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Polysorbate 80 (Tween 80) has been widely used as an emulsifier with excellent effects in nanoparticles technology
for biomedical applications. This work was thus triggered to synthesize poly(lactide)/Tween 80 copolymers with
various copolymer blend ratio, which were synthesized by ring-opening polymerization and characterized by1H
NMR and TGA. Nanoparticles of poly(lactide)/Tween 80 copolymers were prepared by the dialysis method without
surfactants/emulsifiers involved. Paclitaxel was chosen as a prototype anticancer drug due to its excellent therapeutic
effects against a wide spectrum of cancers. The drug-loaded nanoparticles of poly(lactide)/Tween 80 copolymers
were then characterized by various state-of-the-art techniques, including laser light scattering for particles size
and size distribution, field emission scanning electron microscopy (FESEM) and atomic force microscopy (AFM)
for surface morphology; laser Doppler anemometry for zeta potential; differential scanning calorimetry (DSC)
for the physical status of the drug encapsulated in the polymeric matrix; X-ray photoelectron spectrometer (XPS)
for surface chemistry; high performance liquid chromatography (HPLC) for drug encapsulation efficiency; and in
vitro drug release kinetics. HT-29 cells and Glioma C6 cells were used as an in vitro model of the GI barrier for
oral chemotherapy and a brain cancer model to evaluate in vitro cytotoxicity of the paclitaxel-loaded nanoparticles.
The viability of C6 cells was decreased from 37.4( 4.0% for poly(D,L-lactide-co-glycolic acid) (PLGA)
nanoparticles to 17.8( 4.2% for PLA-Tween 80-10 and 12.0( 5.4% for PLA-Tween 80-20 copolymer
nanoparticles, which was comparable with that for Taxol at the same 50µg/mL drug concentration.

1. Introduction

Nanoparticles of biodegradable polymers for anticancer drug
delivery have attracted intensive interest in recent years because
nanoparticles can provide a sustained, controlled, and targeted
delivery as drug carriers and thus lead to high therapeutic
efficiency and low side effects. However, nanoparticles could
be rapidly eliminated/excreted by the macrophages in the
reticuloendothelial system (RES) located mainly in the liver and
spleen and resulted in short half-life in the blood system after
intravenously administrated.1 To achieve long blood circulation
time to avoid or minimize the absorption of nanoparticles onto
the phagocytes, several attempts were made.2 Physicochemical
studies have shown that coating nanoparticles with a neutral
hydrophilic layer can generate stealth particles and decrease the
phagocytic uptake and thus significantly increase the blood
circulation time and high level of drug concentration in non-
RES organs such as intestine, kidney, etc.3,4 A number of
surfactants such as poloxamers, poloxamines,3 poly(ethylene
glycol) (PEG),5 and Tween 806-8 were chosen as the coating
materials. Poloxamer 407- or poloxamine 908-coated poly(D,L-
lactide-co-glycolic acid) (PLGA) nanoparticles have been found
to increase the circulation time and decrease liver and spleen
accumulation of incorporated radiolabeled indium-111-oxinie.3

Moreover, to apply nanoparticles as carriers to cross the
gastrointestinal (GI) barrier and the blood brain barrier (BBB),
some other coating surfactants were also considered. Dong and
Khin used montmorillonite (MMT) and TPGS (D-R-tocopheryl

poly(ethylene glycol) 1000 succinate) coated nanoparticles for
oral chemotherapy and found that the coated nanoparticles can
enhance cellular uptake of the nanoparticles by Caco-2 cells
and HT-29 cells and thus high cytotoxicity of the encapsulated
drugs.9,10Polysorbate 80 (Tween 80) coated nanoparticles have
been reported to have the capability to transport the loaded drugs
across BBB after intravenous administration.11-13 This may be
because the nanoparticles can adsorb apoliproprotein E (ApoE),
which mimics low-density lipoprotein (LDL), onto the nano-
particle surface and thus be uptaken by the brain capillary
endothelial cells via receptor-mediated endocytosis.14-18

Gulyaev found that Tween 80-coated poly(butyl cyanoacrylate)
nanoparticles can achieve about 60-fold brain concentration of
administrated doxorubicin.19,20 Tween 80 is a polyethylene
sorbitol ester with a molecular weight of 1310 Da. Tween 80
has been widely used in solubilizing proteins and isolating nuclei
from cells. It is widely used as an emulsifier/surfactant/stabilizer
in the fabrication of polymeric nanoparticles, liposomes, or solid
lipid nanoparticles.21-23

However, the absorbed polymer on the surface of the
nanoparticles might be desorbed in vivo because of replacement
by the blood components with high affinity to the particles
surface.24 To increase stability of the coated polymer on the
surface of nanoparticles, copolymers of similar surface properties
such as PLA-MPEG (polylactide-methoxyl poly(ethylene
glycol)),25-27 PLA-PEG-PLA,28,29 PCL-Pluronic F127-
PCL,30 and PLA-TPGS31 were synthesized. These copolymers
demonstrated amphiphilic structure with PEG, TPGS, and F127
on the surface of nanoparticles, which can have better perfor-
mance for drug delivery.

In this present study, PLA-Tween 80 copolymers were
synthesized in the presence of lactide and Tween 80 as
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monomers and stannous octoate as catalyst. The synthesized
copolymers were characterized by1H NMR for structure and
thermogravimetric analysis for mass ratios between Tween 80
and PLA in the copolymers and polymer thermal property.
Paclitaxel was used as prototype drug because of its excellent
therapeutic effects against a wide spectrum of cancers including
breast cancer, ovarian cancer, colon cancer, small and nonsmall
cell lung caner, neck cancer, and AIDS-related Kaposi’s
sarcoma.32-35 To avoid side effects caused by the adjuvant
Cremophor EL used in the current clinical formulation of
paclitaxel,36-40 paclitaxel-loaded nanoparticles of PLA-Tween
80 copolymers were fabricated by the dialysis method, which
can be much simpler than, and avoid side effects of, the
surfactants used in the traditional solvent extraction/evaporation
method.41-43 The drug-loaded nanoparticles were characterized
by laser light scattering for particles size and size distribution;
field emission scanning electron microscopy (FESEM) and
atomic force microscopy (AFM) for surface morphology; laser
doppler anemometry for zeta potential; differential scanning
calorimetry (DSC) for the physical status of the drug encapsu-
lated in the polymeric matrix; X-ray photoelectron spectrometer
(XPS) for surface chemistry; high performance liquid chroma-
tography (HPLC) for drug encapsulation efficiency and in vitro
drug release kinetics. HT-29 cells, a human colon carcinoma
cell line, and Glioma C6 cells were used as an in vitro model
of the GI barrier for oral chemotherapy and a brain cancer
model, respectively, to evaluate in vitro cytotoxicity of pacli-
taxel-loaded nanoparticles. The preliminary results showed a
great potential of PLA-Tween 80 copolymer nanoparticles for
cancer chemotherapy.

2. Materials and Methods

2.1. Materials.Paclitaxel was purchased from Dabur India Limited,
India. PLGA (50:50) with L/G molar ratio of 50:50 (Mw 40 000-
75 000), stannous octoate, 3-(4,5-cimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT), penicillin-streptomycin solution, and
Trypsin-EDTA solution were purchased from Sigma (St. Louis, MO).
Fetal bovine serum (FBS) was received from Gibco (Life Technologies,
AG, Switzerland). Tween-80 (Polyoxyethylene Sorbitan Monooleate)
from Sigma was dried overnight under vacuum before use. Lactide
(3,6-dimethyl-1,4-dioxane-2,5-dione) was purchased from Aldrich and
recrystallized twice in ethyl acetate. All solvents used are of HPLC
grade, which include ethyl acetate from Merck, dichloromethane (DCM)
and acetonitrile from Aldrich, andN,N-dimethylformamide (DMF) from
Tedia.

2.2. Synthesis of PLA-Tween 80 Copolymers.Appropriate amounts
of lactide, Tween 80, and 0.5 wt % stannous octoate (in distilled toluene)
were added to a glass ampule, which was dipped into liquid nitrogen.
The mixture was degassed by four vacuum-purge cycles with nitrogen.
The ampule was sealed with a butane burner under vacuum condition
and allowed to react at 145°C for 12 h. The cooled product was
dissolved in DCM and then precipitated twice in 15-fold volume of
methanol. The precipitant was subsequently separated by filtration and
vacuum-dried for 2 days at 45°C.

2.3. Copolymer Characterization. Nuclear magnetic resonance
(NMR, 300 MHz 1H NMR, Bruker ACF 300) was deployed to
determine the structure, number-average molecular weight, and the
Tween 80 content of the copolymers. Thermogravimetric analysis
(TGA, TGA 2050 thermogravimetric analyzer, USA) was carried out
to investigate the thermal properties of the copolymers. A total of 10-
15 mg of the copolymer was weighed into a heating pan and heated
from 25 to 500°C at a rate of 10°C/min. A steady flow of nitrogen
gas was supplied to the furnace. From the results given by TGA, the
composition and hence molecular weight of the various copolymers
can be calculated. Biodegradation studies of the copolymers were

performed in PBS at 37°C. Briefly, 10.0 mg of the freeze-dried sample
was placed in 1.5 mL of PBS in a water bath. Periodically, the samples
were taken out from the water bath and centrifugation was carried out
at a speed of 11 500 rpm for 30 min. The supernatant was discarded,
and the remaining polymer was freeze-dried. After that, the sample
was weighed, and the percentage of remaining polymer weight was
plotted against time.

2.4. Fabrication of Paclitaxel-Loaded Nanoparticles.The pacli-
taxel-loaded nanoparticles of the copolymers were fabricated by the
dialysis method. A total of 5 mg of paclitaxel and 45 mg of copolymer
were dissolved into 50 mL of DMF and then vortexed for 60 s. The
solution was dialyzed for 30 h in a dialysis bag (MWCO 3, 500,
Spectrum) in 5 L of water, which was exchanged at intervals of 2-3
h. After dialysis, the resulted suspension in the bag was collected and
sonicated before being centrifuged at 11 500 rpm for 20 min. The pellet
was redispersed in water and freeze-dried for 2 days to get the
nanoparticles powder.

2.5. Nanoparticle Characterization. 2.5.1. Particle Size and Zeta
Potential. The particles size and size distribution of the nanoparticles
were measured by laser light scattering (Brookhaven Instruments
Corporation, 90 Plus). The surface charge of the nanoparticles was
determined by zeta potential analyzer (Brookhaven Instruments Cor-
poration, ZetaPlus) in deionized water. A total of 3 mL of the

Figure 1. Typical 1H NMR spectra of PLA-Tween 80 copolymers in
CDCl3.

Table 1. Composition and Molecular Weight of PLA-Tween 80
Copolymers

Tween 80 composition (%)

copolymers theor. 1H NMR TGA
yield
(%)

Mn
a

(1H NMR)

PLA-Tween 80-10 10.0 8.5 6.6 83.7 15, 500
PLA-Tween 80-20 20.0 15.3 14.3 85.2 8, 560

a Determined by the integration ratio of peak at 5.2 ppm to 3.65 ppm.

Table 2. Size, Zeta Potential and Drug Encapsulation Efficiency
of Paclitaxel-Loaded Nanoparticles Fabricated from Different
Copolymers

polymers

particle
size
(nm)

zeta
potential

(mv)
encapsulation
efficiency (%)b

yield
(%)

PLA-Tween 80-10 171 ( 28 -20.4 ( 1.5 65.8 ( 8.7 56.5
PLA-Tween 80-20 138 ( 15 -15.0 ( 2.1 46.5 ( 2.5 60.0
PLGA50/50 242 ( 13 -20.5 ( 0.8 60.2 ( 6.5 49.8

b Drug loading is 6%.
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nanoparticle suspension was redispersed by using a sonicator to prevent
aggregation of the nanoparticles and then transferred into an acrylic
square cell for measurement. A typical result was obtained based on
the average from 7 runs.

2.5.2. Surface Morphology.The surface morphology of the nano-
particles was observed by a field emission scanning electron microscopy
(FESEM, JEOL, SM-6700F, Japan). Powder samples of the nanopar-
ticles were applied flatly on double-sided sticky tape attached to a metal
stub and then coated with a platinum layer by the Auto Fine Platinum
Coater (JEOL JFC-1300, Tokyo, Japan) for 50 s under a pressure of 5
Pa and a current intensity of 30 mA. AFM can be used to get 3D images
with subnanometer resolution and quantitative measurement of surface
roughness without metallization before observation. The surface of the
nanoparticles was scanned with Nanoscope IIIa Atomic Force Micro-
scope (Digital Instrument, Santa Barbara, CA) under tapping mode.

2.5.3. Drug Encapsulation Efficiency (EE).Paclitaxel entrapped
in the nanoparticles was measured by HPLC (Agilent LC1100 Series,
Column: Inertsil ODS-3, pore size 5µm, 4.6× 150 mm, GL science
Inc, Tokyo, Japan) at 227 nm UV wavelength. Three milligrams of
the paclitaxel-loaded nanoparticles were dissolved in 2 mL DCM under
vigorous vortexing. The solution was left for evaporation and then the
deposit was dissolved in 3 mL mobile phase (50/50 v/v acetonitrile/
water solution). The resulting solution was transferred into a HPLC
vial by using a syringe filter (PVDF membrane, 0.45µm). Drug
encapsulation efficiency is a reflection of drug loaded into the
nanoparticles against that used during fabrication.

2.5.4. Surface Chemistry.An X-ray photoelectron spectrometer
(XPS) (RATOS AXIS HSi system) was used for the analysis of surface
composition of the copolymers and the nanoparticles. A survey spectrum
covering a binding energy from 0 to 1200 eV was registered by a fixed
transmission mode with pass energy of 80 eV. The sample was attached
to a glass piece which was then stuck on a metal stub using double-
sided sticky tape. After that, the data were extracted and a peak curve
fitting was done by using the software provided by the manufacturer.

2.5.5. Thermogram Properties.A total of 5-10 mg of paclitaxel-
loaded nanoparticles were weighed and placed into a sealed aluminum
pan. The physical status of paclitaxel encapsulated in the nanoparticle
matrix was analyzed by using a differential scanning calorimetry (DSC,
Mettler Toledo DSC 822e). The sample was purged with 40 mL/min
of dry nitrogen and heated from 0 to 250°C at a rate of 10°C/min.
Indium was used as the standard reference material for the temperature
and energy scale calibration.

2.5.6. In Vitro Drug Release.A total of 1 mg of drug-loaded
nanoparticles was suspended into 2 mL of PBS solution with 0.1%
w/v Tween 80 at pH 7.4 in a centrifuge tube, which is put in an orbital
water bath shaking at 120 rpm at 37.2°C. Each batch of samples was
measured in triplicate. Tween 80 was used to increase the solubility of
paclitaxel in buffer solution and avoid the binding of paclitaxel to the
tube surface. At the designated moments, the tube was taken out from
the water bath, and centrifugation was carried out at a speed of 11 500
rpm for 20 min. The supernatant was transferred into a screw capped
tube. The solution was extracted with 1 mL of DCM and reconstituted
in 1 mL of the mobile phase. The analysis procedure was similar as
the measurement of EE. The pellet was resuspended in 2 mL of fresh
release medium and then placed back in the water bath shaker for
continuous measurement.

2.6. In Vitro Cytotoxicity. In this study, in vitro cancer cell viability
was accessed by a MTT toxic assay, which is widely used to evaluate
the cytotoxic activity of drugs or biomaterials. This method is based
on the cellular reductive capacity of living cells to metabolize the yellow
tetrazolium salt, MTT, to a chromophore, formazan product, whose
absorbance can be determined by spectrophotometric measurement.
Human colon adenocarcinoma cells (HT-29, passages 25-30) and C6
glioma cells (passage 6-10) (American Type Culture Collection,VA)
were used for in vitro cytotoxicity evaluation of the paclitaxel-loaded
nanoparticles in comparison with paclitaxel formulated in Cremophor
EL (Taxol). The cells were cultured in 20 mL of DMEM medium
supplemented with 10% FBS and 1% antibiotic-antimycotic in a 75

Figure 2. FESEM images of paclitaxel-loaded nanoparticles of (a) PLA-Tween 80-10; (b) PLGA 50/50; (c) PLA-Tween 80-20, 55, 000
magnification; and (d) PLA-Tween 80-20, 100, 000 magnification.
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cm2 culture flask. The culture flask was incubated at 37°C in humidified
environment containing 5% CO2. The medium was replenished every
other day until confluency was reached. The cells were harvested with
0.125% of Trypsin-EDTA solution and seeded in 96-well transparent
plates (Costar, Corning, NY) at 4× 104 cells/well.

When the cells seeded in 96-well transparent plates are about 70%
confluent, the culture medium in the wells was replaced with 100µL
of the drug loaded nanoparticle suspension or Taxol in fresh medium
with the drug concentration ranging from 0.025 to 50µg/mL for 24
and 72 h incubation. The drug-loaded nanoparticles were sterilized by
gama-irradiation before the cytotoxicity test. Six wells were used for
each nanoparticl sample or Taxol. One row of 12 wells was used as a
positive control, in which only culture medium was added to the wells.
At the designated times, the medium containing the drug was removed
and the cells are washed twice with 50µL of PBS. After removal of
the PBS, 90µL of culture medium and 10µL of MTT were added to
each of the wells. The cells were then incubated for 3-4 h and the
solution was then removed from the precipitate. A total of 100 mL of
2-propanol was added to the wells and the level of absorbance was
measured by using a microplate reader. The cell viability was calculated
as

where Abss is the absorbance of the cells incubated with different drug
formulations and Abscontrol is the absorbance of the control cells.
Statistical evaluation was analyzed by using Student’st-test.

3. Results and Discussion

3.1. Synthesis of PLA-Tween 80 Copolymers.PLA-Tween
80 copolymers were synthesized by ring opening polymerization
in the presence of lactide and Tween 80. The synthesis process
is similar to that we developed earlier for synthesis of the PLA-
TPGS copolymer.31 The PLA-Tween 80 copolymer was char-
acterized by1H NMR in CDCl3 and the spectrum is shown in
Figure 1. The signals at 4.30 ppm indicated the successful
synthesis of the PLA-Tween 80 copolymer. No signals of the
methane proton of the PLA-O-CH(CH3)-COOH group ap-
peared at 4.9-5.0 ppm, which demonstrated that there was
negligible or no PLA homopolymer in the synthesized copoly-
mer.44 The peaks at 5.2 and 1.60 ppm were assigned to the-CH
protons and methyl protons-CH3 of the PLA segment,
respectively. The peak at 3.65 ppm could be attributed to the
-CH2 protons of the PEO part of Tween 80 in the copolymers.
The small peaks in the aliphatic region belong to various
moieties-CH3 and-CH2 protons of the Tween 80 tails. The
lactide monomer peak at 5.1 ppm was not detected, which
demonstrated that the precipitation process in treatment of the
copolymer product can remove the lactide monomer thoroughly.

The number average molecular weight and Tween 80
composition in the copolymers calculated from NMR were
shown in Table 1. The molecular weight was determined by
the integration ratio of the peak at 5.2 and 3.65 ppm. PLA-
Tween 80 copolymers showed a biphasic profile of thermo-
gravimetric degradation with an onset temperature of 206°C
for the PLA segment and 374°C for the Tween 80 segment,
which are different from a single mass lost for the Tween 80
monomer (figure not shown). TGA was proposed as a con-
venient method for evaluating mass ratios of PLA-Tween 80
copolymers, and the results are shown in Table 1. The Tween
80 composition calculated from TGA can match well with NMR
results.

3.2. Particles Size, Zeta Potential, and Drug Encapsulation
Efficiency. The physicochemical characteristics of paclitaxel-

loaded nanoparticles of PLA-Tween 80 copolymers were
summarized in Table 2. The PLA-Tween 80 nanoparticles have
sizes less than 200 nm in diameter, whereas the size of PLGA

Figure 3. AFM images of paclitaxel-loaded PLA-Tween 80-10
nanoparticles (a) 4 µm × 4 µm 2D image and (b) a zoom-in 3D image.

Figure 4. DSC thermograms of paclitaxel and paclitaxel loaded
copolymer nanoparticles.

cell viability )
Abss

Abscontrol
× 100% (1)
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nanoparticles was around 240 nm. Particles size is a crucial
parameter in determining in vitro drug release, in vitro cellular
uptake, and cancer cell mortality of the nanoparticles as well
as in vivo pharmacokinetics and biodistribution and thus the
therapeutic effects of the encapsulated drug.10,42 Nanoparticles
less than 200 nm can prevent spleen filtering.45 Due to the
porosity of the tumor vasculature (the effective mean pore size
of most peripheral human tumors is about 400 nm) and the lack
of lymphatic drainage, colloidal nanoparticles are preferentially
distributed in the tumors by the EPR (enhanced permeability
and retention) effect.46 Particles can bypass the P-gp efflux
system by small size (preferably 120-200 nm).47 It can be seen
from Table 2 that as the molecular weights of the copolymers
decrease, the size and encapsulation efficiency of the nano-
particles were decreased. This may be because the lower the

molecular weight of the copolymer is, the lower the hydrophobic
interaction between the PLA block chain and the hydrophobic
drug, paclitaxel, can result.45 PLA-Tween 80 nanoparticles can
achieve around 60% drug encapsulation efficiency for 6% drug
loading. The drug-loaded nanoparticles showed a negative
surface charge of around-20 mV. The zeta potential has been
used as an index of the nanoparticle stability in the suspension.
It can greatly affect the particles stability in suspension through
the electronic repulsion between particles. As a result, a higher
absolute value of the zeta potential indicates a more stable
suspension, and a lower value implicates colloid instability,
which could lead to aggregation of nanoparticles.48 Optimization
of the nanoparticles fabrication was also pursued in this research.
Nanoparticles fabricated with 1,4-dioxane showed more than a
100 nm larger size than those fabricated with DMF as the

Figure 5. XPS spectra of (a) PLA-Tween 80-10 copolymer; (b) PLA-Tween 80-10 copolymer nanoparticles; (c) PLA-Tween 80-20 copolymer;
(d) PLA-Tween 80-20 copolymer nanoparticles; (e) PLGA 50:50; and (f) PLGA 50:50 nanoparticles.

PLA-Tween 80 Nanoparticles for Cancer Chemotherapy Biomacromolecules, Vol. 7, No. 4, 2006 1143

CDV



solvent. Although the former process had 10-15% higher drug
encapsulation efficiency than the latter, we chose DMF as the
solvent since the resulting nanoparticle size was as desired.

3.3. Surface Morphology.The surface morphology of the
drug-loaded PLA-Tween 80 nanoparticles was examined by
FESEM as shown Figure 2. PLA-Tween 80-20 nanoparticles
showed smaller size and lower polydispersity (0.04) compared
with PLA-Tween 80-10 (0.12) nanoparticles. The nanoparticle
size found from the FESEM images tallies with that detected
from the laser light scattering. AFM was also used to study the
surface morphology of the drug-loaded nanoparticles with higher
resolution as shown in Figure 3. AFM images further confirm
the FESEM observation. The nanoparticles show spherical in
shape and a relatively smooth surface.

3.4. Physical Status of the Drug in Nanoparticles.The
physical status of paclitaxel formulated in the polymeric
nanoparticles was investigated by differential scanning calo-
rimetry (DSC). The result is shown in Figure 4. Pure paclitaxel
shows a melting endothermic peak at 223°C, whereas no peak
is detected at the range from 150 to 250°C for the paclitaxel-
loaded nanoparticles. This demonstrates that paclitaxel formu-
lated in the polymeric nanoparticles existed in an amorphous
or disordered crystalline phase or a solid solution state.
Moreover, the prepared nanoparticles all exhibited a phase
transition that corresponded to the amorphous solid material as
the endothermal peaks appeared around 50°C.43 PLA-Tween
80 copolymer nanoparticles exhibited a lower glass transition
temperature compared with PLGA nanoparticles.

3.5. Surface Chemistry.X-ray photoelectron spectroscopy
(XPS) was applied in this research to analyze the atomic
composition of the copolymers and the drug-loaded copolymer
nanoparticles. A nitrogen signal was used to detect whether
paclitaxel stays on the surface or distributes inside of the
polymeric nanoparticles. There is no nitrogen signal detected
from XPS N1s results (figure not shown) for the paclitaxel-
loaded nanoparticles, which demonstrates that paclitaxel was
mainly distributed inside of the copolymer nanoparticles. XPS
C1s spectra of the paclitaxel-loaded nanoparticles and the
copolymers themselves were shown in Figure 5. The peak at
binding energy 286.0 eV was regarded as the indicator of the
PEG portion of Tween 80 in the PLA-Tween 80 copoly-
mers.31,49 The peak ratio of the C-O-C bond was increased
from 5.7% for the PLA-Tween 80-10 copolymer and 13.1%
for the PLA-Tween 80-20 copolymer to 12.3% for the PLA-
Tween 80-10 copolymer nanoparticles and 21.0% for the
PLA-Tween 80-20 copolymer nanoparticles. This demon-
strates the presence of Tween 80 on the surface of the
nanoparticles. The XPS results also demonstrate an increasing
O-CdO peak ratio for the nanoparticles, which can be seen
from Figure 5, panels b, d, and f, for the nanoparticles in
comparison with Figure 5, panels a, c, and e, for the copolymers
themselves. Such an increase can lead to high negative charge
on the nanoparticle surface and thus high stability of the
nanoparticles in their suspension.50

3.6. In Vitro Drug Release.The in vitro drug release profiles
of the paclitaxel-loaded PLA-Tween 80-10, PLA-Tween 80-
20, and PLGA nanoparticles are shown in Figure 6a. Paclitaxel-
loaded nanoparticles showed an initial burst release of 25.7(
3.0%, 26.1( 4.0%, and 23.0( 3.5% of the encapsulated drug
in the first day, and after 21 days, 57.5( 3.3%, 62.0( 4.2%,
and 52.1( 4.6% of the encapsulated drug was released from
the PLA-Tween 80-10, PLA-Tween 80-20, and PLGA
nanoparticles, respectively. The PLA-Tween 80-20 nanopar-
ticles resulted in faster drug release than the PLGA nanoparticles

(p < 0.05) and the higher ratio of Tween 80 in the copolymer
composition, the faster the drug was released from the copoly-
mer nanoparticles (p > 0.05). The in vitro drug release from
nanoparticles is affected by drug diffusion, polymer swelling,
polymer erosion, or degradation. The faster drug release may
thus be explained by the higher hydrophilicity of the copolymers,
which caused the copolymer swell and degrade faster. Indeed,
the PLA-Tween 80 copolymer showed a faster degradation rate
than the PLGA as can be seen from Figure 6b. After 21 days
degradation in PBS, the PLA-Tween 80-20 copolymer showed
33% weight loss compared with 32% for the PLA-Tween 80-
10 and 24% for the PLGA.

3.7. In Vitro Cytotoxicity of Paclitaxel-Loaded Nano-
particles. A human colon carcinoma cell line HT-29 as well as
a Glioma C6 cell line were used to investigate the cytotoxicity
of paclitaxel-loaded nanoparticles of the copolymers, which was
compared with that for the commercial formulation Taxol. The
drug-loaded nanoparticles were sterilized by gama-radiation for
72 h to exclude the sample contamination effect and were then
suspended and cultured with the cells. The measured cytotoxicity
was shown in Figure 7, panels a and b, for C6 cells and Figure
7, panels c and d, for HT-29 cells. It can be seen from Figure
7, panels a and b, that paclitaxel-loaded nanoparticles showed
higher cell viability compared with Taxol for either 24 or 72 h
incubation. Nevertheless, the drug-loaded nanoparticles of
PLA-Tween 80-20 copolymer showed much lower cell
viability compared with that of PLGA (p < 0.05) and PLA-
Tween 80-10 copolymer nanoparticles showed comparable
cytotoxicity with PLGA nanoparticles (p>0.05). The cell

Figure 6. In vitro (a) drug release profile of paclitaxel-loaded
copolymers nanoparticles and (b) degradation behavior of copolymers
in PBS at 37 °C. Data represents mean ( SD, n ) 3.
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viability was decreased from 37.4( 4.0% for the PLGA
nanoparticles to 17.8( 4.2% for the PLA-Tween 80-10
nanoparticles and 12.0( 5.4% for the PLA-Tween 80-20
nanoparticles, which were comparable with that for the free drug,
i.e., 9.5( 1.6% after incubating with C6 cells for 72 h at the
same 50µg/mL drug concentration (p > 0.05). It can be seen
from the in vitro drug release profile, however, that the drugs
released from the PLA-Tween 80-20 copolymer nanoparticles
are only 26.1( 4.0% and 39.5( 4.7% of encapsulated drug
in 24 and 72 h, respectively. The nanoparticles thus should have
much better effects in cell cytotoxicity compared with com-
mercial drug formulation.

The similar results for HT-29 cells can be seen from Figure
7, panels c and d. After 24 h incubation, the PLA-Tween 80-
20 nanoparticles showed a little higher cytotoxicity (cell viability
37.2( 1.5%) compared with that for the free drug (cell viability
40.4 ( 4.6%) at the same drug concentration 50µg/mL (p >
0.05). The PLA-Tween 80-20 copolymer nanoparticles also
showed lower cell viability in comparison with the PLGA
nanoparticles after being incubated with HT-29 cells for 72 h
(p < 0.05), which may be explained by faster drug release and
smaller particle sizes of the PLA-Tween 80-20 nanoparticles
than the PLGA nanoparticles.

4. Conclusion

Novel PLA-Tween 80 copolymers with 8.5% and 15.3%
Tween 80 composition were synthesized in this research, and
PLA-Tween 80 nanoparticles were prepared by the dialysis
method without any other surfactant/emulsifier involved.
Paclitaxel was chosen as a prototype anticancer drug due to its
excellent therapeutic effects against a wide spectrum of cancers.

The nanoparticles were found by FESEM and AFM of spherical
shape and around 140 nm in diameter. The copolymers can
encapsulate 4.7( 0.3% drug in the nanoparticles and release
62 ( 4.2% of the encapsulated drug after 21 days. The drug-
loaded PLA-Tween 80 nanoparticles showed in vitro cancer
cytotoxicity for HT-29 and G6 cells, which is comparable with
that for Taxol at the same drug concentration. However, the
effects of the nanoparticle formulation should actually be better
with their controlled release feature considered. The PLA-
Tween 80 copolymer nanoparticles with higher Tween 80
content (15.3%) in the copolymers showed advantages in in vitro
drug release and cytotoxicity in comparison with the PLGA
nanoparticles. Further in vivo investigations, such as pharma-
cokinetics, biodistribution, and xenograft, will be carried out
to evaluate the potentials of the copolymer nanoparticles as drug
delivery vehicles.
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