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a b s t r a c t

Docetaxel is a potent anticancer drug. However, there continues to be a need for alternative docetaxel
delivery systems to improve its efficacy. We reported the engineering of a novel spherical nanoparti-
cle formulation (∼270 nm) from lecithin-in-water emulsions. Docetaxel can be incorporated into the
nanoparticles, and the resultant docetaxel-nanoparticles were stable when stored as an aqueous sus-
pension. The release of the docetaxel from the nanoparticles was likely caused by a combination of
eywords:
anoparticles
mulsions
ell uptake
ytotoxicity
iocompatibility

diffusion and Case II transport. The docetaxel-in-nanoparticles were more effective in killing tumor
cells in culture than free docetaxel. Moreover, the docetaxel-nanoparticles did not cause any signifi-
cant red blood cell lysis or platelet aggregation in vitro, nor did they induce detectable acute liver damage
when injected intravenously into mice. Finally, compared to free docetaxel, the intravenously injected
docetaxel-nanoparticles increased the accumulation of the docetaxel in a model tumor in mice by 4.5-
fold. These lecithin-based nanoparticles have the potential to be a novel biocompatible and efficacious

axel.
delivery system for docet

. Introduction

Recently, nanoparticles have gained much attention as a deliv-
ry system for anticancer drugs, primarily due to their unique
roperties that can potentially improve the efficacy of these drugs
Allen and Cullis, 2004). For example, nanoparticles may be used to
nhance the solubility of poorly water soluble anticancer drugs and
o modify their pharmacokinetics (Gabizon et al., 2003). Nanopar-
icles may also be engineered to reduce the uptake of the drugs by
he reticuloendothelial system and/or to target the drugs to specific
umor cells (Allen, 2002; Emerich and Thanos, 2006). Additionally,
here were data showing that nano-sized drug carriers can over-
ome the multi-drug resistance in many cancer cells (Jabr-Milane
t al., 2008).

Docetaxel is a semi-synthetic anticancer agent in the taxane
lass. It is potent against many solid tumors such as breast can-
er, non-small cell lung cancer, ovarian cancer, and prostate cancer
Clarke and Rivory, 1999). In spite of its high efficiency, side effects
imit the clinical use of the docetaxel. The current formulation of

ocetaxel contains Tween 80 and ethanol (50:50, v/v) as the solvent,
nd adverse reactions due to either the drug itself or the solvent
ystem have been reported in patients (e.g., hypersensitivity, fluid
etention) (ten Tije et al., 2003). Therefore, many alternative doc-
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etaxel formulations such as liposomes (Immordino et al., 2003),
polymeric nanoparticles (Hwang et al., 2008), micelles (Liu et al.,
2008), and solid lipid nanoparticles (Xu et al., 2009) have been
investigated.

Previously, our laboratory reported the preparation of a
nanoparticle formulation from lecithin-in-water emulsions (Cui et
al., 2006). Lecithins are components of cell membranes and are
regularly consumed as part of a normal diet (Jimenez et al., 1990;
Wade and Weller, 1994). They are used extensively in pharmaceu-
tical applications as emulsifying, dispersing, and stabilizing agents
and are included in intramuscular and intravenous injectables and
other parenteral nutrition formulations (Lixin et al., 2006; Williams
et al., 1984). In the present study, we investigated the feasibility of
using the nanoparticles as a carrier for docetaxel. Our data showed
that the docetaxel can be incorporated in the nanoparticles, and
the docetaxel in the nanoparticles was more effective in killing
tumors cells in culture than free docetaxel. Our data also showed
that the docetaxel-loaded nanoparticles were biocompatible and
tended to increase the accumulation of the docetaxel in tumors
pre-established in mice.

2. Materials and methods
2.1. Materials

Docetaxel was purchased from LC Laboratories (Woburn, MA).
Lecithin (soy, refined) was from MP Biomedicals, LLC (Santa

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:Zhengrong.cui@oregonstate.edu
dx.doi.org/10.1016/j.ijpharm.2009.06.004
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na, CA). The 1,2-dioleoyl-sn-glycero-3-phosphoethanoamine-N-
methoxy (polyethylene glycol)-2000] (DSPE-PEG-2000) and
,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-
carboxyfluorescien) (FITC-DOPE) were from Avanti Polar Lipids,
nc. (Alabaster, AL). Sepharose® 4B, MTT (3-(4,5-dimethylthiazol-2-
l)-2,5-diphenyltetrazolium bromide) kit, sodium dodecyl sulfate
SDS), and epinephrine were from Sigma-Aldrich (St. Louis, MO).
ellulose dialysis tubes (MWC 50,000) were from Spectrum Chem-

cals & Laboratory Products (New Brunswick, NJ). Citrated whole
ouse blood was from Pel-Freez Biologicals (Rogers, AR). Alanine

minotransferase (ALT) kit was from Teco Diagnostic (Anaheim,
A).

.2. Mice and cell lines

Female BALB/c and C57BL/6 mice, 6–7 weeks of age, were from
imonsen Laboratories, Inc. (Gilroy, CA). The TC-1 cells (a mouse
ung cancer line) and PC-3 cells (a human prostate cancer line)

ere from ATCC and grown in RPMI 1640 medium supplemented
ith 10% fetal bovine serum, 100 U/mL of penicillin (Invitrogen),

nd 100 �g/mL of streptomycin (Invitrogen).

.3. Preparation of the nanoparticles

Nanoparticles were prepared from emulsions (Cui et al., 2006).
riefly, 4 mg of lecithin was weighed into a 7-mL glass scintilla-
ion vial. One mL of de-ionized, filtered (0.2 �m) warm water was
dded into the vial, followed by heating on a hot plate to 50–55 ◦C
ith stirring until a milky dispersion was formed. Tween 20 was

dded in a step-wise manner to a final concentration of 2% (v/v). The
ilky dispersion was stirred until a smooth, less opaque, but not

lear system was formed, which was then allowed to cool down to
oom temperature while stirring. The particle size was determined
y photon correlation spectroscopy (PCS) using a Coulter N4 Plus
ubmicron Particle Sizer (Beckman Coulter Inc., Fullerton, CA).

To prepare docetaxel (DTX)-loaded nanoparticles (DTX-NPs),
arious amount of docetaxel (50–250 �g) in chloroform was added
nto a glass vial containing 4 mg of lecithin, and the chloroform was
vaporated. The remaining steps were similar to the preparation
f the blank nanoparticles. Similarly, to incorporate DSPE-PEG-
000 into the nanoparticles, the DSPE-PEG-2000 (5% of the lecithin
m/m), or 10% where mentioned) was added into a glass vial con-
aining lecithin prior to the nanoparticle preparation. Unloaded
ocetaxel was separated from the nanoparticles using gel perme-
tion chromatography (GPC, Sepharose 4B, 6 mm × 150 mm). The
luted fractions were analyzed for docetaxel by measuring the
bsorption at 230 nm.

Nanoparticles were freeze-dried using a FreeZone 6 Liter Freeze
ry System (Labconco, Kansas City, MI). Dextrose (5%, w/v) was
sed as the lyoprotectant.

.4. Transmission electron microscopy (TEM)

The size and morphology of the nanoparticles were exam-
ned using a transmission electron microscope (TEM, Philips CM12
EM/STEM) in the Oregon State University Electron Microscope
acility as previously described (Cui and Mumper, 2002).

.5. In vitro release of docetaxel from the nanoparticles
Lyophilized docetaxel-loaded, PEG-2000-containing nanoparti-
les (DTX-PEG-NPs, 10% of DSPE-PEG-2000, m/m) were suspended
n 1 mL of de-ionized water (final docetaxel concentration,
00 �g/mL) and placed into a 1 mL cellulose ester dialysis tube
MCW 50,000). The tube was incubated in a 13 mL of release
Pharmaceutics 379 (2009) 174–180 175

medium (0.5% of SDS in PBS, 10 mM, pH 7.4) at 37 ◦C under hori-
zontal shaking. At predetermined time points, the dialysis tube was
taken out and re-placed into a new 13 mL fresh medium. In order
to detect docetaxel in the release medium, the docetaxel molecules
have to be released from the nanoparticles and then diffuse across
the cellulose ester dialysis membrane. To make sure that the diffu-
sion of the docetaxel molecules across the membrane was not the
rate-limiting step, docetaxel was dissolved in Tween 80 (20 mg/mL)
and diluted with 13% ethanol to the concentration of 5 mg/mL. It
was then diluted with de-ionized water to a final docetaxel concen-
tration of 100 �g/mL and placed into a dialysis tube as described
above. The amount of docetaxel released was determined by an
HPLC method with the following conditions: Zorbax Eclipse Plus®

C18 column (150 mm × 4.6 mm, pore size 5 �m, Aligent), the mobile
phase: CH3CN:H2O (1:1, v/v), flow rate: 1.0 mL/min, and measured
wavelength: 230 nm (Xu et al., 2009).

2.6. The uptake of the nanoparticles by tumor cells in culture

Nanoparticles were prepared without docetaxel to avoid its
cytotoxicity. FITC-DOPE was incorporated into the nanoparticles for
fluorescent detection. TC-1 cells (5 × 105 cells/well) were seeded in
a 24-well plate and incubated overnight at 37 ◦C, 5% CO2. The cells
were then incubated with 500 �L of FITC-labeled nanoparticles
(FITC-NPs) or FITC-labeled, PEG-2000-containing nanoparticles
(FITC-PEG-NPs) (1.5 times dilution) at 4 or 37 ◦C for 2 h or longer.
At 4 ◦C, the internalization of the nanoparticles was inhibited, and
thus, a comparison of the data at 4 and 37 ◦C was informative of the
internalization of the particles. After the incubation, the cells were
washed three times with cold PBS (10 mM, pH 7.4) and lysed with
a lysis buffer (0.5% Triton X-100). The fluorescence intensity was
measured using a BioTek Synergy HT Multi-Detection Microplate
Reader (BioTek Instruments, Inc. Winooski, VT).

2.7. In vitro cytotoxicity assays

Cells were seeded in a 96-well plate (3000/well) and incubated
with the DTX-PEG-NPs or free docetaxel dissolved in DMSO for 24
or 48 h. The final concentration of the docetaxel in the cell culture
medium was adjusted to 100 nM. At this concentration, both the
nanoparticles without docetaxel and the DMSO did not cause any
significant cell death. The number of surviving cells was determined
using the MTT assay (Le et al., 2008).

2.8. Biocompatibility of the docetaxel-nanoparticles

The red blood cell (RBC) lysis assay was carried out as described
with slight modifications (Koziara et al., 2005). Citrated whole
mouse blood was mixed at a 1:1 (v/v) ratio with water as a positive
control or with normal saline as a negative control. Freshly pre-
pared DTX-PEG-NPs (50 �g/mL docetaxel) were diluted 1, 10, 100,
or 1000-fold with 0.9% NaCl prior to mixing with the blood. Samples
were incubated at 37 ◦C for 30 min in a shaker followed by centrifu-
gation at 600 × g for 5 min to remove the undamaged erythrocytes.
Supernatant was collected and incubated at room temperature for
30 min. Oxyhemoglobin was measured at 540 nm. To evaluate the
effect of the incubation time on the RBC lysis in the presence of the
nanoparticles, DTX-PEG-NPs (5 �g/mL docetaxel) were incubated
with the blood for up to 6 h.

The platelet aggregation assay was also completed as previously

described (Oyewumi et al., 2004). Briefly, citrated whole mouse
blood was centrifuged to obtain platelet-rich plasma (PRP) and
platelet-poor plasma (PPP) (Yang et al., 1999). Freshly prepared
DTX-PEG-NPs (50 �g/mL docetaxel) were diluted and incubated
for 10 min with the PRP containing 106 platelets in a final vol-
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me of 1 mL at 37 ◦C in an incubator shaker. Platelet aggregation
as measured at 500 nm. The absorptions of the PRP, PPP, and the
TX-PEG-NPs alone were also measured as controls. Epinephrine

10 mM) was used as a positive control.

.9. In vivo plasma ALT determination

Healthy BALB/c mice were injected intravenously via the tail vein
ith normal saline or the DTX-PEG-NPs (with 10 �g of docetaxel).

olyinosinic–cytidylic acid (pI:C) (50 �g/mouse), which was previ-
usly shown to increase plasma ALT activity, was used as a positive
ontrol. After 24 h, the mice were euthanized. Plasma ALT activ-
ty was measured using the ALT kit. A high plasma ALT level is
n indication of liver damage. Generally, an ALT increase of 3–5-
old higher than that in the untreated control mice is considered
oxic.

.10. The accumulation of docetaxel in tumors in mice

TC-1 cells were subcutaneously implanted in the flank of
57BL/6 mice (n = 4–5, 5 × 105 cells/mouse). Seventeen days after
he implantation, the mice were injected intravenously with

ree docetaxel or DTX-PEG-NPs (PEG-2000, 10%, m/m, docetaxel,
mg/kg of body weight in 200 �L). Tumor samples were collected
h later and homogenized. Docetaxel was extracted from the tumor

amples with methanol and quantified using HPLC as described
bove (Xu et al., 2009). The data were normalized to the sample
eight.

ig. 1. Preparation of DTX-NPs. (A) The size of nanoparticles prepared with different conc
repared without docetaxel (NPs). (C) The gel permeation chromatograph of DTX-NPs pre
o Sepharose 4B column. The absorbance of the elution fractions (0.25 mL) at 230 nm was m
y trapezoidal method.
Pharmaceutics 379 (2009) 174–180

2.11. Data and statistical analyses

The in vitro release of the docetaxel from the PEG-2000-
containing nanoparticles (DTX-PEG-NPs) was modeled using the
equation M = ktn, where M is the % of total docetaxel released and t
is time (Ritger and Peppas, 1987). The parameter k is the kinetic con-
stant, incorporating the structural and geometric characteristics of
the release system. From the value of exponential component (n),
the mechanism of the in vitro release was determined. The com-
puter software program MATLAB® (Natick, MA) was used to fit the
data. Statistical analyses were completed using ANOVA followed
by the Fischer’s protected least significant difference procedure. A
p-value of ≤0.05 (two-tail) was considered statistically significant.

3. Results and discussion

3.1. Preparation of nanoparticles from lecithin-in-water
emulsions

Lecithin is an integral part of the cell membrane. It is a complex
mixture of phosphatides consisting of phosphatidylcholine, phos-
phatidylethanolamine, phosphatidylserine, phosphatidylinositol
and other substances such as triglycerides and fatty acids. It is GRAS
(generally regarded as safe) listed and accepted in the FDA Inactive

Ingredients Guide for parenterals (e.g., 0.3–2.3% for intramuscular
injection) (Wade and Weller, 1994). Tween 20 is a polyoxyethy-
lene derivative of sorbitan monolaurate. It is also GRAS listed and
included in the FDA Inactive Ingredients Guide for parenterals
(Wade and Weller, 1994). Thus, the nanoparticles were prepared

entrations of docetaxel (mean ± S.D., n = 3). (B) The micrograph of the nanoparticles
pared with different concentrations of docetaxel. DTX-NPs suspension was applied
easured. (D) Area under the curve (AUC) of the GPC fractions 11–20 in (C) calculated
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was significantly increased by prolonging the incubation time to
18 h (Fig. 4B). Clearly, the polyethylene glycol groups of the Tween
20 and the DSPE-PEG-2000 do not have the same activity. When
the TC-1 cells and the nanoparticles were incubated together at
ig. 2. The nanoparticles were stable and lyophilizable. (A) Docetaxel-nanoparticles (
or 6 days. (B) The size of the lyophilized DTX-PEG-NPs was comparable to that of t

ere mean ± S.D. (n = 3).

rom emulsions using lecithin as the oil phase and Tween 20 as the
urfactant. With 4 mg/mL of lecithin and 2% Tween 20, nanoparti-
les of around 270 nm were generated (Fig. 1A). Docetaxel can be
ncorporated into the nanoparticles, and it seemed that the incor-
oration of the docetaxel did not significantly affect the size of the
esultant nanoparticles (Fig. 1A) (p = 0.12, ANOVA). The nanoparti-
les were spherical (Fig. 1B). As expected, the average size of the
anoparticles derived from the micrograph was apparently smaller
han that determined using the particle sizer (photon correlation
pectroscopy, PCS). The particle size from the PCS measurement
as the size of the particles plus an aqueous layer that surrounds

he particles and moves together with the particles. Data in Fig. 1C
howed that free docetaxel can be separated from the nanoparti-
les using a Sepharose 4B column. When 50 �g/mL of docetaxel
as added during the nanoparticle preparation, close to 100% of

he docetaxel was incorporated into the nanoparticles (Fig. 1D).
hen more docetaxel was added into the preparation, an increas-

ng amount of it was found in the micelle fractions (Fig. 1D, fractions
1–20). Therefore, the nanoparticles prepared with 50 �g/mL of
ocetaxel were used for further studies without purification.

Data from a short-term stability study showed that the nanopar-
icles, with or without PEG-2000, were stable when stored at room
emperature in an aqueous suspension (Fig. 2A). The polyoxyethy-
ene chains of the Tween 20 on the surface of the nanoparticles

ay have prevented the nanoparticles from aggregating. Simi-
arly, no aggregation was observed when the nanoparticles were
o-incubated in a simulated biological medium (10% fetal bovine
lbumin in PBS, 10 mM, pH 7.4) (data not shown), suggesting
hat it is very unlikely that the nanoparticles will aggregate
fter intravenous injection. Interestingly, the PEG-2000-containing
anoparticles, with or without docetaxel, were smaller than their
orresponding PEG-2000-free nanoparticles (Fig. 2A). We speculate
hat this may be due to the significant change in the nanoparti-
le composition when the DSPE-PEG-2000 was included into the
anoparticles. The nanoparticles were also successfully lyophilized
sing dextrose (5%) as the lyoprotectant (Fig. 2B). If needed, the
nal optimized docetaxel-nanoparticle formulation may be stored

ong-term in a lyophilized form.

.2. In vitro release of docetaxel from the nanoparticles
The release of the docetaxel from the nanoparticles was slow
Fig. 3). It took 3 days for 80% of the docetaxel to be released. The dif-
usion of the free docetaxel out of the dialysis tube was much faster
Fig. 3), demonstrating that the diffusion of the docetaxel across the
P) with or without PEG-2000 were freshly prepared and stored at room temperature
shly prepared DTX-PEG-NPs (FD, freeze-dried; Dex, dextrose). The values reported

semi-permeable dialysis membrane was not rate-limiting. When
the first 60% of the release data of the DTX-PEG-NPs were fitted
into the equation of M = ktn, a n-value of 0.72 ± 0.2 (R2 = 0.9908)
was obtained. Thus, it is likely that both the diffusion of the doc-
etaxel out of the nanoparticles and the process of the erosion of
the nanoparticles have influenced the docetaxel release (Ritger and
Peppas, 1987).

3.3. The uptake of the nanoparticles by tumor cells in culture

The uptake of the nanoparticles by tumor cells in vitro was
studied using a model mouse lung cancer cell line, the TC-1 cells.
The nanoparticles were labeled with FITC for fluorescent detec-
tion. As expected, after a 2 h incubation at 37 ◦C, the uptake of
the PEG-2000-containing nanoparticles (PEG-NPs) by the TC-1 cells
was less than the uptake of the PEG-2000-free nanoparticles (NPs)
(Fig. 4A). However, the uptake of the PEG-NPs by the TC-1 cells
Fig. 3. The release of the docetaxel from the DTX-PEG-NPs. The values reported were
mean ± S.D. (n = 4).
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ig. 4. The uptake of the nanoparticles by TC-1 cells in culture. (A) The uptake of
edium alone. Fluorescence intensity was determined after 2 h of incubation. (B) Th

ncubated at 4 or 37 ◦C for up to 18 h. The three values at 4 ◦C (white bars) were n
ifferent from one another (p = 0.0003, ANOVA). Data reported were mean ± S.D. (n

◦C, the amount of nanoparticles associated with the TC-1 cells
id not significantly increase even after a prolonged incubation
eriod (p = 0.132, ANOVA), indicating that at 37 ◦C, the nanoparti-
les were internalized by the cells, not just simply bound on the cell
urface.

.4. In vitro cytotoxicity

The cytotoxicity of the docetaxel-loaded, PEG-2000-containing
anoparticles (DTX-PEG-NPs) was evaluated using the TC-1 cells
nd PC-3 cells. After 24 h of incubation, close to 100% of the TC-1
ells incubated with free docetaxel in DMSO were still alive, while
nly about 60% of the TC-1 cells incubated with the DTX-PEG-NPs
ere alive (Fig. 5A). The cell death generated by the DTX-PEG-NPs
as very likely due to the docetaxel in the nanoparticles, rather

han the nanoparticles themselves, because the same concentra-
ion of the docetaxel-free PEG-NPs failed to cause any significant
ell death (Fig. 5A). Increasing the incubation time from 24 to 48 h
ed to more cell death (Fig. 5B). Moreover, when the incubation time

as extended to 48 h, death was also detected in the cells treated

ith the free docetaxel (Fig. 5B). A similar trend was observed when

he PC-3 cells were used (Fig. 5C). Taken together, it appeared that
he docetaxel in the nanoparticle form was more effective in killing
he tumor cells than the free docetaxel. Our data in Fig. 4 showed
hat the DTX-PEG-NPs were taken up by the TC-1 cells, especially

ig. 5. The docetaxel in the nanoparticles was more effective in killing tumor cells in cultu
ere used as controls. (B) The effect of the incubation time on the cytotoxicity of the DTX-

or the DTX-PEG-NP). (C) In vitro cytotoxicity against PC-3 cells. Data reported were mean
nd PEG-NPs by TC-1 cells at 37 ◦C. Control was from cells incubated with culture
ct of the incubation time on the uptake of the PEG-NPs by the TC-1 cells. Cells were
erent from one another (p = 0.13, ANOVA), whereas the three values at 37 ◦C were

after a prolonged incubation period. Thus, the improved cytotoxic-
ity from the DTX-PEG-NPs may be due to the nanoparticles’ ability
to facilitate or increase the uptake of the docetaxel by the tumor
cells.

3.5. Biocompatibility of the docetaxel-nanoparticles

The docetaxel-nanoparticles were engineered for potential
intravenous infusion. Thus, it is important to evaluate the bio-
compatibility of the nanoparticles because the nanoparticles may
interact with the erythrocytes and cause anemia, jaundice, and
other pathological conditions (De Jong and Borm, 2008; Zbinden
et al., 1989). An evaluation of the compatibility of our docetaxel-
nanoparticles (DTX-PEG-NPs) with blood was carried out in vitro.
Incubation of the blood with an equal volume of the freshly pre-
pared DTX-PEG-NPs (50 �g/mL docetaxel) resulted in a slight RBC
lysis as compared to the osmotic cell lysis caused by water (Fig. 6A).
At the dilution of 10, 100, or 1000-fold, no significant RBC lysis was
observed after 30 min of incubation (Fig. 6A). No significant RBC
lysis was detectable even after the DTX-PEG-NPs (diluted 10-fold)

were incubated with the blood for up to 6 h (Fig. 6B). In fact, there
was not a significant difference in the RBC lysis values between the
DTX-PEG-NPs and the normal saline at all time points examined
(Fig. 6B). A platelet aggregation assay was also carried out in the
presence of the DTX-PEG-NPs at various dilutions (starting from

re. (A) In vitro cytotoxicity against TC-1 cells. DMSO alone and the DTX-free PEG-NPs
PEG-NPs and free DTX in TC-1 cells (24 h vs. 48 h, p = 0.01 for the free DTX; p = 0.005
± S.D. (n = 3).
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Fig. 6. The nanoparticles have a favorable biocompatibility profile. (A) DTX-PEG-NPs (diluted by 1, 10, 100, or 1,000-fold) were incubated with mouse blood for 30 min at
37 ◦C. The % RBC lysis was determined. The docetaxel in ethanol and Tween 80 (E/T) preparation was included as a control. (*) The value of the 1 × group is different from that
of the saline (p = 0.001) and that of the E/T (10×) (p = 0.0003). (B) The effect of the incubation time on the RBC lysis in the presence of the DTX-PEG-NPs. The nanoparticles were
diluted 10-fold. (C) The effect of the DTX-PEG-NPs on platelet aggregation. The DTX-PEG-NPs (50 �g/mL DTX) at various dilutions were incubated with mouse platelet-rich
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lasma, and the platelet aggregation was measured. Epinephrine (Epi) was used a
ilutions (p = 0.019, ANOVA). (D) The DTX-PEG-NPs did not cause any significant cha

nto mice and the plasmid ALT level was measured 24 h later. The pI:C (50 �g/mou
TX-PEG-NP were comparable (p = 0.84). (***) The value of the pI:C was different fro

0 �g/mL DTX). Data in Fig. 6C showed that the DTX-PEG-NPs at
he dilutions of 10, 100, or 1000-fold did not cause any significant
latelet aggregation. Finally, no significant change in the plasma
LT level was observed 24 h after the DTX-PEG-NPs were injected

ntravenously into healthy mice (Fig. 6D), which is another indi-
ation of the potentially favorable biocompatibility profile of our
ocetaxol-loaded nanoparticles.

.6. The nanoparticles increased the accumulation of the
ocetaxel in tumors in mice

Finally, to preliminarily investigate whether the DTX-PEG-NPs
an improve the accumulation of the docetaxel into tumors in vivo,
he DTX-PEG-NPs were injected intravenously into C57BL/6 mice
ith pre-established TC-1 tumors. Four h after the injection, the

mount of docetaxel recovered from the tumors in mice injected
ith the DTX-PEG-NPs was 3.4 ± 1.9 �g/g of tumor (mean ± S.D.,
= 5), 4.5-fold higher than that in mice injected with the free doc-

taxel (0.76 ± 0.17 �g/g of tumor, n = 4). Another number in the
ree docetaxel group was identified as an outlier using the Grubb’s
xtreme studentized deviate (ESD) method. The data suggested the
easibility of using the nanoparticles to target the docetaxel into
olid tumors.
sitive control. (**) The value of the 1 × group is different from those of the other
mouse plasma ALT level. The DTX-PEG-NPs (10 �g of DTX/mouse) was i.v. injected

as used as a positive control. The values from the control (normal saline) and the
t of the other two (p = 0.014, ANOVA). All data reported were mean ± S.D. (n = 3).

4. Conclusions

We have engineered a new docetaxel formulation by incorpo-
rating the docetaxel into a lecithin-based nanoparticle carrier. The
docetaxel in nanoparticles was more effective in killing tumor cells
in culture. The nanoparticles were shown to be biocompatible and
may be used to target the docetaxel into solid tumors to improve
the resultant anti-tumor activity.
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