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Abstract

Objective The aim was to develop biodegradable nanoparticles suitable for cellular
delivery of chemotherapeutic drugs.
Methods Poly (lactide-co-glycolide) (PLGA) nanoparticles were prepared using a
modified solvent evaporation method. Chitosan and calcium chloride were tested as surface
modifiers. Coumarin-6 was incorporated into some formulations as a fluorescent marker.
Key findings The median size of the particles was between 400 nm and 7 μm, and
scanning electron microscope pictures showed that the particles were smooth and spherical.
The zeta potentials of the particles with and without surface modifier ranged between
−25.7 mV and −7.0 mV, respectively. Fluorescence microscopy and flow cytometry
(FACS) analysis showed that smaller surface-modified particles were efficiently
internalised by neoplastic 4T1 cells. Image analysis of frozen tissue sections from Balb/c
mice given nanoparticles via the tail vein showed that the particles were distributed
preferentially into the lungs, followed by the liver, spleen, kidney and heart.
Conclusions Chitosan-modified PLGA nanoparticles showed significant uptake by neo-
plastic 4T1 cells, andwere distributed to several major organs frequently seen as sites of cancer
metastasis in mice.
Keywords biodistribution; chitosan; coumarin-6; nanoparticles; PLGA

Introduction

In pharmacy and medicine, engineered nanoparticles are defined as submicroscopic
particles between 1 and 100 nm in size, although some define them as up to 1 micron.[1] In
cancer therapy, nanoparticle delivery systems provide efficient delivery of therapeutic and
diagnostic substances with a reduced risk compared with conventional cancer therapies.[2,3]

These formulations are constructed to take advantage of fundamental cancer morphology
and modes of development, such as rapid proliferation of cells, antigen expression and
leaky tumour vasculature.[4] The two most significant characteristics that influence the
distribution of these particles within the body are particle size and surface charge.[5]

Relatively small and surface-modified particles show longer circulation times, possibly
taking advantage of leaky tumour vasculature, whereas positively charged particles show
greater cell penetration through adsorptive endocytosis.[6,7]

Nanoparticles can be formulated from a variety of materials and have been engineered to
carry an array of substances in a controlled and targeted manner.[8] Nanoparticles used in
anticancer therapies may be composed, in whole or in part, of various lipids and natural and
synthetic polymers. Synthetic polymers commonly used to prepare nanoparticles for drug
delivery are biodegradable. The most extensively used is poly (lactide-co-glycolide)
(PLGA), which has attracted most attention because the biodegradation rate of this
copolymer is easily controlled by altering the proportions of lactide and glycolide.[9] These
polymers have been used with numerous drugs for parenteral delivery and have been shown
to be biocompatible. Once-a-month injectable particles of leuprolide acetate using PLGA
have been described.[10]
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In efforts to improve cellular delivery, several investiga-
tors[5] have modified the zeta potential of these nanoparticles
by adding cationic excipients during the preparation. Calcium
chloride and chitosan are two surface modifiers commonly
used to achieve cationic particles.[11,12] These cationic particles
show improved cellular targeting and can also cross the blood–
brain barrier.[13] Calcium chloride also acts as a stabiliser in
PLGA formulations. Zhang and co-workers have recently used
calcium chloride as a stabiliser during the preparation of
peptide-loaded PLGA microspheres by solvent evapora-
tion.[14] The presence of calcium chloride in both the primary
emulsion and the outer aqueous phase improved the efficiency
of encapsulation and inhibited acylation of octreotide.

Several investigators have studied the intracellular and
tissue distribution of nanoparticles in order to elucidate the
mechanism of enhanced therapeutic efficiency of drug-
loaded nanoparticles.[15–18] Our long-term objective is to
develop biodegradable nanoparticles suitable for cellular
delivery of chemotherapeutic drugs. This report focuses on
the preparation of surface-modified coumarin-6 encapsulated
PLGA nanoparticles, and in-vitro/in-vivo evaluation using
4T1 cells, a murine metastatic breast cancer cell line, and
Balb/c mice.

Materials and Methods

Materials

PLGA 50 : 50 (RG 506; inherent viscosity 0.8 dl/g; molecular
weight 100 000 Da) was obtained from Boehringer Ingelheim,
Germany). The surfactant L-a phosphatidylcholine was from
Avanti Polar Lipids, Inc. (Birmingham, AL, USA). Polyvinyl
alcohol (30–70kDa, 98–99% hydrolysed; PVA), coumarin-6
and all other chemicals were purchased from Sigma Chemical
Co. (St Louis, MO, USA).

Tumour cell lines

The highly metastatic murine breast cancer 4T1 cells were
obtained from Dr Fred Miller, Karmanos Cancer Institute,
Detroit, MI, USA. These cells were cultured in 10 cm culture
plates in high-glucose Dulbecco’s modified Eagles growth
medium supplemented with non-essential amino acids,
sodium pyruvate and 5% fetal bovine serum. The medium
was changed every 3 days. The cells were passaged in a split
ratio of 1 : 2 or 1 : 3.

Preparation of nanoparticles

Six different formulations (A–F) of PLGA nanoparticles, with
and without the water-insoluble fluorescent marker coumarin-6,
were prepared using a modified solvent evaporation method.
Two different surface modifiers were used in an attempt to
reduce the negative zeta potential of the particles: 0.25 mol/l
calcium chloride (formulations B and E) and 0.1% chitosan
(formulations C and F). Formulations D–F contained coumarin-
6; formulations A–C were the control formulations and did not
contain any coumarin-6.

Formulations A and D were prepared using a solvent
evaporation method reported earlier.[19] In short, 500 ml Tris-
EDTA (TE) buffer was emulsified in 3 ml PLGA/chloroform
solution (3%),with (formulationD) orwithout (formulationA)

250 μg coumarin-6, using a laboratory homogeniser (PowerGen
700, Fisher Scientific, Pittsburgh, PA, USA) at 30 000 rpm for
1.5 min. The resulting primary emulsionwas addeddropwise to
a 2%PVA solution (in 25 mlTE) and homogenised for 4 min to
form a double emulsion. The second emulsification step was
modified for formulations B, C, E and F: 0.25 mol/l calcium
chloride was added with the PVA solution for formulations B
and E; 0.1% chitosan was added with the PVA solution for
formulations C and F. The mixtures were stirred magnetically
(500 rpm) at room temperature for 3 h to allow complete
extraction of chloroform. The final particles were collected by
two-step differential centrifugation. The relatively larger
particles (labelled with subscript L) were collected by
centrifugation at 1000 rpm for 5 min; the relatively smaller
particles (labelled with subscript S) were collected by
ultracentrifugation of the supernatant at 35 000 rpm for
20 min. Fraction of the various samples were washed four
times with double-distilled water to remove any residual PVA,
calcium chloride and chitosan. The particles were then freeze-
dried (−20°C; 6 ´ 10−4 mbar) for 48 h to obtain a free-flowing
powder. Each formulation was prepared in triplicate.

Characterisation of nanoparticles

Particle size distribution was determined using a Mastersizer
2000 laser scattering device (Malvern Instruments Ltd.,
Malvern, UK). This technique measures the size of particles
dispersed in a medium by the scattering pattern of a laser light
shone through the medium. The size calculations assume the
presence of spherical particles and the percent volume
distributions assume the volumes of spheres. The samples
were analysed in a water medium and the Frauenhofer method
was used to calculate the size distributions. For each sample, a
background run of deionised water was performed. A sample
of particles (5 mg) was added to the deionised water in a
small-volume sample dispersion unit. The particle size
distribution was calculated after subtraction of the back-
ground. Each measurement was performed in triplicate.

Samples for scanning electron microscope (SEM) were
mounted on metal stubs and the surface morphology of the
particles examined using a Hitachi 3400N variable-pressure
SEM (Hitachi, Gaithersburg, MD, USA). The analytical
parameters included an accelerating voltage of 10 kV, a
working distance of 13.5 mm and a vacuum of 40 Pa in
variable pressure mode. Since the samples were analysed in
variable pressure mode, the BSE2 backscatter detector was
used.

The zeta potential of particles was measured using a
Malvern Zeta sizer 2000 (Malvern Instruments, Malvern,
UK). The experiments were performed in 10 mmol/l KCl in
deionised water. All measurements were performed in
triplicate.

Nanoparticle uptake study

The growth medium was aspirated from the 10 cm tissue
culture dish, the cell monolayer washed with sterile
phosphate-buffered saline (pH 7.4; PBS) and 1.5 ml trypsin
added. The cells were then incubated at 37°C for 2–5 min
to allow complete cell detachment. Fresh growth medium
(10 ml) was then added and the cells flushed with a 10 ml
pipette several times until all the cells were in suspension. The
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suspension was transferred to a 50 ml tube and centrifuged at
1500 rpm (4°C) for 5 min to pellet the cells. The pellet was
resuspended in 10 ml growth medium. A cell count was
performed with a 50 μl sample of the suspension using a
haemocytometer (0.1 mm deep, Bright-Line improved
Neubauer, Hausser Scientific, Horsham, PA, USA).

To study the cellular uptake of nanoparticles, the 4T1
cells were seeded into a 24-well plate containing growth
medium, at a density of 10 000 cells/well, and allowed to
grow for 1 day.

The fluorescence intensity of coumarin-6 following
cellular uptake of nanoparticles in cultured 4T1 cells was
determined by fluorescence microscopy and FACS analysis.
Since nanoparticle size is a determinant of their intracellular
uptake, and smaller particles are known to show better uptake,
we tested only the smaller nanoparticles. Three batches of
blank nanoparticle preparations (formulations AS, BS, CS) and
three batches of fluorescent nanoparticle preparations (only
DS, ES, and FS) were tested. Blank nanoparticles prepared
under identical conditions were used as controls. Briefly, 1 ´
104 cells were seeded into two 24-well tissue culture plates in
1 ml medium. Nanoparticles were resuspended in serum-free
medium at a concentration of 1 mg/ml by sonication for 30 s
in a bath sonicator; 20 μl of the suspension was added to each
well immediately, replacing the growth medium from the 24-
well plate. The nanoparticle suspension was removed at preset
sampling times (3, 24 and 48 h) and the cell monolayer was
washed three times with sterile PBS to remove the unbound or
undelivered nanoparticles.

Intracellular uptake of coumarin-6 into 4T1 cells was
measures 24 h after treatment by fluorescence microscopy
using an Olympus IX70 fluorescence microscope (Olympus,
Center Valley, PA, USA) using a blue filter. Images were
taken using an Olympus DP-71 digital camera.

The efficiency of intracellular delivery (internalisation) and
intensity of the fluorescence was quantified using flow
cytometry/FACS analysis (BD Biosciences, San Jose, CA,
USA) at 405–488 nm (FITC) excitation wavelength, which is
close to the excitationwavelength of coumarin-6 (390–420 nm).
Briefly, 1 ´ 104 4T1 cells were seeded into two 24-well tissue
culture plates in 1 ml medium, 1 day before the experiment.
Nanoparticle suspension (20 μl) was added to each well, as
described earlier, and the cells incubated for 24 h. Cells were
then washed three times with 1 ml PBS and trypsinised to
detach them from the wells. The cells were centrifuged at
1000 rpm for 5 min. The cell pellet was resuspended in 1 ml
PBS and centrifuged at 1000 rpm for 5 min. The cell pellet was
finally resuspended in 1 ml PBS and analysed by flow
cytometry. Untreated cells were included as a negative control.
The experiment was performed in triplicate. The efficiency of
intracellular delivery of each batch of nanoparticles was
determined by measuring the increase in mean fluorescence
intensity.

In-vivo studies

Female Balb/c mice (8–10 weeks of age) were obtained from
Charles River Laboratories (Wilmington, MA, USA).
Animals were cared for in compliance with protocols
approved by the Tulane University Committee on Animal

Care and the ‘Principles of Laboratory Animal Care’ (NIH
publication 85-23, revised 1985).

The biodistribution of nanoparticles in mice was studied
following the protocol reported by Sasatsu and co-workers.[20]

The fluorescent nanoparticles were suspended in PBS (500 μl)
at a concentration of 40 mg/kg by sonicating in a bath
sonicator for 30 s and were passed through a 0.8 μm syringe
filter. Filtered chitosan-modified nanoparticle suspension
(100 μl) was injected via the tail vein over less than 5 s
using a 27-gauge needle. Mice were euthanised 24 hours later
and the liver, spleen, lung, heart and kidneys collected
immediately and embedded in Tissue-Tek OCT embedding
compound (American Master Tek Scientific, Lodi, CA, USA)
and stored in dry ice. Two sets of 12 μm thick frozen sections
were cut for image analysis. One set of slides was used for
fluorescence imaging and the other set was used for
histological evaluation after staining with haematoxylin and
eosin (H&E). For fluorescence imaging, tissue sections were
washed with PBS to remove the embedding compound and a
coverslip was placed with a drop of 50% glycerol.

Statistical analysis

Statistical analyses were performed using Prism software
(GraphPad Software Inc., La Jolla, CA, USA). The particle
size of the formulations was reported as median ± SD. The
zeta potential of the formulations was compared using one-
way analysis of variance (ANOVA) followed by Student–
Newman–Keul’s multiple comparison test. P < 0.05 was
considered significant.

Results

Particle size distribution

A preliminary analysis showed a bimodal particle size
distribution. In an effort to separate the smaller size particles
from the larger ones, a two-step centrifugation process was
used. The results of the particle size analysis are listed in
Table 1. The median size of the particles in all formulations
was between 280 nm and 7 μm. The particles that were
collected by low-speed centrifugation (formulations AL–FL)
were relatively larger, with a median size between 1.85 μm
and 7 μm, whereas the particles collected by ultracentrifuga-
tion (AS–FS) were relatively smaller, with a median size
between 280 and 872 nm. The yield of smaller size particles
ranged between 50% and 66%.

In general, the particles loaded with coumarin-6 (for-
mulations D–F) were relatively smaller than the particles that
did not contain coumarin-6 (formulations A–C). The
presence of calcium chloride also significantly reduced the
median size from 7 μm (formulation AL) to 4.2 μm
(formulation BL) for larger particles that did not contain
coumarin-6, and from 6.2 μm (DL) to 3.6 μm (EL) for larger
particles containing coumarin-6. The presence of chitosan
also showed a similar trend for the larger particles containing
coumarin-6 (i.e. FL < CL). Similar observation was also made
for smaller particles of both surface modifiers, with or
without coumarin-6. No significant differences were
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observed between the smaller unloaded particles with and
without chitosan (CS 870 nm, AS 800 nm).

Surface morphology

Figure 1 shows SEM images of particles from different
formulations. Larger particles prepared without any modifier
(AL and DL) were highly porous. The porous nature of the
particles was greatly reduced in the presence of calcium
chloride (BL and EL) and completely disappeared in the
presence of chitosan (CL and FL). The smaller particles from
all the formulations (AS–FS) were smooth and spherical.

Zeta potential

The zeta potentials of the particles are listed in Table 1.
Values were between −7 mV and −25.7 mV. Irrespective of
the presence or absence of coumarin-6 or the surface
modifiers calcium chloride or chitosan, the zeta potential of
the larger particles did not change significantly, except
formulation FL (−14.5 mV). However, all the smaller
particles containing coumarin-6 showed slightly lower zeta
potentials than the corresponding larger particles. Formula-
tion FS showed the lowest (P < 0.01) zeta potential (−7 mV)
among the smaller formulations.

Table 1 Particle size analysis and zeta potential of the formulations

Formulation Median particle size (nm) Zeta potential (mV)

A No C6, no SM AL 7000 ± 400 −24.1 ± 4.6

AS 800 ± 200 −25.7 ± 5.0

B No C6, SM = CaCl2 BL 4200 ± 60 −22.5 ± 4.8

BS 420 ± 30 −25.2 ± 4.1

C No C6, SM = chit CL 2300 ± 10 −20.0 ± 4.8

CS 870 ± 80 −15.4 ± 4.7

D C6, no SM DL 6200 ± 120 −23.7 ± 5.2

DS 560 ± 130 −15.3 ± 5.1

E C6, SM = CaCl2 EL 3600 ± 40 −22.0 ± 4.7

ES 280 ± 10 −15.7 ± 5.0

F C6, SM = chit FL 1850 ± 240 −14.5 ± 6.3

FS 362 ± 30 −7.0 ± 4.1

C6, coumarin-6; SM, surface modifier; CaCl2, calcium chloride; chit, chitosan. Subscripts L/S denote large/small particles, respectively. Values are

means ± SD (n = 3).

AL

BL

CL FL

EL BS

CS FS

ES

DL

AS DS

Figure 1 Scanning electron micrographs of the formulations. Large particles are denoted by subscript L and small particles by subscript S
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Cellular uptake

Coumarin-6 was used as a model fluorescent compound to
test the efficacy of cellular delivery of small molecules
to 4T1 cells. Free coumarin-6 and unbound fluorescent
nanoparticles were removed from the cell surface by washing
with PBS. The efficiency of intracellular delivery of
fluorescent nanoparticles was compared with that of
coumarin-6 solution and unloaded blank nanoparticles.
Figure 2 shows that when the cells were incubated with
coumarin-6 solution, a slight fluorescence signal was
observed in the cells. Similarly, a low level of fluorescence
was observed when the cells were incubated with the blank
nanoparticles.

When the cells were incubated with the fluorescent
nanoparticles (formulations DS, ES and FS) the intensity of
fluorescence was high, irrespective of the relative size and
surface properties of the nanoparticles (Figure 2). The
fluorescence signal in these samples was captured as early
as 3 h post treatment.

Closer inspection showed that coumarin-6 (encapsulated
in nanoparticles as well as released) was mostly localised in
cytoplasm.

Fluorescence levels were also measured quantitatively
24 h post treatment by FACS analysis. These results are
summarised in Figure 3. As with fluorescence microscopy,
the intensity of fluorescence in cells treated with fluorescent
nanoparticles was significantly higher than in cells treated
with coumarin-6 solution or unloaded (blank) nanoparticles.
The formulation containing chitosan (FS) showed the highest
fluorescence intensity (192 062 a.u.) followed by the for-
mulation modified with calcium chloride (ES) (173 666 a.u.)
and the formulation with no surface modifier (DS)
(163 280 a.u.) (Figure 3).

Biodistribution in vivo

Figure 4 shows the biodistribution of coumarin-6 (encapsu-
lated in nanoparticles and already released) in selected
organs of Balb/c mice 24 h after a single injection of the FS
nanoparticle formulation (chosen on the basis of cellular
uptake studies). The results clearly indicated that coumarin-6
was effectively distributed to all organs examined. The
intensity of the fluorescence in decreasing order was as
follows: lungs (+++), heart (++), liver (+), kidney (+) and
spleen (+). All of the mice survived the 24 h after injection.

Discussion

Particle size distribution

In general, the particles loaded with coumarin-6 (formula-
tions D–F) were smaller than the particles that did not
contain coumarin-6 (formulations A–C). The presence of
coumarin-6 may have prevented the coalescence of emulsion
droplets during the formation of the particles, maintaining a
smaller particle size.

The presence of calcium chloride or chitosan significantly
reduced the median size of relatively larger particles with and
without coumarin-6. Both surface modifiers also reduced the
size of relatively smaller particles, with orwithout coumarin-6.

These observations support the hypothesis that the
presence of a surface modifier prevents the coalescence of
emulsion droplets during particle formation and maintains a
smaller particle size. No significant differences were
observed between the smaller unloaded particles with and
without chitosan. The increase in nanoparticle size that
occurred with chitosan, in contrast to calcium chloride, may
be due to the swelling property of chitosan.

No treatment Solution

FSESDS

CS

Figure 2 Fluorescence micrographs of the 4T1 breast cancer cells 24 h post treatment. Subscript S represents small-particle formulations. Each

measurement was repeated three times
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Figure 3 Flow cytometry analysis (FACS) of 4T1 breast cancer cells 24 h post treatment. (a), no treatment; (b), blank nanoparticles (formulation DS);

(c), coumain nanoparticles (formulation FS)

Lung Liver Spleen Kidney Heart

Figure 4 Biodistribution analysis of the FS formulation (small chitosan-modified fluorescent manoparticles) in Balb/c mice following injection via

a tail vein. The upper panel shows the fluorescent images of the organs 24 h post injection. The lower panel shows the histology (H&E staining) of

corresponding organs to show the normal architecture
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Surface morphology

Larger particles prepared without any modifier (AL and DL)
were highly porous. The blend of Tris/EDTA buffer with the
internal aqueous phase (acting as a porogen) along with the
fast extraction/evaporation of chloroform (during the forma-
tion of particles) were the most likely causes of the highly
porous surface of the blank as well as coumarin-6-loaded
particles. The porous nature of the particles was greatly
reduced in the presence of calcium chloride (BL and EL) and
completely disappeared in the presence of chitosan (CL and
FL). The presence of calcium chloride may have reduced the
evaporation rate of the organic phase and eliminated the
pores on the surface, whereas chitosan, with its superior film-
forming properties, may have covered the surface of the
particles with a thin film and eliminated the surface pores.
The smaller particles of all the formulations (AS–FS) were
smooth and spherical.

Zeta potential

The zeta potential of the larger particles did not change
significantly irrespective of the presence or absence of
coumarin-6or the surfacemodifierscalciumchlorideor chitosan,
except formulation FL. All the smaller particles containing
coumarin-6 showed slightly lower zeta potentials than the
corresponding larger particles. Formulation FS showed the
lowest zeta potential among the smaller formulations.
The drastic reduction in zeta potential in these particles could
be related to the small particle size: the smaller particle size will
have resulted in a larger surface area and may have allowed the
adsorption of a larger amount of positivelycharged chitosan (FS).
Between calcium chloride and chitosan, chitosan is known to
have bioadhesive properties, which may have reduced the zeta
potential of this formulation even further. Similer findings were
also reported by other investigators.[21,22]

Cellular uptake

Coumarin-6 was used as a model fluorescent compound to test
the efficacy of cellular delivery of small molecules to 4T1
cells. Coumarin-6 was also used by Khdair and co-workers[23]

to study cellular uptake of nanoparticles in vitro. Although
measurement of the fluorescent intensity of coumarin-6 is not
direct proof of nanoparticle delivery within the cells, a
comparison with the coumarin-6 solution does show the effect
of nanoparticle-mediated delivery of coumarin-6. Cells
incubated with coumarin-6 solution showed a slight fluores-
cence signal, as did cells incubated with blank nanoparticles.
This low level of fluorescence is termed autofluorescence and
is a common phenomenon, reported by Victoria and
co-workers.[24] Fluorescence intensity was high when cells
were incubated with the fluorescent nanoparticles (formula-
tions DS, ES and FS), irrespective of the relative size and
surface properties of the nanoparticles (Figure 2). The
fluorescence signal measured is due to coumarin-6 that is
still encapsulated within the nanoparticles and coumarin-6
that has been released into the cells following endocytosis.
However, this fluorescence was not due to coumarin-6
adhered on the surface of the cell membranes because any
unbound nanoparticles and free coumarin-6 were washed off
with PBS. The fluorescence signal in these samples was

captured as early as 3 h post treatment, indicating that cellular
uptake of these nanoparticles was rapid. The intracellular
fluorescence was also monitored up to 48 h but no significant
improvement in fluorescence intensity was observed after
24 h (data not shown). Closer inspection showed that
coumarin-6 (encapsulated in nanoparticles as well as released)
was mostly localised in the cytoplasm.

Fluorescence levels were also measured quantitatively
24 h post treatment by FACS analysis. As with fluorescence
microscopy, the intensity of fluorescence in all cells treated
with fluorescent nanoparticles was significantly higher than
in cells treated with coumarin-6 solution or blank nanopar-
ticles. Fluorescence intensity was highest with small chitosan
particles (FS), followed by small nanoparticles modified with
calcium chloride (ES) and those with no surface modifier
(DS). This seems to confirm earlier findings by others that
the combination of smaller particle size and lower zeta
potential of the FS nanoparticle formulation improves
cellular uptake. For example, Prabha and co-workers[17]

reported that smaller particles showed a 27-fold higher
transfection in COS-7 cell line compared with larger
particles of the same composition.

Biodistribution in vivo

Biodistribution studies were performed with formulation FS
(chitosan-modified small fluorescence nanoparticles). Cou-
marin-6 was effectively distributed to all organs examined,
and the intensity of the fluorescence in decreasing order was
as follows: lungs (+++), heart (++), liver (+), kidney (+) and
spleen (+). This study also demonstrated the feasibility of
injecting the nanoparticle suspension via the tail vein in mice,
and that neither the injection nor the nanoparticles caused the
death of any mice within the 24 h post-treatment period.

Conclusions

The use of calcium chloride and chitosan as surface modifiers
resulted in very smooth and smaller PLGA nanoparticles with
reduced zeta potential. Both modifiers resulted in smaller
nanoparticles that were suitable for cellular delivery. Chit-
osan-modified PLGA nanoparticles, size 200–400 nm with a
zeta potential of −7.0 mV, showed significant uptake by 4T1
cells and were also distributed to several major cancer-
relevant organs in mice following parenteral administration.
The next phase of these studies will focus on the incorporation
of selected anticancer drugs in the surface-modified PLGA
nanoparticles for tumor-specific targeted delivery.
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