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Preparation of HCP T-loaded ultrasonic microbubbles and
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Abstract

Abstract

Hepatocellular carcinoma (HCC) is a grave threat to human health. At present,
surgical resection and chemotherapy are the main treatment methods for it. However,
both of them are imperfect alternatives because of the low excision rate and high
recurrence rate of surgical resection, and lack of targeting and high cytotoxicity to
body of traditional chemotherapy drugs. So it is essential to explore a kind of safe,
high-targeting and low toxicity treatment. Recently, ultrasonic microbubbles are
attracting a great deal of attention due to its own features, and some resuits have been
achieved about the effects for cancer treatment combining with ultrasound.

Based on the achievements of previous work, this thesis optimizes the
preparation condition of membrane emulsification method by orthogonal design, with
HCPT being drug model and Polylactide (PLA) being shell material. We get spherical
drug- loaded microbubbles with suitable particle size, high-drug loading content and
entrapment efficiency, then the effects of drug-loaded microbubbles combining with
ultrasound treatment method to inhibit tumor are evaluated in vitro and in vivo, by
MTT essay and animal experiments,respectively.

The contents are summarized as follows:

1. Preparation of HCPT-loaded ultrasonic microbubbles

Three levels were selected from the influencing factors of microbubble shape,
drug loading (DL) and entrapment efficiency (EE) based on the single-factor test,
which are SPG membrane pore size, transmembrane pressure, the concentration of
emulsifier, the volume ratio of dispersed phase and continuous phase. Then we
arranged the orthogonal experiment as Lg(3%) table to establish the best preparation
condition with DL and EE as two factors. The optimum condition of preparing
HCTP-loaded microbubble by the membrane emulsification is as follows: SPG
membrane with 1.1 um pore size was chosen, transmembrane pressure was 100 KPa,
the concentration of PVA in continuous phase was 1%,and the ratio of dispersed phase

and continuous phase was 1:10.
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2. Characterization of HCPT-loade d ultrasonic microbubble

The obtained HCPT-loaded microbubbles by the optimized recipes and
preparation technique was examined and characterized in many ways, including shape,
particle size, drug loading, entrapment efficiency and morphology of HCPT in
microbubbles. Results showed that they are regular sphere with smooth surface,
specific diameters about 4um, and outstanding monodisperse. The drug content and
encapsulation efficiency can reach 1.62% and 65.5% respectively, and the results
showed satisfactory reproducibility XRD paterns displayed that HCPT was
amorphous state in drug-loaded ultrasound microbubbles. In addition we studied its
release profile in vitro, which indicated that compared with iree drugs, the
microbubble preparations displayed favourable release behavior, and it could be better
when ultrasound irradiation was added.
3. The antitumor effect of HCPT-loaded microbubble combined with ultrasound

The inhibition rate of cell proliferation in vitro and tumor growth inhibition
effect in vivo were investigated by MTT essay with Bel-7402 hepatoma cell as object
and animal experiment in which H,, solid tumor mice was introduced as the model.
The results suggested that both in vitro and in vivo, HCPT-loaded microbubbles had
dose-dependent inhibitory effects, and at the same dosage the inhibition effect of
HCPT-loaded microbubbles was higher when combing with ultrasound (P<0.01).
Furthermore this kind of treatment can decrease side effects of HCPT .

Key words: 10-hydroxycamptothecin; Ultrasonic Microbubble; Orthogonal

Design; Cavitation.
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1.1 10-BEERWEE /T

10- 32 HE BB (10-hydroxy-camptothecin HCPT) /& M Tk [E 45 A #1455 #t
(camptotheca acuminate) F Rz 15 SE 7 B43 2 1) 20 24> B b e 1 FH ek
AR, 2 )% FA SRR AT A= P 24 i (Y B B v B4, H AT R AR
— T IR DNA $RENFHIEE T (TOPO- 1) 5, Hbiim s thom, ot
7, FEEERUEY, HHAE PR 20 A8 AR, Sz N TE. B
S SRBUHRRAE S A8 55 2 PR R BV T R — MR R AT P 2
Y, B FLARR IR R P S5 A e PR 2 FH 52 IR K B 1)

1.1.1 10-BE ENEAYERER

10-F2 BB (HCPT) 2Rl by R sUHoR4h B R, 85 A8,
TN CoH1eN2Os, 43 T A 364.357, 15500 272-273°C, R EMBRAI KR
Ty, AETK, WosTREE. KR, &0 WA HIER, S5 TR
B, WA ATk,
1.1.2 10-BE EREA L FERMGIRER N H

HCPT ML S5l 1.1, %5 F ARG, 4 T4 EAEM, f
WAL RS, H AR B JymEmRIL, C OAREMEEEI, E 2 —ANHEAFIE
BRI 7S TC a- 3R BE IR IRGE 1 o BT A RO RF AR R, E 3 L1 o
Fo Ik Y TR IA 2 12 A S U R I 1k (¥ 2 75 2 M), HCPT 55 ToPo | [ AH HLAE
VRIS P ey RO E S50 R OREF o- FR 25 P BEIA 1 SE 48 M, I ERIRHT U
I RO PR EL 28 2R T A R ER (T PRARZS A8 T AR i BRI, 7ERR T 2%
TN, WERAR K LA AR, SO IS Wi e A= 3 4R 81 PH
By, BRI SR KR, P S 80%LA b (K254 LUR IR BT AL, I TR
S, 7£ 37°C H pH7.4 i N3¢, HCPT 3 N 11 min, “FH7R A Bs 4k #4)

S h 0.2%, NI A HiE 45 & 1) HCPT, H 454 /12 WERE A 150
1
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Fig. 1.1 Configuration of 10- hydroxycamptothecin
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Fig. 1.2 The balance between HCPT lactone form(right) and carboxylic acid salt form
(left) under different pH conditions

HCPT /& DNA #ri$h A4 T #7502, TOPO 1 2RI 2 A7 —
b TEH, F0H DNA $R M0 75 DNA S| M 2 b e 25 B8R,
TR T TOPO | S IEWHMMESTZE, FrLlE 582 TOPO | 77 )
TR, AITEBRFEE 4H M) H . SEIGHTF R B, HCPT J& 41 i J 4 = vk
(254, FEAEHT DNA G (S ), XF Giv G, 5 M HA4IiA B 71,
T Go HHEH B G 1 FH o TESZ MR T 251 2 IR 35 b, B IR] o5 2 A7, SR 171 HCPT
FEAR AR R, B I PR LA [ — KB ieo 19,
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1.1.3 10-BE& E R AYIE KR A

HCPT & —F A K e AT st AT MR 254, B AT HCPT FH -1 AR 4 1l 751 = 22
AENERE R BT S e, — MR 4-8 mo/d. BERVE SR T HCPT 43
Tl 5 NaOH 1ERUE U ER, it RORsE N, By Taifyrh B redt, &
BEaAh e, AR e, SEMRUKME, &&= TR, R BT A ERE
WATIF, 97 RO A, Pk i, T LA oo St ] RS SR e . TR RIS S 2
Whis 5| RRHSIRBE fa ke BhEh R IR v TSR M i AR AR e M (R TIAAAE
FEIRYT R A B o R 1 il s RS FRIE A T B i s iR T, A e R
L 2RI R RIEH .

EIGFIXREEE, AR 2 23 4y Sy I 25 M U 3 U VAL T 10- R R
PRI AT 250 SR, T, BRIIAD, 9RAISTE R, X2 RGREA
[l R B B s HCPT (1 P B R VS MR, el B 257 E Ak 9 (K1 o0 A B2 i 2540 (e i
AL, PEARERRIEN, $R&T R ASCRLIRIARR (PDLLA) AHIE,
H %8 10-REEE RO, SUB T HA T, flsHER S 1055 E
AL R T o

1.2 BEEFFIENT

121 BERNEA

AR (Ultrasound contrast agent, UCA) 2 7668 75 Bif% o FH e 18 o (X144
Xf EE I, 32 A D92 Wil 82 FH T I AR AN LB E VE A U 5 it o 6 A
FEIEFEXS T S0 51 IR 20 2R 25 A A8 A0 B AT B B2 W s (6 38R, (R —
LeR AR 215 TR H A AUE AT AR [l AR, IR S 2 R AR w2 BR 2, 54,
R )RR P 3 G R L SR A (S RS 0 FEAS v, A LI R S FH LA K I R BR
Vo TT7ER 75 3 52 7 P R B0 /R i R PR IS W IR R FIAS S, B R IX 1) I 4
LG AR A MR HE VR AN ], BRI [ RS2 806 LU, (B R 12
T 4 I FHYE BB R OR 958, 8 75 BB S BT B R A5 B i R e

PR )R 75 I 5 50 L R B LA 20 AT B 4 B 5 AL, e B AR R I I S
Bl T XATFIRMGES) J1%, —REAW N © JoiEIE A G 5
@ ReLHNEBIKIESS, A B 50 BN AR5 Be s 7 AR i) Rl A AE S 1A,
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HXEA RGA LR @ K/ANEE, 7HElr, Al fiifaA A G4 ;
@ FIEWATRE, WA W RARREN:, © Ao s s MR,
H AT N A R0 P 3 BT =, B RT DL I e A A 485 B X A Y
IO+ 320 LR e A AL R PP R A 3k T B2 B AR RV R ROk MY s (R A5 5, B3
=12 W B U E AVRE S 1k o A — B E A A F A LT P S 4L, T
5 FHRBE LE A0 A F8 A=Ak 1) S BORI BT LE o o) Rt 5, S mndae itk R
— ORI AR BE AR SR B K = 0 1 S T AR
122 WBBRER TS
RN SRR 7 o & 8RR AR THEVE R )
Tt 7= i 5

ARYE I B A IR R K BOR] 73 B A SR BB & 001 SO R il

(1) AR B BBR R O BOR R A i E 42 80 44K Feinstein 253
S P P AR T Ve T DAL 118 A 0 B 75 R B A0, i
SR LRI B BB . ERAR A, R, A 5o
G

(2) LABEHSAL & H b RH AR A K] I K B A 2 25 0 3
SR, B A R A, T LSS R A T, T L — e R,
TE RO T K, 0 T 7E J LSS M ANBOR I o 43R, SRR T LB %
(ERPRIFAE  SEBh 8, IR A 2O I (VRS e, B T K
PN -

(3) LA 4> T Rl A b RH S R 7 K70 ol A O AR T )
R IR 40 01 % BP0 ELA R PR AT ST . DR ACRAT R i %
B, MIELEE EURRIAS, BT DUBIT 82 TARHIRR . Ba R 25
P T 450 7 2 R FT A  BRLIEG, 1 4 3K 0 B 0 75 1 B 70 O O 94
123 MR SR FIE AT R

PP B RE i WA AR BT 7E S RO, ©F 32 B T A fk ¥

Z EEIEIR AR IR B AL W . [FR, FEEE BT EARERKRMRA, %
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LR 7 i B ) 8 LSRR (5 A T AR

E 3 0P 28 LR S ARG R BRI N P A 2 ). BERE 25 A I
A L2 35 B A O, — LA T el 2K P 259 S R L
RT3 (R G2 T IR RO254 R — B0 o Bk, KHB 4 b
L s B AL GVER L TR KE RS LRG Z 0K IEE 1 R R F B RO 4,y T 4
FRIAEEOZEIIRIE , RSS2 JOBORRE AR , (LA SR I 2477 5 4 A Y
L AP N, R A 0 2 i ) R T AT R 3
it 2 4 GH (margin of safety) HUFIERAISY, B SR HILT, T E
R e i A7 i 0 LT 0, 26 RE ) 1.3 v R s (PRI g 2
R I L 25 AR S5 0 e T R 25 A B L 29 FE ) A )
ATBLE, B B AE R R R R T R R4 R
2R R 2 91 BRI
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Fig. 1.3 Schematic diagram of drug concentration changes in blood after taking
the traditional doses and sustained-release and controlled-release drug delivery
systems

BWIEHIRBELR S (controlled release delivery system, CRDDS) #&F| H A 2%
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