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ABSTRACT: An enhancement of tumor-targeting capability
was demonstrated with paclitaxel (PTX)-loaded Pluronic
nanoparticles (NPs) with immobilized glycol chitosan and
heparin. The PTX-loaded Pluronic NPs were prepared as
described in our previous report by means of a temperature-
induced phase transition in a mixture of Pluronic F-68 and
liquid polyethylene glycol (PEG; molecular weight: 400)
containing PTX. The liquid PEG is used as the solubilizer of
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PTX, and Pluronic F-68 is the polymer that encapsulates the PTX. The glycol chitosan and heparin were immobilized on the
surface of the Pluronic NPs in an aqueous medium, and a powdery form of the glycol chitosan/heparin immobilized Pluronic
NPs (composite NPs) was obtained by freeze-drying. Field emission scanning electron microscopy and a particle size analyzer
were used to observe the morphology and size distribution of the prepared NPs. To apply the composite NPs as a delivery
system for the model anticancer drug PTX, the release pattern and pharmacokinetic parameters were observed, and the tumor
growth was monitored by injecting the composite NPs into the tail veins of tumor-bearing mice. An enhancement of tumor-
targeting capability of NPs was verified by using noninvasive live animal imaging technology to observe the time-dependent
excretion profile, the in vivo biodistribution, circulation time, and the tumor-targeting capability of composite NPs.
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1. INTRODUCTION

Considerable progress has been made in understanding how
nanoparticles (NPs) can be used for cancer therapeutics; they
are being introduced in an attempt to overcome several
limitations of conventional chemotherapeutics.'™> Properly
designed NPs can accumulate in tumors, by either passive or
active targeting, without being eliminated from the body.*
Passive targeting of NPs to tumors is expected based on the
enhanced permeability and retention (EPR) effect.” However,
the EPR effect is not a constant feature of tumor vessels,® and
an attractive alternative would be to use NPs to target specific
molecular receptors in the tumor cells.” For the specific
targeting to tumor cells through the molecular recognition of
unique cancer-specific markers, targeting ligands were chemi-
cally conjugated to the NPs containing therapeutics."’”"
However, the efficiency of targeting tumor cells is generally low.

In a previous study, we focused on the specific interactions
between a tumor and a glycol chitosan/heparin composite.'*
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To observe the interaction, we used magnetic resonance (MR)
imaging with glycol chitosan/heparin immobilized iron oxide
NPs as a MR imaging probe. We also reported that the
antitumor efficacy was enhanced by the use of paclitaxel
(PTX)-loaded Pluronic NPs on account of the EPR effect.'®
The liquid PEG (molecular weight: 400) is used as a solubilizer
of PTX and the polymer that encapsulates the PTX is
composed of Pluronics (poly(ethylene oxide)—poly(propylene
oxide)—poly(ethylene oxide) triblock copolymer, F-68). The
stirring of the liquid polymer mixture formed emulsions
composed of PEG containing PTX and liquidized Pluronic F-
68 above transition temperature, and the melted mixture was
subsequently solidified to form PTX-loaded Pluronic NPs.
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These polymeric NPs have an increased circulation time in the
body and, because of the EPR effect, are believed to accumulate

in tumors.

This study demonstrates that PTX-loaded Pluronic NPs with
immobilized glycol chitosan and heparin (composite NPs) have
enhanced tumor-targeting capabilities. Glycol chitosan is
emerging as a novel drufg carrier because of its solubility and
in vivo biocompatibility.'® It also has the targeting character-
istics based on the EPR effect.'” Heparin, which is best known
for its anticoagulant properties, is a highly sulfated, anionic
polysaccharide composed of repeating glucosamine and uronic
acid residues."®'® The ionic interaction of cationic glycol
chitosan and anionic heparin stabilizes the glycol chitosan/
heparin composite on the surface of PTX-loaded Pluronic NPs.
To apply the composite NPs as a delivery system for PTX, we
evaluated the drug release pattern, pharmacokinetic parameters,
therapeutic efficacy, and in vivo biodistribution. The results are
confirmed in two ways: by applying near-infrared fluorescence
(NIRF) imaging technology to tumor-bearing mice and by
observing the increased antitumor efficacy of PTX-loaded
Pluronic NPs with immobilized glycol chitosan and heparin.

2. EXPERIMENTAL SECTION

2.1. Materials. Pluronic F-68 (Pluronics, poly(ethylene
oxide)—poly(propylene oxide)—poly(ethylene oxide) triblock
copolymer (M,, = 8350; (EOQ)79(PO)28(EQ)79) was obtained
from BASF Corp., Korea, and used as received. Poly(ethylene
glycol) (PEG, molecular weight: 400) was purchased from
CRODA (Yorkshire, UK). PTX (anhydrous form) was
purchased from Samyang Genex Co. (Daejeon, Korea). Glycol
chitosan (molecular weight: 250000) was purchased from
Sigma Co. (St. Louis, MO, USA). Heparin sodium (189 IU
mg !, M,: 12500) was purchased from Celsus Laboratories
(Cincinnati, OH, USA). The monoreactive hydroxysuccinimide
ester of CyS.5 (CyS.5-NHS) was obtained from Amersham
Bioscience (Piscataway, NJ, USA).

2.2. Preparation of PTX-Loaded Pluronic NPs. PTX-
loaded Pluronic NPs were prepared by means of a temperature-
induced phase transition. First, 200 mg of PEG and 78.9 mg of
PTX (loading amount: 7.5 wt %) were mixed to form a drug-
loaded phase, which was subsequently mixed with 800 mg of
Pluronic F-68. As the temperature was increased to 120 °C, the
mixture melted into a liquid phase. After the equilibrium was
maintained at 120 °C for 90 min, the liquid mixture was then
cooled to 0 °C for 10 min to induce a phase transition. To
evaluate the physicochemical characteristics of PTX-loaded
Pluronic NPs, we added a predetermined amount of distilled—
deionized water or phosphate buffered solution (PBS, pH 7.4)
to the dried sample and sonicated the sample for 1 min to
produce well-dispersed NPs in each solution.

2.3. Immobilization of Glycol Chitosan and Heparin
on the Surface of PTX-Loaded Pluronic NPs. For the
immobilization of glycol chitosan and heparin on the surface of
PTX-loaded Pluronic NPs, we added 20 mL of distilled—
deionized water to 100 mg of the prepared Pluronic NPs and
sonicated the mixture for 1 min to produce well-dispersed
Pluronic NPs in an aqueous medium. We then added 0.5 mL of
2 0.00125 wt % glycol chitosan solution to form glycol chitosan-
adsorbed Pluronic NPs via hydrogen bonding. Next we
stabilized the glycol chitosan that adhered to the Pluronic
NPs by supplementing the colloidal solution with 0.5 mL of
0.0625 wt % heparin aqueous solution. Finally, the colloidal
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solution was freeze-dried to obtain a powdery form of
composite NPs.

2.4. Fourier Transform Infrared Measurements. Four-
ier transform infrared (FT-IR) measurements were performed
to observe the interaction of F-68 and glycol chitosan. For the
measurement, we cast thin films composed of F-68 and glycol
chitosan onto separate CaF, plate at room temperature; the
films were cast from a 5 wt % F-68 aqueous solution containing
glycol chitosan. Most of the water in the films was removed by
evaporation at 40 °C in a vacuum oven for 48 h. FT-IR spectra
of the dried film were taken on 1000 PC spectroscope (Perkin-
Elmer, USA) with 64 average scans at a resolution of 4 cm™.

2.5. Particle Size and Morphology of Composite NPs.
The particle size distribution, the zeta potential, and the
stability of composite NPs (3 mg/mL of composite NPs
dispersed in PBS) were measured with an electrophoretic light
scattering device (ELS-8000, Otsuka Electronics, Japan) at 25
°C + 0.1 °C. When the difference between the measured and
the calculated baselines was less than 0.1 %, the correlation
function was accepted. A nonlinear regularized inverse
Laplacian transformation technique was used to obtain the
distribution of the decay constant. The mean diameter was
determined with the Stokes—Einstein equation. FE-SEM
images were also taken to observe the morphology of
composite NPs. For the FE-SEM measurement, 0.1 wt %
aqueous solutions of the composite NPs were prepared in the
distilled—deionized water. Each solution was dropped on a
carbon mount and then dried at 25 °C in a vacuum oven for 24
h. FE-SEM images were taken with a JSM-6700F microscope
operating at S kV.

2.6. In Vitro Drug Release Characteristics of PTX-
Loaded Composite NPs. To measure the release pattern of
PTX from the NPs, 10 mg of NPs was dispersed in 10 mL of
PBS and put into a dialysis bag (MWCO: 12 000—14 000,
Spectrum, Rancho Dominquez, CA), which was immersed in
100 mL of PBS, containing 0.1% (w/v) Tween 80. The
experimental setup was placed in a shaking water bath
maintained at 37 °C and shaken horizontally at 100 rpm. At
predetermined time intervals, 2 mL of aliquots of release
medium (PBS) were withdrawn, and the total release medium
was replaced with 100 mL of fresh PBS to maintain the sink
conditions. The quantification of released PTX was determined
by reverse-phase high performance liquid chromatography (RP-
HPLC) using a Capcell-pack C,3 column and an acetonitrile/
water (60:40, v/v) mobile phase over 10 min at a flow rate of
1.2 mL/min. The eluent was monitored by UV absorption at
227 nm.

2.7. In Vivo Biodistribution and Tumor-Targeting
Capability of PTX-Loaded Pluronic NPs in Tumor-
Bearing Mice. For in vivo experiments, SCC-7 (squamous
cell carcinoma) cells were induced in male C3H/HeN mice
(5.5 weeks old, ORIENT BIO Inc., Korea) by means of a
subcutaneous injection of 1.0 X 10° cells suspended in a cell
culture medium (RPMI 1640, 10% fetal bovine serum, 1%
antibiotic agent). When the tumor volume reached approx-
imately 250 mm?® to 300 mm?, the mice received an intravenous
injection of Cy5.5-/PTX-loaded NPs with 10 mg/kg of PTX.
To measure the tissue distribution, the time-dependent
excretion profile, and the tumor-targeting capability, we
positioned the animal on an eXplore Optix system (Advanced
Research Technologies Inc, Montreal, Canada). The mice
under anesthetic state by the inhalation of Gerolan sol.
(enflurane as the active agent, Choong Wae PHARMA Co.,
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Scheme 1. Immobilization of Glycol Chitosan and Heparin on the Surface of PTX-Loaded Pluronic NPs
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Korea) were automatically moved into the imaging chamber for
scanning. Laser power was optimized at 6 W, and the count
time was set at 0.3 s per point. Excitation and emission spots
were raster-scanned in 1 mm steps over the selected region of
interest to generate emission wavelength scans. A 670 nm
pulsed laser diode was used to excite the CyS.S molecules. A
NIR fluorescence emission at 700 nm was collected and
detected with the aid of a fast photomultiplier tube
(Hammamatsu, Japan) and a time-correlated single photon
counting system (Becker and Hickl GmbH, Berlin, Germany).
The in vivo characteristics of CyS.5-/PTX-loaded NPs were
confirmed by measuring the NIR fluorescence intensity in the
SCC-7 tumor-bearing mice (n = S). Data were calculated by
using the region of interest (ROI) function of the Analysis
Workstation software (Advanced Research Technologies). To
compare tissue and tumor distributions of Cy5.5/PTX-loaded
Pluronic NPs, the mice were sacrificed 3 days postinjection.
The major organs including the liver, lung, spleen, kidney, and
heart, as well as the tumor, were dissected from the mice, and
their fluorescence intensities were determined by using a 12-bit
CCD camera (Image Station 4000 MM; Kodak, New Haven,
CT) equipped with a special C-mount lens and a CyS.S
bandpass emission filter (680—720 nm; Omega Optical).
Identical illumination settings (e.g., lamp voltage, filter,
exposure time) were used in all animal imaging experiments.
All animal experiments were carried out in accordance with the
guidelines for animal experiments at the Korea Institute of
Science and Technology, Republic of Korea.

2.8. Pharmacokinetic Studies of PTX-Loaded NPs.
Healthy Sprague—Dawley rats (male, 7 weeks, 200 =+ 20) were
injected through the tail vein with 4 mg/kg of Taxol, Pluronic
NPs, and the composite NPs. Blood samples (0.5 mL) were
taken from the jugular vein at various times (0.08, 0.25, 0.5, 1,
1.5, 2, 4, 6, 8, and 24 h) and collected by retro-orbital plexus
puncture into heparinized tubes. The samples were vortexed at
the rate of 1000 rpm for S min and then centrifuged
immediately (10,000 rpm, S min). Plasma samples were stored

—50 °C and subsequently analyzed by a LC/MS/MS system
(3200 Q TRAP, Applied Biosystems, USA). Pharmacokinetic
analysis was performed by using Phoenix WinNolin (Version

3.1, Pharsight Co., Mountainview, CA, USA). The maximum
plasma concentration (C,,) and area under the plasma
concentration—time profile from time zero to the time of the
last quantifiable concentration (AUC,,,) after infusion
administration were observed values from the experimental
data and were fitted to the noncompartment modeling (best
fit).

2.9. Antitumor Efficacy of PTX-Loaded NPs in Tumor-
Bearing Mice. Tumors were produced in C3H/HeN mice as
described above. When the tumors grew to approximately
100—150 mm?, the mice were divided into four groups: the first
group was a control group treated with normal saline (n = S);
the second group was treated with free PTX formulated in
Tween 80 (PTX in the Cremophor EL formulation was 10 mg/
kg) at 10 mg/kg (n = 5); the third group was treated with PTX-
loaded Pluronic NPs (n = 5); the fourth group was treated with
composite NPs at 10 mg PTX/kg (n = S). Each sample was
injected every 3 days for 15 days.

2.10. Statistical Analysis. The data are expressed as the
mean + SEM of at least three experiments. The data for in vivo
characteristics using the NIR fluorescence system were
calculated by using the region of interest (ROI) function of
the Analysis Workstation software (ART Advanced Research
Technologies Inc, Montreal, Canada). The ORIGIN 7.0
statistical software program (OriginLab Corp., USA) was
used for the data processing.

3. RESULTS

3.1. Immobilization of Glycol Chitosan and Heparin
on the Surface of PTX-Loaded Pluronic NPs. The
preparation of PTX-loaded Pluronic NPs is based on the
preparation method in our previous report.15 A mixture of PEG
containing PTX and Pluronic F-68 was melted into a liquid
phase at 120 °C for 90 min and cooled down to 0 °C to form
PTX-loaded Pluronic NPs. The core/shell structure of the
PTX-loaded Pluronic NPs was verified by means of a cryogenic
TEM measurement. The spherical shape and size of 7.5 wt %
PTX-loaded Pluronic NPs were confirmed by FE-SEM. Glycol
chitosan and heparin were immobilized on the surface of PTX-
loaded Pluronic NPs to obtain composite NPs (see Scheme 1).
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Figure 1. (a) FE-SEM image and (b) size distribution of composite NPs.
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The FE-SEM image in Figure 1 was taken after glycol
chitosan and heparin were immobilized on the surface of the
PTX-loaded Pluronic NPs. Spherical NPs were formed with an
average diameter of approximately 180 nm.

To verify the interaction of PTX-loaded Pluronic NPs with
glycol chitosan, FT-IR spectra of a Pluronic F-68 and a Pluronic
F-68/glycol chitosan mixture were observed. Pluronic F-68 has
a hydroxyl group at the each end, and the absorption peak
occurs at approximately 3500 cm™ as shown in Figure 2. When
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Figure 2. FT-IR spectra of a Pluronic and a Pluronic/glycol chitosan
mixture.

glycol chitosan is mixed with Pluronic F-68, the absorbance
from the hydroxyl group of Pluronic F-68 is decreased.

3.2. In Vitro Drug Release Characteristics of PTX-
loaded Composite NPs. As shown in Figure 3, we used a
dialysis system to examine the in vitro release of PTX-loaded
Pluronic NPs with and without glycol chitosan/heparin
composite. A similar release pattern was observed, and
approximately 30% of the loaded PTX was quickly released;
this phase was followed by a sustained release for up to 48 h.
The overall release rate of the composite NPs is lower than that
of the Pluronic NPs.
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Figure 3. Release pattern of PTX from Pluronic NPs (loading amount:
7.50 + 1.01 wt %) and composite NPs (loading amount: 7.41 + 1.12
wt %).

3.3. In Vivo Biodistribution, Pharmacokinetics, and
Tumor-Targeting Capability of PTX-Loaded Pluronic
NPs in Tumor-Bearing Mice. After the mice with SCC-7
tumors were intravenously injected, we monitored the time-
dependent biodistribution of the PTX-loaded Pluronic NPs and
composite NPs (Figure 4). For the injection, the NPs were
loaded with 0.1 wt % Cy5.5, a NIR (near-infrared) fluorescent
dye. We then used an optical imaging system to monitor the
dye in the live animals. Mice with CyS.5/PTX-loaded
composite NPs (10 mg/kg) reveal a strong NIR fluorescence
signal in the tumor area within 1 h of injection; however, the
situation is different for mice with Pluronic NPs (Figure 4a).
We were able to distinguish tumors from the surrounding
background tissue 1 h after the injection The NIR signal
reached its maximum level 6 h after the injection, and the
fluorescence continued for up to 48 h.

Furthermore, the fluorescence images in Figure 4b showed
that 3 days after intravenous administration the fluorescence
intensity was higher in tumors than in other major organs (such
as the liver, lung, kidney, spleen, and heart), indicating that the

dx.doi.org/10.1021/mp200278s | Mol. Pharmaceutics 2012, 9, 230—236
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Figure 4. (a) In vivo noninvasive NIR images and quantification analysis of PTX/CyS.5-loaded NPs and (b) representative ex vivo white light
images and NIR images and quantification analysis of dissected organs of mice bearing SCC-7 cells sacrificed at 72 h.

EPR effect causes NPs to preferentially accumulate in tumor
tissue. In addition, the NIR fluorescence total photon counts
per gram of tumor tissue were 2.5—S5 times higher than those of
other organs. That means that the Cy5.5/PTX-loaded Pluronic
NPs selectively target tumor tissues. Note also that fluorescence
intensity is greater with the composite NPs than with Pluronic
NPs.

To support the fact that the composite NPs are long-
circulating, pharmacokinetic studies were performed (see
Figure S). After the administration of free PTX, PTX-loaded
Pluronic NPs, and PTX-loaded Pluronic NPs with glycol
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Figure S. Mean plasma concentration—time profiles of PTX in
Cremophor EL, PTX-loaded Pluronic NPs, and PTX-loaded Pluronic
NPs with glycol chitosan and heparin (the composite NPs). Each data
point represents the mean + SEM of five animals.

chitosan and heparin (the composite NPs), the peak of plasma
concentration (C,,,) obtained was 121.654S + 11.6474 ng/mL,
188.0441 + 51.3152 ng/mL, and 339.1482 + 16.2986 ng/mlL,
respectively. The area under the plasma concentration—time
profile from time zero to the time of the last quantifiable
concentration (AUC,,) was 85.0047 + 7.5987 ngh/mL,
179.782 + 13.5721 ng-h/mL, and 394.5316 + 74.5345 ng-h/
mL, respectively.

3.4. Antitumor Efficacy of PTX-Loaded NPs in Tumor-
Bearing Mice. We also examined how PTX-loaded Pluronic
NPs with immobilized glycol chitosan and heparin change the
tumor efficacy in vivo in SCC-7 tumor bearing mice (Figure 6).
The mice were injected with PTX in a Cremophor EL
formulation (10 mg/kg), Pluronic NPs, composite NPs, or
saline (200 xL). The tumor size was similar for all treatments
on day S, at which time the animals received the second
injection. By day 10, the increase in the tumor size was smaller
in mice treated with composite NPs. This outcome confirms
the enhanced tumor-targeting capability of composite NPs
(Pluronic NPs with glycol chitosan and heparin). They are
more effective than the other NPs at reducing the tumor
volume.

4. DISCUSSION

Because the surface of the PTX-loaded Pluronic NPs is
dominantly covered by Pluronic F-68, the immobilization of
glycol chitosan on the surface of PTX-loaded Pluronic NPs is
verified by observing the interaction between Pluronic F-68 and
glycol chitosan. Pluronic F-68 has a hydroxyl group at the each

dx.doi.org/10.1021/mp200278s | Mol. Pharmaceutics 2012, 9, 230—236
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Figure 6. Therapeutic efficacy of PTX-loaded NPs on SCC-7
xenografts. Groups were intravenously given as saline, free PTX in
Cremophor, Pluronic NPs, and Pluronic NPs with glycol chitosan and
heparin after the SCC-7 tumor volume reached a range of 100—150

mm3 .

end, and the absorption peak occurs at approximately 3500
cm™' as shown in FT-IR spectra in Figure 3. When glycol
chitosan is mixed with Pluronic F-68, the absorbance from the
hydroxyl group of Pluronic F-68 is decreased due to the
interaction of Pluronic F-68 and glycol chitosan via hydrogen
bonding. The interaction of Pluronic F-68 and glycol chitosan
forms the basis for the expected interaction of PTX-loaded
Pluronic NPs and glycol chitosan.*’

Because of the cationic characteristics of glycol chitosan-
immobilized Pluronic NPs, anionic heparin can be introduced
to the glycol chitosan-immobilized Pluronic NPs via an ionic
interaction that forms composite NPs. The change of zeta
potential was measured after glycol chitosan and heparin were
immobilized on the surface of the PTX-loaded Pluronic NPs.
The zeta potential after the immobilization of glycol chitosan
on the surface of the PTX-loaded Pluronic NPs had a positive
value of 1446 mV. This value indicates that cationic glycol
chitosan was immobilized onto Pluronic NPs. With the
subsequent immobilization of heparin, the surface charge of
the composite NPs acquired an anionic characteristic (—17.86
mV). Thus, an ionic interaction was efficiently induced.

The release rate of PTX from the NPs was decreased after
the immobilization of glycol chitosan and heparin on the
surface of PTX-loaded NPs. This is due to the presence of the
glycol chitosan/heparin composite on the surface of the PTX-
loaded Pluronic NPs. Because of hydrophilic characteristics of
glycol chitosan/heparin composite, the release of hydrophobic
PTX through glycol chitosan/heparin composite is controlled.

On the basis of these results, we confirm that glycol chitosan
and heparin are immobilized onto the surface of PTX-loaded
Pluronic NPs to form composite NPs.

To target tumors, NPs need a long half-life, and PEG can
facilitate this requirement.*"** Because PTX-loaded Pluronic
NPs were mainly composed of Pluronic F-68 and PEG is the
major segment of Pluronic F-68, the CyS.5/PTX-loaded
Pluronic NPs selectively target tumor tissues. Note that the
fluorescence intensity is greater with the composite NPs than
with Pluronic NPs. This indicates that the glycol chitosan/
heparin composite enhance the accumulation of NPs in tumors.

In the pharmacokinetic data as shown in Figure 5, NPs
groups significantly altered the pharmacokinetic parameters of
PTX compared to the control given free PTX. The composite
NPs showed the highest values of C,,,, and AUCy,,. This is due
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to the long circulation of composite NPs, which leads to the
enhancement of the targeting capabilities.

In previous work by Park et al,>® heparin-based NPs
containing doxorubicin were prepared and characterized as a
drug delivery vehicle for cancer therapy. Compared with free
DOX, heparin-based NPs have a more enhanced ability to
inhibit tumor growth. This ability is explained by the prolonged
circulation of the heparin-based NPs, which in turn is attributed
to the fact that heparin in the NPs reduces the opsonization by
the reticuloendothelial system.

Studies on the tumor-associated activation of the coagulation
cascade have shown that most solid tumors contain
considerable amounts of fibrinogen-derived products.**">® In
the treatment of solid tumors, heparin is ineffective at inhibiting
the formation of fibrin at the tumor sites. Nevertheless heparin-
immobilized NPs are expected to be localized at the tumor site.
This expectation is based on the interactions of fibrinogen-
derived products in the solid tumor and the heparin that is
immobilized on composite NPs. The enhanced targeting
capabilities of composite NPs can be explained in terms of
these interactions.

In our previous report, we demonstrated that glycol
chitosan/heparin composite enhanced the targeting character-
istics of iron oxide NPs with immobilized glycol chitosan and
heparin.'"* We also observed the improved antitumor efficacy
with composite NPs. This outcome confirms that glycol
chitosan/heparin composite plays an important role in
enhancing the tumor-targeting capability of composite NPs.

5. CONCLUSIONS

Our results verify that the tumor-targeting capability of PTX-
loaded Pluronic NPs can be enhanced with the immobilization
of a glycol chitosan/heparin composite. FE-SEM and size
distribution analyses show the formation of PTX-loaded
Pluronic NPs with immobilized glycol chitosan and heparin
(composite NPs). The eXplore Optix system reveals that CyS.5
fluorescence from the composite NPs has an extended
retention time at the tumor sites. The glycol chitosan/heparin
immobilized on the Pluronic NPs may induce an interaction
between the fibrinogen-derived products in the tumor tissue
and the heparin on the composite NPs and thereby enhance
the therapeutic efficacy. These preliminary results suggest that
the targeting capability can be enhanced by the glycol chitosan/
heparin composite, and this capability could be useful for
designing a new type of drug carrier for improved antitumor
activity.
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Change of zeta potential after the immobilization of glycol
chitosan and heparin on the surface of PTX-loaded Pluronic
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