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FRRRAE T R A SRORAR G RN E @3 R A BB R R A D R AL A E AR Zeta WAL, § 5 IR (PDI) ;i@ i3
HUBEIEN S, RRENEMNEERE, ER FEIER - RBEAS(1:2,m/m) AR K AGHR 6 2 5% — o @ik h k&
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F(5.38 +0.32)% ; WAA ) L3 4 (92.07 £0.01)%, H 25 F % (7.89 + 0.32)% AT FAA MR R S AR, 0 KH 4, 53N
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H A 58.70%, 14. 90%; 4 pH 5. 0 ZR¥E W, R 353k RARBAAE 72 h BF 698 E 5 R 4 97. 20%,28. 60% G518 KD A K H] &9
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Preparation and Characterization of Targeted Micelles Co — Loaded with Sorafenib and Disulfiram

Aliguli MAIMAITIYIMING' ,LI Meng’,Kailibinu'er AOBULIAISAN' ,FAN Ning®,LI Qian®,YIN Dongfeng’
(1. College of Pharmacy,Xinjiang Medical University ,Urumqi,Xinjiang , China  830000; 2. General Hospital of Xinjiang Military Region of the PIA,
Urumgi , Xinjiang , China ~ 830000)

Abstract: Objective To prepare Pluronic P123 - galactose (sorafenib / disulfiram — galactose — P123) micelles co — loaded with
sorafenib and disulfiram. Methods CCK - 8 method was used to select the optimal drug synergistic ratio of sorafenib and
disulfiram. Sorafenib / disulfiram - galactose — P123 micelles were prepared by the thin film hydration method, and the optimal
process was optimized by the central composite design — response surface methodology (CCD - RSM). The high — performance
liquid chromatography (HPLC) method was used to determine encapsulation efficiency and drug loading rate. Malvern particle size
analyzer was used to measure particle size,Zeta potential, and polydispersity index (PDI). The morphology was observed through
transmission electron microscopy. The dialysis method was used to determine the release rate. Results Sorafenib — disulfiram (1:2,
m / m) was the optimal drug synergistic ratio. The optimal process of CCD — RSM was as follows: the total drug dosage was
20.67 mg, the total material dosage was 140.54 mg, and the hydration volume was 8.22 mL. According to this process, the
encapsulation efficiency of sorafenib was (94.2 + 0.03)%,and the drug — loading rate of sorafenib was (5.38 + 0.32)%. The
encapsulation efficiency of disulfiram was (92.07 = 0.01)%,and the drug — loading rate of disulfiram was (7.89 + 0.32)%. The
prepared nano micelles were spherical , uniformly dispersed , with a particle size of (61.36 + 0.74) nm,a Zeta potential of
(- 9.38 + 1.5) mV,and a PDI of 0.292 = 0.070. Under the environment with pH of 7.4,the release rates of sorafenib and
disulfiram at 72 h were 58.70% and 14.90%, respectively. Under the environment with the pH of 7.4, the release rates of
sorafenib and disulfiram at 72 h were 58.70% and 14.90%, respectively. Under the environment with the pH of 5.0, the release
rates of sorafenib and disulfiram at 72 h were 97.20% and 28. 60%), respectively. Conclusion Sorafenib / disulfiram — galactose —
P123 micelles prepared by the thin film hydration method have excellent process, good stability, good encapsulation efficiency, pH
sensitivity,and sustained release effect,which can effectively aggregate at the tumor site.

Key words:sorafenib; bisulfiram; hepatocellular carcinoma;galactose ;micelles; Pluronic

RPLAEJE S — Fh i PRI 50, T 2007 468 TS24 (VEGFR / PDGFR) 14 i 2 TR I8 1t ok 490 1) 240 i
56 [ £ A 25 W48 B RS (FDA) L D WG SUT T 40 M 4R R I 2 i, IR T IR HOC A A e 2 2
(HCC) Ay 1 BB my 2591, Tl i BEL W Raf 85 MG / 22 B9—ZRIBIT 259123 BIRYT 2 ~ 6 Al R AR AN R R
SLEE AL B (A / A0SR AR IO (Raf / MEK /925 50K UV (ADR) , R IETS | TR 2B 1E L
ERK) 18 #% ML A B AR I A2 1 7 i/ IMRIBIE AR IS % iU (822 . = 0550, B o B A IR R P IR A5 1

"EETH M REERABRE ARAFALT EH A [2022D01D78 ],
F—EE I W - E FRIRA, o, B Rk AT A SR, 2h 0T B O ) A I deey i 2 R 4, (B -F454A)2402394286@qq. com,

38



202447 A 5 H %533 55 134
Vol. 33,No. 13, July 5,2024

&%

China Pharmaceuticals

.
Pharmacy Articles

T 245, 7™ 2 5 M LG PRI 7RSS AR S mT 0 of 2 1 Jd 4
G 5 T, TR T H AL RS I, DU i A T
TSR M | A 22 R AL A A BUMREAE AL T
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1.1 {¢3%

515 BY i 250 A (4 3% (HPLC) A% ( 26 [/ Waters 23
] ) ; BK200SR AU it b {8 (b 350 B F R A BR A H] )
RB3M % &5 AR K 25 B 0L (G S 5E R A R
W] ) s RE — 20008 2 Jie % 2 A& AL ( 5& [E IKA 24 Al )
SCIENTZ — 10N BRI AL (T o8 2 A VR IR A
BRNT]) s CIVIS00 — Y BUH4 65 (35 55 1R A A PR
F] ) ; Mastersizer 3000 7 5 /R SCRE EE I 52 A0 (JE[E Malvern
Panalytical 24 ] ) ; TH7700 375 B el T 4% ( H AR Hitachi
Limited A FRZS 7)) s BC — J80S %Y 21 Jifg 3% 35 46 (1L 4R 1A}
= F A B BR 2N 7] ) 5 AE240 B i 7 K F- (Fig 1+ Mettler
Toledo 2> 7], A5 4 0. 01 mg) ; TH2 — 82 U {H R /K 15 4%
PR oy A Al S A A BRZS 7)) 5 INM - ECA — 400 %4
Bt I HRAL CH A iR &) .

1.2 X%

RhiAE e (g dr T35 A BR A AL 5k
B2224281, 4 & k1 99% ) ; WA & (A6 3 E R R A TR
3 AL S LUBOR22, 4 ok 97%) 5 3% B JE 7 P123
(Pluronic P123, 3 [# Sigma — Aldrich 22 ] , it 5 N4
MKCM2074, 4l 8 99%) ; 14 £ k%L — « — D - TR0
ABECLwmE AR EARAA,#S RN

J20HS189221, 41 & A1 93% ) ; fifke i 4 (I Vg v 325 35 Hi7 11
A 2 AT B AL S R P2049826, 41 Sk 99% )
CCK - 8(4lt5-k BB12229069) , i 4 £5 28 ih itk (PBS, it
5o BC07034437) , #4100 F ALt B AR AR P8 ARG BRA
H) s DMEM 8 77 3£ (500 mL, 41t 5 4 8123282) , Z B ({7,
A, 5 R P2605993, 4l EE R 99. 9%) , I (g4t
4l 4 99. 8% , L5 Jy P2267489) , ¥ [ b R K E
PHEABRA A LEFKCASD .

1.3 ¢HRa@

HepG — 2 4l Fll Huh — 7 4H1 i f 78R BB 215
2 HAEEER
2.1 mEHRZAYLLTHEE

HepG — 2 4 Al Huh — 7 Z0AELL 1 x 1044 / FLAY S
FEHERN 2 96 LR T, B FRAA Th G R 24 h s MR AR
SEERUSI A RPAEE - AR (1:4.1:2.1:1.,2:1 ,4:1,
m/m)48 h, M A 10 wL CCK - 8i%7],37 CHFHF 1 h, T
450 nm ARG 45 28 A B G BE (AR, T334 JfL
il 2% o F FH Compusyn 1. 0 #4115 25 Wy Bk & 48 8L (CD)
{8, L CHE AL AR AR (Fa) f Ak,
HI Graphpad prism 8. 0 #4226l th 2 181 . LA €T < 1 4 3
FIVER, CT =1 AIVERT, €I > 1 M3sH/E R, i ik i
FEVR R L o 5 SRR PR R - WA (1:4,m [/ m) X
HepG - 2 40l F Huh — 7 40 i S 35 H0/E F, R AR E -
SR (4:1.2: 1.1 1, m / m)%F H 3020 40 M 52 45 ik
HH I, RN - AR (1:2,m / m) #1751
SRS R ILE 1,

2.2 Pluronic P123 52L& K[!

I3 I 2 B — o - D - RACEFLBE 3. 10 g F
Pluronic P123 7.25 o, ¥ % #K 2 , % T 30 mL JC K S {5
A IMABRERER 1. 44 ¢,37 CAME T HiFE48 b, jEad , )l
JEZELE , A 1.20 mol / L B B4 / FF VR WK 10 mL &
WLEIR B2 h, R, FEEENT 4 d, B AL
AL AR A EEE T, 4 CIRAE SRR LK 2,

& 3 7 400, 2 LB - Pluronic P123 'H — NMR &
T v [T B S s P U R R AL 2E S 4. 11 x 1070
(C4—H).4.23%x1075(C5—H).6.07x10°(C1 —H)
F1 Pluronic P123 WY 4F ik 1k 2% 17 # 1% 0.99 x 10-6
(PPO — CH3) .3.40 x 1076~3.60 x 10-6(PPO —
CH2CHO, PEO — CH2CHO) , 2 B >} 3| B € % 5 15
Pluronic P123 I, 2 Z UM - P123 A& 1.

2.3 HFZRAIAFRMNECHIFZNE - P123 KRAE

FREUE & 17 Pluronic P123 R AR JE A1 XU, H
LS i | et 7% % 30 min, [ A HLEEH , ( HIE i —
J2 X5 SR R E R [RD L EE AR RO IR A 10 mL
60 CRBETEST K, B 14 #E K4 30 min, B A R E I,
0. 22 pm TAFLUEMEE T , P RV W, V2 R T, i 7k
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Fig.1 CI and Fa curves of different ratios of sorafenib to
disulfiram for HepG — 2 cells and Huh - 7 cells

2.4 ZFHIERMWHESEEMER -2
2.4.1 BiELAE

4335 #F : Hypersil ODS C s £ (150 mm x 4. 6 mm,
5 wm) ;B : 2B T/K (1 mL = 2R B2 50 mL, F#k
MR pH &= 5.4) - ZJE(30:70,V/ V) ;37 : 1. 0 mL/ min;
FEIR ST A K 2 300 nm; HERE IR 2 20 pl.
2.4.2 BERHEE

3B B AR JE AU A5 i R SRR, 430l
B 25 mL s, B A, i R
400 pg / mL AT o IR P AR JE R & 451 6
Ka B oE , B — 25 mL 2SS, B e 25, il i i

f1(x107°) t

i 2. 40 1 IUT IS AR E 0 SR A ] 45 R
EENE IR IV E RO R R E S5 R £ 51 SO
HABERT LS, ZHTELEMERL . 65K
I 4.

LR R 2. 4. 270 N R PR e MUOMER SV
A5 T8 PR AR R Sk T VR B 430K 1. 56, 3. 13,
6.25,12. 50,25. 00,50. 00,100. 00 pg/ mL I R IR , F&
2. 4. VI N EGESAFEREINE , LA B (X, pg / mL)
SR A bR UG TE AR (Y ) S AR AR AT A [ 0, 45 5T
LY =32706 Xy — 6 617(R2=0.999 9,n =7)Fl
Y =9940 X 5 + 12 864 (R>=0.999 4,n = 7) . 4%
T, R PR JE R AU 1) BT R R Y AE 1,56 ~
100. 00 g / mL i Bl P4 55 06 AR 2 M 0C R R AT

R RN R ES R e 7 S I N (AN L= =+
el (1.56,12.50,100. 00 wg / mL) B9 Hi Ak JE A1 XU
CYER LA 1A 9T 0,3,6,12,24 hif 422, 4. 1 F
ORI REN G, A H S % 555 1,2,3,4,5 K

I

t—

6 5 4 3 2 1 0 6 5 4

f1(x1079)
0

f1(x 10-9)
0
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Fig.3 NMR hydrogen spectrums
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Fig.4 HPLC chromatograms

22,4 VTR % S IR RE I A | 25 4% H )RS %5 B . 45
F e BT R R AR JE RS S WY RSD 3
AL 2% (n = 5) , RUCEATE EE RIFIEWE L.
®1 BEERXBERORSD(%,n=5)
Tab.1 The RSDs of the precision test results (%,n = 5)

A A E B A %

RERIE bR b ARER e
1.56 pg/ mL 1.20 0. 85 1.02 0.43
12.50 pg/ mL 0.35 0.91 1. 47 1.19
100. 00 pg / mL 0.34 0. 84 0.54 0. 87

LR B0 - B M DG R B LI AR v L e T it vk
FE(1.56,12.50,10. 00 pg / mL) AYZRHIEJE FOMEL I
W, FE 2. 4. 1 R G5 A FUEREI R i S AL AR A
SR L)y R A v B, AR e A5 R LR 2,

F2 MEEKRBER(n=9)

Tab.2 Results of the recovery test (n = 9)

mAE WEE(g/nl)  EKE(%) X(%) RSD(%)
(pg/ml) ZHEER WRL EEER WHA REER WRL RHER RS
156 152 L3 9156 9.7

156 L5413 99.10  98.08

156 1548 1.3 99.23  98.08

1250 1L99% 1211 95.97 96.88

12,50 12051 1196  96.41 95.68 9820 97.91 190  1.69
1250 11991 190 95.93  95.20

100.00 101181 99.49 10118  99.49

100.00 100017 99.39 10002 99.39

100.00  98.390 99.67 98.39  99.67
2.4.4 AHFELSHRHARNE

BOA T IR AGE & , W T B, B2 h)5,0.22 pm
DEMREUE AT, ¥ 2. 4 VI T g A R HE R 22 TR AL B
BT R AR (%) = KRG EAGYN TR/ S
i X 100%, 225 % (%) = BE AR A 3 259 /) i i / 3%
AR T X 100% -

2.5 BEEiE - mMEmEERLSF

PATR R 2K DI A 0 B R AR 2 RO 5K 4R

b, 5 A R KA B 2w KRR K

AT X A ) 3 R 28 24 23R 1) 5 ) 45 SR A B R L A
Ak R K AR 38 0 52 5 TR R BT R T
Bl S5 25 R BN 2 e N RS BT R R, X
SR 5 ) 48 5 ) b 3R i /A R ] AT K B TR ) 3
&S AR T R KGR B FE 60 °C 7K 4k 30 min
A 18 B R e R T DL TR 50 3% 24 3R B A e i K fb i
A 24 o P BN 2 U S A, 7K 4K 30 min B (Y 2K 24
IR IKALIRETE 60 “CHPR IR E 325 R e K 1R
UL 6. PR B, b L L A8 25 s R AR AR R %
L2, R AL ST — i R T A AT AR A4

T2k LU R 200 45 SR o S, e e 3 A4
A KA R 2R, f# FH Design Expert 13. 0 #4135 11 3F
il % 20 AR AL 7 R B AE R 1 WS - F R B -
P123 o, AR F7 A JE AU [ Al 3 3 3825 R A 1F
Wr48hs (A &), R = R & FKFE AR ST - 1
N TEEALAL T, UE—AUAE (OD) HEATER 5 7 18 45 1
UL#% 3K H Design Expert 13. 0 8k F# 17 Z2 o4 PE [l 15
FAERI A, UL =k 2 00 205 SO i i (R? =
0.9822,P =0.0012) . & 15 = W 251 X =15 Jy &
0D =0.622 -0.04164-0. 0981B8-0. 1011C+0. 0175AB+
0.1050 AC + 0.0125 BC — 0.1263 A2 + 0.0169 B* —
0.0874 C? = 0.0100 ABC + 0. 0031 A2B + 0. 2036 A2C +
0. 1341 AB?, J5 257 BT 45 3 WL 3% 4. OD (B Rl [N R AR L 1
= g N T P LR 7 B A R AR e 1 R AS - 2
FLAE - P123 A i de T 20 0 A% 25 B 20. 67 mg, i
RHE 140. 54 mg, AKAEARFLS. 22 mL.

B E IR B0 - AR R A ) &5 TS & 3R Fr AR e /
XA — 2EFUHE - P123 AT, I B 5 J 2k 24 % 4%
SRR JE AR A 10 60, B 3R K 288 2 3R (1 S B (i 5 1
DR Y 22 5 3800, HLIA A6 e 24 i) v Jie ol 40 3 552
KTF 80% MIHLAE RIS,

2.6 FARNIIZEFN Zeta BALNIZE

BRPEAEE 1 WU E - 2EFUE - PI23 iR DL
TFRFERE 1S5 , R B JR SO BE AN 2 ki A L 2253
HHEEL (PDI) I Zeta BN o 7 HUD SRR TR A, H
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Fig.5 Results of the single factor investigation of the encapsulation rate
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Fig. 6 Results of the single factor investigation of drug — loading rate
*3 ERigit5%R x4 FEDWER
Tab.3 Design and results of the CCD Tab.4 Results of the analysis of variance
e FA23E (%) BHA (%) oD FERR FrxA AHE HFE  FA P&
aiF  HHF  aHF  HHF HEA 0.7810 13 0.0601 23.92  0.0004
1 84.21 3. 683 85.16 4.748 0.47 A 0.009 8 1 0.009 8 3.90 0.0956
2 59.39 6. 156 50.53 7.316 0.39 B 0.054 4 1 0.0544 21.68 0.0035
3 72.36 2. 065 71.45 2.976 0.20 C 0.057 8 1 0.0578 23.01 0.003 0
4 68. 68 2.853 69. 27 3.518 0.23 AB 0.002 4 1 0.002 4 0.98 0.3615
5 78. 04 3.547 76.25 5.745 0.42 AC 0.088 2 1 0.0882 35.12 0.0010
6 83. 85 7.409 82.07 9. 568 0. 80 BC 0.001 2 1 0.001 2 0.50 0.5070
7 71.76 2.618 69.55 3.693 0.24 A? 0.2382 1 0.2382 94.82 <0.0001
8 90. 59 4.928 89. 88 6.691 0. 65 B? 0.003 1 1 0.003 1 1.23 0.3100
9 86.97 2.408 91.25 3. 496 0.40 c? 0.1159 1 0.1159 46.13 0.0005

10 56.03 5.130 44.10 6.288 0.26 ABC 0.000 8 1 0.000 8

11 94. 96 6.982 92.91 10. 045 0.90 A’B 0 1 0

12 102. 27 3.028 100. 33 3.874 0.57 A%C 0.1373 1 0.1373

13 94.78 3.929 97.26 5.502 0.61 AB? 0.059 6 1 0.059 6

14 70. 56 3.541 69. 65 3.396 0.27 AC? 0 0

15 97.70 4.203 97.22 5.587 0. 64 B*C 0 0

16 99. 50 4. 067 99. 66 4. 886 0.63 BC? 0 0

17 84.28 4.559 89. 42 6. 544 0.59 A3 0 0

18 67. 00 3.670 102. 69 5.112 0. 46 B? 0 0

19 86. 67 4. 128 95.63 5.621 0.58 c? 0 0

20 84. 85 4. 141 89. 17 5.978 0.55 R E 0.0151 6
RS KRB R ) | mg /L L SR 0 0 0.0
AR L 2. 0% BRI 30 s RIRHL B Ly e O MO
SRTIRJE FRIB BB I A IR S SR R IRl Aok ——— - -

AT NI, 0 B 50 A2 (61. 36 + 0. 74)nm, F5 WIFRRER(%)
Zeta EE,{ALj‘j( -9.38 + 1. 50)mV,PDI j‘j 0.292 + 0. 070, Tab.5 Results of the validation test (%)
LA 8, - AL FFRAL(X £ 5)
2.7 {RSNERLIRIS aHFE HHE e F HHE
WIS SRR T8 K KB S KR B & ik REIER  94.26 5.81 94.20+0.03  5.38+0.32
AERAS 92.97 7.20 92.07+0.01 7.89+0.32

K2 mg / mL, 7 15 T 88 18 3 000 [ 375 T 48 ok 2 i
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. 200. 00
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140. 54 14. 054
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A. Total drug dosage and total material dosage B. Total drug dosage and hydration volume C. Total material dosage and hydration volume

SBPEHE / mg

Fig.7 3D response surface diagram of the interaction of various factors on OD
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Fig. 8 Particle size,Zeta potential,and transmission electron microscopy image of sorafenib / disulfiram — galactose — P123 micelles
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