Polymer(Korea) Vol. 19, No. 6, pp 926-931(1995)

ck Al

[

254 EE PBLGS AFLARE PEOR #4434
Hexablock 342 v|AFPA
AT o] QIArr L A g g xrrk

b @et siehgste), Hrzdista ofss,

5
3
srgloristn gauel FUaeh, B EIUtn o st Het)
A

Px
o
¥
5
-
o
i
:

Micelle Formation of the Hexablock Copolymer Consisting of
Poly(7-benzyl L-glutamate) as the Hydrophobic Part and
Poly(ethylene oxide) as the Hydrophilic Part

Chong-Su Cho', Jae-Woon Na*, Young-11 Jeong, Sung-Ho Kim**,
Young Moo Lee***, and Yong-Kiel Sung****

Dept. of Polymer Engineering, Chonnam National University, Kwangju 500-757, Korea
*Dept. of Chemical Engineering, Chosun University, Kwangju 501-759, Korea
**College of Pharmacy, Chosun University, Kwangju 501-759, Korea
***Dept. of Industrial Chemistry, Hanyang University, Seoul 133-791, Korea
**** Dept. of Chemistry, Dongguk University, Seoul 100-715, Korea
( Recetved September 19, 1995)

INTRODUCTION

Amphiphilic block copolymer, containing
hydrophobic and hydrophilic components, exhib-
its surfactant behavior’®* and may form mi-
celles. In aqueous media, these materials contain
the structures comprised of hydrophobic cores
surrounded by water-soluble polar groups which
extend into the medium. The block copolymers
are known to form micellar structures at very
low wvalues of critical micelle concentrations
(CMC) than those for low molecular weight sur-
factants.? Also, the block copolymer micelles
are stable and dissociated slowly to free poly-
meric chains.?8

Ringsdorf et al. first reported that the poly-
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meric micelles formation can be used to achieve
the sustained release of drug from the polymer-
drug conjugate.” Recently, AB block copolymer
poly(Bbenzyl L-
aspartate) (PBLA) and poly(ethylene oxide)

micelles composed  of
(PEQO) were used as vehicles to carry
hydrophobic drugs which were conjugated with
the polymer® or entrapped physically in the poly-
mer.?

Novel drug carrier systems such as poly-
meric micelles, nanoparticles, liposomes and
modified particles have been considerably at-
tracted because of the potential usage in site-
specific or targeted drug delivery system.!0-1¢4
Advantages of these systems are biodistribution

of drugs and prevention of undesirable side-ef
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fects.1%16 However, they have been restricted by
the factors such as blood circulation, structural-
ly fragile, damage by attract of reticuloendoth-
elial systems and lower loading efficiency. To
overcome these difficulties, core-shell type poly-
meric carriers or polymeric micelles have been
proposed and intensively investigated in recent
years.1%17 The major advantages of the system
are thermodynamic stability, solubilization of
hydrophobic drugs, modified biodistribution, sta-
ble storage and ability to deliver drugs with low
interactions with biocomponents such as pro-
teins and cells.!® Recently, the diafiltration
method was developed for the simple prepara-
tion of micelles and also applied to the drug de-
livery system.12

In this study, we wish to report micelle forma-
tion of poly(y-benzyl L-glutamate)(PBLG)/
PEO/PBLG hexablock copolymer by the
diafiltration method in water. It is expected that
the PBLG/PEO/PBLG block copolymer mi-
celles are applicable to the passive-targetable

drug carriers.

EXPERIMENTAL

Materials. PBLG/PEO/PBLG (abbreviated
as GEG) block copolymers were prepared by
polymerization of y-benzyl L-glutamate N-
carboxyanhydride (y-BLG NCA) initiated with
amine-terminated PEO in a methylene dichlo-
ride solution by the method described previous-
ly.1%-21 Clonazepam (CZ) was obtained from
ROCHE,

(DMF), reagent grade, was used as received.

Switzerland. Dimethylformamide

Preparation of CZ-Block Copolymer Incor-
porated Micelles. The 20mg of PBLG/PEO/
PBLG was dissolved in 4 mL of DMF and sub-
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sequently 20 mg of CZ was added. The solution
was stirred at room temperature. To form mi-
celles and to remove free CZ, the solution was
dialyzed using dialysis membrane (MWCQO;12~
14,000) with distilled water for 24hrs by the
similar method reported previously.?!? Then, the
solution was freeze-dried. CZ was selected as
the anticonvulsant benzodiazepine which is effi-
cacious for the treatment of panic disorder, be-
cause 1t had considerably hydrophobic character
(water solubility: 14.7xg /mL) and high inter-
actions with proteins in vivo.

Measurement of Fluorescence Spectros-
copy. Fluorescence measurements were carried
out using CZ as probes to analyze PBLG/PEO/
PBLG micelles in doubly distilled water. Emis-
sion spectra were measured at varying copoly-
mer concentrations by fluorometer(Shimadzu
RF-5000). Analysis of the concentration of CZ
were done with excitation wavelength of
306 nm. The effects of sodium dodecyl sulfate
(SDS) on the fluorescence of CZ were investi-
gated. All of the fluorescence experiments were
carried out at room temperature.

Measurement of Surface Tension. The
surface tension of the GEG-3 (PEO contents :
75.3mol%) was measured by the Wilhelmy
method using platinum plate at 25°C(KYOWA
CBVP-A3).22 The CMC value of the GEG-3
was estimated by the inflection point which was
obtained by the surface tension at the interface
between chloroform and water at the various

concentrations of the copolymers.

RESULTS AND DISCUSSION

Block copolymers(3) were prepared by
polymerization of y-BLG NCA(2) in methylene

927



Chong-Su Cho, Jae-Woon Na, Young-II Jeong, Sung-Ho Kim, Young Moo Lee, and Yong-Kiel Sung

COONHCH, CH,NH

OCH, CH; CHO (CH, CH;0) ,CH, CH,COONHCH CH, NH,

CHs C CH,

©

OCH,CH, CHO (CH, CH, 0),CH:CH,COCNH CH, CH,NH,

|
COONHCH, CH, NH,

rI\IH'(C— CHNHO, H
?HZ [e] ((;:Hz)z

H
;Hz COOCH,C4H,

Coo

9
CH,C CH,

OCH; CH,CHO (CH, CH, Q) CH,CH, COONHCH, CH,NH ﬂf -?HNHﬁ;H
i

coo

HZ
Nw&ﬁ —CHNH3H
0 (cH,),

COOCH,C, Hs

THZCHZCOOCHZCGHs
o}
&
+ CH C\
HIL o °
N
e}
1 )

OCH, CH,CHO (CH, CH,0),, CH,CH, COONH CH,CH,NH {(r‘[ — CHNHYH

0 (?HZ )2
COOCH,C4Hs

0 ($H2 %
COOCH,C4Hs

Scheme 1

chloride solution as shown in Scheme 1. Amine-
terminated PEO(1) was used as the initiator. It
i1s assumed that the polymerization mechanism
is the primary-amine mechanism in which the
initiator amine wundergoes a nucleophilic
addition to the C-5 carboxyl group of the NCA,
as suggested by Goodman et al.28 Compositions
and molecular weights of the copolymers are
listed in Table 1. The copolymer composition

and the molecular weight were estimated from
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Table 1. Characterization of PBLG/PEO/PBLG
(GEG) Block Copoymers

Content of monomeric unitsinmol %

Sample

PBLG PEO "
GEG-1 80.9 19.1 441,900
GEG-2 48.2 51.8 112,600
GEG-3 24.7 75.3 52,600

* Molecular weights and compositions were estimated by
NMR measurement.
* M. W. of PEO:20,000.

peak intensities of the phenyl proton signal of
the PBLG block and the methylene proton sig-
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nal of the PEO block in the NMR spectrum. As-
suming that all the amine groups of PEO partici-
pate in the polymerization, the number-average
molecular weights, M of the copolymers are
calculated from the copolymer composition and
the molecular weight of PEO chains. Also, it is
possible that heterogeneity in the block chain
lengths of PBLG may hold for the block copoly-
mers.

In Fig. 1 the emission spectra of CZ are
shown In aqueous solutions. CZ displays its
characteristic spectrum which shows peak at ca.
348 nm and broad band between 400 nm and
500 nm, indicating the existence of excimer of
CZ in the solution. The shape of the spectrum
did not change with the concentration of CZ in
the aqueous solution.

In Fig. 2 the emission spectrum of CZ is
shown in the presence of various concentrations
of GEG-3. It is regarded that by bringing CZ
and PBLG/PEO/PBLG into an aqueous milieu
from a good solvent for both species(in this
case DMF), CZ could be entrapped in polymeric
micelles. And this was done using a simple dialy-
sis procedure. As the DMF is removed, PBLG/
PEO/PBLG micelles form and have a prospect
of incorporating CZ. Furthermore, CZ was pre-
ferentially partitioned into hydrophobic microdo-
mains with a concurrent change in the mole-
cule’s photophysical properties.?4 The total fluo-
rescence intensity was increased and another
peak at ca. 370 nm appeared with increasing
the concentration of GEG-3. This may reflect a
change in the vibrational structure of CZ mono-
mer emission upon micellization of GEG-3. The
preferential partitioning of CZ into hydrophobic
domains was used to determine micropolarities

(hydrophobicity of the micellar cores) of molec-

2o /198 A6z 199593 11¢Y

9

2 1

-

g —=-=-= 0.0006mg/ml.

g

2 { we—= 0.0012mg/ml,

£

k) ———  0.006mg/mL

2

2

@

I,

g A

g i~

8 Y

8 J \o

[ — ;
320 400 500 600

Wavelength (nm)

Fig. 1. Fluorescence emission spectra of CZ against
concentration of CZ in distilled water, Excitation
wavelength [ 306 nm.
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Fig. 2. Fluorescence emission specira of CZ/GEG-3
against concentration of GEG-3 in distilled water.
Excitation wavelength . 306 nm.

ular assemblies, indicating that CMC of the
GEG-3 block copolymer. It is already reported
that the use of the fluorescence probe pyrene,
the emission characteristics of which change
with the onset of association of the block copoly-
mer.25 The CMC for this polymer, as determined
by fluorescence probe technique, is 0.02 mg/mL
(3.8 X 10""mol). The CMC for this polymer was
also determined by the interfacial surface ten-
sion between chloroform and water as shown in
Fig. 3. The CMC value(0.025mg/mL : 4.8 x 1077
mol) of the polymeric micelle 1s almost same as

that of the fluorescence probe technique.
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Fig. 3. Interfacial surface tension of GEG-3 against
concentration of GEG-3 at the water/CHCL; inter-

face.

Table 2. The CMC Values for the Block Copolymer

Micelles
Sample CMC{(mol)
Fluorescence  Surface tension
GEG-1 2.3x10"8 —
GEG-2 1.8x1077 —
GEG-3 3.8x1077 4.8x1077

The CMC values for the polymeric micelles
according to the composition of the copolymers
are shown in Table 2. As shown in Table 2, the
CMC for the polymers decreased with increas-
ing PBLG chain length as the hydrophobic part
in the block copolymer. It is thought that the
block copolymer micelles can be easily formed
with an increase of hydrophobic components.

When SDS was added to the aqueous solu-
tions of CZ/GEG-3, the decrease in fluores-
cence Intensity at ca. 370 nm was evident as
shown in Fig. 4, indicating the partial disruption
of the GEG-3 micelles containing CZ. In con-
trast, the fluorescence peak of the free CZ at
348nm disappeared by the addition of SDS, indi-

cating that strong interactions between CZ and
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Fig. 4. Fluorescence emission spectra of CZ and CZ/
GEG-3 in distilled water with and without SDS
(20mg,“mL). Excitation wavelength : 306 nm.

SDS.

The polymeric micelles formed by diafiltration
are small and show spherical structures which
may aggregate or grow into core-shell type mi-
celles comprising inner-core as the hydrophobic
domains and outer-shell as the hydrophilic ones.
Also, the

asymmetries because large deviations from the

micelless do not show large

spheroidal shapes are normally energetically
and entropically unfavored.12

In summary, the hexablock copolymer based
on PBLG as the hydrophobic part and PEO as
the hydrophilic one was synthesized and charac-
terized. The study using the fluorescent probes
suggested that PBLG/PEO/PBLG copolymers
associate In water to form micelles and the
CMC values of the block copolymers decreased
with increasing PBLG chain length in the block
copolymers. The shape of the micelles observed
by electron microscopy, size of the polymeric
micelles determined by dynamic light scattering
and release of CZ from polymeric micelles will

be reported in the near future.
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