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A triblock copolymer based on pogtaprolactone) (PCL) as the hydrophobic part and poly(ethylene glycol)
(PEG) as the hydrophilic portion was synthesized by a ring-opening mecharésrapsblactone with PEG
containing a hydroxyl group at both ends as an initiator. The synthesized block copolymers of PCL/PEG/PCL
(CEC) were confirmed and characterized using various analysis equipment $tiéf\iR, DSC, FT-IR, and

WAXD. Core-shell type nanoparticles of CEC triblock copolymers were prepared using a dialysis technique
to estimate their potential as a colloidal drug carrier using a hydrophobic drug. From the results of particle size
analysis and transmission electron microscopy, the particle size of CEC core-shell type nanoparticles was de-
termined to be about 20-60 nm with a spherical shape. Since CEC block copolymer nanoparticles have a core-
shell type micellar structure and small particle size similar to polymeric micelles, CEC block copolymer can
self-associate at certain concentrations and the critical association concentration (CAC) was able to be deter-
mined by fluorescence probe techniques. The CAC values of the CEC block copolymers were dependent on
the PCL block length. In addition, drug loading contents were dependent on the PCL block length: the larger
the PCL block length, the higher the drug loading content. Drug release from CEC core-shell type nanoparticles
showed an initial burst release for the first 12 hrs followed by pseudo-zero order release kinetics for 2 or 3 days.
CEC-2 block copolymer core-shell type nanoparticles were degraded very slowly, suggesting that the drug re-
lease kinetics were governed by a diffusion mechanism rather than a degradation mechanism irrelevant to the
CEC block copolymer composition.

Keywords : Triblock copolymer, Core-shell type nanoparticles, Biodegradation.

Introduction philic blocks form a hydrated outershell which may cloak
the hydrophobic core preventing its quick uptake by the
Nanoparticulate drug carriers have been widely employedeticuloendothelial system (RES) and more active clearing
for drug targeting issues and biomedical applicafid8ince  organs such as the liver, spleen, lung, and kidneys. There-
drug carrier systems using nanopatrticles are able to providere, the hydrated outershell can increase the blood circula-
intravenous injection of drugs for site-specific drug delivery,tion times of the nanopatrticles. The predominant characteris-
nanoparticles or colloidal carriers have great potential in théics of this system have been reported to include reduced
therapy of several fatal diseases without unwanted siddaoxic side effects of antitumor agents, passive targeting to
effects? Many colloidal carriers such as nanosphéres, specific sites, solubilization of hydrophobic drugs, stable
polymeric micelle$;'° and liposomé$*have been developed storage of drugs, longer blood circulation, favorable biodis-
and have been suggested to achieve these goals. Blotkbution, thermal stability, and lower interactions with the
copolymers exhibit surfactant behavior and easily formRES®
core-shell type nanoparticles or polymeric micelles by self Serious investigations have been performed to develop
assembling in an aqueous solutfdf.Block copolymers effective nanoparticles or colloidal drug carriers using vari-
with hydrophobic block and hydrophilic block form poly- ous polymers, although to date core-shell type nanoparticles
meric micelle¥ 8 or core-shell type nanoparticfed,respec-  or polymeric micelles using triblock copolymers consisting
tively, in aqueous environment. Polymeric micelles have af poly(e-caprolactone)/poly(ethylene glycol)/paty¢apro-
hydrophobic inner-core surrounded by a hydrated outershellactone) (PCL/PEG/PCL, CEC) are scarcely reported in the
Hydrophobic blocks form the inner-core of the polymeric literature. PCL is a biodegradable polyester and has attracted
micelle, which act as a drug incorporation site. Hydrophobiattention in controlled drug delivery due to its non-toxicity.
drugs can be physically entrapped in the innercore of cord<lowever, the application of PCL as a drug delivery system
shell type nanoparticles by hydrophobic interactions. Hydrohas drawbacks such as a slow degradatiornrratgo andin
vivo due to its high crystallinity and hydrophobicity. It has
"To whom correspondence should be addressed. Tel: +82-62-220een reported that the biodegradability of PCL can be
3745; Fax: +82-62-222-5414; e-mail: shkim@mail.chosun.ac.kr enhanced by copolymerizatidhor by blending with other
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polymers® PEG is a non-immunogenic, non-toxic water PEG 8 K is known, one can estimate the number-average
soluble polymer and has an to prevent protein adsorptiomolecular weights of the PCL block and the copolymer

and attack of the RES.It was thought that PEG could be composition as calculated from the peak intensities in the
used to increase the biodegradation rate and hydrophilicity. spectrum assigned to both polymers.

In this study, we synthesized CEC triblock copolymers as Fourier Transform-Infrared (FT-IR) Spectroscopy Mea-
hydrophobic drug carriers and performed physicochemicasurement FT-IR spectroscopy was used to confirm the syn-
studiesin vitro. Clonazepam (CNZ), a model hydrophobic thesis and structure of the CEC triblock copolymer.
drug, is an anticonvulsant benzodiazepine that is efficacious Wide Angle X-ray Diffractometer (WAXD) Measurement.
for the treatment of panic disorders and has considerablg-ray diffractograms were obtained with a Rigaku D/Max-
hydrophobic characteristics (water solubility (PBS, pH 7.4,1200 (Rigaku) using Ni-filtered CuKa radiation (35 kV, 15
0.1 M at 37°C): < 14.66ug/mL). In particular, it exhibits a mA).
high interaction with proteingn vivo and can be easily Preparation of Core-Shell Type NanoparticlesThe core-
cleared from the blood circulatiéti?? Therefore, we expected shell type nanoparticles of CEC triblock copolymers were
to easily entrap CNZ into block copolymeric core-shell typeprepared by a dialysis method as previously repdftdd.
nanopatrticles. Additionally, CNZ need to extend the half-lifemg of CEC triblock copolymer was dissolved in 10 mL of
by prevention of protein adsorption and rapid clearance byt,4-dioxane and the solution was stirred at room temperature
the unwanted organs or tissues, and also need to solve ttesolubilize entirely. To form core-shell type nanopatrticles,
drug solubility. Polymer characteristics, the particle size ofthe solution was dialyzed using a molecular cut-off 12,000
CEC block copolymer, the drug loading capacity, and theg/gmol dialysis tube against 1.04.3 of distilled water for 3
physicochemical properties against various conditions werérs, followed by distilled water exchange at intervals of 3-4

investigatedn vitro. hrs over 24 hrs. Afterward, the solution was analyzed or
freeze-dried.
Experimental Section To prepare the drug entrapped core-shell type nanoparti-

cles, 40 mg of CEC triblock copolymer and 20-40 mg of CNZ

Materials. PEG (M.W.=8,000 g/gmole, PEG 8 K) was were dissolved in organic solvents and the solution was dia-
purchased from Sigma Chem. Co., US&aprolactone and lyzed as described above.
PCL homopolymer (M.W.=10,000 g/gmole from Aldrich Chem. For measurement of the drug loading content, freeze-dried
Co. Inc., USA) were purchased from Aldrich Chem. Co.CEC nanoparticles were suspended in ethanol, vigorously
Inc., USA. Clonazepam (CNZ) was kindly supplied by Rochestirred for 12 hrs and sonicated for 1 hr. The resulting solu-
Co., Switzerland. 1,4-dioxane, dichloromethane, ethanol, antion was centrifuged with 12,000 g for 20 min and the super-
diethyl ether were used at reagent grade without further puriratent was taken for the measurement of drug concentration
fication. using UV spectrophotometer (Shimadzu UV-1201) at 310 nm.

Synthesis of Triblock Copolymers of CECTriblock copoly-  The drug loading contents were calculated using the follow-
mers based on PCL and PEG were prepared by ring-openitigg equation: (drug weight in the nanoparticles/weight of
polymerization ofs-caprolactone monomer using dihydroxy nanoparticles)x100. Loading efficiency was calculated as:
PEG without catalysts as reported by Ceetaal,”® where  (Residual drug amount in the nanoparticles/initial feeding
an active hydrogen atom at the end of chains of PEGmount of drug)x100.
homopolymers acted as an initiator and induced a selective Measurement of Fluorescence SpectroscopZEC tri-
acyl-oxygen cleavage af-caprolactone (see Figure 1). A block copolymers were dialyzed against distilled water in
weighed amount of PEG ametaprolactone was mixed in a order to prepare the core-shell type nanoparticles after being
round-bottomed flask under vacuum. The mixture was cooledompletely dissolved in 1,4-dioxane. Transparent aqueous
and degassed with a vacuum pump. The round-bottomesblutions were observed after being dialyzed for 24 hrs. The
flask was sealed off and placed in an oil bath at’C8%-ol- association behavior of the CEC block copolymer nanoparti-
lowing polymerization, the resultant product was cooled atles in an agueous environment was analyzed using fluores-
room temperature and dissolved in dichloromethane. Theence spectroscopy as same as polymeric micelle. CEC triblock
solution was precipitated into an excess amount of cold ethaopolymer solutions without drug were prepared as follows:
nol and filtered to reject the non-reacted PEG homopoly40 mg of CEC triblock copolymer was dissolved in 10 mL
mers andgs-caprolactone monomers. The precipitates wereof 1,4-dioxane and dialyzed up to 24 hrs by the same method
washed with diethyl ether three times and then dried in vadescribed above. The resultant solution was adjusted to the
cuum oven for 3 days. The composition and molecular weightgarious concentrations of the block copolymers.
of the polymers were determined 1 NMR spectroscopy. To estimate the critical micelle concentrations (CMC) of

'H Nuclear Magnetic Resonance Spectrometer (NMR)  block copolymers, pyrene was used as a hydrophobic #irébe.
Measurement In order to estimate the copolymer composi- The critical micelle concentration (CMC) of the CEC tri-
tions and the molecular weights of the PCL blocks,'Hhe  block copolymers was estimated in order to prove the poten-
NMR spectra of the copolymers were measured in @DCltial of the core-shell type micellar carrier formation by the
using a 300 MHz NMR spectrometer (FT-NMR, Bruker AC- measurement of fluorescence spectroscopy (Shimadzu F-7000
300F, 300 MHz). As the number-average molecular weight ogpectrofluorometer, Shimadzu Co. Ltd., Tokyo, Japan) using
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pyrene as a probe. To obtain sample solutions, a known amouidpan) and subsequently put into a dialysis tubes (molecular
of pyrene in acetone was added to each of a series of 20 ndut-off 12,000 g/gmole). The dialysis tube was placed into a
vials and the acetone evaporated. The final concentration df00 mL bottle with 50 mL PBS and the media was stirred at
pyrene was 6.0xI0OM. 10 mL of various concentrations of 100 rpm at 3?C. A whole-media change method was used
block copolymer solutions were added to each vial andor prevention of drug saturation in the drug release study.
heated for 3 hrs at 65 in order to equilibrate the pyrene andt specific time intervals, the whole medium (50 mL) was
the block copolymer solution, and was left to cool overnighttaken and replaced with the same volume of fresh PBS (50
at room temperature. The emission wavelength was 390 nmL). The concentration of released CNZ in the PBS was
for the excitation spectra. The excitation and emission banddetermined by UV spectrophotometer (Shimadzu UV-1201)
withs were 1.5 nm and 1.5 nm, respectively. The deoxygerat 310 nm.
ation procedure was performed with nitrogen gas bubbling.
Transmission Electron Microscope (TEM) Measurements Results and Discussion
A drop of nanoparticles suspension containing 0.1 wt.%
phosphotungstic acid was placed on a carbon film coated on The composition and molecular weights of the polymers
a copper grid for TEM. The specimen on the copper gridvere determined byH NMR spectroscopy and the unit ratio
was not stained. Observation was done at 80 kV in a JEObf MePEG and-caprolactone was calculated from the peak
JEM-2000 FX 1. intensities of the methylene proton of the PEG and the meth-
Photon Correlation Spectroscopy (PCS) Measurements ylene protone og-caprolactone units. Value of 3.65 ppm and
PCS was measured with a Zetasizer 3000 (Malvern instri4.13 ppm were assigned to proton peaks of PEG and PCL,
ments, England) with He-Ne laser beam at a wavelength akspectively, as shown in Figure 1. The composition of the
633 nm at 25C (scattering angle of 90 A nanoparticle = CEC block copolymer was estimated from each of the num-
solution prepared by dialysis method was used for particlder-average molecular weights of the PCL and PEG blocks
size measurement (concentration: 0.1 wt.%) and measureas a monomeric unit. The CEC triblock copolymers with dif-
without filtering. ferent molecular weights were prepared by changing the
Differential Scanning Calorimetry (DSC) Measurement  molar ratio of PEG homopolymestaprolactone monomer.
The melting temperaturel{) was measured by a Mettler The calculated results of the molecular weight and composi-
DSC-30 differential scanning calorimeter. The measuremertion of CEC are summarized in Table 1. PCL is a known
was carried out in the range of room temperature tQ00 semicrystalline polymer, melting in the range of 5964
under nitrogen at a scanning rate oPCmin. depending on the crystallite siZeDSC results are shown in
In vitro Degradation Test of CEC Triblock Copolymer  Figure 2. In the DSC results of CEC-2 and 3 block copoly-
Nanoparticles In order to study the degradation behavior of mers, the thermal curves showed two endotherms. The higher
CEC-2 core-shell type nanoparticles, the dialyzed nanopartiemperature endotherm at 63C50f CEC-2 and 61.%C of
cles were incubated in PBS (0.1 M, pH 7.4). 100 mg of CEGCEC-3, respectively, can be attributed to the melting of the
triblock copolymer was dissolved in 20 mL of 1,4-Dioxane PCL crystal phase. The low temperature peaks at’@80:®
and the solution was stirred at room temperature to solubicEC-2 and 49.8C of CEC-3, respectively, correspond to
lize it entirely. The solution was dialyzed using molecularthe melting of the PEG crystal phase. Similar to our results,
cut-off 2,000 or 12,000 g/gmol dialysis tube and then dia-the bimodal melting peaks of the CEC triblock copolymer
lyzed against phosphate buffered saline (PBS, 0.1 M, pH 7.4ystem was also reported by Bogdasbal?® The bimodal
for 2 days with an exchange of fresh PBS at intervals of 3-6
hrs. The resultant dialyzed aqueous solution was adjusted “~

50 mL with PBS solution and each 10 mile( 10 mL of i
aqueous solution contain 20 mg of CEC triblock copolymer 0 o /(CH SO CH-CHOM
nanoparticles) was subsequently introduced into the dialysi U + 0,0 JOH;OH,

tube (molecular weight cut-off 2,000 g/gmol). The dialysis
tubes were then introduced into a 100 mL bottle with 50 mL
PBS and incubated at 100 rpm in°@7 The whole media

was exchanged with fresh PBS media at intervals of 2 day:
At specific time intervals, dialysis tube samples were taket i

H{O-CHoCHCH,CH Cngé(? o{cH ?DH oHc‘:qfcg CREFLCHoN -OFH
‘( 2 2 2 2 )’m 2 2 n 2 2 2 2 2 m

and dialyzed against distilled water for 6 hrs to remove trac
elements. The resultant solution was freeze-dried for analy
sis of molecular weight changes of the PCL block'dy

e 1

NMR as described above. ] J JE b |
In vitro Release StudiesThe release experiment in vitro I — —
was carried out as previously reported. 7 mg of CNZ s 4 3 a4 4 oom

loaded CEC core-shell type nanoparticles were suspended Figure 1. Synthesis scheme of paly¢aprolactone)/poly(ethylene

2 m_L PBS by sonicgtion for 10 s at 15 watts using a bar typ'gchol)/poIy(e—caprolactone) (CEC) triblock copolymers and typical
sonicator (Ultrasonic homogenizer, UH-50, SMT Co. Ltd.,TH NMR spectrum of CEC dissolved in CRCI
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Table 1 Characterization of CEC triblock copolymer

Mol-% as a monomeric units ~ _ _ Melting temperaturel, (°C)?
Sample Mn of PCI2 Total Mn® CAC (molf
PCL PEG PCL PEG
CEC-1 18.8 81.2 4,810 12,810 2.58x107 57.4 -e
CEC-2 26.7 73.3 7,550 15,550 1.93x107 61.5 48.9
CEC-3 433 56.7 15,860 23,860 8.17x10° 61.0 49.3

aNumber average molecular weight of PCL was estimated from the restitd\dfiR. "Calculated from théH NMR results of PCL and PEG. PEG
M.W. was 8,000 from Sigma Co. Ltd. US#valuated from the pyrene excitation spectra measured by fluorescence spectroscopy as described in
experimental sectiofiMeasured by DSCNot detected.
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Figure 2. DSC thergrams of PCL (10K) (a), PEG (8K) (b), CEC-1 (c), CEC-2 (d), and CEC-3 (e) block copolymers.

melting peak observed for PEG is again most likely due toumbers?® In our DSC results for the CEC triblock copoly-
the existence of folded-chain lamellae with different fold mer, the melting endotherm of CEC-1 showed monomodal
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Figure 3. FT-IR spectra of CEC triblock copolymers. Figure 4. WAXD patterns of CEC triblock copolymers.

melting peaks. These results may be because the meltimpemical properties and processibility. In particular, it is
endotherm of the PEG block is shifted and less pronounceexpected that block copolymers composed of PCL and PEG
in the low Mw ranges. The melting temperature of PCL incan be easily prepared as nanopatrticles or polymeric micel-
the CEC-1, which has a relatively higher PEG content, watar carriers with core-shell type structures.
also inner-shifted to a lower temperattf#’. It was expected that CEC block copolymers could self-
Figure 3 shows the FT-IR spectra of PEG, PCL homopolyassociate at a critical concentratide. ( critical association
mer, and CEC block copolymers with various compositionsconcentration (CAC)) due to the core-shell type micellar
A new strong carbonyl band appears at 1724 @nd is  structures of CEC block copolymer. Wilhe#hal®® reported a
attributed to the formation of block copolymer, and the ali-micelle formation of poly(styrene) (PS) and PEO di- or tri-
phatic CH stretching band afcaprolactone at 2944 ¢ block copolymers in water using a fluorescence technique
increased with the rising molar ratio of the block copolymerwith pyrene as a hydrophobic probe and determined the crit-
whereas the absorption band of CH stretching vibration ofcal micelle concentration (CMC) from the fluorescence and
PEG at 2890 ci decreased. The absorption band at 3436Gxcitation spectra, as pyrene partitions between aqueous and
cm? is determined to be the terminal hydroxyl groups inmicellar environments. The formation of core-shell micellar
block copolymers and the absorption at 1187-108% dsn  structures was confirmed by a fluorescence probe technique
due to C-O stretching. Figure 4 shows the WAXD patternsausing pyrene as a hydrophobic probe (6.0%M). The fluo-
of CEC block copolymers, PEG, and PCL homopolymers. Irescence spectra of CEC block copolymers at various con-
was observed that PEG has three characteristic crystallireentrations in the presence of pyrene were obtained (data not
peaks and that PCL homopolymer also has characteristshown) in a manner similar to the previously repoted méttod.
crystalline peaks. As shown in Figure 4, the sharp crystallin®yrene will be preferentially partitioned into hydrophobic
peak of PEG was reduced by copolymerization svithprolac-  cores with a change to the photophysical properties of the
tone, while the characteristic peak of PCL was increasednolecules. The fluorescence intensity was increased and a
These results indicated that the relative crystallinities ofchange in the vibrational structure of the monomer fluores-
copolymers were increased with the increased ratie- of cence was observed with increasing concentrations of CEC
caprolactone unit in the block copolymers. Since the PClblock copolymer. A red shift in the excitation spectrum was
homopolymer is a semicrystalline polymer and has hydroalso observed with increasing concentration of CEC block
phobic characteristics contributing to loimgvivo degrada-  copolymer. The (0,0) bands in the pyrene excitation spectra
tion times, the introduction @fcaprolactone into PEG, resulting were examined and compared with the intensity raiq/|
in the PCL-PEG block copolymer, could control the degra-lsss2 This ratio takes the value characteristic of pyrene, in
dation shortening the time and achieving better physicowater at low concentrations and the value of pyrene, entirely
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Figure 6. Particle size distribution of CEC-2 core-shell type nanopar-
ticles.

of the block copolymers increases, the CMC of the block
copolymers decreases, and the average aggregation number
and size of the micelle is increased since the solvent repul-
sion force of the solvophobic block and the interfacial ten-
Figure 5. TEM photograph of CEC-2 core-shell type nanoparti- _sion between the_ golvent and the surface of the micellar core
cles. Nanoparticles were negatively staining with 0.1 wt.-% pho-increase$®>* Additionally, the selected solvent used to dis-
sphotungstic acid. solve the block copolymer, can be affected by the micellar
properties described above due to the different polymer solu-
in the hydrophobic domain. In the plot @f/Idlss42versus  bilities in the solvent, differences in the diffusion rate of the
log ¢ (not shown), the flat region in the low concentration solvent into the agueous environment, differences of each
extreme and sigmoidal region in the crossover region wablock of the copolymer in the solvent/water mixtures, the
noted and the signal change in the region of 0.0030 gkolubility of the drug, ett3? These parameters can also
(1.93x13 M) can be evaluated as to the CAC values ofaffected by the particle size of the CEC block copolymer
CEC-2 block copolymer. The results of the CAC values ofmicelles.
the CEC block copolymers are shown in Table 1. The CAC Various water-miscible solvents such as 1,4-dioxane, ace-
values of the CEC block copolymer were decreased with thone, DMF, DMSO, DMAc, and THF were used for the
increase of PCL block chain lengtte., the shorter the PCL preparation of core-shell type nanoparticles of CEC block
chain length, the higher the CAC values. These results desopolymers. Among these, 1,4-dioxane resulted in a small
monstrated a trend similar to previous repbHsas expected. particle size with a narrow size distribution and maintained a
CEC-2 core-shell type nanopatrticles were observed by transtable nanoparticle solution after the dialysis procedigre,
mission electron microscopy to obtain the morphology. Figthe nanoparticle solution prepared with 1,4-dioxane resulted
ure 5 shows TEM photographs of CEC-2 core-shell typen a transparent aqueous solution without precipitants and
nanoparticles. It was shown that CEC-2 core-shell typdghe particle size was not significantly changed after one
nanoparticles have relatively spherical shapes and their sizgeek (stored at &, data not shown). The use of THF, DMF,
was about 20-70 nm. Additionally, the particle size of theDMSO, and DMAc resulted in an increased patrticle size.
core-shell type nanoparticles of CEC-2 block copolymer waghe patrticle size of CEC core-shell type nanopatrticles against
measured using photon correlation spectroscopy as shown ihe block copolymer composition and initial drug amount
Figure 6. The particle size of CEC-2 was 32.3 + 17.3 nm asure summarized in Table 2. As shown in the results of the
a monomodal and narrow distribution. These CEC blockparticle size of CEC block copolymer, particle size increased
copolymer nanoparticles have a similar particle size withaccording to the increased block length of PCL. These
polymeric micelles that generally have a particle size of 10results indicated that the particle sizes were dependent on the
100 nm®2 In the results of particle size measurement ancthain length and molecular weight of the PCL block on the
TEM observations, CEC block copolymer can have suffi-CEC block copolymer. Additionally, the drug loading con-
ciently spherical nanoparticles with particle sizes the sameents were relatively increased with the increased PCL block
as polymeric micelles. length in the CEC block copolymer. These results may be
In the block copolymeric micelles, the block lengths anddue to the fact that the longer hydrophobic PCL block chain
compositions of each of the segments affect the micellalength in the higher molecular weight of CEC block copoly-
properties such as the critical micelle concentration, the miceller can be induced by a strong hydrophobic interaction with
size, the aggregation number, the micelle stability, and tha hydrophobic drug. Moreover, the loading efficiency was
shape®3132 As the solvophobicity of the solvophobic part increased in accordance with the increased PCL block length
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Table 2 Particle size of CEC core-shell type nanoparticles against polymer composition and drug loading contents

Sample Polymer (mg) Drug (mg) Particle size (nm) Drug loading contents (wt.-%) Loading efficiency (wt.-%)
CEC-1 40 20 25.5+1.2 7.7 16.7
CEC-2-1 40 20 30.8+£16.5 8.3 18.1
CEC-2-2 40 40 32.9+£11.3 121 13.8
CEC-3 40 20 61.949.1 11.7 26.5

of the CEC block copolymer. When initial drug amounts wererate. Furthermore, it was observed that the higher drug load-
supplied differently, the higher initial drug amount induceding contents resulted in slower drug release kinetics. These
higher drug loading contents and lowered the loading effiphenomena have been reported by several adthds.
ciency in the CEC-2 block copolymer core-shell type nano-Hydrophobic drug can be crystallized inside the nanoparti-
particles. The particle size of the CEC-2 block copolymercles at higher drug loading contents and then a phase separa-
was not significantly changed when the initial drug amountgion occurs, leading to the crystallization of a part of the drug
were increased. From these results, it was indicated that tlie the nanoparticles.Hydrophobic drugs entrapped into
PCL block length of the CEC block copolymer, and the ini-nanoparticles release more slowly at higher drug loading
tial amount of drug can affected the drug loading contentsgontents. Additionally, the CNZ release rate from the nano-
particle size, and physicochemical properties of CEC nangparticles was shown to be slow at higher drug loading con-
particles. tents. On the other hand, at low drug loading, CNZ is relatively
The CNZ-entrapped core-shell type nanoparticles of CEQresent as a molecular dispersion inside the nanoparticles.

block copolymer against block copolymer composition andThe crystallized drug should dissolve and diffuse more slowly
drug loading contents were simply redistributed in PBS (pHnto the outer aqueous phase than in that of molecular disper-
7.4, 0.1 M) and a drug release study was perforimedro. sion. Moreover, because of differences in the diffusivity of
Figure 7 shows the release kinetics of CNZ from the nanodrug molecules to the outer aqueous phase, the drug-release
particles of CEC block copolymer. The release pattern okinetics are affected by the drug loading contents, the nature
CNZ demonstrated an initial burst for the first 12 hrs andof the polymer used, and the size of the nanoparfitfés.
then almost continuously released in vitro for approximately To elucidate the release mechanism of CNZ from nanopar-
3days as a pseudo zero-order kinetics. The drug releaseles, a degradation test of the CEC nanopatrticles was per-
kinetics demonstrated that the higher PCL block lengtiformedin vitro. PCL is known to degrade very slowly due to
induced slower drug release kinetics. Matsuneot@* also  its hydrophobic properties which does not allow fast water
reported that the amount of drug released increased as tpenetration. PCL degradation by random hydrolytic chain
PEG content increased and total M.W. of poly(L-lactide)-scission of the ester linkages has been documented ley Pitt
poly(ethylene glycol)-poly(L-lactide) (LEL) block copoly- al.®” The PCL homopolymer itself is degraded very slowly
mer decreased. Additionally, Hzt al*® reported that the when compared with polyglycolic acid and polyglycolic
increased PCL weight fraction in the PCL/PEG semi-inter-acid-co-lactic acid, and is most suitable for long-term deli-
penetrating polymer networks induced decreased a drug releagery systems such as Capronor, a 1-year contrac&pfiere

were reports that the biodegradability of PCL homopolymer

can be enhanced by copolymerization with less hydrophobic

100 materials such as dilactide, diglycolideyalerolactone, and
s-decalactoné’ It is expected that the biodegradability of
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particles as a function of polymer composition and drug loadincFigure 8. Degradation profiles of CEC-2 core-shell type nano-
contents. Drug loading contents were described in Table 2. particles.
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Table 3. Degradation ratio of core-shell type nanopatrticles of CEC triblock after 10 days

Sample Initial Mh of PCI? Initial Total Mn® Residual M.W. of PCL  Residual total M.W.  Degradation ratio®(%)
CEC-1 4,810 12,810 4,370 12,370 9.1
CEC-2 7,550 15,550 6,980 14,980 7.6
CEC-3 15,860 23,860 15,270 23,270 3.7

3Number average molecular weight of PCL was estimated from the restit\#fIR. ®Calculated from théH NMR results of PCL and PEG. PEG
M W. was 8,000 from Sigma Co. Ltd. US#egradation ratio = [(Initial M. W. of PCL-PCL M. W. at time, T)/Initial M. W. of PCL]x100

PCL can be greatly enhanced by block copolymerizatioriength. The larger the PCL block length, the higher the drug
with the hydrophilic polymer, PEG. Since the PEG block isloading contents. The drug release from the CEC core-shell
not biodegradable no matter the PCL block biodegradabilityfype nanoparticles demonstrated an initial burst release for
the molecular weight of PEG is consistent during the degrathe first 12 hrs followed by pseudo-zero order release kinet-
dation test, although the PCL block can be expected to cones for 2 or 3 days. The CEC-2 block copolymer core-shell
tinuously degrade. The residual PCL block was calculatedype nanoparticles were very slowly degraded, suggesting
by *H NMR spectroscopy as described above and the resultBat drug release kinetics are governed by a diffusion mecha-
are summarized in Figure 8. In spite of the very large surfaceism rather than a degradation mechanism irrelevant to the
area of the nanoparticles, the CEC-2 triblock copolymer wa€EC block copolymer composition.

degraded much more slowly than we expected, only Acknowledgment This study was supported by research
17.1% of the PCL block was degraded after 30 days. Frorfunds from Research Center for Proteineous Materials, Cho-

these results, it was suggested that the release kinetics sifin University, 2001.

CNZ from the CEC core-shell type nanoparticles were domi-
nantly controlled by a diffusion mechanism rather than polymer
degradation. Moreover, Matsumatbal > reported that the
degradation of LEL block copolymer does not contribute to 1.
drug release since only a slight Mw loss was observed dur-
ing the initial main release period. Degradation of their LEL 2
copolymer was also very slowe. 10-20% over 4days. In
particular, the CEC block copolymer was degraded much 3.
more slowly than the LEL block copolymers, although a dif- 4.
ferent PEG M.W. and total M.W. was used and therefore a
direct comparison cannot be performed. The degradation
ratio of the CEC block copolymer against polymer composi- g
tion after 10 days is summarized in Table 3. The degradationy.
ratio of CEC block copolymer after 10 days was very low 8.
and the degradation ratio against PCL block length demon-
strated only small differences. 9.

Conclusion 10.

The CEC triblock copolymer was synthesized by a ring-ll'
opening mechanism of-caprolactone with poly(ethylene
glycol) and characterized using various analysis equipmenig
such asH NMR, FT-IR, and WAXD. Core-shell type nano- 14
particles of CEC triblock copolymers were prepared by ai5.
dialysis technique in order to estimate their potential as a
colloidal drug carrier using a hydrophobic drug. From thelé6.
results of particle size analysis and TEM observation, the
particle size of CEC core-shell type nanoparticles prepared’-
by the dialysis method was about 20-60 nm with a nice
spherical shape. Since CEC block copolymer can self-assg-
ciate at a certain concentration, their CAC was determine&s'
by fluorescence probe techniques and the CAC values of t
CEC block copolymer were decreased with the increase gg
the PCL block chain length. CNZ-loaded CEC core-shell
type nanoparticles were prepared by the dialysis method argf .
the drug loading contents were dependent on the PCL block
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