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Silica nanorattle with hollow and mesoporous structure has been proven to be an excellent drug carrier. However, how to control 
the drug release from silica nanorattle is still a challenge. In this study, we designed two methods, in-situ polymerization method 
and water in oil in water (W/O/W) double emulsion method, to coat a nanosized poly(lactic-co-glycolic acid) (PLGA) layer onto 
the surface of silica nanorattle for controlling the drug release behavior. Hydrophobic antitumor drug docetaxel was loaded into 
the PLGA coated silica nanorattle (PLGA@SN). The drug release profile, cellular uptake and cytotoxicity on human liver cancer 
HepG2 cells were evaluated to prove that the PLGA layer plays an effective role in tuning the drug delivery. 
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For the recent decade, mesoporous silica nanoparticles 
(MSNs) with high specific surface area, mesoporous struc-
ture and high biocompatibility have shown great potentials 
for their biomedical applications [1–5]. With these proper-
ties, MSNs have been proven to be versatile drug carriers 
for delivering a variety of therapeutic drugs with high drug 
loading capacity. Especially, mesoporous silica nanoparti-
cles with hollow or rattle-type structure have vast empty 
spaces to accommodate large quantities of guest molecules, 
which provides opportunities for high drug loading [6,7].  

After entering into body, the drug release profile from 
the nanocarriers would greatly influence the therapy effica-
cy. For controlling release profiles of the loaded therapeutic 
agents from the MSNs, stimuli-response drug delivery sys-
tem (SRDDS) has been designed. Tanaka and co-workers 
designed a photo-controlled reversible drug release system 
based on MCM-41 type MSNs [8]. Lin and co-workers used 
surface-derivatized cadmium sulfide (CdS) nanocrystals as 
chemically removable caps to encapsulate the drug mole-
cules in the mesopore of MSNs [9]. Other SRDDSs that can 

response to pH [10], temperature [11], redox [9], magnetic 
field [12], and enzymes [13] have also been designed. With 
these effort, however, it is still great challenge to remotely 
manipulate the SRDDS in vivo by photo and magnetic field. 
It is also difficult for SRDDSs to sense the local microenviron-    
ment of disease foci, which may have very little difference 
with peripheral normal tissues in temperature, pH, chemicals, 
and enzyme. Furthermore, for mesoporous silica nanoparticles 
with hollow structure, it presents an additional challenge: all 
of the pores connected to the hollow interior must be 
controlled. In hollow particles with multiple pore connectivity 
to the hollow center, absence of control would result in the 
loss of all of the contents of the particles. In our group, 
silica nanorattle with hollow and mesosporous structure 
synthesized by a simple and scalable structure-selective 
strategy has been proven to be promising candidate for drug 
delivery with high drug loading [13–18]. However, how to 
control the drug release from silica nanorattle is still a great 
challenge. 

Organic nanocarriers such as liposomes, polymeric mi-
celles and polymeric nanoparticles have a longer history of 
scientific research than MSNs [19,20]. Among various or-
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ganic nanobased drug delivery systems, Doxil [21] and 
Abraxane [22], approved by FDA, have produced exciting 
results in clinical applications. However, organic nanoparti-
cles as drug carriers still have some serious limitations, 
which hinder their future industrial production and clinical 
translocation. First, the fabrication methods are generally 
complicated and difficult to be scaled-up. Second, the syn-
thesized organic nanoparticles often have poor dispersion 
and monodispersity, which induce poor stability in body 
circulation. Third, the drug loading amount for organic na-
noparticles are relatively low. Fourth, one organic nanocarrier 
could only load rather narrow kinds of therapeutic agents, 
which limits their application. All these issues come to be 
barriers for optimal therapy efficacy and future clinical 
translocation. 

In this paper, we firstly coated a biocompatible copoly-
mer, poly (lactic-co-glycolic acid) (PLGA) layers onto silica 
nanorattle (SN) for controlling the drug release profile. 
PLGA is the most popular biodegradable polymer used in 
regenerative medicine, tissue engineering as well as drug 
delivery carriers [23–26]. The organic-inorganic nanocom-
posites could integrate the advantage of two different kinds 
of materials. The organic silica nanorattle with mesoporous 
and hollow structure has good dispersion and extraordinari-
ly high drug loading amount. The PLGA layer on the sur-
face of silica nanorattle can act as a gatekeeping layer to 
regulate the drug release from silica nanorattle. Two distinct 
methods, in-situ polymerization method and water in oil in 
water (W/O/W) double emulsion method, were developed 
for coating PLGA onto the surface of silica nanorattle. The 
drug loading and release of docetaxel (Dtxl) from the PLGA 
coated silica nanorattle (PLGA@SN), the cellular uptake of 
the composite nanoparticle, and the cytotoxicity to HepG2 
cancer cells were also investigated.  

1  Materials and methods  

1.1  Materials  

Tetraethyl orthosilicate (TEOS), tetrahydrofuran (THF), 
ethanol, dichloromethane, poly(vinyl alcohol) (PVA), acetic 
ether, stannous octoate (Sn(Oct)2) were obtained from Bei-
jing Chemical Reagents Company (China). Fluorescein 
isothiocyanate (FITC) was from Sigma. D,L-lactide and 
glycolide were purchased from Beijing GLACO LTD. 
N-[3-(trimethoxysilyl) propyl] ethylenediamine (TSD) was 
from ACROS Co. PLGA copolymer (75:25) with molecu-
lar weight of 10 kDa was purchased from Shandong Insti-
tute of Medical Instrument. Dtxl was from Sanwei Pharma-
ceutical., Shanghai. 

1.2  Synthesis of silica nanorattle 

SNs with particle size of 280 nm were synthesized as pre-
vious described [6,13]. 

1.3  Preparation of PLGA@SN by in-situ polymeriza-
tion method 

Silica nanorattle was dispersed in 20 mL THF and suffi-
ciently sonicated for 10 min. The suspension was sealed and 
charged with N2 for 1 h under stirring. Sn(Oct)2 was inject-
ed into the reaction when the temperature was increased to 
80°C. Then, D,L-lactide and glycolide dissolved in THF 
was injected and the reaction was kept at 80°C for 24 h un-
der N2. Finally, the formed composite nanoparticles, denot-
ed as PLGA@SN-1, were harvested by repeated centrifu-
gating and washing with ethanol.  

1.4  Preparation of PLGA@SN by W1/O/W2 double 
emulsion method 

PLGA copolymer was dissolved in a mixed solution acetic 
ether and dichloromethane (v/v=1:1). SN or drug loaded 
SN was dispersed in 1 mL water. These two solutions were 
mixed, vortexed for 1 min and sonicated for 2 min at 100 W 
to form a microemulsion. Then, the microemulsion was 
added into 2% PVA aqueous solution drop by drop and 
sonicated for 10 min. After the organic solvents was re-
moved in a rotary evaporator at 37°C, the formed composite 
nanoparticles, denoted as PLGA@SN-2, were harvested by 
repeated centrifugating and washing with ethanol. 

1.5  Characterization of the nanoparticles 

Morphology and structure of the silica nanorattle and PLGA 
coated silica nanorattle were observed with JEOL-200CX 
transmission electron microscope (TEM). The zeta poten-
tials, hydrodynamic diameter and poly index of nanoparti-
cles were determined by dynamic light scattering (DLS) 
with Zetasizer 3000HSA (Malvern) in water at 25°C. The 
nanoparticles were characterized using Varian Excalibur 
3100 Fourier transform infrared spectrophotometer (FTIR) 
to detect the functional groups. 

1.6  Drug loading and release 

Docetaxel was loaded into silica nanorattle according to our 
previous report [13]. Briefly, to load Dtxl into silica nano-
rattle, SN was dispersed in a solution of Dtxl (40 mg/mL in 
ethanol) and stirred for 24 h, followed by centrifugating and 
washing extensively with PBS to obtain the drug-loaded SN. 
The same procedure was performed for SN@PLGA-1. Drug 
loaded SN, PLGA@SN-1 and PLGA@SN-2 were denoted 
as SN-Dtxl, PLGA@SN-Dtxl-1 and PLGA@SN-Dtxl-2, 
respectively. For drug release assay, the drug loaded SN and 
PLGA@SN samples were placed in dialysis tubing (10 kDa) 
and immersed in 20 mL of release medium, stirring at room 
temperature. The release medium (8 mL) was taken at given 
time intervals. The concentration of Dtxl was determined  
by UV/Vis spectroscopy measurements at a wavelength of 
230 nm.   
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1.7  Cell culture 

Human liver cancer HepG2 cells (ATCC) were maintained 
in high-glucose DMEM, supplemented with 10% FBS, 100 
U/mL penicillin, and 100 g/mL streptomycin. All cultures 
were kept in an atmosphere of 5% CO2 and 95% air at 
37°C. 

1.8  Fluorescent observation of cellular uptake 

For fluorescent observation, FITC doped SN (SN(FITC)) 
was synthesized as previously described [6,13]. PLGA 
coated SN(FITC)(PLGA@SN(FITC)-2) was prepared by 
W/O/W double emulsion following protocol in 1.4. The 
HepG2 cells were seeded on glass-bottom dishes (35 mm, 
kindly provided by MatTek Corporation). A final concen-
tration of 100 μg/mL PLGA@SN(FITC)-2 was added to the 
cells and incubated for 1 h. The cells were washed with PBS 
three times, fixed with 4% paraformaldehyde, and then 
stained with 10 g/mL DAPI (2-(4-amidinophenyl)-6-in-     
dolecarbamidine dihydrochloride, Sigma). Micrographs were 
taken on a Nikon fluorescence microscope (Nikon Eclipse 
Ti-S, CCD: Ri1).  

1.9  Cell viability  

The cytotoxicity of free Dtxl, SN-Dtxl and PLGA@SN-2- 
Dtxl on was evaluated by MTT viability assay. Dtxl was 
dissolved using DMSO, and the final concentration of 
DMSO in culture media was less than 0.5%. The HepG2 
cells were seeded at a density of 2000 cells/well on 96-well 
plates (Costar). After incubating the cells with free Dtxl, 
SN-Dtxl and PLGA@SN-2-Dtxl for 72 h, MTT (3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (Sig-    
ma) (final concentration of 0.5 mg/mL) was added to each 
well. After 4 h of incubation at 37°C, colorimetric meas-

urement was performed at 570 nm on a scanning multiwell 
spectrometer (Multiskan MK3 Thermo labsystems). Data 
were expressed as mean±standard deviation (SD) of at least 
six independent experiments. 

2  Result and discussion  

2.1  Synthesis of PLGA@SN by in-situ polymerization 
method 

Ring-opening copolymerization is the most widely used 
method for the synthesis of biodegradable PLGA copolymer 
from D,L-lactide and glycolide with Sn(Oct)2 as catalyst. 
Using this method, herein we directly coated nanosized 
PLGA layer onto the surface of silica nanorattle. Figure 1(a) 
shows the scheme of preparation of PLGA@SN by in-situ 
polymerization method. Once synthesized, the silica nano-
rattle has positive surface with a -potential of from 20 to 
40 mV due to the existence of amino groups. Sn(Oct)2, 
which was approved food additive, was used as a catalyst. 
With appropriate amount of catalyst and monomer added 
into the suspension of silica nanorattle, the monomer would 
copolymerize and form an even PLGA layers on the surface 
of silica nanorattle. Figure 2(a) shows the TEM image of 
silica nanorattle with diameter of about 280 nm. It can be 
observed that the SN has unique structural characteristics 
with hollow and mesoporous structure, narrow size distribu-
tion, and spherical morphology. As known, in the ring- 
opening copolymerization reaction to form PLGA, concen-
tration, purity and molar ratio of monomer, the concentra-
tion of catalyst, reaction temperature and time, etc. wound 
influence the molecular weight of resulting PLGA and the 
monomer conversation-rate [27]. Herein, we fixed the molar 
ratio of D,L-lactide to glycolide (1:1) and the mass ratio of 
monomer (total amount of D,L-lactide and glycolide) to SN  

 

Figure 1  Schematic illustration of the preparation of PLGA@SN via in-situ polymerization method and W/O/W double emulsion method.  



3634 Li L L, et al.   Chin Sci Bull   September (2012) Vol.57 No.27 

 

Figure 2  TEM images of silica nanorattle and the resulting produce via 
in-situ copolymerization method with different amount of catalyst (a); Sn 

(Oct)2:monomer:SN=2:10:10 (b); Sn(Oct)2:monomer:SN=10:10:10 (c), 

(d); Sn(Oct)2:monomer:SN=100:10:10 (d). 

(1:1), and researched the effect of concentration of catalyst 
on the synthesis of PLGA@SN.  

When the mass ratio of Sn(Oct)2:monomer:SN was 2: 

10:10, there formed a lot of island-like nanostructure on the 
surface of SNs (Figure 2(b)). When the amount of Sn(Oct)2 

was increased and the mass ratio of Sn(Oct)2:monomer:SN 
was 10:10:10, there formed an integrated PLGA layer on 
the surface of silica nanorattle (Figure 2(c)). From the am-
plified TEM in Figure 2(d), a 15 nm PLGA layer on the 
surface of silica nanorattle could be observed. The resulting 
PLGA@SN composite nanoparticles have an average parti-
cle size of about 310 nm. This PLGA@SN was denoted as 
PLGA@SN-1, which was used for drug delivery in follow-
ing studies. When the amount of Sn(Oct)2 was further in-
creased and the mass ratio of Sn(Oct)2:monomer:SN reached 
100:10:10, copolymer could not be successfully coated on 
the surface of silica nanorattle (Figure S1). Most of the 
product from copolymerization reaction was 30–50 nm na-
noparticles or some large irregular agglomeration. Thus, 
adjustment of the amount of the catalyst can control the 
morphology of formed nanocomposites. The mechanism is 
deduced as follows. When the amount of catalyst was low, 
the molecular weight of formed PLGA oligomer was ac-
cordingly low, which have good solubility in the reaction 
medium. Only some island-like nanostructure was deposited 
on the silica nanorattle (Figure 2(b)). When the catalyst is 
excessive, the reaction rate is high, which results in rapid 
self-seed nucleation of PLGA instead of coating onto the 
surface of silica nanorattle (Figure S1). Only when appro-
priate amount of catalyst was added, there could form a 
complete PLGA nanolayer on the surface of silica nano-
rattle. If needed, the mass ratio of monomer to silica nano-
rattle, and the molar ratio of D,L-lactide to glycolide could 
be tuned for tailoring the thickness of PLGA layer and the 

chemical constitution of PLGA for controlling the drug re-
lease.    

2.2  Synthesis of PLGA@SN by W/O/W double emul-
sion method 

By the in-situ polymerization method, a complete PLGA 
layer could be coated onto the silica nanorattle. However, 
for some intrinsically instable therapeutic drugs, the reac-
tion condition is relatively harsh, which demands that the 
drugs must be loaded into the nanoparticles after PLGA 
coating. As a substitute method, we also developed a mild 
W1/O/W2 double emulsion solvent extraction method. As 
shown in Figure 1(b), the synthesis is consists of three steps. 
First, a W1/O emulsion is prepared by mixing the drug 
loaded silica nanorattle aqueous suspension with an organic 
phase containing the PLGA copolymer. Then, the primary 
emulsion is added into an aqueous phase (W2) containing 
PVA as surfactants under sonication. Finally, after the or-
ganic solvent is evaporated in a rotary evaporator, the 
PLGA would solidify on the surface of silica nanorattle and 
form drug loaded PLGA@SN composite nanoparticles. The 
as-synthesized PLGA@SN had a diameter of about 304 nm, 
with a 12 nm PLGA layer (Figure 3). The resulting nano-
composite is denoted as PLGA@SN-2. 

2.3  Characterization of the nanoparticles 

To detect the PLGA coating, the zeta potentials of hydro-
dynamic diameter of nanoparticles before and after PLGA  

 

Figure 3  TEM images of PLGA@SN by W1/O/W2 double emulsion 
solvent extraction method. 
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coating were examined (Figure 4, Table 1). Due to the par-
ticipation of amino-silane coupling agent TSD in the reac-
tion to synthesize silica nanorattle, the as-synthesized silica 
nanorattle have a positive surface with zeta-potential of 
about 26 mV (Figure 4(a)). In comparison, the PLGA@SN-1 
synthesized from in-situ copolymerization method had a 
near-neutral surface with zeta-potential of about 5 mV, 
proving the successful coating of PLGA layer onto the silica 
nanorattle. PLGA@SN-2 via W/O/W double emulsion 
method had a negative surface potential with zeta-potential 
of about 42 mV, because of the existence of PVA on the 
surface of resulting composite nanoparticles. The change of 
hydrodynamic diameter (HD) also proved the successful 
PLGA coating for both methods. The average HD deter-
mined by dynamic light scattering was increased from 294 
nm for SN to 333.5 nm for PLGA@SN-1 and 340 nm for 
PLGA@SN-2, respectively. After PLGA coating, the poly 
index of the nanoparticles was slightly increased for both 
preparation methods, which still have good dispersion in 
aqueous solution without conglutination. The slight conglu-
tination of nanoparticles observed in TEM image (Figure 3) 
is deduced to result from the harsh dry TEM environment 
with high vacuum, high temperature and high-intensity elec-
tron beam. 

To further prove the presence of PLGA on the surface of 
particles, FTIR spectra were used to characterize the nano-
particles. As shown in Figure 5, compared with intact silica 
nanorattle, the peak at 1020–1250 cm1 corresponding to 
Si–O band and peak at 3300–3700 cm1 corresponding to 
–OH bonds for PLGA@SN-1 and PLGA@SN-2 are weak-

en. A strong peak at 1760 cm1 appears for PLGA@SN 
synthesized from both methods due to stretching vibrations 
of C==O bonds in PLGA. In addition, there are obvious 
peak at 1170 cm1

 for PLGA@SN-1 and PLGA@SN-2, 
which is deduced to be the amido bond group formed be-
tween the carboxyl group in PLGA and amino group at the 
surface of silica nanorattle. A peak at 1457 cm1 is corre-
sponding to the stretching vibrations of C–H group in 
PLGA. In comparison, these peaks are not observed in in-
tact silica nanorattle. These results indicate that PLGA layer 
were successfully coated onto the surface of the silica 
nanorattle for both methods. 

2.4  Drug release from intact SN and PLGA@SN 

In this research, we designed two methods to prepare PLGA 
@SN. The drug loading and release from the intact silica 
nanorattle and PLGA@SN was compared. A hydrophobic 
antitumor drug docetaxel, which has broad effectiveness 
against advanced breast carcinoma, ovarian cancer, prostate 
cancer, and nonsmall cell lung cancer, was used to compare 
the drug release property from intact silica nanorattle and 
PLGA@SN. Docetaxel was loaded into silica nanorattle ac-
cording to our previous report. For PLGA@SN-2 synthe-
sized from mild W/O/W double emulsion method, the docet-
axel was loaded into silica nanorattle and then the PLGA was 
coated onto the silica nanorattle. However, considering the 
harsh reaction condition of in-situ polymerization and the 
intrinsically unstable property of the drug substance, docet-
axel was loaded into PLGA@SN-1 after the nanocomposite  

 

Figure 4  (a)–(c) Zeta potential and (d)–(f) hydrodynamic diameter of ((a), (d)) SN; (b), (e) PLGA@SN-1 from in-situ copolymerization method; (c), (f) 
PLGA@SN-2 by W/O/W double emulsion method. 



3636 Li L L, et al.   Chin Sci Bull   September (2012) Vol.57 No.27 

Table 1  Zeta potential, hydrodynamic diameter and poly index of SN, 
PLGA@SN-1 from in-situ copolymerization method and PLGA@SN-2 by 
W/O/W double emulsion method 

 
Zeta potential 

(mV) 
Hydrodynamic 
diameter (nm) 

Poly index 

SN 26.4±2.4 294.2 0.056 

PLGA@SN-1 5.3±1.4 333.5 0.113 

PLGA@SN-2 42.1±5.4 340.2 0.155 

 
 

 

Figure 5  FTIR spectra of silica nanorattle and PLGA-coated silica nano-
rattle of PLGA@SN-1 synthesized by in-situ copolymerization method and 
PLGA@SN-1 synthesized by W/O/W double emulsion method. 

was formed. Figure 6 shows the in vitro drug release pro-
files from intact silica nanorattle and the two kinds of 
PLGA@SN spheres in physiological pH and temperature. 
PLGA@SN-Dtxl-2 with pre-synthetic drug loading showed 
slower drug release rate compared with intact SN. The cu-
mulative drug release from PLGA@ SN-Dtxl-2 at 1 h was 
about 9% of the total loaded drug, compared with 22% from 
intact SN-Dtxl. On the contrary, PLGA@SN-Dtxl-1 with 
post-synthetic drug loading had a faster release rate and a 
severe initial burst release (44% release rate in the first 
hour). The cumulative drug release at 82 h was 75%, 92% 
and 56% for SN-Dtxl, PLGA@SN-Dtxl-1, and PLGA@SN- 
Dtxl-2, respectively. This result demonstrates that coating a 
PLGA layer onto the surface of silica nanorattle (PLGA@ 
SN-2) could effectively delay the drug release from silica 
nanorattle. However, if the drug is loaded into the integrate 
PLGA@SN nanocompisites (PLGA@SN-1) after synthesis, 
the drug could only penetrate in the outmost layer of PLGA, 
instead of entering into the inner hollow space of silica 
nanorattle, which determines the fast release rate than that 
released from intact silica nanorattle. 

In comparison, these two distinct methods for coating 
PLGA layer onto silica nanorattle have respective character-
istics. For in-situ polymerization method, it is convenient to 
control the thickness of PLGA layer and chemical constitution  

 

Figure 6  In vitro drug release profiles of docetaxel from intact silica 
nanorattle (SN-Dtxl), PLGA@SN-Dtxl-1 synthesized from in-situ copoly-
merization method and PLGA@SN-Dtxl-2 by W/O/W double emulsion 
method at physiological pH and temperature. 

of PLGA. But it is not suitable for pre-loading of the tem-
perature-sensitive drugs with high reaction temperature. For 
W1/O/W2 double emulsion solvent extraction method with 
lower reaction temperature and shorter reaction time, the 
drugs could be pre-loaded into silica nanorattle. But it is 
relatively difficult to control the thickness of PLGA layer 
coating on the silica nanorattle.  

2.4  Cellular uptake 

Efficient cellular internalization of nanoparticles is neces-
sary for intracellular drug delivery and efficient therapy. To 
monitor the trafficking of PLGA coated SN intracellularly, 
fluorescent labeled SN (SN(FITC)) were synthesized and 
coated with PLGA by W/O/W method. The resulting PLGA 
@SN(FITC)-2 was incubated with HepG2 cells to observe 
the intracellular distribution. After incubating 100 g/mL of 
PLGA@SN(FITC)-2 with HepG2 cells for 1 h, the cells 
were fixed and nuclei-stained with DAPI (Figure 3(a)). 
PLGA@ SN(FITC)-2 distributed in almost all of the cells 
throughout the entire cell cytoplasm (Figure 3(b)), demon-
strating efficient cellular uptake. In some cells, there were 
isolated spots of green fluorescence showing higher fluo-
rescence intensities, demonstrating the cluster of the com-
posite nanoparticles. 

2.5  Cell viability  

With the sustained release property of PLGA@SN-Dtxl-2, 
we examined the cytotoxicity of free Dtxl, SN-Dtxl, and 
PLGA@SN-Dtxl-2 on HepG2 liver cancer cells. The cyto-
toxicity was evaluated via the MTT (3-(4,5-dimethylthiazol-2- 
yl)-2,5-diphenyltetrazolium bromide) assay. HepG2 cells were 
incubated with a series of equivalent concentrations of free 
Dtxl, SN-Dtxl, or PLGA@SN-Dtxl-2 for 72 h, respectively. 
After 72 h incubation, free Dtxl, SN-Dtxl, and PLGA@SN-  
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Figure 7  Uptake and subcellular localization of the PLGA@SN(FITC)-2 in HepG2 cells. The cells were incubated with 100 μg/mL of PLGA@SN(FITC)-2 
for 1 h, fixed, and then stained with DAPI. (a) Nuclear staining with DAPI; (b) fluorescence showing the location of PLGA@SN(FITC)-2; (c) overlaid im-
age of (a) and (b); (d) corresponding transmission image. 

Dtxl-2 in all the detected concentrations showed observable 
cytotoxicity (Figure 8). In comparison, SN-Dtxl and PLGA 
@SN-Dtxl-2 showed obvious higher cytotoxicity than free 
Dtxl at equivalent drug concentration. Moreover, PLGA@ 
SN-Dtxl-2 exhibited obvious advantage over Dtxl in cyto-
toxicity in all concentrations especially at low concentration. 
The increased cytotoxicity for PLGA@SN-Dtxl-2 than SN- 
Dtxl may be attributed to the sustained release of the drug 
molecules from the nanoparticles and to increased cellular 
uptake of nanoparticles. 

 

Figure 8  Cytotoxicity of Dtxl, SN-Dtxl, SN-PLGA-Dtxl-2 on Hep-G2 
cells by MTT assays. Cell viability was detected with equivalent concen-
trations of Dtxl, SN-Dtxl, or PLGA@SN-Dtxl-2 for 72 h.  

3  Conclusion 

In conclusion, we have developed two distinct methods to 
prepare PLGA coated silica nanorattles for controlling the 
drug release behavior from the nanocarriers. The resulting 
PLGA@SN via W/O/W double emulsion method exhibits 
sustained drug release of docetaxel. The drug delivery sys-
tem could be efficiently internalized by cells and showed 
advantage in killing cancer cells. It provides a promising 
way for controlling the drug release from mesoporous silica 
nanoparticles and other nanoparticles. 
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