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Enhanced proliferation inhibition and apoptosis-inducing effects of docetaxel-loaded

lipid microbubble on human pancreatic cancer cells in vitro
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Abstract: Objective To investigate the proliferation inhibition and apoptosis-inducing effect of docetaxel-loaded lipid
microbubble (DLLM) combined with ultrasound targeted microbubble destruction (UTMD) on human pancreatic cancer cells
in vitro. Methods DLLM was prepared by mechanical vibration, and its physical properties were characterized. The median
inhibitory concentration (ICs) of DLLM was determined with MTT assay, and its cytotoxicity evaluated with cell counting
Kit-8 (CCK-8) assay. The effects of docetaxel, DLLM, and DLLM combined with UTMD on cell cycle and apoptosis of BxPC3
cells were tested with flow cytometry (FCM) and TUNEL assay, respectively. Results DLLM had an average size of 1.6 um, and
the average drug entrapment efficiency and drug-loaded amount was 64.2% and 16.1%, respectively. Compared with the
control groups, DLLM had a significantly enhanced cytotoxic effect (P<0.01) and caused an increased apoptosis rate in BxPC3
cells (P<0.01). Cell cycle analysis showed that DLLM combined with UTMD resulted in an significantly higher percentage of
cells with Go/M phase arrest than the other treatments (P<0.01). Conclusions DLLM combined with UTMD can increase G,/M
phase arrest and enhance the proliferation inhibition and apoptosis-inducing effect on BxPC3 cells, and can serve as an
effective drug delivery system for pancreatic cancer therapy.
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Fig.1 Morphology of DLLM under microscope
(Original magnification:x 200).
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Fig.2 Cytotoxic effect of DLLM on BxPC3 cells detected

by CCK-8 assay.
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Fig.4 Apoptosis index of the 5 groups detected by
TUNEL assay.
A7 RO P RSCR AR, BT 7 i AR i P2 R

TR, TR RN, 200 SAZ I T IR 51k
Il DI R AT SZ PRV E A SRR
NS UM 25, AP SR s &
FIERAVER, ELINHITOE f2R SR I 4R i i A7 2243
24, AR RAFRPUMIR TG 200 SR A
TR SR SEAZ I 3485, FE A A i FR TR B, H 20
SARZBEXTIGU | SFu ol SEAZ B 245 PR AR LA , A=A 28
Emﬁi’a‘ 2 BARDTX W s T B Likir 2
e, A T BB 200 S A BE R K PR 2% BRI T
HGRRH, ﬁﬁﬂzhﬁ,bff/ﬂ?f R IR T A A
TRAESGIS ™ AR SEIR 456 DTX BRI AR, 8
iR AR 22 DTX IR B, A UTMD
P ) 4R RV A e A 2 v B, R 0°) T DLLM B
A RO AR A A B R T E R
ASZES Je B DTX % A B ses BxPC3 21 il A 1 i
B 41 B 17 F s DLLM BB A UTMD BE % B 1 R
BxPC3 4lififi1Y) SPF A1 PI @HEFW%E@%@E%WEE ﬂ
At BE 384 5 X BxPC3 41 it ) Go/M 31 B 1 H L 4
BxPC3 ZHa i 173, HAT TR X BxPC3 Ziiifd E’Jiﬁﬁ?ﬂ]
AR T A BAERIRER 25975 T , DLLM Bk
4 UTMDAERS T Haliffi - DTX LA K DTX G HE
[F]i) DTX 5 DTX A MR PR b 22 5 00 i 5k,
%J&JEIT -5 P O ) i e S AR 22
25 AUBRNAT 5, T 245 Rt ] Fr) e e i A T
Eéﬁnﬁﬂﬁlm? e AR AR A A , RIS AS 23l EE 3
i, AR TR = ARG R, TS S 25 ) 2
TR T SRR
X E FDA RN P28 2t T 29 et ik
PN A 25 I R T8 A 3 T 30 A S 6 T 0 7 5 1
DLLM P[5 HeA RS , 7RI Rl I i 7 i MR B
#li [ DLLM 455 % HE A 40 607 240 e 1364 L 200 ST 30
9 L 908 T 23R AR 45 S R AT S @%# 5 [RE,
DLLM {EA—F R 5251, n] LAIZEIB OIS U
IO A= 2 e ey ﬁ%ﬂjﬁ'{hDLLMHﬁAUTMDT
DA ST T 25 e A R sl 25 a7
BIVERT. J5—J5m, Bl AR BN RE ZORWIIT A B it

FCHRAAE , T — BB A 7 25 a3, [, g
WS A R FEERAIBISE

25 b TR, DLLM 1B UTMD REf% I S35 A
Jigi BxPC3 4 e st e h 4u M R T, 76 55 25 977
i NIAFIZGYAA SR A R T T 2 R
RIVERT, A B —F T LR AR T IR 254
R (AT %

SE

[1] Jemal A, Bray F, Center MM, et al. Global cancer statistics[J]. CA
Cancer J Clin, 2011, 61(2): 69-90.

[2] Chen X, Ma S, Zhang Z. Analysis of clinical characteristics of
pancreatic carcinoma in northern China[J]. Pancreas, 2010, 39(7):
1116-8.

[3] Hauff P, Reinhardt M, Foster S. Ultrasound contrast agents for
molecular imaging[ J]. Hand Exp Pharmacol, 2008, 185(1): 223-45.

[4] Mannaris C, Averkiou MA. Investigation of microbubble response
to long pulses used in ultrasound-enhanced drug delivery [J].
Ultrasound Med Biol, 2012, 38(4): 681-91.

[5] Chen S, Shimoda M, Wang MY, et al. Regeneration of pancreatic
islets in wvivo by ultrasound-targeted gene therapy [J]. Gene Ther,
2010, 17(11): 1411-20.

[6] Tinkov S, Coester C, Serba S, et al. New doxorubicin-loaded
phospholipid microbubbles for targeted tumor therapy: in-vivo
characterization[ J]. J Controlled Release, 2010, 148(3): 368-72.

[7] Kang J, Wu X,Wang Z, et al. Antitumor effect of docetaxel-loaded
lipid microbubbles combined with ultrasound-targeted microbubble
activation on VX2 rabbit liver tumors[J]. J Ultrasound Med, 2010,
29(1): 61-70.

[8] Klibanov AL, Shevchenko TI, Raju BI, et al. Ultrasound-triggered
release of materials entrapped in microbubble-liposome constructs:
a tool for targeted drug delivery[J]. J Controlled Release, 2010, 148
(1): 13-7.

[9] Fang JY, Hung CF, Hua SC, et al. Acoustically active perfluo-
rocarbon nanoemulsions as drug delivery carriers for camptothecin:
drug release and cytotoxicity against cancer cells[J]. Ultrasonics,
2009, 49(1): 39-46.

[10] Katopodis O, Polyzos A, Kentepozidis N, et al. Second-line
chemotherapy with capecitabine (Xeloda) and docetaxel (Taxotere)
in previously treated, unresectable adenocarcinoma of pancreas: the
final results of a phase II trial [J]. Cancer Chemother Pharmacol,
2011, 67(2): 361-8.

[11]Blanke CD, Beer TM, Todd K, et al. Phase II study of calcitriol-
enhanced docetaxel in patients with previously untreated metastatic
or locally advanced pancreatic cancer[J]. Invest New Drugs, 2009,
27(4): 374-8.

[12] Herbst RS, Khuri FR. Mode of action of docetaxel - a basis for
combination with novel anticancer agents [J]. Cancer Treat Rev,
2003, 29(5): 407-15.

[13] Alsamarai S, Charpidou AG, Matthay RA, et al. Pneumonitis re-
lated to docetaxel: case report and review of the literature [J]. In
vivo, 2009, 23(4): 635-7.

[14]Nagata S, Ueda N, Yoshida Y, et al. Severe interstitial pneumonitis
associated with the administration of taxanes [J]. J Infect
Chemother, 2010, 16(5): 340-4.

(i - BT )



