-921 mixed micelles ( CI-Micelles) , to establish a method
for determining the entrapment efficiency of CI-Micelles, to optimize the formulation and to evaluate their in vitro
properties. CI-Micelles were prepared by film dispersion. Dialysis and fitting were used to calculate true entrap-
ment efficiency (EE) and drug loading ( DL) of CI-Micelles. The influences of polymer concentration, polymer
radio and hydrating media on the entrapment efficiency, drug loading and particle-size were investigated. The
stability at 4 °C in 6 days was evaluated. The optimal formulation of CI-921-Micelles consisting of polymer con-
centration of 72 mg/mL, a mass radio of Pluronic F127/Solutol HS15 at mass ratio of 1 : 2 and 5% glucose solu-
tion as hydrating medium, showed a EE of more than 90% , and mean particle-size of 17-25 nm and PDI <
0.210. There were no significant changes to Cl-Micelles in EE and particle-size after treatment at 4 °C for
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6 days. The applied method of dialysis and fitting could be used to determine EE for micelles loaded with weakly

basic drug which was difficult to meet sink conditions. Adjustment of the mass radio of Pluronic F127 to Solutol

HSI15 had resulted in uniform particle size distribution, high entrapment efficiency and drug loading capacity and

better stability of CI-Micelles.

Key words CI-921; Pluronic F127; Solutol HS15; mixed micelles; method of dialysis and fitting; entrapment

efficiency
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Figure 1 Chemical structure of CI-921 free base
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Al 51BN (43T i 8 000 ~ 14 000, e 5t I
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3C B pH 31 ( ek 2 Rk AU A PR W) 57 gAY
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2 HESER

2.1 CI-921 &Z oWkt

2.1.1 &i#E5&4H A% Phenomenon Luna C
(150 mm x4.6 mm,5 um) ;i 30AH:20 mmol/L
MR AR iR (pH 2. 5) -2 )5 (72:28) 5 BEAR L
20 Ly 1.0 ml/ming FEHEL:35 °C 5 B U
254 nm,

2.1.2 FAMEERE SrRICS FRRE A CL-
921 HRUEVF IR, 10 R (38 K45 R R W], = e
HOF C1921 & FE iR I TE T4k

2.1.3 HBEXAFEAFERELE  KEK
i C1-921 10 mg, & F 100 mL &P, A& A 4
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PR, #5242, 1. 17300 HPLC Z5 /- #E 4700 % , i % CI-
921 [T AR, LA C1-921 Wk J (¢ ) Xf Ui AR (A) 3
ATkl H, 15 bR fE M £ A = 68 306.427¢ -
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mL JEE N LR R, HNSG H ER % 2%
FLAR BN g I A RSD Y9/ T 2% , [B1i
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Figure 2

Curve of CI-921 cumulative release rate (% ) with time

(x+s,n=3)
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Figure 3  Linear relationship between In( ¢,y free are ) and time of CI-
Solution and CI-Micelles (n =3)
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FLEIZ R R, TSR FOK 8, 0. 22 um
KB AL UE gL, B CIO21 JRORIA I

2.3.1 REMAMENZE  BENMESY ]
(1:1) 258t (1 mg/mL) LK 8 T 2560, %

BB A Wi (144,96,72,60,48,24 mg/mL)
X AR PDT A 5 A 225 B R Wi, 2521 L

1.

Table 1 Effect of polymer concentration on size distribution , entrapment efficiency and drug loading of CI-921 mixed micelles (x +s,n=3)

Polymer concentration/ ( mg/mL) Average size/nm PDI EE/% DL/ %
144 28.4+2.4 0. 194 +0. 046 91.76 +1. 56 0.61 +0. 01
96 33.5+4.6 0.214 +0. 031 91.28 +1.77 0.87 +0.02
72 29.7+3.5 0. 169 +0. 030 92.25 +1.41 1.23 +£0.02
60 27.2£2.2 0.264 +0. 037 81.22 +1.48 1.19 +£0.02
48 27.5+2.3 0.225 +0. 028 52.94 +0.49 1.00 +0. 01
24 31.0+1.8 0.210 +0. 034 31.56 +1. 63 1.20 0. 06
PDI: polymer dispersity index; EE ; entrapment efficiency ; DL drug loading
M1 L BEYRWESTRAS AR A S 2.3.2 ReppuvE R BEERAYER

FRW,AE 24 ~ 72 mg/mL JE A, BEH R S P
JEE ) 18 OR L dF R N i A W] i (A 31.56% %
92.25% ) , HREAWWERT 72 mg/mL iR
BEA LS BT RO B2 R N R BT L, e
72 mg/mL ERAER G YU

(72 mg/mL) 25955 (1 mg/mL) LKl T2 %
1, 2 2 [a] it 2 LE 19 Pluronic F127 Fi1 Solutol
HS15(3:1,2:1,1:1,1: 20 1: 3) X I sk if2 . PDI,
L ER MR, 45 R 2,

Table 2  Effect of polymer mass radio on size distribution, entrapment efficiency and drug loading CI-921 mixed micelles (x +s,n=3)

Polymer mass radio ( F127: Solutol HS15) Average size/nm PDI EE/% DL/ %
3:1 45.4 £6.7 0.294 +0. 053 83.21 +0. 64 1.11 £0.01
2:1 20.4 +3.1 0.350 +0. 099 91.98 +1.34 1.17 £0. 02
1:1 26.5+4.6 0.172 £0.013 90. 80 +0.78 1.15 +0.01
1:2 17.2+£2.2 0.190 +0. 034 94.12 +1.48 1.21 £0.02
1:3 17.5 £4.3 0.133 +0. 023 86.29 +1.41 1.09 +£0. 02
H12% 2 AT, AR RGP LI EBRZGR G BOR Z .
() P HPRARAE 17 ~45 nm Z 1], 24 Pluronic F127 1 2.3.3 KA REE  EE AL FHE (R

Solutol HS1S it Hi7e 1: 15 1: 3 [t PDI /N F
0. 23, GEWPRIAR I3 A B8 A 20K B R Bl
Solutol HS15 $# k1 4¢3 K )5 ¥k 2>, Pluronic F127
1 Solutol HSIS JFr# Lt oy 1+ 20, i 5 19 i HOA fix
LB RN B 2 &, R 1 2 R R AW

EYRATE 72 mg/mL MR GP L] 2: 1), 735
BEE LB T K 5% R TR WRIR 2% bR PBS
(pH 7.4) MRS o il (pH 3. 8) MK 59 T,
XHR G AR (PDI £ 6 3 M3 24 B 52, 45
RIFE 3,

Table 3 Effect of hydration solutions on size distribution, entrapment efficiency and drug loading of CI-921 mixed micelles (x £s,n=3)

Hydration solutions Average size/nm PDI EE/ % DL/ %
Water 25.4+£6.7 0. 194 +0.013 92.25 +2.00 1.22 +0.03
5% glucose solution 20.4 +3.1 0.170 £0. 099 91.73 £0.99 1.16 £0. 01
PBS 86.5+9.6 0.372 +0. 053 58.25+2.83 0.78 +0. 04
Acetate buffer 19.3 £2.7 0.217 +0. 020 90. 68 +2.94 1.13 +0.04

1% 3 AL, 5 %o ) 260 1 8 00 19 2% o T
(pH 3. 8) fUR L B 7K J /K & v P-4 kA% (PDI
(E/hTF0.23) ML B R (29K TF 90% ) BA W i
ZEa], i PBS AU 25 8 AR A K R i, KA

A1 PDI 3K, B R g/, B DL AT 5% 7 245 BAR
B LB ARV RK A
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B B BCREEBCRE T M, BT kAR 4 C
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Table 4 Diameter and leakage ratio of drug loaded micelle solution of

CI-921 mixed micelles after storage at 4 °C (x +s,n=3)

t/d Average size/nm Leakage ratio/ %
0 25.6+1.3 -

2 28.4+1.6 0.94 +0. 01
4 27.8+2.3 0.99 +0.05
6 31.5+2.2 1.4 £0.03

M 4 Fn] LU 302G I AR iR R A B
AIASAEAN R, HCE 6 d TR RN T 5% 155 2
Ko HIBRE AR E T EW, R A AVERE,
IR A SRS 1AL T7 i 2 1 B2 I A AE 6 d
NRERE PR 1T LA IR EYE o

3 3 i

Solutol HS15 J% Pluronic F127 E. A 46 A 3E 7K
B, MK BEAN ], ot K e Be 2z 6] i A B AR A
IR IE . CI-921 J2 55 it 25 4 , 76 b 1tk
RIS T AR R A s K, 24 pH 2 7 I,
leP KF 3, Pluronic F127/Solutol HS152 JE i 41 i
K BT LK SR EEE , BK Y28 T IR
Bl o BEFE Solutol HSIS 3 £ , 40 dh AR AR 24 1 56
RGN, U HH Solutol HSI5 GE#2 & F127 JiIK R
MG AE T, (B2 BEE Solutol HSIS 1y i — 25 14
Z XS 737 i B R Y Pluronic F127 J(/b, A fE
B D DL NG VA N T 2 R Y

AR Fa S 8 i T 5 Ty vt Sl i B0 ik
B BT AT 25 7 K B 25 W) RN B2 IR A 3, F
FHIF B 25 W) 508 B R W 25 6, 55 3 4 3
SR PRI A A 33 1 45 ) Pluronic 2
HORLARE/N (10 ~30 nm) |, 2R A SMEIRORE 2.0 12
IV fe S B 125 0 8 U 3 245 00 R 28 2 T O L 5 T
MENT i CL921 R LUV T 5% () A WA
AN B A A R T 12 Ao IS o U 5 1 24 W Bk
£ BT IARSE B R BT R 2 C1-921 JE SR Y
R,

B 1921 & —F stk 2549 (75 pH 7. 4 I}
VR IEANCY 0.8 we/mL) |, 75 RR VL U P i it 45
B TSI R IR pH 7. 4 IR IR 2% v AR B

TR T, 3 NI 1 PR SDS PRI , 5 FH B
R CESETT i PN REIA B i B 259 C1-921
8 T 25 R il SRR PR o T pHL 3. 8 AR
$h 2% vhifg 100 mL Sy M i, C1-921 i RLAT , 1
RETFREACAE " o RS, — 7 IR BT AT,
AL B 2GR 5y I SERZ A A PRI R 3 il
T RE 4B 5 3R HE S PR ARS , 73— T 1T, R PR TR
e BT 5, T RN T 5 e 2
Py C1-921 Fp g s Bk A A f i 45 5 BN 25 ) )
T o R P R SO €2 38 5 U 5 145 M7 A v
T 2500 ) R ROV SR U Y 245 R DA SR it
A2 S SRl a3l A A6 I 2 ) A 3
SRR T, 3 7 AU 2 5 BR MUBER F ORI HE oK
W25 90, 15 2 S i A B R M 2
ARSI BATIEREA NGRS G S T — o
TP 7 e R AL B3R 10 T5 3% 107 1] T e LI
BT A AF S5 TR ) 28 W 1) /IVREAR IR R AL B R Y
IR 15 P oy 1 9 A Sk 2 2 ) 1) T Rl 1 A
RERS 1 25 WY REL ) A0 R s M A IR, AT P 605
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