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a  b  s  t  r  a  c  t

In  this  study,  a novel  liposome-loaded  microbubble  gel  based  on N-cholesteryl  hemisuccinate-O-sulfate
chitosan (NCHOSC)  was  designed.  The  structure  of  the  NCHOSC  was  characterized  by FTIR  and 1H NMR.
The  liposomal  microbubble  gel  based  on  NCHOSC  with  a high  encapsulation  efficiency  of  curcumin  was
formed  and  improved  the  solubility  of  curcumin.  The  diameter  of  most  liposomal  microbubble  was  about
950 nm.  The  temperature-sensitive  CS/GP  gel  could  be formulated  at room  temperature  and  would  form
a gel  at  body  temperature.  Simultaneously,  the ultrasound-sensitive  induced  release  of curcumin  was
85% applying  ultrasound.  The  results  of  cytotoxicity  assay  indicated  that  encapsulated  curcumin  in  Cur-
eywords:
-cholesteryl hemisuccinate-O-sulfate
hitosan (NCHOSC)
urcumin
emperature and ultrasound dual-sensitive
iposomal microbubble gel

LM or  Cur-LM-G  was  less  toxic.  The  anti-tumor  efficacy  in vivo  suggested  that  Cur-LM-G  by  ultrasound
suppressed  tumor  growth  most  efficiently.  These  findings  have  shed  some  light  on  the  potential  NCHOSC
material  used  to  liposome-loaded  microbubble  gel  for  temperature  and  ultrasound  dual-sensitive  drug
delivery.

© 2013 Elsevier Ltd. All rights reserved.

rug delivery

. Introduction

Curcumin, a natural diphenolic compound extracted from the
hizome of turmeric (Curcuma longa L.), which has a long history
f use in Traditional Chinese Medicine, is a good candidate for
reating cancerous diseases including prostate, breast and colon
ancer because of its low nonspecific toxicity to normal cells
Hatcher, Planalp, Cho, Torti, & Torti, 2008; Shishodia, Chaturvedi,

 Aggarwal, 2007). However, it has many good properties and it is
ot widely used for cancer treatment because of its poor aqueous
olubility. Due to its poor water solubility, low bioavailability, low
astrointestinal absorption and rapid metabolism, curcumin is not
xtensively used for tumor therapy (Pan, Huang, & Lin, 1999).

Microbubble with a few microns in size was generally full of a
ydrophobic gas and was fabricated with a surfactant shell such

s polymer to improve its shelf life and circulation time in blood.
ue to the different density between the gas core of the liposo-
al  microbubble and the fluid around, microbubble began to swing

∗ Corresponding authors at: School of Pharmacy, Yantai University, Qingquan
oad 32, Yantai 264005, People’s Republic of China. Tel.: +86 535 6706021;

ax: +86 535 6706021.
E-mail addresses: cdq1981@126.com (D. Chen), wanhui@luye.cn (W.  Liu).

1 These authors contribute to this article equally.

144-8617/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.12.069
when sent to high frequency (1–10 MHz) ultrasound which become
more violent which resulted in ruin of the microbubble (Newman &
Bettinger, 2005) The nonlinear acoustic echoes were emerged with
the microbubble destruction. This phenomenon was  valuable in
contrast enhanced ultrasound imaging and drug delivery (Ferrara,
Pollard, & Borden, 2007; Mehier-Humbert, Bettinger, Yan, & Guy,
2005). Liposomal microbubble was also reported in gene delivery
system which suggested an efficient approach for delivering plas-
mid  DNA or siRNA into cells (Negishi et al., 2008; Suzuki, Takizawa,
Negishi, Utoguchi, & Maruyama, 2008).

Our aim was to develop an injectable drug reservoir to
provide sustained, temperature and ultrasound dual-sensitive
curcumin-loaded liposomal microbubble gel drug delivery. A novel
water-soluble chitosan derivatives N-cholesteryl hemisuccinate-O-
sulfate chitosan (NCHOSC) were synthesized with negative charges
of sulfonate group as hydrophilic moieties, and cholesterol as
hydrophobic moieties. Compared with N-octyl-O-sulfate chitosan
(NOSC; Zhang, Ping, & Zhang, 2004), NCHOSC could be easily mod-
ified to liposome because of the cholesterol moieties.

In the previous study (Chen et al., 2012), we  developed ther-
mosensitive poloxamer gel for vaginal delivery. However, in this

study we  developed a biocompatible chitosan/glycerol phosphate
(CS/GP) gel as a carrier for liposomal microbubble which was liquid
at room temperature but gels at 37 ◦C under pH 7.4. In this study, we
aimed to develop N-cholesteryl hemisuccinate-O-sulfate chitosan

dx.doi.org/10.1016/j.carbpol.2012.12.069
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:cdq1981@126.com
mailto:wanhui@luye.cn
dx.doi.org/10.1016/j.carbpol.2012.12.069
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NCHOSC) which were carried to modified liposomal microbubble
LB) to enhance the property and blood-contacting stability. The
CHOSC modified LB was fabricated into the CS/GP thermosensitive
el. At the same time, the thermosensitive gel systems composed
f CS/GP form a thermogel at body temperature and to degrade in
n ultrasound environment.

Consequently, with this in mind, we prepared temperature and
ltrasound dual-sensitive curcumin-loaded liposomal microbub-
le gel based on NCHOSC. The dual-sensitive curcumin-loaded

iposomal microbubble gel was evaluated in terms of physicochem-
cal properties, in vitro release, cytotoxicity and anti-tumor efficacy.

. Materials and methods

Chitosan was provided by the Shanghai Lanji Co. Ltd., China
ith deacetylation degrees of 97% and viscosity average molecular
eight of 65,000 D. Curcumin (Cur) was supplied by Yantai Science

 Biotechnology Co. Ltd. (China). Soybean phosphatidylcholine
S100PC) was purchased from Dongshang Co. Ltd. (Shanghai,
hina). Cholesterol (Chol) and succinic anhydride were obtained

rom China Medicine Shanghai Chemical Reagent Corporation
Shanghai, China). Dicyclohexyl carboimide (DCC), 4-(dimethyl
mino) pyridine (DMAP), and MTT  were obtained from Sigma
hemical Co. (MO, USA). All other reagents were of analytical grade
nd supplied by Sinopharm Group Chemical Reagent Corp. MCF-

 human breast cancer cell line and hepatoma solidity (Heps) cell
ere obtained from the Yantai Science & Biotechnology Co. Ltd. The

ells were cultured in Dulbecco’s Modified Eagle Medium (DMEM)
upplemented with 10% heat-inactivated fetal bovine serum (FBS)
nd 1% antibiotics (100 U/mL penicillin G and 0.1 mg/mL  strepto-
ycin). Cells were maintained at 37 ◦C in a humidified incubator

ontaining 5% CO2.
Five-week-old female BALB/c mice were obtained from

hanghai SLAC Laboratory Animal Co. Ltd. (Shanghai, China). All
he animals were pathogen-free and allowed to access food and
ater freely. All the animal experiments were in accordance with

he Guide for the Care and Use of Laboratory Animals published by
he National Institutes of Health.

.1. Synthesis and characterization of NCHOSC

The synthesis of NCHOSC was shown in Scheme 1. Cholesterol
4.0 g) and succinic anhydride (3.0 g) were dissolved in CH2Cl2
60 mL)  with DMAP (0.2 g) as the catalyst. The unreacted succinic
nhydride was removed by filtration and the CH2Cl2 was removed
y rotary evaporation. The residue was washed with water and
ried overnight. Chitosan (1.0 g) was dissolved in 65 mL  methanol
ith stirring at 30 ◦C, then cholesteryl hemisuccinate (1.0 g) was

dded. After 24 h stirring, the reaction solution was neutralized
ith 2 N hydrochloric acid and the product was precipitated with
ethanol. The precipitate was filtered and repeatedly washed with
ethanol and water. The product was dried under vacuum at 60 ◦C

vernight. N-cholesteryl hemisuccinate chitosan (0.5 g) suspended
n N,N-dimethylformamide (DMF) (40 mL)  was magnetically stirred
vernight. Chlorosulfonic acid (20 mL)  was added dropwise into
MF (40 mL)  with stirring at 0 ◦C for 24 h. The reaction solution
as neutralized with 20% NaOH until pH 7.0, and the filtered solu-

ion was dialyzed in water and lyophilized NCHOSC powder was
btained. The chemical structure and substitution degree of the
erivative were determined by FT-IR, H NMR.

.2. Preparation of Cur-loaded liposome microbubble based on

CHOSC

Cur-loaded liposomal microbubble based on NCHOSC (Cur-
M) was prepared by dissolving curcumin in the organic phase
olymers 94 (2013) 17– 23

of chloroform and methanol (1:3, v/v) and mixing with S100PC,
cholesterol, and NCHOSC (90:10:3). The organic phase was
removed at 40 ◦C in a rotary flask. The flask was  evaporated
under reduced pressure. The dry lipid formed was hydrated with
phosphate-buffered saline (pH 7.4). The liposome was  filtered
through 0.22 �m filters to isolate the unencapsulated curcumin.
Liposomal microbubble was  prepared from liposomes and perflu-
oropropane gas. 5 mL  vials containing 2 mL  of liposome (2 mg/mL)
were filled with perfluoropropane gas. The 7.5 mL  gas was  sparged
through the aqueous medium, and performed for 30 s with a bath-
type sonicator with high power sonication (power setting dialed to
10/10; 33 W).  Then liposomal microbubble was put into a water
bath with 10 mL  PBS. The Cur-LM was  filtered through 0.2 mm
polycarbonate filters and stored at 4 ◦C until use. Curcumin-loaded
liposomal microbubble without NCHOSC (control) was also pre-
pared as the control.

2.3. Stability studies

Because NCHOSC in the formulation is to increase the stability
of Cur-LM, the particle size plays an important role in the in fur-
ther studies. However, it is also important to study the stability of
the Cur-LM. The stability of the Cur-LM was  studied by testing the
aggregation of Cur-LM in PBS, or PBS with 50% FBS at 37 ◦C. The
change of the mean particle size was measured before and after
2 h, 12 h, 24 h incubation Cheng, Yang, and Lin (2011).  The particle
sizes of the Cur-LM were measured with a particle sizer 3000HS
(Malvern Instruments, UK) and analyzed by the Zetasizer 3000H
(Malvern software).

2.4. Encapsulation efficiency of Cur-LM

The entrapment efficiency was  defined as the ratio of the
amount of curcumin encapsulated in the Cur-LM to that of the
total curcumin in the Cur-LM dispersion. Cur-LM was treated with
a 20-fold volume of methanol to disrupt the structure of the Cur-
LM.  The amount of encapsulated curcumin was  measured using
reverse-phase HPLC. The mobile phase was  a mixture of acetonitrile
and 5% (w/v) of acetic acid at the volume ratio of 51:49 (v/v). The
flow rate was  set at 1.0 mL/min and the wavelength was  at 428 nm.
The column was a Kromasil C18 (4.6 mm × 250 mm), the column
temperature was 30 ◦C, and the volume of the sample injected
was 20 �L. The entrapment efficiency was determined from three
separately prepared liposome suspensions as the mean ± standard
deviation (Chen, Jiang, Liu, et al., 2010; Chen, Jiang, Huang, Zhang,
& Ping, 2010).

The entrapment efficiency was  calculated from the following
equation:

EE (%) = amount of Cur in LM
amount of total Cur

× 100

2.5. Preparation of dual-sensitive gels

Dual-sensitive gels were prepared by the addition of CS and
GP at various ratios, from 1:1 to 7:1. Chitosan (0.1 g) was  dis-
solved in 0.1 M acetic acid and the clear 2% (w/v) chitosan solution
was obtained. GP (0.56 g/mL) solution was  added into the chitosan
solution drop by drop under stirring and stored at 4 ◦C. For dual-
sensitive gels, a vial containing Cur-LM-NCHOSC dispersions and
CS/GP with a magnetic bar and each formulation was  placed in
a water bath. The vial was heated at a constant rate while stir-

ring. The gelation temperature was measured when the magnetic
bar stopped moving due to gelation (Chen et al., 2012). The dual-
sensitive gels were filtered through 0.2 mm polycarbonate filters
and stored at 4 ◦C until use.
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.6. Ultrasound-sensitive induced release in vitro

The in vitro release of Cur was determined from dual-sensitive
els using a dialysis bag placed in a sealed vial with constant
haking. The gel formulation (1 mg  of Cur) was packed into the

ialysis bags sealed with closures of 50 mm.  The dialysis bags con-
aining dual-sensitive gels were placed in a water bath (37 ◦C)
ntil gel formed. The release medium was 50 mL  of 0.1% SDS pro-
iding sink conditions for Cur. The medium was  maintained at
ccinate-O-sulfate chitosan (NCHOSC).

37 ◦C and shaken at 100 rpm. At various time intervals, the gels
were subjected to ultrasound with 1 MHz  ultrasound (5 pulses,
100 ms,  7 MPa  peak negative acoustic pressure) (Postema, van
Wamel, Lancée, & de Jong, 2004), 1 mL  of dissolution fluid was
collected. The sample was  filtrated and analyzed by a reverse-

phase HPLC method. 20 �L of this solution was used to determine
the amount of curcumin released after different time intervals
(Ferrara et al., 2007; Klibanov, Shevchenko, Raju, Seip, & Chin,
2010).
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Fig. 1. IR and 1H NMR  spectra of NCHOSC.
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.7. Cytotoxicity assay

To evaluate the cytotoxicity of the dual-sensitive curcumin-
oaded liposomal microbubble gel by MTT  assay, MCF-7 cells were
eeded at a density of 1 × 104 cells/well in a 96-well plate overnight.
00 �L of Cur solution (1 mg/mL), the curcumin-loaded liposomal
icrobubble (Cur-LM), curcumin-loaded liposomal microbubble

el (Cur-LM-G) and free Cur and PBS were added to the each
ell and incubated overnight. After incubation, 100 �L of 5 mg/mL
TT  in DMEM was added to each well and then incubated for

 h at 37 ◦C. 100 �L of MTT  solution was added with dissolving
he formazan crystal. After shaking for 20 min, the absorbance
as measured at 570 nm using a micro-plate reader (Chen et al.,

012).

.8. In vivo assay

The BALB/c mice model was carried out with inoculation of
 × 107 hepatoma solidity (Heps) cell at the right flank of the
ice using a 1.0 mL  syringe. When the tumor volume grow about

00–300 mm3, 0.1 mL  dual-sensitive curcumin-loaded liposomal
icrobubble gel (Cur-LM-G) were injected into the tumor. Then

ltrasound was applied to the tumor for a 1 min  to ultrasound
6 W/cm2, 10 s pulse 2 s on/2 s pulse off) every other day. After 2
eeks, all the mice were weighed and sacrificed followed by sepa-

ation and measurement of the tumor. Normal saline and without
ltrasound were injected for the control groups. Each individual
umor size was measured with a caliper and the tumor volume was
alculated every other day using the following equation: (W2 × L)/2,
here W is the tumor measurement at the widest point and L is

he tumor dimension at the longest point (Chen, Jiang, Liu, et al.,
010).

.9. Statistical analysis
Statistical comparisons were performed by Student’s t-test for
wo groups, and one-way ANOVA for multiple groups. P < 0.05 was
onsidered to be indicative of statistical significance.
3. Results and discussion

3.1. Synthesis and characterization of NCHOSC

The structure change of NCHOSC was  confirmed by FT-IR spec-
tra (Fig. 1). The result showed new peaks at 2965, 2842, 1599, 1576,
1503, 910–665 cm−1 attributed to cholesteryl hemisuccinate chain
and 1260 and 1221 cm−1 assigned to the sulfate group. The sig-
nal from the NH2 group at 1590 cm−1 disappeared. These results
suggest that sulfate group and cholesteryl hemisuccinate group
were part of the NCHOSC structure. Fig. 1. showed the 1H NMR
spectra of NCHOSC. The proton signals at 2.58–2.80, 4.62–4.65 and
5.37 ppm are assigned to cholesteryl hemisuccinate group which
can be found in the spectrum of NCHOSC. Some new characteris-
tic peaks at 3.75–3.30, 2.68 and 2.78 ppm present due to partial
sulfonation in the spectrum of NCHOSC.

3.2. Preparation and characterization of Cur-LM

The curcumin-loaded liposomal microbubble (Cur-LM) became
cloudier than the curcumin-loaded liposome (Cur-L). The diame-
ter of most Cur-LM is less than 1 �m,  and the average diameter is
about 950 nm.  In addition, we confirmed by means of microscopy
that perfluoropropane gas was entrapped within the liposome
microbubble (Fig. 2). The particle size, zeta potentials and entrap-
ment efficiency of Cur-LM would be important factors for the
ultrasound triggered drug delivery. As shown in Table 1, the mean
particle size of Cur-LM was  about 950 nm.  The mean zeta potential
was −28.7 ± 3.8 mV.  The entrapment efficiency was determined to
be above 90%.

3.3. Stability studies

The particle size distribution of the Cur-LM in this study showed
that there was no significant change when incubated in PBS or PBS

with 50% FBS (Table 2), suggesting that NCHOSC in the formulation
could increase the stability of Cur-LM. It is interesting to note that
the particle sizes of Cur-LM were almost constant for up to 24 h,
which could be used for further studies in vitro and in vivo.
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Fig. 2. A schematic diagram of the strategy of Cur-LM-G and exterior morphology
studies of blank liposome microbubble gel: under the gelation temperature (A) and
gelation (B); Cur-LM-G: under the gelation temperature (C) and gelation (D).

Table 1
The physicochemical parameters of Cur-LM.

Parameters Control Cur-LM

Entrapment efficiency (%) 93.8 ± 3.0 92.9 ± 2.6
Particle size (nm) 962.5 ± 6.3 952.6 ± 5.4
Zeta potential (mV) −2.5 ± 3.9 −28.7 ± 3.8

Table 2
Stability of Cur-LM with change of particle sizes with different media at 37 ◦C.

Time (h) PBS PBS + FBS

Cur-LM 2 955.8 ± 6.5 958.9 ± 7.3
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Fig. 3. Percentage of curcumin released from Cur-LM-G with/without the ultra-
sound (US). Data presented are means ± SD (n = 3).
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The cytotoxicity of free Cur and formulated Cur was investi-
gated in MCF-7 cells using MTT  assays (Fig. 4). As shown in Fig. 5,
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12 968.2 ± 5.3 975.6 ± 6.7
24 972.6 ± 6.2 978.1 ± 7.0

.4. Preparation and characterization of dual-sensitive gels

In the previous study (Chen et al., 2012), a thermosensitive
oloxamer gel for vaginal delivery was characterized with FT-IR and
SC which was similar with dual-sensitive curcumin-loaded lipo-

omal microbubble gel (data were not shown). The blank liposomal
icrobubble gel was prepared using at various ratios CS/GP. With

emperature-sensitive gelling, the concentration of CS/GP (3:1, v/v)
as optimal formulation to form gels (Fig. 2). As shown in Fig. 2,

he sol–gel of curcumin-loaded liposomal microbubble gels with
he optimal formulation of gel/LB (6:1, v/v): under the gelation tem-
erature (C), and gelation (D). The presence of the gel phase around
ody temperature (37 ◦C) demonstrated that the CS/GP containing

iposomal microbubble could be an interesting and promising can-
idate for in situ drug delivery system that can be formulated at
oom temperature and would form a gel at body temperature.

.5. Ultrasound-sensitive induced release in vitro

The release of curcumin from the dual-sensitive gels was deter-
ined by HPLC.
We  evaluated whether applying ultrasound on the liposo-

al  microbubble gels results in the release of curcumin from
he liposomal microbubble. We  measured a significant release
ncrease when curcumin-loaded liposomal microbubble gel was
ubjected to ultrasound (Fig. 3), which demonstrated that free cur-

umin was released from the microbubble after ultrasound. The
elease of curcumin was 85% applying ultrasound on the liposo-
al  microbubble gel, while only 32% without applying ultrasound.

he presence of the difference between applying ultrasound or not
Fig. 4. Cytotoxicity of curcumin formulations. Data represent the mean ± SD (n = 6).
*P  < 0.05, compared with the free Cur.

demonstrated that the liposomal microbubble could be an interest-
ing ultrasound-sensitive induced release and a promising candidate
for ultrasound-sensitive drug delivery system.

3.6. Cytotoxicity assay
Fig. 5. Effect on the inhibition of tumor growth of Cur-LM-G in BALB/c mice
with/without the ultrasound (US). The zero point of X-axis indicates the first day
of  injection. Each data represents the mean ± SD (n = 6).
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ell viability of free Cur, Cur-LM, Cur-LM-G and PBS alone were
2.8 ± 3.1, 85.2 ± 3.4, 90.3 ± 4.3, and 96 ± 2.3, respectively. The
esults indicated that encapsulated Cur in Cur-LM or Cur-LM-G was
ess toxic than the free Cur. It is clear that curcumin encapsulated
o Cur-LM and Cur-LM-G could enhance the viability.

.7. In vivo assay

The anti-tumor efficacy of dual-sensitive curcumin-loaded lipo-
omal microbubble gel in vivo was evaluated in tumor-bearing
ALB/c mice. As shown in Fig. 5, there was no difference between
he groups with or without ultrasound irradiation in 1 week, how-
ver, after the next week, there was different. This could be the
eason of slow-release of Cur from the liposome-loaded microbub-
le gel in vivo under the body temperature and ultrasound. The
umor volume of the saline control group was excessively enlarged
>1000 mm3), while the other groups were much smaller. The ultra-
ound group suppressed tumor growth most efficiently, followed
y the non-ultrasound group (P < 0.05). This enhanced anti-tumor
ctivity could be explained by the increased local concentration of
ur near the tumor by ultrasound.

. Discussion

In this work, we have prepared a novel curcumin-loaded
iposomal microbubble gel based on N-cholesteryl hemisuccinate-
-sulfate chitosan (NCHOSC) which is interesting. In our previous
tudy, the novel water-soluble chitosan derivative NCHOSC was
ynthesized. Its anticoagulation activity in vitro was determined by
n activated partial thromboplastin time (APTT) assay, a thrombin
ime (TT) assay and a prothrombin time (PT) assay. Results of anti-
oagulation assays showed NCHOSC significantly prolonged APTT
nd TT (Fan et al., 2012).

The mechanism of untrasound-induced drug release could be
xplained that untrasound (US) applied with a very low acoustic
ressures could promote liposomal microbubble to move along the
xis of the US beam without disrupting the agent (Dayton, Allen, &
errara, 2002; Shortencarier et al., 2004). This radiation force can
romote the movement and accumulation of liposomal microbub-
le at a designated area which could be used to increase both
pecificity of drug delivery to the targeting site and transfection
fficiency (Dayton et al., 2002; Shortencarier et al., 2004).

In this study, we aimed to apply NCHOSC to ultrasould-sensitive
rug release system for improving its stability and hemocompa-
ibility. Shelma and Sharma prepared a hemocompatible lauroyl
ulfated chitosan (LSCS) which could improve the hemocompati-
ility of chitosan and reduce the protein adsorption on chitosan
Shelma & Sharma, 2011). Compared with this research, we applied
CHOSC to ultrasould-sensitive drug release system for improv-

ng its stability and hemocompatibility. Fan et al. reported that the
ntroduction of sulfate groups into the quaternary ammonium chi-
osan structure could improve its anticoagulant activity obviously
Fan et al., 2012). However, the new application to drug release
ystem, such as liposome, was not reported. Qu et al. and Mo  et al.
repared a series of sulfonate chitosan N-octyl-O-sulfate chitosan
NOSC) in micellar or liposomal delivery (Mo,  Xiao, Sun, Zhang, &
ing, 2011; Mo,  Jin, et al., 2011; Qu, Yao, Zhang, Wu,  & Ping, 2009;
u, Wu,  Yin, & Zhang, 2012). However, there was  not reported

esearch about novel chitosan for the hemocompatible activity.
here was also no further application research to increase stability
f nano-drug delivery system.
In this study, the key feature of gel system is the temperature
nd ultrasound dual-sensitive system which is the combina-
ion of injectability and mechanical integrity (Epstein-Barash
t al., 2010). Each component served a specific aim: the NCHOSC
olymers 94 (2013) 17– 23

modified liposome carried the model drugs and promoted the
stability, prevented their premature release, the microbubble
enhanced the drug release, and the temperature-sensitive gel
maintained both particles in body temperature could be affected
by US (Epstein-Barash et al., 2010).

5. Conclusions

In this work, we  have prepared a novel curcumin-loaded
liposome microbubble gel based on N-cholesteryl hemisuccinate-
O-sulfate chitosan (NCHOSC). The liposomal microbubble based
on NCHOSC with a high encapsulation efficiency of curcumin was
formed and improved the solubility of curcumin. The chemical
structure of NCHOSC was characterized by FTIR, 1H NMR. As ultra-
sound guided drug delivery carrier, liposome-loaded microbubble
and gels were characterized, containing in vitro studies, cell assay
and in vivo assay using curcumin as a model drug. The diameter of
most liposomal microbubble is about 950 nm.  The temperature-
sensitive CS/GP gel containing liposomal microbubble can be
formulated at room temperature and would form a gel at body tem-
perature. Simultaneously, the ultrasound-sensitive induced release
of curcumin was 85% applying ultrasound. The results of cyto-
toxicity assay indicated that encapsulated curcumin in Cur-LM or
Cur-LM-G was less toxic than the free curcumin. The anti-tumor
efficacy in vivo suggested that Cur-LM-G by ultrasound suppressed
tumor growth most efficiently. These results indicated that dual-
sensitive curcumin-loaded liposomal microbubble gel could be a
potential temperature and ultrasound dual-sensitive drug carrier
in local drug delivery system.
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