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Abstract: In this study, we prepared all-trans retinoic acid (ATRA)-encapsulated, surfactant-free, PLGA nanoparti-
cles. The nanoparticles were formed by nanoprecipitation process, after which the solvent was removed by solvent
evaporation or dialysis method. When a nanoparticle was prepared by the nanoprecipitation - solvent evaporation
method, the nanoparticles were bigger than the nanoparticles of the nanoprecipitation - dialysis method, despite the
higher although loading efficiency. Nanoparticles from the nanoprecipitation - dialysis method were smaller than
200 nm in diameter, while the loading efficiency was not significantly changed. Especially, nanoparticles prepared
from DMAc, 1,4-dioxane, and DMF had a diameter of less than 100 nm. In the transmission electron microscopy
(TEM) observations, all of the nanoparticles showed spherical shapes. The loading efficiency of ATRA was higher
than 90 % (w/w) at all formulations with exception of THF. The drug content was increased with increasing drug-
feeding amount while the loading efficiency was decreased. In the drug release study, an initial burst was observed
for 2~6 days according to the variations of the formulation, after which the drug was continuously released over one
month. Nanoparticles from the nanoprecipitation - dialysis method showed faster drug release than those from the
nanoprecipitation - solvent evaporation method. The decreased drug release kinetics was observed at lower drug
contents. In the tumor cell cytotoxicity test, ATR A-encapsulated, surfactant-free, PLGA nanoparticles exhibited

similar cytotoxicity with that of ATRA itself.

Keywords: retinoic acid, surfactant-free nanoparticles, poly(DL-lactide-co-glycolide), dialysis, nanoprecipitation.

Introduction

Nanoparticles have been extensively investigated in bio-
medical field and, especially, in drug delivery systems for
drug targeting."” Due to their reduced particle size, nanopar-
ticles are susceptible for intravenous (i.v.) injection. The
advantages of nanoparicles are targeted drug delivery to the
desired site of action, prolonged blood circulation of drug,
and reduced side effects of anticancer drug, etc.** Such
applications of nanoparticles on the drug targeting to the
specific body sites have advantages to avoid any surgery
which can always be the source of infection. Also, nanopar-
ticles have been much attention in non-parenteral drug
delivery systems such as oral, pulmonary, nasal or oph-
thalmic delivery of drugs.’ Therefore, the application of
nanoparticles for drug targeting in vivo has attracted consid-
erable interest to achieve these objectives. On the other
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hand, the body distribution of nanoparticles after i.v. injec-
tion is greatly influenced by their interaction with the bio-
logical environment and their physicochemical properties
such as particle size, surface charge of nanoparticles, morphol-
ogy, etc.'*** Among them, the particle size of nanoparticles
is considered primary important factor.” Several micrometers
of administered particles may become accumulated into the
lung capillaries and submicron particles are rapidly cleared
by the reticuloendothelial system (RES).”® Furthermore,
sub-200 nm particles has advantages to avoid clearance by
RES.™

Despite of these considerable advantages, difficulties and
complexities of the preparation method for nanoparticles is
one of the major drawbacks for practical application.' Prac-
tically, too many steps to make nanoparticles are required to
reduce their particle size and remove byproducts. Since a lot
of amount of surfactant are required to make small size of
nanoparticles, surfactant may remained on the surface of
nanoparticles and complete removal of surfactant from the
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nanoparticle surface is difficult."™" Almost of surfactants

used to preparation of nanoparticles are non-biodegradable,
non-digestible, and not always biocompatible. Furthermore,
these surfactants can be affected to human body such as an
allergy-like reaction.

All-trans retinoic acid (ATRA) is known to have various
activities in cell fate determination, cell division, cell behav-
ior during development, and cell differentiation.'” It was
reported that ATRA is effective in the treatment of epithelial
and hematological malignancies such as breast cancer'
human malignant gliomas,'* head and neck cancer,'” ovarian
adenocarcinoma,'® and acute promyelocytic leukemia (APL).”
Although ATRA has been proved to be effective against
several malignancies in human clinical trials, the cancer
relapsed after a brief remission in many patients who were
treated with ATRA. Furthermore, ATRA has poor aqueous
solubility (0.21 mM in physiological solution, pH 7.3)" and
short half-lives in blood."*!

For this study, we have prepared ATRA-encapsulated
surfactant-free nanoparticles of PLGA by dialysis method
and studied possibility of nanoparticles for delivery of ATRA.
We have previously reported surfactant-free nanoparticles
using PLGA as drug carriers. The advantages of surfactant-
free nanoparticles are unnecessary of surfactant removal
process, simple preparation method, ease of solvent removal,
and minimization of particle size. The drug loading contents
and loading efficiency of ATRA, changes of particle size,
and physicochemical properties of surfactant-free nanopar-
ticles of PLGA were investigated in vitro.

Experimental

Materials. PLGA 50/50 (Resomer RG503H) was pur-
chased from Boehringer Ingelheim, Pharma Co., Germany.
All-trans retinoic acid (ATRA) was purchased from Sigma
Chem. Co. (St. Louis, USA). The dialysis membrane with a
molecular weight cut-off (MWCO) of 12,000 g/mol was
purchased from Spectra/Pro™ Membranes. Dimethyiform-
amide (DMF) and acetone as a HPLC grade were purchased
from Aldrich Chem. Co. Ltd, USA. All other chemicals and
reagents were used as extra reagent grade at all of the exper-
iments.

Preparation of ATRA-Encapsulated PLGA Nanoparti-
cles. For nanoprecipitation-solvent evaporation method, 40
mg of PLGA was dissolved in 7 mL of acetone and then
5 mg of ATRA was added to this solution. To make nano-
particle, this solution was poured into 20 mL of deionized
water and stirred for 10 min. The solvent was evaporated
using by rotary-evaporator (Rotary Vacuum Evaporator,
Type N-N, EYELA, Tokyo Rikakikai, Co. Ltd., Japan) under
reduced pressure for 1 h. After that, nanoparticle solution
was harvested and the volume of nanoparticle solution was
adjusted to 40 mL. This solution was used to analysis or
lyophilized.
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For nanoprecipitation-dialysis procedure, 40 mg of PLGA
was dissolved in 5 mL of solvent and then 2~10 mg of ATRA
was added to this solution. To make nanoparticle, this solu-
tion was poured into 20 mL of deionized water and stirred
for 10 min. The solvent was removed by dialysis (molecular
weight cut-off (MWCO) of dialysis tube: 12,000 g/mol)
against detonized water for 24 h. During dialysis procedure,
deionized water was exchanged for every 2 h. After that,
dialyzed nanoparticle solution was harvested and the vol-
ume of nanoparticle solution was adjusted to 40 mL. This
solution was used to analysis or lyophilized.

Empty PLGA nanoparticles were prepared without addi-
tion of ATRA and then same procedure was employed to
make nanoparticles.

To determine drug contents and loading efficiency, the
volume of the dialyzed nanoparticle solution was adjusted
to 40 mL with deionized water (i.e. 40 mg of PLGA/40 mL
of water). The 100 zL of adjusted solution was diluted with
acetone. ATRA concentration was measured with UV spec-
trophotometer at 365 nm (UV-1201, Shimadzu Co., Ltd.,
Japan). For blank test, empty PLGA nanoparticle solution
was adjusted to 40 mL (i.e. 40 mg of PLGA/40 mL of water)
and 0.1 mL of this solution was diluted with acetone. All
experiments were triplicated. The equation of drug contents
and loading efficiency were as follows:

Drug contents =

Amount of ATRA in the nanoparticles

x 100
Weight of nanoparticles

Loading efficiency =

Residual amount of ATRA in the nanoparticles

. % 100
Feeding amount of ATRA

Analysis of PLGA Nanoparticles. The particle size and
the zeta potential of the polymeric micelles were measured
with an ELS-8000 electrophoretic LS spectrophotometer
(NICOMP 380 ZLS zeta potential/particle sizer, Otsuka
electronics Inc., Japan) equipped with a He-Ne laser beam
at a wavelength of 632.8 nm at 25 °C (scattering angle of
90°). A sample solution prepared was used for the particle
size measurement (concentration: 1 mg/mL).

Morphological observation was performed using electron
microscope. For observation with FESEM (S-4800, Hitachi
Co. Ltd. Japan), nanoparticle solution was put on a cover
slide and freeze-dried for 1 day. This cover glass was placed
on a double-sided tape attached onto graphite surface. The
sample was coated with gold/palladium using an Ion Sput-
ter. Coating was provided at 20 mA for 4 min. Observation
was performed at 25 kV.

For observation with TEM, a drop of nanoparticle suspen-
sion containing 0.05% (w/v) of phosphotungstic acid was
placed on a TEM copper grid coated with carbon film and
dried at room temperature. Observation was performed at
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80 kV with JEM-2000 FX I (Jeol, Japan). For observation
with SEM, nanoparticle solution were dropped onto a cover
glass and dried at room temperature. The sample was coated
with gold/palladium using an Ion Sputter (JEOL JFC-1100).
Coating was provided at 20 mA for 4 min. Observation was
performed at 25 kV.

X-ray powder diffractograms were obtained with a X’ pert
PRG/MPD(Netherlands) using Ni filtered CuK e radiation
(40 XV, 20 mA) to determine the crystallinity of drug. All
experiments were performed at room temperature. The con-
ditions of powder XRD measurement was as follows:

Data Type = Binary; Goniometer = 1; Attachment = 1; Scan
mode = Continuous.

Mode 2 (R/T) = Reflection; Scan axis = 2-Theta/Theta.

Start angle = 10.000; Stop angle = 80.000; Scan speed =
5.000; Sampling interval = 0.050; Theta angle = 5.000; 2Theta
angle = 10.000; Fixed time = 0.01; Full scale = 1000; Count-
ing unit = CPS; Target = Cu.

Wave length Kal =1.540510; Wave length Ka2 = 1.544330;
Wave length Ka = 1.541780; Wave length Kb = 1.392170;
40.0 kV; 20.0 mA.

To measure powder XRD of ATRA-incorporated nano-
particles, ATRA as a solid powder, empty PLGA nanoparti-
cles, and ATRA-encapsulated nanoparticles were used. For
physical mixture of ATRA and PLGA nanoparticles, 90 mg
of empty nanoparticles was mixed with 10 mg of ATRA.

Drug Release Study. Drug release tests are performed as
follows: ATRA-encapsulated nanoparticles were prepared
as described above and final aqueous solution adjusted to
40 mL (i.e. 40 mg of polymer/40 mL of water). 5 mL of
adjusted solution was introduced into dialysis tube (M.W.
cut-off: 12,000 g/mol) and dialysis tube introduced into a
bottle with 195 mL of phosphate buffered saline (PBS,
0.1 M, pH 7.4). Release test was performed at 37 °C with
stirring rate of 100 rpm. The whole release medium was
exchanged with fresh medium at predetermined time inter-
vals. Released amount of drug was measured at 365 nm with
UV spectrophotometer (UV-1200, Shimadzu Co., Ltd., Japan).

Cell Cytotoxicity Test In Vitro. To test the anti-prolifera-
tion effect of ATRA and ATRA-encapsulated nanoparticles,
HT 1080 cells was used. HT 1080 cells were maintained at
5 % CO, incubator at 37 °C. The effect of free ATRA and
ATRA-encapsulated nanoparticles on the tumor cell prolif-
eration was determined using an MTT cell proliferation
assay. ATRA was dissolved in 100% DMSO and diluted
100 times using DMEM (supplemented with 10% serum).
ATRA-encapsulated nanoparticles was distributed in the
DMEM (supplemented with 10% serum) and diluted to
adjust the equivalent concentration of the free ATRA. The
tumor cell lines were seeded at a density of 5x10° per well
in 96-well plates using 100 ul. of DMEM supplemented
with 10 % serum in a CO, incubator (5% CO, at 37 °C) for
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12 h. After that, 100 mL of DMEM (supplemented with 10%
serum) containing free ATRA or ATRA-encapsulated nano-
particles was added. After 1 or 2 days of incubation, MTT
was added to the 96 wells and incubated for 4 h in a CO,
incubator (5% CO, at 37 °C). After that, the supernatant was
discarded and 100 gL of DMSO was added to the 96 wells.
The absorbance was measured at 560 nm using a microtiter
plate reader (Thermomax microplate reader, Molecular
Devices).

Results and Discussion

Characterization of ATRA-Encapsulated Surfactant Free
Nanoparticles of PLGA. Nanoprecipitation method is a
common method for nanoparticle preparation and widely
used to make nanoparticles."”* Nanoprecipitation method
was used to prepare surfactant-free nanoparticles of PLGA
and remove of solvent was varied such as solvent evapora-
tion under reduced pressure and dialysis against deionized
water. For solvent evaporation method, solvent is limited to
volatile solvent such as acetone, THF, methylene chloride,
chloroform, and etc.. For this study, acetone was used to
prepare nanoparticles by solvent evaporation method. ATRA-
encapsulated PLGA nanoparticles were prepared nanopre-
cipitation-solvent evaporation method as shown in Figure

.Omm 28.0kV x25k 2um

7.3mm 20.0kV %20k 2um

Figure 1. SEM image of ATRA-encapsulated surfactant-free nanopar-
ticles of PLGA prepared by nanoprecipitation-solvent evaporation
method (a) and nanoprecipitation-dialysis method (b).

719



Y.-1. Jeong et al.

1(a). As shown in Figure 1(a), nanoparticles showed spheri-
cal shape and their size was ranged about 100~500 nm in
diameter. Furthermore, drug contents and loading efticiency
was 11.0 and 98.9% (w/w) as shown in Table 1. Especially,
loading efficiency was very high together with reduced par-
ticle size. Choi et al.” reported that ATRA was encapsulated
into microspheres of poly(L-lactide) (PLA)/PLA-poly(eth-
ylene glycol) (PEG) block copolymer and obtained pseudo-
zero order release of ATRA for 5 weeks. Even if they have
also obtained high loading efficiency higher than 90% w/w,
size of their microspheres was higher than 5 micrometer.

Since the body distribution of nanoparticles after intrave-
nous (i.v.) injection is significantly influenced by their parti-
cle size,>* reduced particle size for i.v. administration must
be primarily considered. Especially, sub-200 nm particles
should be*** primarily considered for drug targeting issues
and site-specific drug delivery using nanoparticles.

From this point of view, we tried to make PLGA nanopar-
ticles by nanoprecipitation-dialysis method. As shown in
Figure 1(b), size of nanoparticles were certainly decreased
when nanoprecipitation-dialysis method were used using
acetone as a solvent. Furthermore, nanoparticle morphology
showed spherical shapes as well as nanoparticles by nano-
precipitation-solvent evaporation method. Their particle
size were around 100~150 nm.

To study the effect of used solvent variation on the parti-
cle size, various solvent such as acetone, THF, DMSO,
DMAc, 1,4-dioxane, and DMF were used to make nanopar-
ticles by nanoprecipitation - dialysis method. The particle
size against the solvent used was shown in Figure 2 and
their loading efficiency was abbreviated in Table 1. As
shown in Table I, loading efficiency was higher than 90% at
all of the solvent used with the exception of THF. When
THEF were used, nanoparticles were significantly aggregated
and, after filtration of aggregated particles, loading effi-
ciency was lower than other solvent used as shown in Table
1. Loading efficiency was higher at acetone, DMSO, and
DMF than THF, DMAc, and 1,4-dioxane. As shown in Fig-
ure 2(a), particle size was decreased when nonvolatile sol-
vent such as DMSO, DMAc, 1,4-dioxane, and DMF was
used. Volatile solvent such as acetone and THF resulted
in larger particle size even if nanoprecipitation — dialysis
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Figure 2. Particle size of ATRA-encapsulated surfactant-free
nanoparticles of PLGA. Particle size changes according to the used
solvent (a); the effect of drug contents (used solvent : DMF) (b).

method was used. Generally, drawback of dialysis method
is loss of encapsulated drug in the nanoparticles outside the
dialysis tube during dialyzed procedure. Theretfore, dialysis
method for nanoparticle preparation is difficult to apply to
water-soluble drug. Furthermore, even if water-insoluble
drug was used, encapsulated drug in the nanoparticles also

Table I. Characterization of ATRA-Encapsulated FLGA Nanoparticles Against Used Organic Solvent

, Weight Ratio of PLGA/  DPrug Contents (%, W/W) 1 oading Efficiency
Preparation Method Used Solvent
P ATRA (mg/mg) Theoretical ~ Experimental (%, w/w)

Nanoprecipitation-solvent evaporation Acetone 40/5 11.11 11.0 98.9

Nanoprecipitation-dialysis Acetone 40/5 11.11 10.0 97.9

THF 40/5 11.11 4.5 37.9

DMSO 40/5 11.11 10.7 95.7

DMAc 40/5 1111 10.3 91.9

1,4-dioxane 40/5 11.11 10.2 90.9

DMF 4072 4.76 4.7 98.6

40/5 11.11 10.8 96.9

40/10 20.0 18.9 93.2
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can be liberated outside of dialysis tube during dialysis pro-
cedure. This drawback of dialysis method induced lower
loading efficiency compared to solvent evaporation method.
As shown in Table I, ATRA was relatively high loading effi-
ciency even though nanoprecipitation - dialysis method was
used to make nanoparticles. These results might be due to
the very low aqueous solubility of ATRA (0.1 M at pH
7.3)" The feeding amount of ATRA was changed to know
the effect of feeding ratio of polymer/drug on the particle
size and loading efficiency as shown in Table I and Figure
2(b). In this case, DMF was used to make nanoparticles
because of DMF was induced higher loading efficiency with
small particle size. When drug feeding amount was increased,
drug contents and particle size was increased but loading
efficiency was decreased. Especially, particle size was higher
than 100 nm at 40/10 of polymer/drug ratio. The morphol-
ogy of nanoparticles prepared by DMF was observed with
TEM as shown in Figure 3. As shown in Figure 3, empty
nanoparticles were smaller than 50 nm while ATRA-encap-
sulated nanoparticles have both of > 50 nm particles and
<50 nm particles. At all of the formulations, nanoparticles
showed spherical shapes in their morphology.

Figure 4 showed XRD patterns of ATRA-encapsulated
surfactant-free nanoparticles of PLGA. As shown in Figure
4, ATRA has its intrinsic crystalline peaks (Figure 4(a)) and
empty nanoparticles (Figure 4(b})) showed broad peak char-
acteristics. ATRA-encapsulated nanoparticles prepared by
nangprecipitation - dialysis procedure (polymer/drug ratio =
40/5, DMF in Table I) showed almost similar peak charac-
teristics with empty nanoparticles (Figure 4(c)), indicating
that drug was successively encapsulated into nanoparticles.
However, when feeding amount of drug was increased, drug
crystalline peaks were slightly observed (Figure 4(d)). These
results indicated that some of free drug can be remained in
the nanoparticle surfaces when drug feeding ratio was increased.
Furthermore, drug crystalline peaks was certainly observed
when nanoparticles was prepared by nanoprecipitation - solvent

Macromol. Res., Vol. 16, No. §, 2008
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Figure 3. TEM images of surfactant-free nanoparticles of PLGA. ATRA-encapsulated nanoparticles prepared by nanoprecipitation-dial-
ysis method using DMF. Empty nanoparticles (a); PLGA/ATRA weight ratio = 40/2 (b); PLGA/ATRA weight ratio = 40/5 (c) in Table 1.
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Figure 4. X-ray powder diffraction pattern of ATRA-encapsu-
lated PLGA nanoparticles. ATRA (a); empty nanoparticles (b);
ATRA-encapsularated PLGA nanoparticles prepared by nanopre-
cipitation - dialysis : 40/5 - DMF as a solvent (c); 40/10 - DMF as
a solvent (d); nanoparticles prepared by nanoprecipitation - sol-
vent evaporation (detailed condition in Table I) (e); empty nano-
particles:ATRA physical mixture (weight ratio = 90:10) (f).

evaporation method (Figure 4(e)), indicating that certain
amount of free drug can be remained at nanoprecipitation
- solvent evaporation procedure even though loading effi-
ciency was highest at all formulation. Physical mixture of
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Figure 5. The drug release from surfactant-free nanoparticles of
PLGA. (a) The effect of preparation method. Drug release was
compared prepared by nanoprecipitation-solvent evaporation
method and nanoprecipitation-dialysis method from acetone as a
used solvent; (b) the effect of used solvent. Nanoparticles prepared
by nanoprecipitation-dialysis method; (¢) the effect of drug con-
tents. Nanoparticles were prepared from DMF as a used solvent.

empty nanoparticles and drug showed both of intrinsic peaks
of empty nanoparticles and drug.

Drug Release Study. Figure 5 shows the ATRA release
kinetics from nanoparticles. The effect of preparation method
was shown in Figure 5(a). As shown in Figure 5(a), initial
burst was observed for 4~6 days and then drug was con-
trolled release for over one month. When nanoprecipitation -
dialysis method was used to make nanoparticles, drug was
released faster than nanoprecipitation - solvent evaporation
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Figure 6. Cell cytotoxicity of ATRA-encapsulated PLGA nano-
particles against HT 1080 tumor cells. HT 1080 (5x10° cells/well)
were treated with ATRA and ATRA-encapsulated PLGA nano-
particles for 1 day (top) and 2 day (middle). Empty nanoparticles
were also employed for comparison of cell cytotoxicity (bottom).
Empty nanoparticles were treated to HT 1080 tumor cells (5x10°
cells/well).

method. These results might be due to the smaller particle
size and lower drug contents of nanoparticles from nanopre-
cipitation - dialysis method. There were reported that the
drug release rate from large nanoparticles was slower than
that of small sized nanoparticles."* Furthermore, hydropho-
bic drug can be crystallized in the nanoparticles at higher
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drug contents.” Crystallized drug in the nanoparticles can be
released slowly rather than molecular dispersion of drug in
the nanoparticles. In this case, nanoparticles prepared by
nanoprecipitation - solvent evaporation has both of larger
particle size and higher drug contents. These factors might
affect to the slow release of drug from nanoparticles. Figure
5(b) showed the effect of solvent used on the drug release
rate from nanoparticles. As shown in Figure 5(b), drug
release from nanoparticles prepared by THF was faster than
other solvents, indicating that drug contents of THF was
lower than other solvents and this factor might affected to
the increased release of drug from nanoparticles, even
though size of nanoparticles was larger than other solvents.
The initial burst effect was observed for 4 days at nanoparti-
cles prepared by THF, DMAc, 1,4-dioxane and DMF, and
for 6 days against DMSO and acetone. Drug release rate
was not significantly changed at nanoparticles prepared by
THF, DMAc, 1,4-dioxane and DMF. These nanoparticles
showed slightly faster drug release pattern than that of ace-
tone and DMSO one. The eftects of drug contents on the
drug release kinetics are showed in Figure 5(c). As shown
in Figure 5(c), the higher the drug contents the slower the
release rate of drug. At lower drug contents (40/2), initial
burst was observed about for 2 day and drug was continu-
ously released for 10 days. At higher drug contents (40/10),
initial burst was observed for 4 days and drug was released
over one month. At low drug content, ATRA is relatively
present as a molecular dispersion inside the nanoparticles.’
These results could be supported from the XRD results in
Figure 4. At lower drug content, XRD patierns were almost
similar with the empty nanoparticles. As described above,
hydrophobic drug can be crystallized in the nanoparticles at
higher drug contents. The crystallized drug should be dis-
solved more slowly and diffused into the outer aqueous
phase than that of molecular dispersion.

Cytotoxicity of ATRA-Encapsulated Nanoparticles Against
Tumor Cell. Figure 6 showed cytotoxicity of ATRA-encap-
sulated surfactant-free nanoparticles of PLGA against HT {080
cells. As shown in Figure 6(c), empty nanoparticles did not
significant cytotoxicity against HT1080 although cytotoxic-
ity was increased according to the increase of concentration
of nanoparticles. ATRA showed higher cytotoxicity at lower
ATRA concentration than 20 mg/ml. while nanoparticles
were more cytotoxic at higher than 20 mg/mL. At 2 day
treatment, survivability of tumor cells was lower than 20%
at 100 mg/mL ATRA concentration both of ATRA and
nanoparticles. These results indicated that intrinsic cytotox-
icity of ATRA against tumor cells was not affected by
encapsulation process into nanoparticles.

Conclusions

The surfactant-free PLGA nanoparticles were prepared by
nanoprecipitation - solvent evaporation method and nano-
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precipitation - dialysis method. When nanoparticles was
prepared by nanoprecipitation - solvent evaporation method,
size of nanoparticles was higher than nanoparticles of nano-
precipitation - dialysis method although loading efticiency
was higher. Nanoparticles from nanoprecipitation - dialysis
method was relatively smaller particle size while loading
efficiency was not significantly changed. At all formulation,
loading efficiency of ATRA was higher than 90% (w/w)
with exception of THF. At variations of the solvent used,
DMAcg, 1.,4-dioxane, and DMF was relatively smaller parti-
cle size than other solvent used. The drug contents were
increased according to the increased feeding amount of drug
while loading efficiency was decreased. At XRD results,
drug was completely encapsulated into nanoparticles at
lower drug contents while some free drug was observed at
higher drug contents. At drug release study, initial burst was
observed for 2~6 days according to the variations of formu-
lation and then drug was continuously released over one
month. Nanoparticles from nanoprecipitation - dialysis method
showed faster drug release than nanoprecipitation - solvent
evaporation method. The decreased drug release kinetics
was observed at lower drug contents. At tumor cell cytotox-
icity test, ATRA-encapsulated surfactant-free nanoparticles
of PLGA have similar cytotoxicity with ATRA itself, indi-
cating intrinsic potential of ATRA against tumor cell was
not affected by encapsulation process.
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