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Abstract—Nanoparticles of poly(DL-lactide-co-glycolide) (PLGA) were prepared by dialysis method without sur-
factant. The size of PLGA nanoparticles prepared from dimethylacetamide (DMAc), dimethylformamide (DMF),
and dimethylsulfoxide (DMSO) as an initial solvent was smaller than that of acetone or 1,4-dioxane. Selected initial
solvent used to dissolve the copolymer significantly affects the size of nanoparticles. Also, the size of PLGA nano-
particles was changed according to the copolymer composition. It was shown that PLGA nanoparticles have spheri-
cal shapes from the results of scanning electron microscope (SEM) and transmission electron microscope (TEM)
observations. From these results was shown the potential that the PLGA nanoparticles could be formed succes-
sively by dialysis method without surfactant. The drug-loading contents were also dependent on the copolymer com-
position and initial feeding amount of the drug. The greater lactide ratio on the copolymer composition led to higher
drug loading contents. Also, the higher the initial feeding amount of drug, the higher the drug loading contents. Clona-
zepam (CNZ) was used as a model drug. CNZ was slowly released in higher lactide ratio in the copolymer com-
position and in the higher drug loading contents.
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INTRODUCTION of avoiding any surgery, which can always be the source of in-
fection. Also, nanoparticles have received much attention in non-
Recently, nanoparticles have been widely used in biomedicaparenteral drug delivery systems such as oral, pulmonary, nasal
and biotechnological applications, especially in drug delivery sys-or ophthalmic delivery of drugs. In spite of the these advantages,
tems [Davis et al., 1981, 1993; Alleman et al., 1993]. Since theimproduction of nanoparticles has been limited due to the difficul-
particle size ranges from 10 nm to 1,000 nm, nanoparticles aréies and complexities of the preparation method. So, novel pre-
mainly employed in intravenous (i.v.) injection of drugs for drug paration methods are needed for development of effective nano-
targeting issues [Kreuter, 1991]. The potential of targeted drugparticulate drug delivery vehicles.
delivery to a specific site in the body would be great benefit in the  Although various polymers are possible for making nanopar-
therapy of several disease states such as anticancer treatmetitles for a drug delivery system in vitro, polymeric materials used
gene therapy, viral disease, and bacterial infections [Couvreur €b prepare microspheres or nanoparticles for injection into the
al., 1991, 1992; Leroux et al., 1996]. Therefore, the applicationhuman body are significantly limited to a few kinds of polymers
of nanoparticles for drug targeting in vivo has attracted considerdue to the approval required of the Food and Drug Administra-
able interest in order to achieve these objectives. On the othdion (FDA) of the USA. Among them, poly(L-lactide) or poly
hand, the body distribution of nanoparticles after i.v. injection is (DL-lactide) (PLA), poly(glycolide) (PGA), and their copoly-
greatly influenced by their interaction with the biological envi- mers such as poly(DL-lactide-co-glycolide) (PLGA) are some of
ronment and their physicochemical properties such as particléhe most widely used biodegradable polymers for making micro-
size, surface charge, morphology, and hydrophilicity... Amongor nanoparticles for controlled drug delivery systems. The prepa-
them, the effect of nanoparticle size has been shown to be ohtion method of nanoparticles is a critical problem for small-siz-
primary importance [Davis, 1981; Seijo et al., 1990]. Adminis- ed particles [Gref et al., 1996; Juliene et al., 1992; Venier-Julienne
tered particles of several micrometers in diameter mainly accuet al., 1996]. The emulsion solvent evaporation method is a most
mulate in the lung capillaries [lllum et al., 1982; Yoshioka et widely employed for preparation of nanoparticles or microspheres
al., 1981], and submicron particles are rapidly cleared by the reusing PLGA [Ciftci et al., 1996; Jeffery et al., 1991; Scholes et
ticuloendothelial system (RES) [Dunn et al., 1994; lllum et al., al., 1993; Venier-Julienne et al., 1996] at present. In these meth-
1986; Muller et al., 1992]. Such applications of nanoparticles onods, serious amounts of surfactants are required to stabilize the
the drug targeting to the specific body sites have the advantagdispersed particles. Especially, poly(vinyl alcohol) (PVA) as a sta-
bilizing agent is most frequently used to make micro- or nano-
"To whom correspondence should be addressed. particles. PVA has some problems in that it remains at the sur-
E-mail: jwnah@sunchon.ac.kr face of particles and then is difficult to remove. Other surfactants
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such as Span series or Tween series, poly(ethylne oxide) (PEC3,hr and then distilled water exchanged at intervals of 3-4 hr dur-
and poloxamer [PEO-poly(propylene oxide) (PPO) block copoly-ing 24 hr. The resultant solution was used for analysis or freeze-
mer] are also used to make and stabilize particles [Sjostrom et aldried.
19934, b]. Also, some disadvantages of these methods are the Drug loading procedure was carried out as follows: 20 mg of
difficulty and necessity of removal of solvent and surfactant duePLGA was dissolved in 10 ml of various solvents, and subse-
to their toxicity and its solvent properties for polymer used, low quently 10-20 mg of clonazepam was added. The solution was
particle yield, too many steps for preparation, and necessity fostirred at room temperature and solubilized entirely. The solution
use of a great deal of surfactant for the preparation of smallwas dialyzed using a dialysis tube (molecular cutoff 12,000 g/
sized spherical particles [Sjostrom et al., 1993a, b, 1995; Witsmol) against 1.0 Lx3 of distilled water for 3 hr. The distilled water
chi and Doelker, 1997]. Recently, a dialysis method was develwas exchanged at intervals of 3-4 hr during 24 hr. The solution
oped for the simple preparation of drug carriers such as liposowas then used for analysis or freeze-dried.
mes and polymeric micelles [Lasic, 1992; Kwon et al., 1995; For measurement of drug-loading content, freeze-dried sam-
Nah et al., 1998; Jeong et al., 1998; Cho et al., 1995]. The dialysigles of CNZ-loaded PLGA nanopatrticles were suspended into
method is an acceptable simple and effective preparation methashethanol and vigorously stirred for 3 hr and sonicated for 15 min.
for small and narrow size distributed nanoparticles using block,Resulting solution was centrifuged with 12,000xg for 20 min
graft copolymers and other amphiphilic materials [Lasic, 1992;and supernatant was taken for measurement of drug concentra-
Kwon et al., 1995; Nah et al., 1998; Jeong et al., 1998; Cho etion using Ultraviolet (UV) spectrophotometer (Shimadzu UV-
al., 1995]. The application of the dialysis method for the pre-1201) at 310 nm.
paration of nanoparticles using PLGA which is not amphiphilic 4. Scanning Electron Microscope (SEM) Observation
material has not reported in detail until the present. The morphology of the nanoparticles was observed by using
For this study, we prepared PLGA nanoparticles by dialysisan SEM (JEOL, JSM-5400, Japan). One drop of the nanoparticle
method without surfactant, and studied the possibility of nano-suspension was placed on a graphite surface. After freeze-dry-
particles as drug carriers by using clonazepam (CNZ) as a modéhg, the sample was coated with gold/palladium by using an lon
drug. CNZ is an anticonvulsant benzodiazepine which has conSputter (JEOL, JFC-1100). Coating was provided at 20 mA for
siderable hydrophobic character [Solubility : < 14466l in PBS 4 min. Observation was performed at 25 kV.
(pH 7.5, 37°C), <18.4Qug/ml in PBS (pH 7.5, 2%C)] [Mura et 5. Transmission Electron Microscope (TEM) Observation
al., 1990] and, especially, has high interaction with proteins in One drop of nanoparticle suspension containing 0.01% of
vivo [White, 1995]. The drug loading contents, loading efficien- phosphotungstic acid was placed on a carbon film coated on a
¢y, changes of particle size, and physicochemical properties ofopper grid for TEM. Observation was done at 80 kV in a JEOL,
PLGA nanopatrticles after the drug is entrapped into the nanopadEM-2000 FXII, Japan.
ticles are investigated against various solvents and copolyme8. Photon Correlation Spectroscopy (PCS) Measurements

composition. PCS was measured with a Zetasizer 3000 (Malvern instru-
ments, England) with He-Ne laser beam at a wavelength of 633
EXPERIMENTAL nm at 25C (scattering angle of 90A nanoparticle solution pre-
pared by dialysis method was used for particle size measurement
1. Materials (concentration: 0.1 wt%) and measured without filtering.

PLGA and CNZ were purchased from Sigma Chem., Co. Ltd.7. X-Ray Diffractometer (XRD) Measurement
USA. Molecular weight of PLGA (85/15), (75/25), and (50/50)  X-ray powder diffractograms were obtained with a Rigaku D
was 48,400, 47,500, and 40,100 daltons from our gel permeAMax-1200 (Rigaku) using Ni-filtered CuKradiation (35 kV,
ation chromatography (GPC) measurements as described belods mA).
Various solvents, i.e., tetrahydrofuran (THF), dimethylformamide 8. In Vitro Release Studies
(DMF), dimethylsulfoxide (DMSO), dimethylacetamide (DMAC) The release experiment in vitro was carried out as in a previ-
and acetone, as a reagent grade were used without further pudus report [Nah et al., 1998; Peracchia et al., 1997]. First, 5 mg
fication. of CNZ loaded PLGA nanoparticles was suspended in 2 ml phos-
2. Gel Permeation Chromatography (GPC) Measurement phate buffered saline (PBS, 0.1 M, pH 7.4) by sonication for 30

M.W. of PLGA was measured from Waters LC system coupl- sec at 15 watts by using a bar type sonicator (Ultrasonic homog-
ed with a Waters 410 Differential Refractometer using Watersenizer, UH-50, SMT Co. Ltd., Japan) and then put into a dialysis
Styrage™ HR1, HR2 and HR4 column at a flow rate of 1 ml/ tube (MWCO: 12,000). The dialysis tube was placed into a 100
min. THF was used as an eluent. Average M.W. was evaluated byl bottle with 50 ml PBS and the medium was stirred at 100
polystyrene as a standard [Shin et al., 1998; Zhang et al., 1996Fpm at 37C. Whole-media change method on the drug release
3. Preparation of PLGA Nanoparticles and Drug Loading study was used for prevention of saturation of the drug. At spec-
Procedure ific time intervals, the whole medium (50 ml) was taken and re-

Preparation of PLGA nanoparticles was carried out by dialy- placed with the same volume of fresh PBS (50 ml). The concen-
sis method without surfactant. Briefly, 20 mg of PLGA was dis- tration of the released CNZ into PBS was determined by UV
solved in 10 ml of various solvents and solubilized entirely. The spectrophotometer (Shimadzu UV-1201) at 310 nm. Drug load-
solution was introduced into a dialysis tube (molecular cutoff ing contents and loading efficiency were calculated as in the fol-
12,000 g/mol) and dialyzed against 1.0 Lx3 of distilled water for lowing equation: drug loading conteafgweight of remaining

Korean J. Chem. Eng.(Vol. 17, No. 2)



232 J.-W. Nah et al.

drug in the nanoparticles)/(weight of remaining drug in the na-that nanoparticles of PLGA were successfully prepared by dialy-
noparticlespolymer weight)]x100; loading efficiensf(amount sis procedure without surfactant and their morphologies have been
of remaining drug in the nanoparticles)/(initial amount of drug)] observed as spherical shapes.
x100. To evaluate the effect of initial solvent, various water-miscible
solvents were used in the preparation of PLGA nanopatrticles. All
RESULTS AND DISSCUSSION of the solvents used to dissolve the polymers resulted in a milky-
like suspension without any other precipitate. Table 1 shows the
The PLGA nanopatrticles were prepared by dialysis techniqueparticle size of the PLGA nanoparticles against used solvent. In
without any other surfactant. These surfactant-free PLGA nanothese results, a significant difference in particle size among DMAc,
particles were characterized by analysis of photon correlation spe®MSO, and DMF was not found. Patrticle sizes of PLGA nano-
troscopy, scanning electron microscope, and transmission elegarticles prepared from acetone and 1,4-dioxane were relative-
tron microscope, etc. We have investigated the effect of the usely larger than that of other solvents. Also, PLGA nanoparticles
initial solvents, copolymer composition, and drug loading con- prepared from DMAc, DMSO, and DMF as a used initial solvent
tents on the change of the size of nanoparticles and their physicevere relatively more transparent than those prepared from ace-
chemical properties.
DMAc as an initial solvent for preparation was used to makerapje 1. Effects of various initial solvent on the particle size
nanoparticles of PLGA (50/50) nanopatrticles by dialysis without distribution of PLGA (50/50) nanopatrticles
addition of any other surfactant. Milky-like suspension was ob-
served after the end of the dialysis procedure of PLGA (50/50)

Particle size distribution (nm)

against distilled water. To know whether or not nanoparticles were S°Vent Intensity \Volume Number
formed, particle size was analyzed by using photon correlation average average average
spectroscopy and their morphology was observed by TEM. Par- DMSO 236194 267+187 210+117
ticle size distribution (a) and TEM photographs (b) of PLGA (50 DMF 267+59 270+75.7 26373
/50) are shown in Fig. 1. Particle size of PLGA nanoparticles DMAc 242+102 240+122 200+133
was 200.4+133.0 nm in number average. These results have shown 1,4-Dioxane 514483 488163 483157
Acetone 503+249 5641286 580+123

% in number
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Fig. 1. Particle size distribution (a) and transmission electron

microphotograph (b) of PLGA (50/50) nanoparticles pre- Fig. 2. SEM of PLGA (50/50) nanoparticles prepared from DMAc
pared from DMACc as an initial used solvent. (a) and acetone (b) as an initial solvent.
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Table 2. Particle size distribution of PLGA nanoparticles against ~ Table 3. Effects of polymer concentration in the initial solvent

lactide/glycolide ratio on the particle size distribution of PLGA (50/50) na-
Particle size distribution (nm) noparticles
PLGA : Polymer . . o
copolymer  Intensity Volume Number Initial Particle size distribution (nm)
ratio average average average Polymer nll & " _Cot':]C'
(% in area) (% in area) (% in area) (mg) solvent in the Intensity Volume  Number

(ml)  solvent

85/15 382+89 (61.8%) 355:97 (90.1%B44+90 (71.2%) average average average

(Wt%)
220489 (38.2%) 227+50 (9.9%) 220+65 (28.8%)
—— 267402 305406 2964120 20 5 0.4 276124 374+258 264+174
50/50 2424102 2404127 200£133 20 10 0.2  242+102 240+122 200+133

20 20 0.1 227424  227+25 225425
20 30 0.067 215+73 210481 192485
40 0.05 19572 186180 16686

tone and 1,4-dioxane. These results indicated that selected init
ial solvent used to dissolve the copolymer significantly affects the
sizes of nanoparticles. These phenomena could be explained &g drugs into the particles is thought to be a hydrophobic interac-
that differences of solubility and miscibility between polymer and tion between drug and hydrophobic segment of polymeric chains.
solvent, or water and solvent would affect the sizes of nanoparAt present, although the mechanism of nanopatrticle formation
ticles. Fig. 2 shows photographs of SEM of PLGA nanoparti- of PLGA without surfactant is not fully understood, PLGA na-
cles prepared from DMACc (a) and acetone (b), respectively. Asoparticles might be formed by hydrophobic aggregation through
shown, PLGA nanopatrticles prepared by dialysis method havéwydrophobic interaction between each polymeric chain. Addition-
good spherical shapes in both cases. As expected, however, patly, they would be stabilized solely by the presence of charged
ticle sizes between DMAc (a) and acetone (b) were differently ob-groups at the surface of the PLGA nanoparticles [Govender et
served. PLGA (50/50) nanoparticles prepared from DMAc andal., 1999]. Also, the drug loading process into the nanoparticles
acetone ranged from about 100-400 nm and 400-1,000 nm, remight be hydrophobic interaction.
spectively, which is almost a similar result with the particle size Table 4 shows the effect of copolymer composition and ini-
analysis. Table 2 shows particle sizes of PLGA prepared againdtal drug feeding amount on the drug loading contents, loading
copolymer composition DMAc. PLGA nanoparticles have diffe- efficiency and particle sizes of PLGA nanoparticles. The sizes of
rent particle sizes against copolymer composition. The more lacPLGA nanoparticles against copolymer composition were slight-
tide ratio in copolymer composition resulted in increased parti-ly increased after drug loading. Also, the particle sizes of PLGA
cle sizes. These results may be regarded as the methylene moi€50/50) nanoparticles against drug loading contents were slight-
in the lactide segments being relatively more hydrophobic tharly increased with higher drug loading than that of lower drug
the proton moiety of glycolide segments. The effect of the amountoading. Drug loading contents were dependent on the copoly-
of initial solvent on the particle sizes of PLGA nanoparticles mer composition, i.e., the higher the lactide ratio, the higher the
prepared from DMAc as an initial solvent is shown in Table 3. drug loading contents and loading efficiency. Also, drug loading
As shown in Table 3, particle sizes of PLGA were slightly de- contents were increased according to the increased amount of
creased with an increased amount of solvent, although differinitial drug feeding whereas loading efficiency was relatively
ences in particle sizes were not significantly large. When a smaltlecreased. It was also reported by our previous reports [Jeong
amount of initial solvents was used, PLGA might have less aget al., 1998; Nah et al., 1998] and other researches [Shin et al.,
gregated to nanoparticles than that of a greater amount of usd@98] that increased hydrophobic segments in the polymer chain
initial solvents. induced increased drug loading contents. X-ray powder diffrac-
As a hydrophobic model drug, CNZ was used to evaluate thdometer was employed to confirm the characteristics of CNZ-
drug loading capacity of PLGA nanoparticles prepared by dialy-loaded PLGA nanoparticles. Fig. 3 shows the X-ray diffraction
sis method without surfactant. Generally, in self-assembling nanoscans of CNZ-loaded PLGA nanoparticles and the correspond-
particulate systems such as core-shell type nanoparticles [Greéhg physical blend. It can be observed that the X-ray diffraction
et al., 1994] and polymeric micelles [Kwon et al., 1995] using peak characteristics of CNZ, which were visible in the pattern
block or graft copolymer, the entrapment process of hydropho-obtained for the physical blend, disappeared in those correspond-

Table 4. Effects of drug loading contents on the particle size distribution of PLGA nanoparticles

pLga Initial polymer Initial drug Drug loading Particle size distribution (nm)
weight (mg)  weight (mg)  contents (Wt%) Intensity average \Volume average Number average
85/15 20 20 11.7 454+176 471+220 421+187
75/25 20 20 10.6 281+146 3554218 277+126
50/50 20 20 10.5 297120 337173 289+190
50/50 20 40 15.7 276+119 344+203 297+203
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Fig. 3. X-ray diffractometer patterns of PLGA (50/50) nanopar- &
ticles. CNZ (a), PLGA nanoparticles themselves (b), CNZ %’, 40 -
loaded PLGA nanoparticles (drug loading contents: 10.5 ‘ﬁj —@— 10.5wt-%
wit%) (c), CNZ loaded PLGA nanoparticles (drug load- ° —&— 15.7 wt-%
ing contents: 15.7 wt%) (d), and physical mixture of CNZ = 20
/PLGA nanoparticles (weight ratio of CNZ/polymer=1/
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ing to CNZ-entrapped nanopatrticles. The results indicated tha Time (days)
CNZ exists in molecular dispersion in the polymeric nanoparti- rig. 4. CNZ release from PLGA nanoparticles against copoly-
cles. mer composition [drug loading contents: 11.7 wt% for
Fig. 4 shows the CNZ release from PLGA nanoparticles against PLGA (85/15), 10.6 wt% for PLGA (?5/25) and 10.5 wt%
copolymer composition (a) and drug loading contents of PLGA for PLGA (50/50)] (a) and drug loading contents (b).

(50/50) (b). Generally, the drug release rate from the nanoparti-

cles is relatively faster than that of other microsphere systems bdGref et al., 1994]. These results showed the same tendency as the
cause of the high surface area. As shown in Fig. 4 (a), it was fountesults of XRD patterns in Fig. 3. At lower drug loading, XRD
that the higher the lactide ratio, the slower the drug release. Thegmtterns were almost similar with the patterns of nanoparticles
results may be due to the large particle size and more hydrophdhemselves. But, at higher drug loading, peaks of crystallized drug
bic interaction between hydrophobic lactide segments and drudn the nanoparticles were slightly increased at higher drug load-
than that of glycolide segments. Also, the more hydrophobic lacing. The crystallized drug should be dissolved more slowly and
tide of polymer could lead to the stronger hydrophobic interac-diffused into the outer aqueous phase than that of molecular dis-
tion [Gref et al., 1994; Jeong et al., 1998; Nah et al., 1998; Perpersion. As shown in Fig. 6(a) and (b), CNZ release rate was ob-
acchia et al., 1997]. CNZ release from PLGA (50/50) nanoparti-served mostly as a pseudo zero-order kinetics for 2 days. Also,
cles against drug loading contents is shown in Fig. 4(b). Thesdecause of differences in the diffusivity of drug molecules to the
results indicate that the more the drug loading content, the sloweputer aqueous phase, drug-release kinetics is affected not only by
the drug release. These phenomena were reported by several arug loading contents but also by the size of nanoparticles and
thors [Gref et al., 1994; Jeong et al., 1998; Nah et al., 1998; Pepolymer degradation rates. For same drug loading contents, the
acchia et al., 1997]. Langer et al. [Gref et al., 1994; Peracchialrug release rates from large nanoparticles were slower than that
et al., 1997] reported that hydrophobic drug existed as a crysef small-sized nanoparticles as reported elsewhere [Alleman et
tallization state inside the nanoparticles and a phase separatial., 1993; Leroux et al., 1996]. At present, a direct comparison of
occurs at higher loading contents of drug in the nanopatrticlesdrug release rate with different size of nanoparticles could not be
leading to the crystallization of part of the drug [Gref et al., 1994;performed because of different drug loading. Further investiga-
Peracchia et al., 1997]. Hydrophobic drug loaded into nanopartions on the drug release characteristics will be needed for simi-
ticles is slowly released at higher drug loading contents, whichlar-sized nanoparticles as a function of drug loading contents, the
is different from hydrophilic water-soluble drugs. Our results in- sizes of nanoparticles and polymer used. As a result, control of
dicate that CNZ was slowly released from the nanoparticles withdrug release kinetics can be achieved by optimizing the chemi-
higher drug loading contents. At low drug loading, CNZ is rela- cal nature of the used polymers, drug loading contents, and the
tively present as a molecular dispersion inside the nanopatrticlesizes of nanoparticles.
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CONCLUSIONS Dunn, S. E., Brindley, A., Davis, S. S., Davies, M. C. and lllum, L.,
“Polystyrene-Poly(ethylene glycol) (PS-PEG 2000) Particles as
PLGA nanoparticles were prepared by dialysis method with- Model Systems for Site Specific Drug Delivery. 2. The Effect of
out surfactant. The sizes of PLGA nanopatrticles prepared from PEG Surface Density on the In Vitro Cell Characterization and
DMACc and acetone were 200.4+133.0 nm in number average. In Vivo Biodistribution;Pharm. Res11, 1016 (1994).
The sizes of PLGA nanopatrticles prepared from DMAc, DMF, Govender, T., Stolnik, S., Garnett, M. C., lllum, L. and Davis, S. S.,
and DMSO as initial used solvents were smaller than that of “PLGA Nanoparticles Prepared by Nanoprecipitation: Drug Load-
acetone or 1,4-dioxane. Selected initial solvent used to dissolve ing and Release Studies of a Water Soluble Ddugzontrol.
the copolymer significantly affects the sizes of hanopatrticles. Also, Release57, 171 (1999).
the sizes of PLGA nanoparticles were changed according to th&ref, R., Minamitake, Y., Peracchia, M. T., Trubetskoy, V., Torchi-
copolymer composition. PLGA nanoparticles have spherical shapes lin, V. and Langer, R., “Biodegradable Long-Circulating Polyme-
from the SEM and TEM observations. From these results, it is ric Nanospheres3cience263 1600 (1994).
possible that the PLGA nanoparticles could be formed by dialy-llum, L., Davis, S. S., Wilson, C. G., Frier, M., Hardy, J. G. and
sis method without surfactant. The drug-loading contents were Thomas, N. W., “Blood Clearance and Organ Deposition of In-
also dependent on the copolymer composition and initial feeding travenously Administered Colloidal Particles: The Effects of Par-
amount of drug. The greater the lactide ratio on the copolymer ticle Size, Nature and Shagef. J. Pharm.12, 135 (1982).
composition led to higher drug loading contents. Also, the higherllum, L., Hunneyball, I. M. and Davis, S. S., “The Effect of Hydro-
the initial feeding amount of drug, the higher the drug loading philic Coatings on the Uptake of Colloidal Particles by the Liver
contents. CNZ was slowly released in higher lactide ratio in the and by Peritoneal Macrophagést. J. Pharm.29, 53 (1986).
copolymer composition and in the higher drug loading contents.Jeffery, H., Davis, S. S. and O’'Hagan, D. T., “The Preparation and
CNZ release rate was observed mostly as a pseudo zero-order kine-Characterization of Poly(lactide-co-glycolide) Microparticles. I.

tics for 2 days. Oil-in Water Emulsion Solvent Evaporatiolmit. J. Pharm, 77,
169 (1991).
ACKNOWLEDGEMENT Jeong, Y. 1, Cheon, J. B,, Kim, S. H., Nah, J. W,, Lee, Y. M., Sung,

Y. K., Akaike, T. and Cho, C. S., “Clonazepam Release from
This research was supported by a grant from Sunchon National Core-Shell Type Nanoparticl@svitro; J. Control. Releasél,
University (1999). 169 (1998).
Juliene, M. C., Alonso, M. J., Gomez Amoza, J. L. and Benoit, J. P.,
REFERENCES “Preparation of Poly(dl-lactide/glycolide) Nanoparticles of Con-
trolled Particle Size Distribution: Application of Experimental
Alleman, E., Gurny, R. and Doelker, E., “Drug-Loaded Nanoparti-  Design;Drug Dev. Ind. Pharm18, 1063 (1992).
cles-Preparation Methods and Drug Targeting Isskes, J. Kwon, G. S., Naito, M., Yokoyama, M., Okano, T., Sakurai, Y. and
Pharm. Biopharm.39, 173 (1993). Kataoka, K., “Physical Entrapment of Adriamycin in AB Block
Cho, C. S, Na, J. W,, Jeong, Y. 1., Kim, S. H., Lee, Y. M. and Sung, Copolymer MicellesPharm. Res12, 192 (1995).
Y. M., “Micelle Formation of the Hexablock Copolymer Consis- Lasic, D. D., “Mixed Micelles in Drug DelivetyNature 355 279
ting of Poly{-benzyl L-glutamate) as the Hydrophobic Partand  (1992).
Poly(ethylene oxide) as the Hydrophilic Pd&tilymer (Korea) Leroux, J. C., Allemann, E., Jaeghere, F. D., Doelker, E. and Gurny,
19,926 (1995). R., “Biodegradable Nanoparticles-From Sustained Release For-
Ciftci, K., Suheyla Kas, H., Atilla Hincal, A., Meral Ercan, T., mulations to Improved Site Specific Drug Delivedy;Control.
Guven, O. and Ruacan, S., “In Vitro and In Vivo Evaluation of  Releasg39, 339 (1996).
PLGA (50/50) Microspheres Containing 5-Fluorouracil Prepar- Muller, R. H., Wallis, K. H., Troster, S. D. and Kreuter, J., “In Vitro
ed by a Solvent Evaporation Methaddf. J. Pharm. 131, 73 Characterization of Poly(methyl-methacrylate) Nanoparticles and
(1996). Correlation to their In Vivo Fate]. Control. Release0, 237
Couvreur, P, Fattal, E. and Andremont, A., “Liposomes and Nano- (1992).
particles in the Treatment of Intracellular Bacterial Infections; Mura, P., Liguori, A., Bramanti, G., Corti, P., Murratzu, C. and Celesti,
Pharm. Res8, 1079 (1991). L., “In Vitro Study of Clonazepam Diffusion Kinetics from Solu-
Couvreur, P., Fattal, E., Alphandary, H., Puisieux, F. and Andre- tions or Hydrophilic GelPharm. Acta Hely65, 298 (1990).
mont, A., “Intracellular Targeting of Antibiotics by Means of Bio- Nabh, J. W., Jeong, Y. |. and Cho, C. S., “Clonazepam Release from

degradable Nanoparticle3, Control. Releasd9, 259 (1992). Core-Shell Type Nanoparticles Composed of Rdbgnzyl L-
Davis, S.S., “Colloids as Drug-Delivery Systenijarmaceut. glutamate) as the Hydrophobic Part and Poly(ethylene oxide) as

Technol,5, 71 (1981). the Hydrophilic Part}). Polym. SciPolym. Phys36, 415 (1998).
Kreuter, J., “Nanoparticle-Based Drug Delivery SystethsCon- Peracchia, M. T., Gref, R., Minamitake, Y., Domb, A., Lotan, N. and

trol. Releasgl6, 169 (1991). Langer, R., “PEG-Coated Nanospheres from Amphiphilic Diblock
Davis, S. S., lllum, L., Moghimi, S. M., Davies, M. C., Porter, C. and Multiblock Copolymers: Investigation of their Drug Encap-

J. H., Muir, I. S., Brindley, A., Christy, N. M., Norman, M. E., sulation and Release CharacteristidsControl. Release46,

Williams, P. and Dunn, S. E., “Microspheres for Targeting Drugs 223 (1997).

to Specific Body Sites). Control. Releas@4, 157 (1993). Scholes, P. D., Coombes, A. G. A, lllum, L., Davis, S. S., Vert, M.

Korean J. Chem. Eng.(Vol. 17, No. 2)



236 J.-W. Nah et al.

and Davies, M. C., “The Preparation of Sub-200 nm Poly(lac- Drugs by Precifitation in Oil-in Water Emulsions, I. Influence of
tide-co-glycolide) Microspheres for Site-Specific Drug Deliv- Emulsification and Surfactant ConcentratidnPharm. Scj82,
ery; J. Control. Releas5, 145 (1993). 579 (1993a).

Seijo, B., Fattal, E., Roblot-Treupel, L. and Couvreur, P., “Design of White, H. S., “Antiepileptic Drugsin The Science and Practice of
Nanoparticles of Less than 50 nm Diameter: Preparation, Char- Pharmacy, Remington, Vol. 2, 19th ed.; A. R. Gennaro, Eds.; Mack
acterization and Drug Loadingit. J. Pharm.62, 1 (1990). Publishing Co.: Easton, Pennsylvania, USA, 1173 (1995).

Shin, I. G, Kim, S. Y., Lee, Y. M., Cho, C. S. and Sung, Y. K., “Me- Venier-Julienne, M. C. and Benoit, J. P., “Preparation, Purification
thoxy Poly(ethylene glycol)/-Caprolactone Amphiphilic Block Co- and Morphology of Polymeric Nanopatrticles as Drug Carriers;
polymeric Micelle Containing Indomethacin. I. Preparation and  Pharm. Acta Hely.71, 121 (1996).

Characterization]). Control. Releas®1, 1 (1998). Witschi, C. and Doelker, E., “Residual Solvents in Pharmaceutical

Sjostrom, B., Bergenstahl, B. and Kronberg, B., “A Method for the  Products: Acceptable Limits, Influences on Physicochemical Pro-
Preparation of Submicron Particles of Sparingly Water-Soluble  perties, Analytical Methods and Documented Valuesi. J.
Drugs by Precipitationin Oil-in Water Emulsions. II: Influence Pharm. Biopharm43, 215 (1997).
of the Emulsifier, the Solvent, and the Drug SubstaficBharm. Yoshioka, T., Hashida, M., Muranishi, S. and Sezaki, H., “Specific

Sci, 82, 585 (1993b). Delivery of Mitomycin C to the Liver, Spleen and Lung: Nano-
Sjostrom, B., Kaplun, A., Talmon, Y. and Cabane, B., “Structure of and Microspherical Carriers of Gelatilmt. J. Pharm.81, 131

Nanoparticles Prepared from Oil-in Water EmulsioREarm. (1981).

Res, 12, 39 (1995). Zhang, X., Jackson, J. K. and Burt, H. M., “Development of Am-

Sjostrom, B., Kronberg, Br. and Carlfors, J., “A Method for the  phiphilic Diblock Copolymers as Micellar Carriers of Taxiuif.
Preparation of Submicron Patrticles of Sparingly Water-Soluble  J. Pharm, 132, 195 (1996).

March, 2000



