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Optimization of the preparation process for lenvatinib mixed micelles by

central composite design-response surface methodology

KAILIBINUER Aobuliaisan', LI Qian’ XIE Zhi®, JIA Wenyan®, YIN Dongfeng*(1. School of Pharmacy, Xinjiang Medical
University, Urumgi 830000, China; 2. Department of Pharmacy, General Hospital of Xinjiang Military Command, Urumgqi 830000,
China)

[Abstract] Objective To optimize the formulation and preparation process of lenvatinib mixed micelles. Methods Hybrid
micelles of lenvatinib were prepared by film hydration method, with Pluronic P123 and F127 as carrier materials. Optimal
formulation was selected through single-factor experiments and central composite design-response surface methodology, and
preliminary characterization of its physical properties was conducted. Results The optimized formulation and process conditions
were identified as follows: P123 mass percentage of 80%, carrier material amount of 90 mg, drug loading of 10 mg, hydration
volume of 6 ml, hydration time of 45 min, and rotary evaporation temperature of 55°C. The resulting lenvatinib mixed micelles had
an average particle size of (104.0+0.32) nm, a polydispersity index (PDI) of 0.22+1.19, and a Zeta potential of (—2.56+0.81) mV.
The average encapsulation efficiency was 83.33%+0.30% and the average drug loading was 8.67%=+0.07%. The micelles displayed
a uniform spherical morphology with a certain sustained-release capability. Conclusion The preparation process developed in this
study was simple and feasible and produced drug-loaded micelles with high drug loading and encapsulation rates, and stable release,
which could provide valuable insights for further research and development of lenvatinib mixed micelles.

[Key words] lenvatinib; hybrid micelles; film hydration method; central composite design-response surface methodology
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] ); JP-100 M7 B VEHL [ IRYI T 45 B v ik &%
() ABRAH] 1o
1.2 ##5 K50

CHJE (aladdin, 46 =99%, it D2219078,
) TR T RGP T]) s P123 (15 10111562547)
F127({tt%: 101141111) %572 Sigma-Aldrich 24
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43U LFT-MMs ¥ . 25 FUBCRE IR . 1R
JE X IR SR, 45 2.2, T A A B RE A, i S
TR, i 1 ETR, SR T KT R ) £ R R ) R
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- (%) (m/mg) (V/ml) 7 OEAH(%) AE(mmg)  (V/ml) (%) (%)
-1.68 6.25 49.09 2.93 1 80.00 90.00 6.00 90.79  9.53
-1.00 25.00 90.00 6.00 2 52.50 150.00 10.50 80.95  5.95
0 52.50 150.00 10.50 3 52.50 150.00 10.50 7721 6.19
1.00 80.00 210.00 15.00 4 25.00 90.00 6.00 59.43 491
1.68 98.75 250.91 18.07 5 52.50 150.00 10.50 7997  6.16
6 98.75 150.00 10.50 90.04  5.62
Y1=81.42+25.43a+6.721b+2.772c—18.82ab+4.25ac+ ; £0.00 210,00 6.00 1186 696
18.45 bc+3.19 a™—12.28 b*~7.69 ¢*+14.51 abc—0.012 2 X 25.00 90.00 15.00 577 498
2 2 2 — — .
a’b—21.41 a’c+20.24 ab? (+*=0.989 0, P=0.006 1); 0 20.00 21000 15.00 0430 4.10
Y,=6.51-0.42a—1.402b—1.88¢c—1.92ab—2.19ac+ 0 550 150.00 10,50 0136 6.8
2 2 2_ —
0.1132bct+0.4717a"-0.907 3b°-0.301 8 ¢*—1.71 abc 1" 625 150.00 10.50 1919 646
2 2 2 _— -
0.025 6a’b+3.71 a’c+6.98 ab* (+’=0.980 6,P=0.0024 ) . . 25.00 210.00 6.00 8531 360

KRR 22 WA R UL 3. WA AL Y ;3 550 150.00 1807 7650 433
BAT 05122 5 (P<0.05), ARSI IR B PH 33 A0 14 5250 150.00 1050 8322 6.96
{ELIREENR o HE— Lo BT es Jy 2P 4550 “a, b, ab, 15 52.50 250.90 1050 8085  3.33
be, b” "X ELERAT B FPERZ N, K a, b, @' b 16 52.50 150.00 10.50  82.82 699
MR A L PR o 17 80.00 90.00 1500 6894 795

o1 DA B 7R, = IS A G R B R {H 18 25.00 210.00 1500 8354 529
= T 2ot B A K R I A, R AUE TG B 3 19 5250 49.09 1050 5212 8.99
P, FEUA ST ARIRI AT SE, LA OO AT, Bk HE — 0 5250 150.00 203 7097 809
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fd R i
J7 2 K8 H HE
SEIT R ¥y FH Pfid SR ¥ FH Pl
HAY 9 2833.07 314.79 12.95 <0.01 41.61 4.62 3.48 0.03
a 1 446.49 446.49 18.37 <0.01 5.08 5.08 3.82 0.08
b 1 1169.85 1169.85 48.12 <0.01 20.96 20.96 15.78 0.00
¢ 1 13.42 13.42 0.55 0.47 5.96 5.96 4.49 0.06
ab 1 354.05 354.05 14.56 <0.01 3.70 3.70 2.79 0.13
ac 1 18.06 18.06 0.74 0.41 4.77 4.77 3.59 0.09
be 1 340.34 340.34 14.00 <0.01 0.01 0.01 0.01 0.92
a? 1 25.39 25.39 1.04 0.33 0.62 0.62 0.47 0.01
b 1 37227 37227 1531 <0.01 0.40 0.40 0.30 0.01
¢ 1 91.46 91.46 3.76 0.08 0.32 0.32 0.24 0.64
2% 10 243.11 2431 13.28 1.33
P AN 5 209.21 41.84 6.17 0.03 12.21 2.44 11.44 0.01
Hrinzs 5 33.89 6.78 1.07 0.21
B2 19 3076.18 54.89
A

B Wk (%) C WA (%)

250.91 18.07 18.07

200.455 14.285

6.715
150

¢ (V/mD)
¢ (V/mlD)

4 2.93

b (m/mg)

99.545 6.715

49.09 > 2.93
6.25 2475 4325  61.75 8025 9875 6.25 2475 4325  61.75 8025 98.75 49.09 99.545 150 200.455 250.91

a (%) a (%) b (m/mg)
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C.P123-F127 IR-E 2R IR (b) . AAAFR(C) X225 10 452 42 151, D.P123 i F 4 (a) | P123-F127 IR-G AT & (b) X825 0%
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2, il % 3 dit LFT-MMs, - & %) R LI R A EE YRR, i g6 71 N BAT AR G iy o e, mT
M1 DL, BOFHAE S W E ST e, W EE S ARG I i A P AL B AR
84.24%,DL 4 8.67%, M4 EE 4(83.33£0.30)%, 2.6 AARBRLAIK KRG R
SF-3) DL 4 (8.67+0.07)%. EE il DL Bil{E M 2.6.1 SMNIFEAUIEE
Bl 2t 8 22 /N L T S SR S AT, Ui B ST ) — B A T2 45 19 LET-MMs % 1 i 5 i K



SRS 20244F 11 A 25 B Fa2E 11
500 Journal of Pharmaceutical Practice and Service, Vol. 42, No. 11, November 25, 2024

A fEE (%) B

14.285

10.5

¢ (V/mD

6.715

293
6.25 24.75

a (%)

fEE (%) C

R (%)

18.07

14.285

10.5

¢ (V/mlD)

6715

2

= 93 3
4325  61.75 8025 98.75 49.09 99.545 150 200.455 250.91

a (%)

b (m/mg)

El4 BERERMIOHENESLMBNHEE
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DRI S FH KR R 81— A 85U, BB 1 VR T4 DLl
BIE, FH 2.0% BEES IR th s, HARHET, BB ST i s
TR OIE S IR, 255 0] 0L LET-MMs 17
AL, BIFBOE, s bELr, TTRENE 5),

El5 LFT-MMs &SR (x40 000, 80 kV)

Rifs, SrHEEEL(PDD) Y Zeta HLAV AN E
BB T2 il 45 1 LET-MMs 7 461l 771 i K
PR SR FH KA B 31— e AU , T S 2R S oAk
JEE LA ASCI S A A A% . PDT % Zeta HLQE, 2551
WLIE 6, [ 7. LET-MMs ) 444045 . PDI 1 Zeta
HLAZ 4354 (104.0£0.32) nm., (0.22+1.19) FlI(—-2.56+
0.81) mV,

2.7 HRAMEFGKI
i H & 0.5%(w/v)Tween 80 Y PBS(pH=7.4)

2.6.2

10 100 1000 10000
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6 LFT-MMs %1245 % &
200 000
150 000 (
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R 1A ST T A o, SR A IR R 35 3 IR 7k 2 4T
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BT A% (B 43 F i 8 000), Pl B /R & T
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T TE IR AR a5 v, IR 37°C, RGN
100 r/min, 35T 0.5, 1. 2. 4. 6. 8. 12, 24, 36,
48, 72 2 96 h BUEE 3 ml, FFHb AR IR, AH A4
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