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Optimization of the Preparation Process for Lenvatinib Mixed Micelles Using

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 90mg, drug loading of 10mg, hydration
volume of 6ml, hydration time of 45min, 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 0.220+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 provides 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

CHBRR—FFRMS FHEIZE, FATRE SR K I T2 RS0 iR K T
THE 10 R RREAE AT AR (HCC) — sk | B S B2 1A 2 (TR PR B A Bkg 32
HAGIT YRR B, D HCCIRIT R 8L TO/THY my s e £ e 1 e P2 prdE e, sx
g, SRR RS RARERMMNIN R g i ke e 2 R R PG, S0
(TR, BRI PR N TFSERAOR R e 1 LS SO . AT T

[HLHE] FMAEE R ABIK AR M4 E S5 H AESEIETE . RE . MKet | JEALIE i, T9 2 8wl
(2022D01D78) FFLAIE RS Bl xSRI R T 1=
[teEfmA] Bl ﬂﬂ be %% R - A A EHL, W, 24 U, Tel: JE7E HCC Y4 7 P32 i F . BRI, 3 ook s 30 3
13239805219, Email: 954226834(@qq.com ., ) et ﬁ s34

[WEEE]  FPRE, B, B0, 015805 m. A2 245, AR A JE AR A, B ICHAS RSB, S5

Tel:(0991)4992862, Email: ydf1112@163.com HIRIFRCR, B SR e F s B . BRI


https://doi.org/10.12206/j.issn.2097-2024.202403019
https://doi.org/10.12206/j.issn.2097-2024.202403019
https://doi.org/10.12206/j.issn.2097-2024.202403019
mailto:954226834@qq.com
mailto:ydf1112@163.com

2EsER SRS 20244EX A 25 H a2k X
2 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024

BRGUR A IR RS IR REY . IRFUA
FNGAKITURL RS ) L T3 245 ) 1) T8 ik 2 M e 2
ﬁ%[lZ-lS]o

UEAER, EHRAE G 1% | kDA A% 166 A2 T A
BEEZ AR E ORI T R IR E
TR ARG R il B A 4RIE R, BA UK
Bl MIZRKANSE RIS, RERS B HK 25, $2
FAE A B EE AN A DA HIBE 17 A, a4
TR L AN A, AT LA 25 M B R
TR 3 ISR AN [l ik B SR W i AR, BT
A B — SR W I AR A 2 24 R AR S A AL 25
7 TR PR

AWFTEE I BAT RAFAEDIAR A | AR BETE A
R B PR PR B R Y P123 I F127 11 2dk
FEBE XHHE — 200 29 C o T k. 1
i B B ERA DL & AR R IR A R (LFT-
MMs) B T ZAbT7, 25y ik 2R Gyt — L5
TPl

1 SR

1.1 A%

RV 10 D S96 i % 7% & A (1% ¥ IKA); SHB-
A6 35 7k 28 22 B 25 2 O H KR TR A FR 2
F]); Scientz- 10N & VR THEHLCT U 2 AW RHE K
A BN A ) ; KMS-101B # S P as (R ks R
BABRAF]); Scientz-10N B THEALCT IR 2 4
VIR A A BRA 7] ) ; Waters 2487 12 SURAH (0.3
1Y (2 H waters 2 1) ); N-2000 {0,335 T_4F 5 B4 4k
PR S5 CHTVT R )5 AE240 HL T (R -4E 7]
ZALSA BR 2N 7)) ; Mastersizer 3000 5 /R SCREEE
7 A (¥ [E Malvern Panalytical Ltd A F] ); S210 pH
THOR TS -FE R 2 AT R AR ) ; K-820 HAs T
8 (i Pl 22 77 A AR TR0 A BR A 7 )5 JP-
100 78 75 P VEAL RN 245 B i ve e ( 1) A
BRAFD o
1.2 M5 A

B Je (aladdin, 461 =99%, #t5: D2219078,
W By TRGRA R R P123 (FE[F Sigma-Aldrich
5rl, i 10111562547); F127 (1 Sigma-Aldrich
NEL AT 1011411115 H 28 (R EL T B R Ak~
EHIE PR, 5 20180528) ; TR (R HLK B4
Yifk TAHBRA AL 5 20101005); L FRER (K HLTH
B AL 22 R A BR A F], 3Bk, Hit45: 20160118);
H i (Sigma-Aldrich, 3% 40, it %5 : 34860-4 L-R);
)i (Sigma-Aldrich, (3% 41; it5: 34851-4 L); M

AR Ry 3 A ali; KR K TES K
2 HEEER

21 ABRRSKER (LFT-MMs ) 44 &

KK AL £ LET-MMs., R 35 FREUAL
Jr iR e SRkt 24 M 2 AR B P123 Fil F127,
FHE T 50 ml BB, i A EE 10 ml JfH
7 AbFE DA S A o FE— o TR RS R e 28 AR
FHOEH, (I — 28525 s, & T
FL2S TR R 3 AR 22 BRAR AT . 1)
T H B i A 2 1 [ 3R K P R S K A — 2 TR
FE T3 TR Ak, Tl 2020 B R W, TR 2
ZEW . WIAWGE ST 0.22 um A HLCFLIE R g,
FHBABIAE (O T2 RN 8x10°), %
B AGERT VAL BRZ BT MR B B 25, ek
B EWR LFT-MMs 3. 1] LET-MMs i
A 10% A9 H &8 BEAE A R T OR300, ¥ R 10
A, AR A ERARIES RN LFT-MMs ¥ K,
RO
22 CERBRAEMNE T R E L
22.1 gk

DA DIKMA-C 5 {6354 (15 4.6 mmx150 mm,
5 pm) R EFEFE, 0.1% BER KR (LR AT pH
2 4.5)—90% LN (RFLEL 60 = 40) M sh A, K
MK R 300 nm, F:IE A 30 °C, FEE A 1.0 ml/min,
HEREE N 20 pl,
222 LEtEELL

3B LFT-MMs ¥ 25 FIBRCRE W . SR
JEe X IR SR, 4% 2.2, A HERE A, i St
HEEL AN 1 RN, SRR e R R S A £ B B i) R
24 4.6 min, LFT-MMs ¥ 016 AH I A0 44 B8 Bsf ]
A S B, TS B AR VR A L A s ) R G
o 0 B L i 4G R 3R IR R Y i ORE P123 I
F127 XS e & s e X T, k€ )E
PR R
223 FRifEf i Esr

HERFREL 10 mg S JE & T 10 ml S,
fii H] DMSO ¥%ifi#, It 0.22 pm LI I8 5
i e 2 20 B IR S, #1558 1 mg/ml 1S 1B e
X R A TR o T VRUR R B A AR R, 13—
Z F 5t 5k B 43 3 o 100.0, 80.0. 60.0, 40.0,
20.0, 10.0. 5.0 pg/ml AYXTRE A . DLCHRE e
(A TR BE (O AR AR A, (A i IR AR (4) VR A
AsbR, 2l br e 2R, IR A5 B L vk [l H 5 #E: 4= 23
514C+102 029, FHE A% = 0.999 9, Z5REIR, ©



Rt SRS 2024 EX A 25 H a2 HXH

Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 3
A i B
128 [ 240 }
130 + 220
il
100 o1
> 9°¢F 2
£ 80f Z 1401
Z 70t Z 120t
 60r B 100
2 00 # 80t
30+ 60 r
20 f k 40 f
10 - 20 -
0 e 0 —— L
o 1 2 3 4 5 6 71 8 o 1 2 3 4 5 6 1 8
A1) ( ¢/min ) ] (¢/min )
C 150 D 50
140 | 140 f
130 + 130
120 120
110 + 110 |
=1 =
E 80 Z 80t
= 70t = (7)8 :
= 60 f “ :
2 S0 L_E} 50 f
40 + 40 t
30 f 30
20 f 20 f
10 10 t
0k /\ 0 oW

0 1 2 3 4 5 6 7 8
A ( #/min )

0 1 2 3 4 5 6 7 8
i) ( #/min )

&1 LFT-MMs 8 HPLC £ EMHiLE
ACH#F e ; BLFT-MMs; C. P123; D. F127

R JE TR FE AE 5.0 ~ 100.0 pg/ml 5 Fl N BA
RAFMILIEL R
22.4  FEEEEREIR

TERS % B S8 v, (IRIR B (5 pg/ml) . Hk
(40 pg/ml) . B (100 pg/ml) X IR A H 7Y
K 5% BE AR ARV IR 22 (RSD) 4351 4 0.73%. 0.89%.
0.40%, H 8] X5 %% & RSD 23 51 4 1.02%. 1.18%.
0.87%(n=5) . 7ERISCRMG A, AR, . & Ik
BERI AR RIS 54 103.13%. 99.93%. 101.00%,
RSD 735124 0.35%. 0.70%. 0.25%(n=3)., ZIKIF,
ST ST (ARSI 7 v R L AT &
225 FaxEME

HUR] LFT-MMs %, 75 0, 2. 4, 8, 12, 24 h,
Fie “2.2.17 Z A4 T I AR e A i R, TH
RSD fE 4 1.83%, & B UL S I AE 24 h IWFE
PEET
23 aHFREHBZHN T

BB i ) B O T IS OB SR R i e, I
B2 — B W, B, L4 0.22 um flfLUE
R, $e “2.2.17 T (A S R T i . ud R
(EE) #2454 (DL) i93HE AT

EE(%) =82l SR e & & e e
2] < 100%

DL(%)=#Z5 IR h S Je & &/ (SR e
B2 e+ BB B BT ) X 100%
24 FHZEE

Fi 4 2.1 BT B4 7%, LA EE #ll DL 5%
BhR, L LR R S 4 P123 7 #A b R T
HH(10%. 30%. 50%. 70%. 90%) . #AA R
(90 mg. 120 mg. 150 mg., 180 mg. 210 mg) . /KA
AFL(3 ml, 6 ml, 9 ml, 12 ml, 15ml), 7Kk i fi]
(30 min. 45 min. 60 min, 75 min, 90 min) . iEZZ &
JE(25 °C., 35 °C, 45 °C., 55 C. 60 'C). HHLEH
FA&E (1 ml. 2 ml. 3 ml. 4 ml. 5 ml)BJ52 00, 255 00
Kl 2, RGN R PIL B 5, A e RN
10 mg, HEZEIRE K 55 °C, KALIFE] 45 min, T4
& P123 Bt B 4 b, AR APR A B FUK AR FRGT
EE #1 DL A W& 52 m, P e# e M7E S Rtk
PEAT B AT -0 T S5
2.5 2 .&%-208 @ikl
251 RS

7 BN Z A0 A SRl b, 2F— 2 R R
TR0 AL LET-MMs #iI5) T2, 3k
P123 Jii & A 4t (a). P123-F127 IR & # AR &
(b). KRR ()3 R EHEME LB ENE,
&R 5 KT, FZEKTFWLHE 1. 0 Design
Expert 12 %4 LL EE(Y,) F1 DL(Y,) % 2545 #r,



SR EIRS 2024 4EX A25H a2k X
4 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024
m Ry, @ H2E%
A B C
100 ¢ 100 .8
_ _ 80§ _ 80 6 ~
s S 2 60t S 2 60 s
W im0 I | 4 g
2 g o\ Y g 7Y i
@ BB ) g2 | I'I 2 &
90 120 150 180 210 10 30 50 70 90 5 10 15 20 25
MBI E (m/mg) PI23JF 348 (%) i (m/mg)
D D F
100 ¢ 14 100 ¢ 14 100 ¢ 14
~ % R | 3L 2 34
S 60 S 2 e0f s = s
5 2 % | 2w % 2 g
w® Y g w9 N K N
g 5l 1 £ g 5l 1 # el 1]
0 0 0
36 9 12 15 30 45 60 75 90 25 35 45 55 65

IKALRFEL (V/ml)

FKALESTE] (¢/min )

EZEIRE (T/°C)

2 BFEERZEHE (n=3, mean=SD)

1 ESTEZEKER CE—ATHRAREL) #x2 ESRREYANE

g PIBEEENL P27 KRR g P12 b AURRPRIAR o KMEIRR LB B2t
(%) (m/mg) (V/ml) HA /% (m/mg) (V/ml) (%) (%)
~1.68 6.25 49.09 2.93 1 80.00 90.00 600 9079 9.53
~1.00 25.00 90.00 6.00 2 5250 150.00 1050 8095 5.5
0 52.50 150.00 10.50 35250 150.00 1050 7721 6.19
1.00 80.00 210.00 15.00 4 25.00 90.00 600 5943 491
1.68 98.75 250.91 18.07 5 5250 150.00 1050 7997  6.16
6 9875 150.00 1050 90.04 5.62
BETFHE 20 A58 5 M 1 T 3BT ik, DL 2, S 8000 210,00 600 7186 696
252 G ROz 8 25.00 90.00 1500 4377 498
ISR A% N 457K Ji Design Bxpert 12 ft 9 80.00 210.00 1500 9430  4.10
HEAT 22 T A SAR LA T, AASETRY ] )35 1) 0 5250 150,00 050 8436 6
225 0.4 (P<0.01) K R* AL 1 RIPA By 11 625 150.00 1050 79.19 646
o KB =R Z TG HOR R (R I 1 12 2500 210.00 600 8531 3.62
H P BN, B SRR AT 13 5250 150.00 1807 7650 433
Y ,=81.42+5.43a+6.71b+2.77c—18.82ab+4.25ac+ " .50 150.00 10.50 ©22 696
18.45bc+3.19 a*-12.28 b>—7.69 ¢*+14.51 abc—0.012 2 15 52,50 250.90 10.50 8085 333
a’b—21.41 a’c+20.24 ab? (+*=0.989 0, P=0.006 1) 16 52,50 150.00 10.50 8282 699
Y,=6.51-0.42a-1.402b-1.88c-1.92ab-2.19act 1, g0 00,00 s00 esos o8
0.1132bc+0.471 7a2-0.9073b™0.301 8¢ 1.71abe~  1¢  »e00 21000 o0 s s
0.025 6 a’b+3.71 a’c+6.98 ab’® (+*=0.980 6, P=0.002 4) 19 52,50 49.09 10.50 5512 899
B RRM T 22 T A AR ILAR 3. PR LY 20 5250 150.00 293 7097  8.00

HA B M2 5 (P<0.05), REHCA S I P& 260 i i
EHRIRM . BE—2D 0 Hr A T R P Y45 T “a, b, ab,
be, b’ "X L EFRAT E T, KB al b, 2%, b
X AT R

LB D7 B AT, = A A OC R B R

B T 2ot mlE K& R ILA, R BUE TG W
P, FEHA S PRI TS, PLARE 0 R4, BOsEE—
A AP A AR A e A AR, R L3R (] AR AR 22 o]
e 5 A S e e S SR S NS I



SR SRS 20244E X H 25 H 5 42¥: X
Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 5

®3 WEEAMSERENEHENMBGENHFESN

. (UESES Wb
g3 A
S5 A ¥ FfH PfH ST ¥k FIH PfE
i 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
c 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 0.41 477 4.77 3.59 0.09
be 1 340.34 340.34 14.00 <0.01 0.0128 0.01 0.009 6 0.92
a? 1 25.39 25.39 1.04 0.33 0.6247 0.62 0.470 4 0.01
b? 1 372.27 37227 15.31 <0.01 0.3961 0.40 0.298 2 0.01
e 1 91.46 91.46 3.76 0.08 03161 0.32 0.2380 0.64
2% 10 243.11 2431 13.28 1.33
AL 5 209.21 41.84 6.17 0.03 12.21 2.44 11.44 0.01
iR 5 33.89 6.78 1.07 0.21
B 19 3076.18 54.89
A B Hiw (%) C #Hie (%)
250.91 18.07 g = 18.07 x
010.5
200.455 14.285
“en 6.715 m ~
\g 150 s\E g 10.5
\__; = 2.93 o o
99.545 6.715
49.09 . 293
6.25 2475 43.25 61.75 80.25 98.75 6.25 24.75 43.25 61.75 80.25 98.75 49.09 99.545 150 200.455 25091
a (%) a (%) b (m/mg)

El3 BERMFBHENEFSLMBLEE
AP123 ik F 43k (a) . P123-F127 IR G (b) XT3 A4 B.P123 Fiit T4t (a) . KAIIAFR (o) X 42 i i 55 2k 1
C.P123-F127 IRAH A (b) . KA (C) X425 i 1Y 45 2R ], D.P123 ik [ 4 (a) . P123-F127 1R-A 2R (b) X424 1k Ak s 1
[&l; E.P123 B [ 43 L (a) . AKAHIARAR (o) X 4824 1 Y BOA% ST T8I 8 F.P123-F127 IR 44 F 4 (b) . AKARIRAR (o) X 2k 244 i vy i 1

RS HTEAG IS 3] LFT-MMs &AL 4 T2 K.
P123 Jii & H 4 R 80%, AR KL & R 90 mg,
KACERN 6 ml,
253 mfUAb T YRR

HR A B s I T 200 T A5 R A9 SR A Ak T T

2., 4 3 4t LFT-MMs, I 5 X Bt i 3 A EE
F1 DL, BCF- 3418 5 woE 217 thds . i EE iy
84.24%,DL 4 8.67%, {5 V44 EE 4(83.33+0.30) %,
-3 DL A (8.67+0.07)%. EE Fil DL T i A1 5K
Bl e P 22 550 /N L T S S A PR, e B 7 ) =



SRS 2024 4E X H 25 H 42 G XY
6 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024

A fEE (%) B

14.285

10.5

¢ (V/mD

6.715

a (%)

fEE (%) C

a (%)

R (%)

18.07 #

14.285

10.5

¢ (V/mlD)

6.715

2

2.93 s 93 ;
625 2475 4325 6175 8025 9875 49.09 99545 150 200455 25091

b (m/mg)

El4 BERERMIOHENESLMBNHEE
AP123 i F 43 Hi(a) . P123-F127 IR GBI L (b) XA ERA SRR B.P123 Fiik [ 4t (a)  AKAHIARE (o) X 5 i 45 i 2k 1K
C.P123-F127 IR A # A& (b) . AKAIAFR (o)X E RIS EmAK; D.P123 Bl [ (a) . P123-F127 IR HA i (b) XTaLER IS
Tl EP123 Frim 43 e (a) « AKARPRFR (o) St 3R A AR08 1T 5 F.P123-F127 IR A2 F L (b) . AKARIAER (o) A d R 1 0 0z 1T %]

Rl AR, 3 i PRl P ELA AR G Tl 1, W]
SRR 2 AR 24 B HE BRI AR -
2.6 AARBEIRAIZ KA FAE
2.6.1 AMNIIEZS LR

P T2 146 19 LFT-MMs & 146150 F K
DA S FH KR B 21— A8 U, B 1 33 40 09 L%
BIE, FH 2.0% BEES IR T 4%, HARIE T, BB TR
T EOIE S I R, 45577 WL LFT-MMs 7B
AL, BIFBOY, /ribEar, TTRENE 5),

E 5 LFT-MMs &SR E (x40 000, 80 kV)
B, SR (PDI) 5 Zeta HAN AN 52
Pt T 2 #1451 LET-MMs 75 16130 F %
PAVESS ARG RE B — e 550U , (1 FH S IR SCahokohn
JE B A A 8 IS A4S . PDI M Zeta BNV, 4551

2.6.2

UL 6. Kl 7. LFT-MMs [ -3k 4% . PDI il Zeta
B4 (104.040.32) nm., (0.22+1.19) F1(—2.56+
0.81) mV.,

10 100 1000 10000
Fife (dnm)

6 LFT-MMs %245 % &

200 000
150 000 (
I
£ 100 000

pac) ||
50 000 |
100 |o 100 200
FMZetafiL L (d/mv )
7 LFT-MMs Zeta BB 5%

2.7 RSP I
S 0.5%(w/v) Tween 80 1) PBS(pH7.4)1E
SRR INBEIA 5, SR A IR 4R 5 $8 R 7A AT LFT-
MMs 94 2K Ji5E o (A S RE TR S 56 K U0 25 2 A
Jé . LFT-MMs 44K J5& AL VR 1853 A FH K TR T 5 FH K
2 1 mg/ml, K525 3 ml 2 A Fil S b BT 1)

0



RS RS 2024 4EX A 25 H 4% X
Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 7

BSR4 FHoh 8x10°), MidmfL BE B T2
B840 ml BElA R 50 ml B0, B il A TR
BAF PRI IR 7 # L TR 37 °C, BRI R N
100 r/min, Z3%F 0.5, 1. 2. 4, 6. 8, 12, 24, 36,
48, 72 J% 96 h BUAE 3 ml, F-#b A AR, AH R4
TSRO I, VAT 3 HbRRS . B BIRESL A 0.22 pm
LIRS I8, SR HPLC M2 B I b & 1R
Je o, THE REURHCE 7R, e iliR s BEURE L
M2k (E 8). 45BN, 75 96 h N LFT-MMs {&4h
Boilkgeg-rre, BA —E MErhe .

100

80

60

40

-+ O
20 -& LFT-MMs

SRR (%)

0 1 1 1 1 1
0 12 24 36 48 60 72 84 96

flE] (o/h)
8 LFT-MMs BU{RSMNER %L (n=3, meantSD)

3 g

S I TRTT BRSO 1AL 25 W) 7E A B fF
K5 R, B H TR AR, X A 1E 20 21
A TR A DB RR ) 1 IR R . R, $271
SEVE A 245 ) B0 A 2 R A 0 M) BRE A 28 W i 5 i
TP ECE R AT LU T 245 14 i i L
FIAEPIA I BE, i n] LT 2 98055 A OS8R
iR R, TR 2500 3% | SERAL B A2
Wt AR S5 AR 22 A ) B o A R T B EAE T
ASBIEFE R I K Ak il 2 1) 280 R JE i A oK
JEEAH ), HAT ) —RORLAR . R A 2 B = AR
ENE . FEADTIEH, it PN RS G R stk
JO7 THT 325 9 G 4% P123 Ji R 1 43 L L AR R ]
i, B2 ARKAGIARR KA ] | e 2 TR AR
i, DU BRI 2 O B8R by, A E T B
AL TT o TEMARAE T SRR W, SEPrfu 3
A2 5 WA 4T, UER T R B -
O T 325 A I BRI AR A 2 T2 A AR P R Y
TAERME

2 BRI, AT R P AR A B A I
LA T AR e IR & TR B b J5 A £ T 22,
IT LT, R A R B e 1 22
AR AR, SRS, KA e A o —, H25WREk

FosE, N e R R f i — D AR it 1 E 2
2% . W 25 PoRT L P SR R B SR AN W A
J&, BT R 245y ik 2R G0 RIS 21 R L H)
AR LR R B SR T

[ &%)

[1] ZHAOY, ZHANG Y N, WANG K T, et al. Lenvatinib for hep-
atocellular carcinoma: From preclinical mechanisms to anti-can-
cer therapy[J]. Biochim Biophys Acta Rev Cancer, 2020,
1874(1): 188391.

[2] CHENCY,WUSM,LINY H, et al. Induction of nuclear pro-
tein-1 by thyroid hormone enhances platelet-derived growth fac-
tor A mediated angiogenesis in liver cancer[J]. Theranostics,
2019, 9(8): 2361-2379.

[3] WANG Y J, LIU D F, ZHANG T Y, et al. FGF/FGFR signal-
ing in hepatocellular carcinoma: from carcinogenesis to recent
therapeutic intervention[J]. Cancers, 2021, 13(6): 1360.

[4] AL-SALAMA Z T, SYED Y Y, SCOTT L J. Lenvatinib: a re-
view in hepatocellular carcinoma[J]. Drugs, 2019, 79(6): 665-
674.

[5] HATANAKA T, NAGANUMA A, KAKIZAKI S. Lenvatinib
for hepatocellular carcinoma: a literature review[J]. Pharmaceu-
ticals, 2021, 14(1): 36.

[6] FACCIORUSSO A, TARTAGLIA N, VILLANI R, et al.
Lenvatinib versus sorafenib as first-line therapy of advanced
hepatocellular carcinoma: a systematic review and meta-analy-
sis[J]. Am J Transl Res, 2021, 13(4): 2379-2387.

[7]  VENTURA C, JUNCO M, SANTIAGO VALTIERRA F X, et
al. Synergism of small molecules targeting VDAC with so-
rafenib, regorafenib or lenvatinib on hepatocarcinoma cell pro-
liferation and survival[J]. Eur J Pharmacol, 2023, 957: 176034.

[8] CHEN Y Y, WANG C C, LIU Y W, et al. Clinical impact of
lenvatinib in patients with unresectable hepatocellular carcino-
ma who received sorafenib[J]. PeerJ, 2020, 8: e10382.

[9] SUESHIGE Y, SHIRAIWA K, HONDA K, et al. A broad range
high-throughput assay for lenvatinib using ultra-high perfor-
mance liquid chromatography coupled to tandem mass spec-
trometry with clinical application in patients with hepatocellu-
lar carcinoma[J]. Ther Drug Monit, 2021, 43(5): 664-671.

[10] SPAHN S, KLEINHENZ F, SHEVCHENKO E, et al. The
molecular interaction pattern of lenvatinib enables inhibition of
wild-type or kinase-mutated FGFR2-driven cholangiocarcino-
ma[J]. Nat Commun, 2024, 15(1): 1287.

[11] TAO M, HAN J, SHI J Y, et al. Application and resistance
mechanisms of lenvatinib in patients with advanced hepatocel-
lular carcinomal[J]. J Hepatocell Carcinoma, 2023, 10: 1069-
1083.

[12] CHEN S Z, HAO X H, LIANG X J, et al. Inorganic nanomateri-
als as carriers for drug delivery[J]. J Biomed Nanotechnol,
2016, 12(1): 1-27.

[13] JACOB S, NAIR A B, BODDU S H S, et al. The emerging role

of lipid nanosystems and nanomicelles in liver diseases[J]. Eur


https://doi.org/10.1016/j.bbcan.2020.188391
https://doi.org/10.7150/thno.29628
https://doi.org/10.3390/cancers13061360
https://doi.org/10.1007/s40265-019-01116-x
https://doi.org/10.1016/j.ejphar.2023.176034
https://doi.org/10.7717/peerj.10382
https://doi.org/10.1097/FTD.0000000000000872
https://doi.org/10.1038/s41467-024-45247-6
https://doi.org/10.2147/JHC.S411806
https://doi.org/10.1166/jbn.2016.2122

RIS RS 2024 4E X A 25 H 42 B X
8 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024

Rev Med Pharmacol Sci, 2023, 27(18): 8651-8680. meric micelles for cancer therapy[J]. Polymers, 2022, 14(22):
[14] KIM S, OH S M, KIM SY, et al. Role of adsorbed polymers on 4839.

nanoparticle dispersion in drying polymer nanocomposite [19] MANJAPPA A S, KUMBHAR P S, PATIL A B, et al. Poly-

films[J]. Polymers, 2021, 13(17): 2960. meric mixed micelles: improving the anticancer efficacy of sin-
[15] SAKAI-KATO K, YOSHIDA K, TAKECHI-HARAYA Y, et gle-copolymer micelles[J]. Crit Rev Ther Drug Carrier Syst,

al. Physicochemical characterization of liposomes that mimic 2019, 36(1): 1-38.

the lipid composition of exosomes for effective intracellular [20] PATHAN T, GIRASE M, RAY D, et al. Scrutinizing micellar

trafficking[J]. Langmuir, 2020, 36(42): 12735-12744. transitions and interfacial properties in mixed micelles compris-
[16] SINANI G, DURGUN M E, CEVHER E, et al. Polymeric-mi- ing sodium dodecyl sulfate and sodium oleate: a tensiometric

celle-based delivery systems for nucleic acids[J]. Pharmaceu- and scattering insight[J]. J Mol Liq, 2024, 397: 124138.

tics, 2023, 15(8): 2021. [21] LICL,GUANH, LI Z H, et al. Study on different particle sizes
[17] MOHAN A, NAIR S V, LAKSHMANAN V K. Polymeric na- of DOX-loaded mixed micelles for cancer therapy[J]. Colloids

nomicelles for cancer theragnostics[J]. Int J Polym Mater Polym Surf B Biointerfaces, 2020, 196: 111303.

Biomater, 2018, 67(2): 119-130. (W EHE] 2024-03-11 [fEEEH]  2024-08-06
[18] JIN G W, REJINOLD N S, CHOY J H. Multifunctional poly- [Ax4miE] &


https://doi.org/10.3390/polym13172960
https://doi.org/10.1021/acs.langmuir.0c02491
https://doi.org/10.3390/pharmaceutics15082021
https://doi.org/10.3390/pharmaceutics15082021
https://doi.org/10.1080/00914037.2017.1309540
https://doi.org/10.1080/00914037.2017.1309540
https://doi.org/10.3390/polym14224839
https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2018020481
https://doi.org/10.1016/j.molliq.2024.124138
https://doi.org/10.1016/j.colsurfb.2020.111303
https://doi.org/10.1016/j.colsurfb.2020.111303

	1 仪器与材料
	1.1 仪器
	1.2 材料与试剂

	2 方法与结果
	2.1 仑伐替尼混合胶束（LFT-MMs）的制备
	2.2 仑伐替尼含量测定方法的建立
	2.2.1 色谱条件
	2.2.2 专属性考察
	2.2.3 标准曲线的建立
	2.2.4 精密度和回收率
	2.2.5 稳定性

	2.3 包封率和载药量的测定
	2.4 单因素实验
	2.5 星点设计-效应面法优化
	2.5.1 星点实验设计
	2.5.2 模型拟合及方差分析
	2.5.3 最优处方的验证试验

	2.6 仑伐替尼混合胶束的表征
	2.6.1 外观形态观察
	2.6.2 粒径、分散指数（PDI）与 Zeta 电位的测定

	2.7 体外释放试验

	3 讨论
	参考文献

