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mPEG-PLA 5 P123 A& 4 38 : 62,325 % 4 5 mg, KWK A 6 mL; KRB L& F 5 F 607
SR RO LI RN 8T AV R B EAH 4.19% . 442 % 115.6 nm,PDI % 0.216, Zeta #1424 —16.3
mV; % E3E4Em 2 69 CMC A4 1.7X10 *g/L,mPEG-PLA/P123 ik & #2 % M B4 ; Ik 5
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Preparation and evaluation of physicochemical properties of
etoposide nano-mixed micelles
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Abstract: In order to enhance the aqueous solubility and stability of etoposide preparation, the central composite design-
response surface method was used to optimize the prescription technology of etoposide nano-mixed micelles (ETP mPEG-PLA/
P123). Based on the results of single factor test, central composite design-response surface method of three factors and five

levels was carried out to optimize the prescription technology with drug dosage, the mass ratio of mPEG-PLA and hydration
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volume as independent variables, and the entrapment efficiency, drug loading and particle size as dependent variables. The
critical micelle concentration (CMC) was determined by fluorescence probe method. and the physicochemical properties and
release behavior of the prepared micelle preparations were evaluated. The results showed that the optimal prescription of ETP
mPEG-PLA/P123 micelle preparation was that mPEG-PLA : P123=238 : 62, the drug dosage was 5 mg. and the hydration
volume was 6 mL. After optimization, the entrapment efficiency and drug loading were 87.4% and 4.19%, the particle size
was 115. 6 nm, PDI was 0. 216, and Zeta potential was —16.3 mV. The CMC value was 1. 7X 10 *g/L, so mPEG-PLA/
P123 micelles had high stability. In vitro release experiments, etoposide could be released from micelles slowly and continu-
ously, up to 80% within 48 h. The optimized ETP mPEG-PLA/P123 nano-mixed micelles were able to enormously improve
the aqueous solubility of etoposide, and the micelle preparation had good stability and a certain slow-release effect. The results

of this study could provide theoretical guidance for further broadening the range of application of new etoposide preparations.

Keywords: pharmaceutics; etoposide; P123; micelles; UPLC; thin film hydration method; central composite design-

response surface method

G TE ZOR I /NBERL S R A A AR S A AR 25 P SR O AR IR SR DA R By . fR R 7 3R A5 A A T
I LE MU Cetoposide, ETP) ARy — Bl R 5 AL ST 2580 68 T 198 1 00 96k CL TR L 52 5U0 iR | i
LBk IR A 2 RO IR B A VRIS I AREE IR T AR S D S A BRI 2 T B ) 24 -
DNA 447 BLET Topo D%k DNA R . SR ARFEIA FF7E I RN A7 R R F PR 22 (153 mg/ L)\ H AR
R A= W ) AV LA % ) e R o) o 9 e A TR R A R R ARG I T I S R S ) R
KB R CEE R IBLEE 80 55 A mT RE 5| A AL BB BBOS o PRIk A AT TR T T 45 25 AR e X R
MREECTH 038 A P 412 s A 0 ) T R 1) 2 e LA B B R

Ji5& R 790 R LA SO 3 P A o A 4 24 XSl g S R A W A A R i 24 AR 2 W B g TR LA AR
BTN VT AR, [ N ANRHIE N B3 LR AR FE TR T B0 AT 5 v i R I R Ak 5 B iR 4 B A TR IR
TS W (ELO TR RS B i RS P N 2 B AT A R IR AT IS . AW LS B JE 38 P123 I 4 Bk 3R & — - 3
FLIR (mPEG-PLA) 3 [6] 45 2440 BL i 45 1 20 ETP 193 & IR il 0] . 35 I J2 58 P123 J2& o 2R /K M 1 2R 4
AR B AE AT 14 3R ST A ik B R I W SR PR SR SR L B e A S BRI T R IR | R AR A R
P AT T R R B R e 2 P RE AR A . AR R 2 TR R IR T R £ TR RE SR R
TRk 1) B4 2 [ (2 B 42 s g oK B2 R R ARsE M. R FLIR (PLA) PRIJK 23 7 ] B 1 e 7 T At 8 i 7K % 1)
FHEL G 51T 26 5, by Jig 18 1k 24 ) B B 7K P9 S i v TS TR ) 28 24 i AR S

ASBIEFE R JH R KAV ) 5 BT A0 K TR 5 o T o B IR BB S R R TR R A Ak
AL mPEG-PLA/P123 LA 45245 BRI AL AR 3 A R 2R 0T 1 R a5 4 48 24 8 DKL AR 19 BRI KOG 2 I 0 il
i AT 2R SR ) A TR AR | LA | e B R TR R A AL ST B A S LA B 2 s A A R RO A OB AT D
8 O — 28 BIETEARFE A T 4 500 A 0 A AR B A

1 SEEetf#

1.1 FENEE

ACQUITY UPLC 4%, PDA # il #% , Empower3.0 {1k 2% T./E i (26 [ Waters 2 7 2 4b) ; Standby
sartorius ME/SE R 9 i i 1 1 KV (8 2 A Bl 22 A 88 A BR 2 vl $2 41D 5 HI-4D %4 12 45 5 0 58 7% 7 i #he
FEA (G IR T AR ER BT T $2 411 s GAOKE Jief% 78 &AL (YL T 9y m BH AR ) 3415 s SHZ-DCIID 6 R 7K
KA (LT T AR A B 34T 2 &) #2441 ; DZF-6020 B B0 25 T 48 (77 0% i VD R AN 2% T #2 fit) ;
JPCQ1028 AU H 4% 8 75 P i Ve L (R DU S W 1R A PR 2 ) 241 s SHA-B K I 10 R 41k ¥ i (I RE A% 2>
ARAE s Milli-Q 4li/K % 48 (3 [H Millipore 28 Al $244t) ; Lab Tech UV2100 28 4h-1] WL 43 56 06 B2 A (A6 52 3k 1A
R BR A Al HE ) s HH-S6 % i 8 15 /K 1 B (4 42 T 4 ma A 0 i 3 A BR 2> /] $& fi8) ; ZETASIZER Nano
seriesZ KRLBE LA A (B8 [ B R SCAX A A R A F1 #2418 s HITACHI F-700 28 66354 CH 32 A Al 2 ) 5
ZNCL-TS HHAE (L ST P8 AL 28 2 7l 3 f16) s RCSCD % 1%, RZQ-8D HUEE UL 4 & 48 (K K K & 48wl 41
HE) s DSCT 25 78 21 4 2 AN (o Mg AR ) TR 228 w1 |
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1.2 %5

ATIAH (L5 A EC220094, T = 43 B0 R 98%0) , % it 7 4k 2% ik F) A3 BR 28 /] $2 fit; P123 (it 5
MKBQO0305V) ,Sigma 2> dl #E 4L AL R & E-RIAM (T SRR HARA A4 285, 6%
ali, KEET R AT T G BB DN ER L JC K B 2R B 4l s K g Ak

2 AEEER

2.1 ETP mPEG-PLA/P123 %l &

SR FH A A 125 ) 4 0 3R FE VA B9 mPEG-PLA/P123 3 RBY I . # — & i i) mPEG-PLA,P123
M ETP % T3 & W E B HEE M (1 000 r/min, 15 min) . ff JHHEH B 25 78 Kk 2 & W B 52 2 78 R ITE
BT 2 B L 22 5 LS TR A ABR 58 B A HLIA ). B OACTE S 4K B8 7 AR 3, T 50 CIE R IR
1 hfF i) 0.45 pm JERELT U8 BR 2SR B E A W ML R Y i AR5 5] ETP B I 5 .
22 wIEEH

Waters BEH Cy 345 (100 mm X 2.1 mm, 1.7 pm) KK N 284 nm(ETP) , i sh b 21 /K (—
FEFLE R 50 ¢+ 50) ARFIA R 0.3 mL/min. AEIE S 35 CLHERER N 1 pl,
2.2.1 TEHiLR

PL2.27T0F 3% 55 8 43 5% mPEG-PLA/P123 %5 H A W A ETP mPEG-PLA/P123 #8245 I W%
WHERE . B RIE 1 iR 7E 284 nm PR T L SRSAKFE IH A9 & B0 T Tk .

020p 020
0.16} 016}
= 0.12f =012
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0.04} 004}
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B 1 4RitEFMARSK R UPLC &% H
Fig. 1 UPLC chromatograms of etoposide loaded nano-mixed micelles

2.2.2 LRMEXRRFLH

K % FREL 10 mg MRFTITHT A 10 mL &, O M@ %4 TS R E N 1000 png/mL MAKFEIA
AW o B T VR BE AR B & 80,40,20,10,5 pg/mL, HERE . DURE Sh T 52t Vi B2 Ay 48 A o 06 1T AR g 0 A
Fr A A BB 5 AR vy =2.029 92 +2.109,R*=0.999 9, 7E 5~80 pg/mL JLHE P KIEIH A9 L
KAEARL,
2.3 ETP HAEMEHEMHNZE

K% W 0.2 mL ETP mPEG-PLA/P123 BHRIFEW LA 10 mL FET, HOEmBEZIE 55,
B SAy e A A A . F 2,27 T i Sk R T A U T B AR M O B AR IR AR B RO ETP
mPEG-PLA/P123 A ¥+ ETP ) & it

ETP # 25 =g ETP & &t/ (A ETP & & + # kbR S i) X100 %,
ETP 3% =R s ETP & &/ETP M 255 X 100%.,

24 BEERER
2.4.1 &

[ 22 24 B mPEG-PLA F1 P123 4% 50 mg. A AL BB K AL R 4 mL, HAb 5540 5 2.1 TR —
BB RN 2.4,6,8,10 mg WHXF ARG AR 2 BERURLAR I R, S5 R R 1,
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MR 1 AR BEE B R R s R AR K1 BRAFTHAHE KRG ST RELGY A
BB AGE RN T S TG ., ot 25 B I Tab.1 Effect of dosage on encapsulation efficiency,

AT 5 B 5L B AR T AT drug loading and size
2.4.2 mPEG-PLA Ff & Jfi i He Beifimg GHEN BARDE  BA/om
s 2 5.1 1.87 122.:
@2 AR B (mPEG-PLA 5 P123) B &~ 100 A ZS 5 361 118 32
mg, 25 R 4 mg, HAb S A, %% mPEG-PLA 6 82.9 4.74 114.40
BB RSN 0.2,0.3,0.5,0.7 F 0.8 B, X E 5 8 . 1.96 108.60

TEEE R Tk e R AL Ve a o iy 2501
% 2 mPEG-PLA & WL BTN YA

Tab.2 Effect of the proportion of mPEG-PLA on encapsulation efficiency,

drug loading and size

mPEG-PLA (51t {5/ % et/ % KA /nm
0.2 92.8 3.58 93.17
0.3 90.6 3.50 109.90
0.5 82.5 3.19 116.00
0.7 88.9 3.43 117.70
0.8 78.0 3.02 109.00

M3 2 ATAL B mPEG-PLA [ Eb 935 0, £ B 5 F0 28 2 & 5 % /T, k042 22 B 5E THE Bk 34,
H It . % mPEG-PLA 5 P123 () HLBIVE NG 2 ab T AL BRI E 2 —,
2.4.3 AHLEFIFE

i 5E Z AR A B m (mPEG-PLA) = m (P123)=3: 7 (30 mg : 70 mg) , & 25K 4 mg, HAh A7, %
G HLEE T 53 3 g FEE L 2 T8 R DA T B 6T g o, 3 23R | 3 24 i MUREAR (5 ) L 25 SR LR 3,

A3 AWEMNIESOHE RGEFEZNG YA
Tab.3 Effect of the types of organic solvent on encapsulation efficiency,

drug loading and size

A LR R {5/ % weE/ % A2 /nm
1] 86.1 3.33 115.70
FH e 90.3 3.49 118.00
2k 87.2 3.37 117.20

HH 3 RTHL A AL A A 2 A 6 R 3R 2 e Rk AR e R R . TN ERE & PR R R L &
5 9 e A R AR S I R PP AR S AT ML A
2.4.4  HE A

[ 72 AR F B m (mPEG-PLA) : m (P123)=3: 7 (30 mg * 70 mg) .25 N 4 mg. A HLIEF Jy H B,
HAb SRS, B EB A B 5,10,20,30,60 min B, X IR A A0 354 5% 48 25 B FURI AR A R 0, 45 IR DL 36 4,

A4 BEHESOHE RS HELEOY R
Tab.4 Effect of ultrasonic time on encapsulation efficiency,

drug loading and size

7 B ] /min (R WA/ N Ki4%E/nm
5 85.6 3.31 121.70
10 86.1 3.33 115.20
20 88.5 3.42 117.60
30 85.4 3.30 117.30
60 87.1 3.37 114.50

Hi 2 4 AT, B 2 R P I ] A 389 0 AR AR AT R B 28 75 B ) 3K B 10 min J5 R FEAR AR, i
10 min Sy AR 5256 1) 6 75 I I
2.4.5 KALIRRR

1 E B ARABE m (mPEG-PLA) + m (P123)=3 : 7 (30 mg * 70 mg) .24 K 4 mg. 43 HLIE 7]k H
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B AT E] R 10 min, Hfh & AT, KA IR TR 2,4,6,8,10 mL B, X R @ 5 % | 4% 25 & Fok 42 1 52
ﬂ@ er%WJ%‘;{ 50

A5 RivthBat @R A EREZRGY R
Tab.5 Effect of the volume of water on encapsulation efficiency,

drug loading and size

KA B/ mL ESE B/ % Kite/nm
2 86.5 3.34 127.60
4 93.3 3.60 119.00
6 90.2 3.48 108.50
8 88.5 3.42 102.50
10 81.3 3.15 87.50

FH 26 5 A1, B B K AL PR BUAG B0, 25 S B0 ARORE AR U /0N | T dt S5 OR 2k 2 W) S e SRR R A, A
I A KA BUE N G S b TR B R 2 — .
2.5 ERE-MNEERLSS

TSR R I b, 3 & SR TR0 f ik 6 ETP mPEG-PLA/P123 JIRA., DAF 25 & (X)),
mPEG-PLA (5 H (X ) TR X DOMER 3 A A&, @7 KGO R Ry )  #d =
(Y TR (YO B PR BE R . I Design Expert 10 (32-bit) B 3E4T 3 & 5 K FAHY CCD HbH A 5
Bt & E W BUE B %255 2~10 mg, mPEG-PLA (516 0.3~0.7, KAAAF 2~10 mL, %K
IE L 6, I L HE e R FR 7,

k6 R EEIHEERKFE

Tab.6 Factor and level for central composite design

) K
% Y iy
—1.682 —1 0 1 1.682
# 2/ mg X, 2.00 3.62 6.00 8.38 10.00
mPEG-PLA 5t X, 0.30 0.38 0.50 0.62 0.70
KA T/ mL X, 2.00 3.62 6.00 8.38 10.00

k7 EEZAHLR

Tab.7 Results of central composite design

WIS X1/mg X X;3/mL Yi/% Y./ % Y;/nm
1 6.00(0) 0.30(—1.682) 6.00(0) 84.00 4.78 108.90
2 10.00(+1.682) 0.5000) 6.00€0) 36.10 3.49 114.10
3 6.0000) 0.5000) 6.0000) 69.50 4.00 116.20
4 6.00€0) 0.50(0) 10.00(+1.682) 61.30 3.55 87.61
5 8.00(+1) 0.62(+1) 8.38(+1) 35.20 2.87 102.30
6 6.00(0) 0.50(0) 6.00(0) 71.50 4.11 110.70
7 6.00(0) 0.50(0) 6.00(0) 73.20 4.21 116.90
8 2.00(—1.682) 0.50(0) 6.00(0) 91.00 1.79 123.60
9 6.00(0) 0.70(+1.682) 6.00(0) 81.00 4.63 121.20
10 6.00(0) 0.50(0) 6.00(0) 71.20 4.10 114.70
11 8.38(+1) 0.38(—1) 3.62(—1) 31.40 2.57 105.50
12 6.00€0) 0.50(0) 6.00(0) 68.90 3.97 117.10
13 8.38(+1) 0.62(+1) 3.62(—1) 28.40 2.32 112.50
14 8.38(+1) 0.38(—1) 8.38(+1) 45.80 3.70 112.40
15 3.62(—1) 0.38(—1) 8.38(+1) 93.60 3.28 96.51
16 3.62(—1) 0.62(+1) 3.62(-1 92.00 3.22 124.40
17 3.62(—1) 0.62(+1) 8.38(+1) 84.00 2.95 117.70
18 3.62(—1) 0.38(—1) 3.62(—1) 94.50 3.31 119.40
19 6.00(0) 0.50(0) 6.00(0) 76.40 4.38 115.90

20 6.00€0) 0.50(0) 2.00(—1.682) 60.40 3.50 109.50




394 LT A = 5 A N e 2021 4f

H 4% Design Expert 10 (32-bit) H 4%t 25 K 3 AR AR i AT 2 o2t K — 140G 0 S f b S8
Gt 25 R woR , R 23 R] AR R AR 25 P 3R 5 4R AR OC R S AR B AN
Y, =71.78—22.98X,—2.98X,+0.39X,+0.25X, X, +2.70X , X, —
0.90X,X,—4.78X%?42.43X%—3.88X%(r*=0.980 0,P<C0.01);
Y,=4.1340.11X,—0.16X,+0.06X; —0.05X, X, +0.16 X, X ; —
0.03X,X,—0.73X!+0.10X%—0.24X%(r*=0.969 3,P<C0.01);
Y,=116.80—7.01X,+2.07X,+3.04X,+0.77X, X, —0.45X , X, —
0.45X,X,+2.17X} —0.41X340.21X3(r*= 0.884 2,P<<0.01),
524 BT W3k 8—3& 10,

%8 ETP &a#HFwmEagd i 2 54

Tab.8 Variance analysis for regression model on entrapment efficiency of ETP

A SR 05 FI B ¥or F & P{H
[ 8 040.44 9 893.38 54.38 <20.000 1
X 7 210.45 1 7 210.45 438.92 <0.000 1
X, 120.21 1 120.21 7.32 0.022 1
X3 2.07 1 2.07 0.13 0.730 1
XX 0.50 1 0.50 0.03 0.865 0
Xi1X; 58.32 1 58.32 3.55 0.088 9
X:X; 6.48 1 6.48 0.39 0.544 0
X: 328.68 1 328.68 20.01 0.001 2
X3 82.76 1 82.76 5.04 0.048 6
X3 216.22 1 216.22 13.16 0.004 6
k2% 164.28 10 16.43
A AT 127.01 5 25.40 3.41 0.102 3
gl 2% 37.27 5 7.45
B 8 204.72 19

%9 ETPHEZBEwmEERF £ 544

Tab.9 Variance analysis for regression model on loading capacity of ETP

A SR F-Jr fil FI B ¥or F{H Py
LY 9.330 9 1.040 35.10 <20.000 1
X 0.150 1 0.150 5.10 0.047 6
X, 0.350 1 0.350 11.94 0.006 2
X 0.045 1 0.045 1.52 0.245 1

XX 0.018 1 0.018 0.61 0.452 5

Xi1X; 0.210 1 0.210 7.15 0.023 3

X:X5 0.007 1 0.007 0.24 0.632 1
X: 7.630 1 7.630 258.33 <0.000 1
X 0.150 1 0.150 5.07 0.048 0
X3 0.830 1 0.830 27.96 0.000 4
Tk 22 0.300 10 0.030

I3 48 35 0.180 5 0.037 1.62 0.304 5

Al 2% 0.110 5 0.023

B 9.630 19
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% 10 ETP K R#/2= AR F £ 54

Tab.10 Variance analysis for regression model on micelles size of ETP

A 5 K R RE ] B ¥or F & P
i 937.63 9 104.18 8.480 0.001 3
X, 671.42 1 671.42 54.660 <0.000 1
X, 58.25 1 58.25 4.740 0.054 5
X; 126.41 1 126.41 10.290 0.009 4
XX 4.80 1 4.80 0.390 0.545 7
XX, 1.62 1 1.62 0.130 0.724 0
X2 X5 1.62 1 1.62 0.130 0.724 0
X? 67.97 1 67.97 5.530 0.040 5
X} 2.41 1 2.41 0.200 0.667 3
X3 0.62 1 0.62 0.051 0.826 2
5 25 122.83 10 12.28
IR UL 101.10 5 20.22 4.650 0.058 5
gl 2% 21.73 5 4.35
SR 1.060.47 19

HEE 8 3£ 10 Al 0, &8 P<C0.000 1, R BI L E ik 21000 7 2 49 W8 PEAE & . th R T 2k 7 28
X0 XM XX RAR R Y YL R Y B2 s R AT KT 0,05, Ui B 4% 1 H 7 A2 5 FLSL 00 45 1A B R AF
i Y X A AR T ) S K A 4 S T B

R A8 30 0L Ty 22 1] R 2R 5K 45 48 bk 52 1) e A8 %) = 4 sk o T 5 4 e L AR A% S AR e (R 2
mPEG-PLA i H KA AABD X B A58 (A 3 58 3 20 1 FIORLAR ) Wi 17 1) 52 1) 25 SR AN &1 2 s

a) X, X3V ¢) X, XY, 90 e) X, XY, f0 ik P §) X, XA, 0

Y,/% Y,/% ¥,/nm Y,/%

10

X,/mg X/mg X/mg X/mg

b) X, X XY, 55 L ] d) X, XY 5L £) X, XX YRS h) X, X %Y 55

B2 BHEANEFRFBrGmemEfsHil
Fig. 2 Effects of factors on response surface and contour plots of each evaluation index
2.6 mMAFTHEIERE
R AR A B R A0 R 7 2 e K /RS L Design-Expert B4 PEAG T 2 37 AR 1 X6 05 187 52 00 Y 5 2
P e T e 7 T P AR T A R A B A AR A . B AL TS cm (mPEG-PLA) & m (P123) =38 : 62,2 &K
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5 mg, KAERFLN 6 mL, FU L 408 F IS A A0 R 86.05 %, 3k 21~ 4.21% . ki482 0 118.05 nm, R
B AR S0 TRE 5 B i 45 119 3 3L ETP mPEG-PLA/P123 U 1 3236 (H #E 4T Hu 8, LAGIE B 12 4 34 1) 55
FE a5 R W 11,
11 JRHEAFHIEZLER
Tab.11 Verification of optimized formulation

i BER/ Y WA/ X

ETP il JE/(mg « mL™") BiA2 d /nm

1 89.00 4.26 0.742 116.8

2 85.80 4.12 0.716 114.6

3 87.40 4.19 0.728 118.3

S E 87.40 4.19 0.729 116.6
RSD {8/ % 1.77 1.67 1.790 1.6

HIE 11 AT I A S B P S A B A 87.4 04, P8R 25 iy 4.19 00, B4R 116.6 nm 3% 07 1 9 52
5 (R -5 PUME A 2 XA/ T 500 0 S5 2RI, 208 A5 R T 00 1% 592 36 0 0 4 2R m] B

3 ETP mPEG-PLA/P123 B &R &I F B MR

3.1 KBFRHFER Zeta L
FI ) Zetasizer B FEALNE ETP mPEG-PLA/P123 IR R AR Zeta HLA7 . 5 2.1 W F IR R AW HAE
Ali 7K 2 HRE L B IR 8, T 8 L E A FDRE AR () L S5 R ILE 3 R 4,

15 150 000
. 10 & 100000
= =

5 R 50000

0 1 1 1 1
-1 1 2 3 4

lg(d/nm)
B3 RitaFRREZSH

1 1 ]
0 -100 0 100 200
ZetaHi{ii/mV

B4 RILBFIREK Zeta WAL

Fig. 3 Particle sizes distribution of micelle Fig. 4 Zeta potential of micelle

M 3 FE 4 AT %1, ETP mPEG-PLA/P123 & d R AR 3 A 33—, P ¥ k42 2 115.6 nm, PDI 24 0.216,
Zeta /i —16.3 mV,
32 EHRERKE

R T AR N2l 2 6 e 1, M E mPEG-PLA/P123 i A B A 1 5t e ok
JE(CMO) , ¥5iE SR M E NI R E 2 5MA R 9 4 10 mL HEMP . IFERITELAT., % UR
Al K B B B AR B 3 B R 6.4 10,3.2X10%,1.6 X 10°,8 X 10°,4 X 10,2 X 10,1 X 10°,5X10°,2.5X 107
pg/mL B2 ISV WA b 3 2 O P AR R A L

JEE A TR A B O T v B Y R Mk E AR FEAE 5 X 1077 Ll y=0.144 3x+0.38
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