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Introduction

Nanoparticles are drug carriers for targeted delivery, with a size
range about 10 and 1000 nm. They diffuse in the body very well but can
be recognized by the human body as foreigner intruders, so easily opso-
nized and removed from the blood circulation!?. Nanoparticulate delivery
systems have some advantages including to control drug release profiles,
prolonging the presence of drugs in blood circulation, and to target drugs
to a specific site 4.

Poly (d,l-lactide-co-glycolide), (PLGA) and PLGA based polymers are
widely used in pharmaceutical formulations. Indeed, these polymers are
approved by the Food and Drug Administration because of their biocom-
patibility and biodegradability.® Many studies are about PLGA-carriers as
delivery systems for a variety of therapeutic substances like anticancer
agents, antibiotics,® nonsteroidal anti-inflammatory drugs 6, vaccines,”
macromolecules 8. PLGA is a water-insoluble polymer with strength hy-
drophobicity 5, most of them under amorphous form than crystalline and
they dissolve in a wide range of solvents like acetone, ethyl acetate, chlo-
rinated solvents.
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PLGA is obtained by the polymerization of glycolic and lactic acids,
linked by ester linkages as seen in Figure 1. PLGA polymers can be for-
mulated into different ratio of monomeric units which can influence the
time of degradation. This degradation is due to the hydrolysis of the ester
linkages and release nontoxic monomers. So the risk of long-term toxicity
or the risk of an immunological reaction is minimized °.
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Figure 1
Chemical structure of PLGA (x: number of lactic acid units, y: number of glycolic acid
units)

Etodolac is a non steroidal anti-inflammatory drug which is effective
in treating fever, pain, and inflammation in the body. It is an inhibitor of
cycloxygenase which belongs to the pyranocarboxylic acid group (Figure
2) 1911 Edotolac is a racemic mixture of [+]S and [-]R enantiomere. It is a
white crystalline compound, practically insoluble in water but soluble in
alcohol, chloroform, dimethyl sulfoxide and aqueous poly ethylene glycol
12 As many NSAIDs, etodolac has side effects, as gastrotoxicity, cardio-
vascular risk. Formulation of etodolac loaded nanoparticles may reduce
these side effects and help to target the active substance for a better ef-
ficacy.
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Figure 2
Chemical structure of etodolac
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The objective of this study was to develop and characterize nanopar-
ticulate drug delivery systems for etodolac using PLGA. Nanoparticles
have been produced by the nanoprecipitation method.!31* Nanoparticle
formulation was evaluated in terms of particle size, zeta potential, en-
trapment efficiency and drug release profiles.

Materials and Methods
Materials

PLGA (50:50, Mw: 40 000-70 000) was purchased from Sigma Aldrich
(St. Louis, USA). Etodolac was provided from Eczacibasi (Turkey). Pluron-
ic F68 was obtained from ICI Surfactants (Clamart, France). Acetone was
purchased from Riedel-de Haen (Seelze, Germany). PEG was obtained
from Merck-Schuchardt (Hohenbrunn, Germany). Ultra pure water (Mili-
pore Simplicity 185, France) was used to prepare nanoparticles.

Preparation of PLGA Nanoparticles

The nanoparticles were prepared by nanoprecipitation method simi-
lar to that employed by Fessi et al. (Figure 3).'*!* Briefly, 75 mg of PLGA
were dissolved in 5 mL of acetone. This organic phase was poured into
15 mL deionized water containing 75 mg of Pluronic F-68 and 1 mg et-
odolac with moderate stirring at room temperature. Nanoparticles were
immediately formed and acetone was then removed from the colloidal
suspension by rotoevaporation under reduced pressure and nanosphere
dispersion was obtained.

Organic phase:
PLGA (75mg)
Acetone (3mL)

Magnetic stirring
at room
temperature
(15 min)

Evaporation under
vacuum

Aqueous phase: |]|:|
Pluronic F68 (75 mg)

Etodolac (1 mg)
Ultrapure water (15 mL)

Nanoparticles
Figure 3
Nanoprecipitation method used for the preparation of nanoparticles
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Characterization of PLGA Nanoparticles
Particle Size Analysis

Mean particle size of the nanoparticles was determined by Photon
Correlation Spectroscopy (PCS) with a Malvern Zetasizer Nano-ZS (Mal-
vern Instruments, Malvern, UK). Measurements were realized in tripli-
cate at a 90° angle at 25°C under suitable dilution conditions. Particle
size distribution was expressed as mean diameter (nm) + standard devia-
tion and polydispersity index.

Zeta Potential Measurement

Zeta potential of nanoparticle dispersions was measured in mV by
Malvern Zetasizer Nano-ZS (Malvern Instruments, Malvern, UK) in trip-
licate to determine the surface charge and the potential physical stabil-
ity of the nanosystem. Zeta potential of nanoparticles was measured in
aqueous dispersion. Measurements were realized in triplicate at a 120°
angle at 25°C.

Scanning Electron Microscope (SEM) Analysis

A SEM (Jeol-SEM ASID-10. Device in 80 KV, Japan) was used to
evaluate surface characteristics of the nanoparticles. Nanoparticles were
mounted on the metal stubs with conductive silver paint and then coated
with a 150A° thick layer of gold in a Bio-Rad sputter apparatus. SEM im-
ages of the samples were obtained at different magnifications.

Drug Loading and Yield

Loaded drug quantity was determined according to the following pro-
cedure: unbound drug was separated by centrifugation (Hermle Z-323 K,
Germany) at 5000 rpm for 15 min. Supernatant was then collected and
lyophilized. Afterwards, the precipitate was dissolved in methylene chlo-
ride, 1 mL PBS (pH 7.4):PEG, , was added and extracted for 2 h. After the
evaporation of methylene chloride, the polymer was removed, the solu-
tion was filtered (Swinnex-GS, Millipore, UK) and etodolac content inside
the nanoparticles was detected by UV spectrophotometer at 280 nm.

The total nanoparticle yield was calculated gravimetrically on the ba-
sis of polymer/drug recovery.
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In Vitro Drug Release

Nanoparticle samples (50 mg) were suspended in 1 mL pH 7.4
PBS:PEG,, in a ratio of 60:40 providing sink conditions in polypropylene
vials and agitated 50 rev.min' at 37°C in a thermostated bath system
(Memmert, Schwabach, Germany) at 37°C. At each time intervals, after
centrifugation at 13.500 rpm during 10 minutes at room temperature,
the supernatant was removed and replaced with equal volume of fresh
release medium maintained at the same temperature. Drug content was
evaluated using a UV spectrophotometer at 280 nm.

Results and Discussion

Nanoparticles were prepared with nanoprecipitation technique. This
technique was first developed and patented by Fessi and co-workers 3. It
is a rapid and easy technique and nanoparticles were formed spontane-
ously. It requires two miscible solvents and ideally both the polymer and
the drug must dissolve in the first one, but not in the second solvent. The
solvents nature, the solvents volume and the polymer concentration are
important for the size and shape of nanoparticles. Nanoprecipitation
enables the production of small nanoparticles (100-300 nm) with narrow
unimodal distribution.

Nanoparticles were characterized by particle size distribution, zeta
potential analysis, drug entrapment efficiency and in vitro release stud-
ies.

Particle Size Analysis

Nanoparticles were characterized in vitro by particle size measure-
ments. As seen in Table 1, blank nanoparticles were smaller than drug
loaded nanoparticles which can be attributed to the adsorption of drug to
particle surfaces. These values were 175 nm and 184 nm for blank and
etodolac loaded nanoparticles, respectively. Standard deviations of all
formulations were very low, indicating unimodal monodisperse particle
size distributions for blank and etodolac loaded nanoparticles. Etodolac
loaded PLGA nanoparticles appear to be more advantageous regarding
their potential of sterilization by membrane filtration due to their small
size and favorable polydispersity index value.
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Zeta Potential Measurement

Zeta potential values are also of interest for the characterization of
the nanoparticles since blank and etodolac loaded nanoparticles display
zeta potential values varying between -5 to -10 mV as seen in Table I.
Zeta potential is a function of the surface charge of colloidal dispersions.
It is commonly used to predict and control dispersion stability. Zeta po-
tential data suggest the potential physical stability of nanoparticles in
aqueous dispersion state.

TABLE 1

Comparison of particle sizes and polydispersity indexes of blank and
etodolac loaded nanoparticles

Formulations Mean diameter PI Zeta potential
(nm) + S.D. (mV) = S.D.
Blank nanoparticles 175+ 11 0.04 -9.7+1.9
Etodolac loaded nanoparticles 184 £ 1 0.03 -76=+1.5

Scanning Electron Microscope (SEM) Analysis

Imaging of nanoparticles by SEM is expected to provide information
on nanoparticle morphology and size. Examination of SEM photographs
of the nanoparticles revealed that the surfaces were smooth and spheri-
cal, as seen in Figure 4.
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Figure 4
SEM of PLGA nanoparticles
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Drug Loading and Yield

The yield of the drug loaded nanoparticle formulation was found to
be between 80 and 89 % (82+3 %). Relatively higher yield was obtained
with pluronic F68. The results showed that the encapsulation efficiency
was about 16.5 %. Analytical method of etodolac quantification by UV
spectrophotometry was validated (linearity r?: 0.999) as seen Figure 5.
In literature, the encapsulation efficiencies of the various nanoparticle
formulations were reported about 10-40 %. Considering that a certain
amount of drug may be lost during loading process!5 6.
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Figure 5

Calibration curve of etodolac in PBS:PEG,, (60:40)

In Vitro Drug Release

In vitro release of etodolac was assessed from nanoparticles into
PBS (pH 7.4):PEG,, (60:40). The release profile of etodolac from PLGA
nanoparticles is illustrated in Figure 6. It can be seen that nanoparticles
liberate the drug in a considerably slower release profile. 50 % of the drug
was released within 4 h. 70 % release of etodolac was realized within a
period of up more than 72 h. The rapid burst effect is very much delayed
with PLGA nanoparticles.
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In vitro release study in PBS:PEG,  (n=6+S.D.)
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In this study, a new nanoparticulate delivery system for etodolac has
been designed and evaluated for in vitro properties. In the light of these
findings, it can be concluded that etodolac loaded PLGA nanoparticles
of appropriate particle size are obtained by nanoprecipitation technique.
High drug loading and yield values were achieved. In vitro release data
indicate that the drug is encapsulated in the membrane. This way it is
possible to avoid burst effect and extended the release profile of nanopar-
ticles to 144 h.

Summary

Etodolac is a nonsteroidal anti-inflammatory drug (NSAID) which
blocks the enzyme that makes prostaglandins. NSAIDs treat the symp-
toms of pain and inflammation. Etodolac is used to treat pain or inflam-
mation caused by arthritis or osteoarthritis. The commonest side effects
during therapy are generally gastrointestinal disturbances and nanopar-
ticulate drug delivery systems may reduce these side effects. In this study,
nanoparticles were prepared with nanoprecipitation technique. Particle
size and zeta potential measurements were performed by Malvern Zeta-
sizer (Malvern Instruments, UK). Mean particle sizes measured were 175
nm and 184 nm for blank and etodolac loaded nanoparticles, respectively
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and polydispersity indices (PI) were lower than 0.2 for all formulations.
Zeta potential values were negative. Examination of photographs of the
nanoparticles with Scanning Electron Microscope (Jeol-SEM ASID-10,
Japan) revealed that the surface were smooth and spherical. The en-
capsulation efficiency value of the formulation was found to be 17 %.
Nanoparticle formulation showed a significant controlled release profile
extended up to 144 h. These results indicated that etodolac-loaded PLGA
nanoparticles might provide a promising carrier system for the effective
delivery of this anti-inflammatory drug.

Keywords: Etodolac; poly(lactide-co-glycolide); nanoparticle; in vitro
characterization

Ozet

Etodolak Yiikli Poli (Laktid-Ko-Glikolid) Nanopartikiilleri:
Formiilasyon ve In Vitro Karakter

Etodolak prostaglandin sentezini inhibe eden nonsteroidal antien-
flamatuar ilactir (NSAII). NSAil'lar agn ve inflamasyon semptomlarini te-
davi ederler. Etodolak artrit ve osteoartritin neden oldugu agn veya in-
flamasyon tedavisinde kullanilir. Tedavi sirasindaki en énemli yan etkileri
genellikle gastrontestinal rahatsizliklardir ve nanopartiktiler ila¢ tasiyici
sistemler bu yan etkileri azaltabilir. Bu ¢calismada, nanopartikiiller nano-
presipitasyon teknigine gére hazirlanmistir. Partikil buyuklukliuga ve
zeta potansiyel Olctimleri Malvern Zetasizer (Malvern Instruments, UK)
aleti ile yapilmistir. Ortalama partiktil buyukliikleri bos ve etodolak
yuklti nanopartikiiller icin sirasiyla 175 ve 184 nm bulunmustur ve
btitiin fomulasyonlar icin polidispersite indeksleri (PI) 0.2’den ku¢tuktir.
Zeta potansiyel degerleri negatiftir. Taramali elektron mikroskobu (Jeol-
SEM ASID-10, Japan) ile incelenen nanopartikiil fotograflarinda ytizey
diizgtin ve ktiresel bulunmustur. Formtilasyonun ila¢ ytukleme degeri %
17 bulunmustur. Nanopartikiil formtilasyonu 144 saate kadar uzayan
kontrollti salim profili gostermistir. Bu sonuclar etodolak ytukli PLGA
nanopartikillerinin bu antiinflamatuvar ila¢ icin umut vaadedici tasiyici
system olabilecegini gostermistir.

Anahtar kelimeler: Etodolak; poli(laktid-ko-glikolid); nanopartikiil; in
vitro karakterizasyon
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