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ABSTRACT: It is hypothesized that a gel (NP-Gel)
composed of thermosensitive gel (Gel) and nanoparticles
(NP) can prolong drug release time and overcome the drug
resistance of pancreatic tumor cells. Paclitaxel (PTX)-loaded
monomethoxy (polyethylene glycol)-poly(D,L-lactide-co-glyco-
lide)-poly(L-lysine)-cyclic peptide (arginine-glycine-aspartic-
glutamic-valine acid) (mPEG-PLGA-PLL-cRGD) NP and
NP-Gel were designed, optimized, and characterized using
dynamic light scattering, transmission electron microscopy,
high efficiency liquid chromatography, and rheological
analyses. Aspc-1/PTX cell was used in a cell uptake test. A
3D cell model was used to mimic PTX elimination in tissue.
The in vivo sustained release and antitumor effects were
studied in Aspc-1/PTX-loaded nude mice with xerographic and in situ tumors. The NP were 133.7 ± 28.3 nm with 85.03%
entrapped efficiency, 1.612% loaded ratio, and suitable rheological properties. PTX was released as NP from NP-Gel, greatly
prolonging the release and elimination times to afford long-term effects. NP-Gel enhanced the uptake of PTX by Aspc-1/PTX
cells more than using NP or the Gel alone. Gel and NP-Gel remained solid in the tumor and stayed over 50 days versus the
several days of NP in solution. NP-Gel exhibited a much higher inhibition rate in vivo than in solution, NP, or the Gel alone. In
conclusion, the antitumor effects of NP-Gel might arise from synergic effects from NP and the Gel. NP primarily reversed drug
resistance, while the Gel prolonged release time considerably in situ. This preparation proved effective with a very small PTX
dose (250 μg/kg) and exhibited few toxic effects in normal tissue.
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■ INTRODUCTION

Pancretic cancer is becoming a serious threat to human lives
and health. The American Cancer Society estimates that 46,420
Americans will be diagnosed with pancreatic cancer in 2014 and
that 39,590 will die from the disease. In addition, this type of
cancer has seen the smallest improvement in survival.1

Diagnosing pancreatic cancer in its early stages is hindered by
its anatomical location and nonobvious symptoms. Because of
the multitude of blood vessels around the pancreas, only 15−
20% of the cases were operable with a short life expectancy.2

Concurrently, the anatomical location of the pancreas hinders
radiotherapy. Chemotherapy has remained the most common
method for extending life expectancy and enhancing the quality
of life for patients. However, the shortcomings of chemo-
therapy are obvious, including drug resistance and general
toxicity.
In response to the first shortcoming, which is drug resistance,

the major clinical strategy involved changing drugs or drug
combinations, allowing new drug resistance to develop. Some
multidrug resistance protein (MDR) inhibitions were used to
reverse drug resistance. Unfortunately, the metabolic processing

of the antitumor drugs was also altered. Currently, nanoparticle
(NP) systems might be able to reverse drug resistance.3−6

Some NPs were conjugated with targeting groups that
efficiently combine with tumor cells or tissues.7−11

The second drawback mentioned above is general toxicity.
Targeted NP preparations were used to mitigate this problem.
However, the targeting efficiency was too low for most of the
targeted preparations. Large portions of the NPs were
distributed in the liver, the spleen, or, for larger particles, the
lungs. Because of the blood−pancreas barrier and the
insufficient blood flow in the pancreatic artery, drugs and
NPs do not obtain satisfactory distributions in the pancreas
easily.
Interventional therapy is an easy route toward solving these

problems. This group of treatments is divided based on the two
delivery methods: intravascular and extravascular. The extrava-
scular pattern used during tumor therapy is also called intra/

Received: March 13, 2015
Accepted: August 31, 2015
Published: September 14, 2015

Research Article

www.acsami.org

© 2015 American Chemical Society 20530 DOI: 10.1021/acsami.5b06043
ACS Appl. Mater. Interfaces 2015, 7, 20530−20537

www.acsami.org
http://dx.doi.org/10.1021/acsami.5b06043


around-tumor. However, the drug solution injected into the
tumor was dispersed and eliminated quickly. The therapeutic
effect only lasted a short time. Some studies12 combined
interventional therapy with sustained release techniques. A
thermally sensitive gel was used to slow the rate of dispersion in
the tumor to prolong the therapeutic interval.
We combined interventional therapy with NP and thermally

sensitive technology toward achieving high and focused drug
concentrations, long therapeutic intervals, and the reversal of
drug resistance.
Pluronic F-127 is a thermally sensitive polymer with broad

use in in situ gels,13,14 which remain liquid at room temperature
and change into a gel in the body. This material is highly
biocompatible and safe for use in veins. Concurrently, this gel
can enhance the fluidity of cell membranes and overcome
multidrug resistance.15

Monomethoxy (polyethylene glycol)-poly(D,L-lactide-co-gly-
colide)-poly(L-lysine)-cyclicpeptide (arginine-glycine-aspartic-
glutamic-valineacid) (mPEG-PLGA-PLL-cRGD, Scheme S1)
was designed and synthesized in our laboratory. PLGA and PLL
are biodegradable and biocompatible; they can achieve a
sustained-release effect through gradual degradation in
vivo.16−19 Water-soluble mPEG blocks can be used to produce
biocompatible NPs with long circulation times, enhancing the
targeting abilities of the NPs.20−22 In addition, using this
material can increase the amount of NPs in the tumor through
enhanced permeability and retention (EPR) effects.23 cRGD
combines efficiently with integrin αvβ3,

24−27 which is overex-
pressed on the endothelial cells used during vascularization and
is responsible for tumor growth. Conversely, αvβ3 integrin is
not expressed in normal tissues, making it an ideal target.
Therefore, mPEG-PLGA-PLL could target tumors when
combined with cRGD. The characteristics of mPEG-PLGA-
PLL-cRGD could be modified by changing the molecular
weight of the blocks or the proportion of monomers in the
PLGA. Some research about this material in a nanodrug
delivery system has been carried out in our laboratory.28,29

In this article, we chose mPEG-PLGA-PLL-cRGD to carry
paclitaxel (PTX), which is an antitumor drug, to model a
nanoparticle system (Scheme S2). In addition, the nano-
particles were composed of thermally sensitive polymers. The
gel was injected into tumors through interventional therapy to
produce a gel in situ at the tumor site, enhancing its inhibitory
effects. The gel was optimized and characterized. The abilities
to reverse drug resistance in vitro drug, sustain release in vivo
and exhibit antitumor effects were investigated.

■ MATERIALS AND METHODS
Materials. Pluronic F-127 (F-127) and hydroxypropy lmethyl

cellulose (HPMC-100M) were purchased from BASF (GER). Pluronic
F-68 (F-68), rhodamine-B (RhB), and bovine skin collagen I were
purchased from Sigma-Aldrich (USA). The low-melting agarose
(melting temperature (1.5%) < 65 °C, gelling temperature (1.5%):
26−30 °C) was obtained from Lonza (USA).
The Aspc-1 cells were donated by Shanghai First People’s Hospital.

The PTX-resistance in the Aspc-1 (Aspc-1/PTX) cells was induced in
our laboratory. All of the cell culture reagents were purchased from
GIBIC Corporation (CA, USA). The nude mice were purchased from
Shanghai Laboratory Animal Resource Center.
mPEG-PLGA-PLL-cRGD (PEG Mw = 5000, 20%) was synthesized

according to our previous protocol.30,31 The paclitaxel (PTX) standard
was obtained from the National Institutes for Food and Drug Control.
The bulk PTX was obtained from Jiangsu YEW Biotechnology CO.,
Ltd. Acetonitrile (of chromatographic purity) was obtained from

CNW (GER). The DIR was purchased from Biotium. All of the
reagents and solvents (AR grade) were purchased from Sinopharm
Chemical Reagent Co., Ltd.

Preparation of PTX-Loaded mPEG-PLGA NP. The NP was
prepared using an emulsion−solvent−evaporation method.10 Briefly,
the mPEG-PLGA and PTX were dissolved in dichloromethane. An
aqueous F-68 solution was added to the dichloromethane solution and
emulsified through ultrasonication (JY92-2D Ultrasonic cell crusher,
Ningbo SCIENTZ biotechnical Co., Ltd.). Subsequently, the emulsion
was stirred at room temperature to remove the dichloromethane.

The PTX concentration was determined by high efficiency liquid
chromatography (HPLC, Agi lent 1200 , USA) with a
C18chromatographic column (Zorbax SB-C18, 150 × 4.6 mm, 5 μm).
The mobile phase was composed of acetonitrile: 10 mmol/L NH4Ac
solution (pH 5.0) (53:47). The detection wavelength was 227 nm.32

The NP was diluted 10-fold with acetonitrile to form C0. The NP was
centrifuged at 5000 r/min for 5 min. The supernatant was diluted 10-
fold with acetonitrile to form C1. The entrapped efficiency (EE) and
loaded ratio (LR) were calculated using the formula below.

= ×EE% C /C 100%1 0

= · ×VLR% C /W 100%1 NP

V is the volume of the NP dispersion.
The ratios of PTX to mPEG-PLGA and dichlormethane to F-68

solution, as well as the concentration of F-68 and the ultrasonication
time, were optimized using orthogonal design to improve the EE and
LR.

In Vitro Release of PTX from NP. PTX release occurred through
dialysis. A dialysis tube (MW cutoff = 3.5 kDa) containing 1 mL of the
nanoparticle dispersion was immersed in 19 mL of phosphate buffer
solution (PBS) containing 1 mol/L sodium salicylate with shaking at
37 °C. A PTX solution in dimethyl sulfoxide (DMSO) was also sealed
in a dialysis tube for comparison. At a predetermined time, 0.2 mL of
the release medium was removed and replaced with an equal volume
of fresh medium. The PTX was determined as described above.

Optimization of the Thermosensitive Gel. The composed gel
(NP-Gel) was made by dissolving thermosensitive polymers in the NP
solution. The formula of the thermosensitive gel was optimized using
homogeneous design. F-127, F-68, HPMC, methyl cellulose (MC),
and sodium alginate (SA) were used as components. The gelation
temperature (T), gelation time (t) at 37 °C, and corrosion speed (v)
were determined. The relationships were represented by equations,
and the best formula was chosen. The corrosion speed (v) was
determined using a membraneless model.33 The gel was placed in a
bottle (φ = 1.8 cm) and weighed. When the gel solidified at 37 °C, 1
mL of PBS was added gently onto the gel. After 20 min of shaking at
37 °C, the fluid was removed, and the gel was weighed again. This
process was repeated until the gel was completely dissolved. The
change in weight over time was plotted, and the corrosion speed was
calculated. The rheological properties of several typical gels were
determined with a Rheometre (Malvern Kinexus Ultra, USA).

Controlled Release of PTX from the Composite Gel. The fluid
samples collected while optimizing the gel were diluted 10-fold with
acetonitrile and dissolved via ultrasonication. The PTX concentration
was determined by HPLC as described above.

In Vitro Cell Uptake. The uptake in vitro was studied using RhB-
loaded preparations in human pancreatic tumor cell lines (Aspc-1 and
Aspc-1/PTX). The cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM, Invitrogen, USA) supplemented with 10%
fetal bovine serum (GIBCO, CA, USA) and 1% penicillin and
streptomycin under a humidified atmosphere containing 5% CO2 at 37
°C in an incubator (Thermo Scientific, Waltham, MA, USA). The cells
were seeded (2 × 105cells/well) and incubated overnight in 12-well
plates. After they were treated with the RhB-loaded preparations for 24
h at 37 °C, the cells were washed twice with cold PBS and observed
using fluorescence microscopy (Olympus IX51, Japan). Afterward, the
cells were digested separately with trypsin. The cells were collected for
flow cytometric detection (BD FACSCalibur), and the results were
compared to a RhB solution.
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Elimination and Antitumor Behavior of the NP-Gel in a
Three-Dimensional (3D) Cell Model. A 3D scaffold of Aspc-1/PTX
cells was established with 1.5% agarose and 0.2 mg/mL collagen I.34

Briefly, the agarose and collagen I were dissolved separately and mixed
with the Aspc-1/PTX cells. The mixture was placed in inserts in a 12-
well plate (Polyester membrane, 0.8 μm, EMD Millipore Corporation,
Billerica, MA, USA) and incubated at 37 °C to gelatinize. The culture
medium was added gently onto the hydrogen scaffold and the wells.
After incubating the plate for 2 weeks, the culture solution was
removed, and the PTX-loaded preparations were added onto the
scaffold. The solution in the well was replaced with fresh medium at
previously determined intervals. The PTX concentration in the
solution was determined by HPLC. A week later, the scaffold was
removed and treated with 4% paraformaldehyde before being sliced.
The slices were dyed with propidium iodide and observed through a
fluorescence microscope.
In Vivo Behavior of the Composite Gel in Aspc-1/PTX

Tumor-Loaded Nude Mice. A subcutaneous xerographic tumor
model was established by subcutaneously injecting Aspc-1/PTX cells
into nude mice (5 × 106 cells/mL × 0.2 mL). When the tumors were
approximately 0.5 cm3, DIR solution (Solution), the DIR-loaded NP
(NP), gel (Gel), and composite gel (NP-Gel) were injected into the
tumors separately. The strength and area of the fluorescence signal
were monitored to evaluate the sustained character of these
preparations (small animal in vivo imaging system, Maestro, USA).
Some tumors were removed at the fourth hour and sliced to observe
the fluorescence distribution (Fluorescence microscope, Olympus
IX51, Japan).
In Vivo Antitumor Effect. AnAspc-1/PTX cell subcutaneous

xerographic tumor model was established. The mice were divided into
five groups: saline (control group), PTX-injected (solution group),
PTX-loaded NP (NP group), gel (Gel group), and composite gel (NP-
Gel group) (n = 6). The treatment administration began when the
tumors were approximately 50 mm3. The preparations (PTX 32.24
μg/mL) were injected into the tumors at doses of 5 μg PTX per
mouse (approximately 250 μg/kg) twice over 12 days. The tumors
were measured to obtain growth curves.

An in situ tumor model was established by injecting Aspc-1/PTX
cells (5 × 107cells/ml, 25 μL) into the pancreases of nude mice. The
mice were grouped using the same categories as the xerographic
tumor. Three months later, after the Aspc-1/PTX cells were injected,
the preparations were injected into the tumors. Twelve days after the
treatment, the mice were killed. The tumors and important organs
were removed to calculate the organ index and were pathologically
examined. Tumor volume = πab2/6; a, the largest diameter of the
tumor; b, the largest diameter perpendicular to a. Organ index = Wo/
Wb × 100%; Wo: organ weight; Wb: body weight.

Statistical Analysis. The data were calculated using Excel
software. An F-test was used to prove the homogeneity of the
variance. The statistical comparisons were performed using Student’s t
test. P-values of 0.05 were considered statistically significant.

■ RESULTS AND DISCUSSION

Characteristics of the PTX-mPEG-PLGA NP. The particle
size of the NP was 133.7 ± 28.3 nm (Figure 1A). The particle
size of the Gel/micelle was 38.5 ± 14.8 nm. The nanoparticle
possessed an 85.03% EE and a 1.612% LR. The PTX released
from the NPs was obviously prolonged (approximately 95%
release at the 30th hour) compared to the solution
(approximately 95% release at the sixth hour) (Figure 1B).

Preparation of the Composite Gel and Its Character-
istics. The corrosion behaviors of the NP-Gels were all
submitted to a zero-model (Figure 2, coefficients in Table S1).
The corrosion weight was linear relative to the corrosion time.
Unlike water-soluble drugs, the release of PTX from the NP-
Gel exhibited a line similar to that observed during gel
corrosion, suggesting that the PTX release was controlled by
gel corrosion. Specifically, the PTX was released as NPs from
the gel without being released.
The gelation characteristics and the composition of the NP-

Gels were analyzed using multiple linear regressions as follows:

Figure 1. Characteristics of the PTX-loaded mPEG-PLGA-PLL-cRGD NP. (A) Particle size of the mPEG-PLGA-PLL-cRGD NP. (B) PTX released
from the NP.

Figure 2. Sustained PTX release from the NP-Gel. (A) Corrosion behavior of the NP-Gel. (B) PTX release from the NP-Gel in a membraneless
model.
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The NP-Gel in this article should possess a gelation
temperature between 25 and 37 °C, a suitable gelation time
at 37 °C to remain permeable in tumor tissue, and a slow
erosion speed. SA and MC were discarded after zero or
negative impact was observed on gelation. The concentration of
NP reached 0.2%. The concentration of F-68 was fixed at 0.5%
when the NPs were prepared. On the basis of the formulas
above, the gel should be composed of 15.33% F-127 (181 mg
added to 1 mL), 0.5% HPMC-100M, 0.5% F68, and 0.2% NPs.
The optimized NP-Gel was determined as T = 26.5 °C, t = 230
s, and v = 0.2291 g/cm2·h.
F-127 is a widely used thermosensitive material.35,36 Its water

solution can change into gel when temperature rises. HPMC,37

MC,38 and SA39 were water-soluble materials used in
thermosensitive ophthalmic gels. Their solutions possess the
same gelation tendency with F-127. The difference is their
viscosity and strength. We used them to optimize the gel
property. The optimized NP-Gel possessed different rheo-
logical properties with the F-127 solution. The gelation process
became slower and less obvious at 37 °C. The viscous modulus
rose. The gel became more viscoelastic, improving its
permeability in tissue to facilitate administration. Concurrently,
the modulus of elasticity did not decrease much, and the
erosion data supported a sustained release.

Cell Uptake Result. The effect of the preparations on drug
resistance was evaluated by comparing Aspc-1 and Aspc-1/PTX
cells (Figure 3). The RhB in solution entered the tumor cells
easily, and the uptakes of the preparations were all lower than
that of the RhB solution in the Aspc-1 cells. However, this
trend reversed in the Aspc-1/PTX cells. The uptakes of the
three preparations were all higher than that of the RhB
solution. Significant enhancement was observed in NP and NP-
Gel. The uptake of the NP-Gel was the highest, but no
significant difference with that of NP (mPEG-PLGA-PLL-
cRGD nanoparticle) and NP2 (mPEG-PLGA-PLL). The
uptake of NP2 and NP2-Gel were higher than that in solution
and the Gel but without significant difference. Gel uptake was
higher than that of the solution, but no significant difference
was observed.
Some drug resistant cells can reduce intracellular drug

concentration to reduce efficacy, as the uptake drops down in
Aspc-1/PTX cells than in Aspc-1 cells (Figure 3). The drug in
NPs can be taken up by cells through endocytosis to avoid
being recognized and effluxed.40 mPEG-PLGA-PLL-cRGD is a
material synthesized in our laboratory.30,31 NPs made of this
material have been studied in our earlier work.41−44 The ability
to reverse drug resistance is an important characteristic of the
NPs.45 The cRGD is a targeting group to integrin αvβ3, which
was expressed on Aspc-1 cell.46 The cell uptake results showed
cRGD promoted the NP uptake by Aspc-1/PTX cells.
F-127 possesses a surface-active property due to its structure.

Surfactants reportedly increased the cell uptake because they
increase the fluidity of the cell membrane.15 The cell uptake
data revealed that the ability to reverse drug resistance was
contributed by both the NP and Gel materials.

Elimination and Antitumor Behavior of the NP-Gel in
a 3-Dimension Cell Model. The transwell chamber was often
used for drug uptake and transport analysis simulating the
intestine,47,48 or for tumor cell invasion analysis49,50 according

Figure 3. Uptake of the fluorescent preparations by tumor cells; n = 3; *P < 0.05. (A) Cell uptake rate by ASPC-1 cells. (B) Uptake photos of the
fluorescent preparations by ASPC-1 cells. (C) Cell uptake rate by ASPC-1/PTX cells. (D) Uptake photos of the fluorescent preparations by ASPC-
1/PTX cells. NP: mPEG-PLGA-PLL-cRGD nanoparticle. NP2: mPEG-PLGA-PLL nanoparticle. The * stands for significant difference (P < 0.05).
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to the pore size in the membrane. We used gels and
membranes to analyze NP behavior in tissues in previous
research.51 The 3D model in this article combined the previous
usage of transwell chamber and Gel scaffold to mimic the
behavior of drugs, NP, or Gel in tissue.
The elimination rate of the PTX was obtained by

determining it in the wells (Figure 4A) at predetermined
intervals. These rates proceeded from fast to slow as follows:
solution, gel, NP, and NP-Gel (Figure 4B). The elimination
modes of all of the materials were similar.
In this device, PTX was released from the preparations first.

Afterward, it penetrated the cell scaffold to enter the solution in
the wells as the released form or to be released further as
molecules, imitating the PTX preparations injected into the
tumor tissue after elimination through body fluids. The
permeation speed of the NP was obviously slower than that
of the molecules. Because of the doubly sustained release from
the gel to the NP and the NP to molecules, the NP-Gel
exhibited the longest sustained release.
The cell apoptosis in the scaffold a week later proved that the

NP-Gel was better than the PTX solution. The PTX in solution
was eliminated rapidly, allowing the drug concentration to
drop. Consequently, cell regrowth was observed at the end of
the experiment (Figure 4C). The PTX elimination from the
NP-Gel-treated scaffold was much slower. Because of the high
sustained drug concentration, no regrowth occurred. On the
basis of the dynamics, the NP-Gel should exhibit the best
antitumor effect in vivo.
In Vivo Distribution of the Fluorescein-Loaded

Composite Gel. In Figure 5, the DIR solution diffused during
the first several hours after injection and was mostly exhausted
during the first day. After the third day, the fluorescence
disappeared at the tumor site. The NP preparation persisted
longer than the solution with a residence time of 23 days. When
combined with the thermosensitive gel, the residence time was
substantially prolonged. Strong fluorescence spread throughout
the entire tumor during the first day but was not excreted
rapidly. Fluorescence was still observed at the tumor site after
50 days. Therefore, these antitumor preparations have potential
in the clinic to achieve a suitable dispersion and persistence in
situ.
The fluorescence in the slides showed similar results. The

solution and NP diffused and distributed throughout the entire
tumor, while the gel and composite gel remained near the
injection site because the temperature in the tumor exceeded
the gelation temperature. Stronger fluorescence was observed,

which demonstrated that less excretion occurred than those
injected with the solution or NP.

Inhibition of PTX-Loaded NP-Gel on Aspc-1 Tumor-
Loaded Nude Mice. The experiment included two 12-
daytreatments. During the first course, the growth speeds
slowed initially before increasing after 10 days. Consequently, a

Figure 4. PTX behavior in different preparations in the 3D cell model. (A) 3D model of the Aspc-1/PTX cells for the elimination experiment. (B)
PTX secreted in solution outside of the transwell inserts. (C) Cell apoptosis in the scaffold a week after administration.

Figure 5. In vivo distribution of the fluorescein-loaded preparations.
(A) In vivo distribution of the DIR after injection with a DIR solution,
DIR loaded NP, Gel, and NP-Gel. (B) Distribution of RhB in tumors
4 h after injection with a RhB solution, RhB loaded NP, Gel, and NP-
Gel under a fluorescence microscope.
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second injection was administered. The tumor growth speed
exhibited the same behavior during the second course. The
xenographic tumor growth curves in Figure 6A showed that the

growth rate of every therapeutic group was slower than that of
the control group. The NP-Gel group was the slowest. Figure
6B was the tumors at the last day. The tumor weight of the NP
and NP-Gel groups were significantly lower than that of control
group (Figure 6C). Correspondingly, their tumor inhibition
effect was higher than the PTX solution group (Figure 6 D).
The NP-Gel exhibited the best tumor inhibition based on the
tumor growth curves and inhibition rates.
The in situ tumors were only subjected to one 12-day

treatment based on the physical conditions of the mice. No
significant differences were observed when analyzing the weight
of important organs (Figure 7A). Because of the short duration
of treatment and lower dose, only the NP-Gel group exhibited
statistically significant antitumor effects. The tumor inhibition
rate was not as obvious as with the xerographic tumor, but the
trend was similar (Figure 7B). No pathological symptoms were
observed in the tissue slices (Figure 7C), indicating that the
composite gel was safe to use.
Four reasons might explain the superior antitumor effects of

the NP-Gel. First, the PTX concentration in situ remained high
due to the gel at the beginning of the experiment. Second, the
PTX release was sustained by the gel portion of the mPEG-
PLGA-PLL-cRGD NP and slowed further due to the release
from the NP. The NP tended to target the tumor tissue because
the cRGD end targets neovascular tissue.27 Third, the NP
enhanced the uptake by the tumor cells. Fourth, the elimination
of PTX from the tissue was hindered by the NP, leading to high
drug concentrations and long-term effects. Therefore, the
composite gel was an efficient vehicle for delivering drugs in a
much smaller effective dose (250 μg/kg once or twice) than
other preparations like NP at dose of 20−30 mg/kg three
times.52,53 The improved antitumor effects might be attributed
to synergy between the gel and NP.

Although the therapeutic effects were related to the tumor
size, dose, and injection site, the composite gel was proven
effective. The dose, injection interval, etc. will be optimized
during our future work.

■ CONCLUSIONS

Combining nanoparticles with thermosensitive gels was
observed to improve antitumor effects. A PTX-loaded
composite gel was optimized for sustained release and
antitumor capabilities. The composite gel enhanced the uptake
of Aspc-1/PTX cells more than the NP or gel alone. Assessing
this material in a 3D cell model, which imitated in vivo
pharmacokinetics, revealed a slow elimination speed and long-
term antitumor effects. The in vivo sustained release capability
of this material was similar to that of the Gel. The in vivo tumor
inhibition of the composite was much better than that of the
NP and Gel alone. This preparation proved effective, even
when using much smaller PTX doses, and exhibited little
toxicity toward normal tissues.
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