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Abstract : Biodegradable hydrogel based on multiblock copolymer composed of poly(y-benzyl L-glu-
tamate) (PBLG) as the biodegradable and hydrophobic part, and poly{ethylene oxide) (PEQ) as the
swellable and hydrophilic part was synthesized by polymerization of y-benzyl L-glutamate N-carboxyan-
hydride (BLG-NCA) initiated by bis[poly(ethylene oxide}bisiamine)] and characterized. From infrared
measurement, it was found that the polypeptide block exists in the t-helical conformation, as in PBLG
homopolymer. Water content of the copolymers was dependent on the PEO content in the copolymers.
The amount of albumin released from the multiblock copolymers increased with an increase of PEO con-
tent in the block copolymer. Albumin was mainly released from biodegadable hydrogel through the dif-

fusion mechanism.

Introduction

For more than two decades, the delivery of bio-
active agents in polymeric materials has attracted
the considerable attention of investigators® The
trend in drug delivery technology has been
toward biodegradable polymer excipients requir-
ing no follow-up surgical removal once the supply
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is depleted. The advantages of biodegradable
polymers have been described!® One of major
advantages of using a biodegradable system is to
eliminate surgical removal of an implanted deliv-
ery device after the delivery system is exhausted
The most throughly investigated and used biode-
gradable polymers are the poly{c-hydroxyesters),
such as poly{lactic acid){PLA), poly(glycolic acid)
(PGA) and poly(LAco-GA) that would degrade
into naturally occurring substances” and they are
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already approved as the implantable polymer by
FDA. Also other polymers such as poly{anhy-
drides).® paly(orthoesters) and poly(c-amino
acids)® have been developed.

In the recent years, protein and peptides have
become more important for their applications
such as molecular biclogy, immunology, pharma-
cology and clinical potential in the treatment of
diseases ranging from growth disorder to AIDS.
But they have some problems in cral drug sys-
tems of protein drugs owing to their rapid degra-
dation by proteclytic enzymes and poor absorp-
tion in the gastrointestinal tract. Therefore, implan-
table delivery system using the biodegradable
polymers would be undertaken for the conirolled
delivery of peptide drugs.

Hydrogel is a potential candidate to incorporate
polypeptide drugs in the delivery system because
the drugs are almostly soluble in water. And they
show good biocompatibility in contact with blood,
body fluids and tissues because of their higher
water content and specific surface properties’

In this study, we report albumin release from a
biodegradable hydrogel based on hexablock co-
polymer composed of poly(y-benzyl L-glutamate}
(PBLG) as the hydrophobic part and poly(ethyl-
ene oxide){PEQ) as the hydrophilic one. PBLG as
the biodegradable part is one of synthetic poly-
peptide which has attracted attention in a drug
delivery matrix. PEO as the hydrogel part is a
water-soluble and non-toxic polymer which can
be used to control the water content. Albumin as
the medel drug of polypeptide entrapped within
these biodegradable hydrogel can be released in
a controlled manner.

Experimental

Materials. Bis[poly{ethylene oxide) bis(amine)]
(BPEOBA: M.\W=20,000), y-benzyl L-glutamate
and albumin were purchased from Sigma Chem.
Co. (St. Louis, MQ), Triphosgene was purchased
from Aldrich Chem, Co. Inc. (Milwaukee, WI). All
chemicals used were of reagent or spectrometric
grade. N-hexane and methylene dichloride were
stored with 4 A molecular sieves and used with-
out purification.

Synthesis of Hexablock Copolymer. y-Ben-
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Figure 1. Synthesis of GEG block copolymer.

zyl L-glutamate N-carboxyanhydride (BLG-NCA}
was prepared by a method described in the litera-
ture."” The hexablock copolymer was synthesized
by the similar method previously reported. ™
Briefly, the hexablock copolymer was obtained
by polymerization of BLG-NCA initiated by the
BPEOBA in methylene chioride, at a total con-
centration of BLG-NCA and BPEOBA of 3% (w/
v}, at room temperature for 72 hrs, The reaction
mixture was poured into a large excess of diethyl
ether to precipitate the hexablock copolymer. The
resulting copolymer was washed with diethyl
ether and then dried in vacuo. The reaction sch-
eme is showm in Figure 1.

'H Nuclear Magnetic Resonance (NMR)
Measurement. 'H NMR specira of the copoly-
mers were measured in a mixed solvent of CDCL;
and trifluoroacetic acid (9/1:v/v) to estimate the
copolymer compositions and the molecular
weights of PBLG blocks, using a JEQOL FX 90Q
NMR spectrometer. As the number-average mole-
cular weight {20,000) of PEO is known, one can
estimate the number-average molecular weights
of the PBLG block and the copolymer composi-
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tion calculated from the peak intensities in the
spectrum assigned to both polymers, respec-
tively.

Infra-Red(IR} Measurement. IR spectra of
solid films of the sample cast from chloroform
solution were measured on a Nicolet 520P FT-IR
spectrometer between the wavenumber of 1800
and 400 cm™,

Scanning Electron Microscopy (SEM) Ob-
servation. Disks (7 mm in diameter and 0.9 mm
in thickness) cast from chloroform solution of the
block copolymer were fixed on an adhesive tape
and coated with gold/palladium before SEM ob-
servation (JEOL JSM-5400).

Water Content. Dry disks without albumin
were incubated in phosphate buffered saline (PBS:
0.1 M, pH 7.4} at 37°C. At predetermined time
intervals, hydrated samples were weighed after
blotting the surface water with filter paper. Water
contents were calculated as [(W.-W,)/W.]x100,
where W, and W, are wet weight and dry weight
of the disks, respectively.

Albumin Loading. The desired amount of
bovine serum albumin (BSA} which was seived
through 150 pm pores was dispersed in a chloro-
form solution of PBLG homopolymer and block
copolymer. The dispersed solution was freeze-
dried.

In Vitro Release. Cutted disks (diameter: 7.1
mm and thickness: 1.1 mm) of the BSA loaded
polymer were introduced into a vial with 1 mL of
PBS (0.1 M, pH 7.4). The mixture was allowed to
stir in a shaker maintained at 37°C. At predeter-
mined time intervals, aligouts of 1ml of the aque-
ous solution were substituted to fresh medium of
1 mL PBS. The released BSA concentration was
estimated by bicinchoninic acid method reported
by Smith et al.”

Results and Discussion

Characterization of Hexablock Copoly-
mer Composed of PEQ and PBLG. The block
copolymer (abbreviated as GEG) was prepared
by polymerization of y-BLG NCA initiated by the
amine-terminated PEQ in methylene chloride
solution. The reaction mixture may contain unre-
acted amine-terminated PEQO and the desired

Korea Polym. J., Vol. 7, No. 3, 1999

Table 1. Characterization of PBLG Homopolymer

and GEG Block Copolymers
Content of Monomeric Units
Sample in mol% M,
PBLG PEO
PBLG 100 0 60,000
GEG-1 80.9 191 441,900
GEG-2 48.2 51.8 112,600
GEG-3 247 753 52,600

*Molecular weight were estimated by NMR measurement.

GEG block copolymers. The initiaor (amine-ter-
minated PEQ) cannot be precipitated from a mix-
ture of methylene chloride and diethyl ether,
although the latter is a non-solvent for PEO. By
adding diethyl ether to the reaction mixture, GEG
block copolymers precipitated were collected on a
filter, while the unreacted amine-terminated PEO
was removed as a filtrate.

An alternative method to estimate the molecu-
lar weight of the copolymer is 'H NMR. As listed
in Talbe I, the copolymer composition and the
molecular weight were estimated from peak inten-
sities of the methylene proton signal of the PBLG
block and the ethylene proton signal of the PEO
block in the NMR spectrum (not shown here).
Assuming that all the amine groups of PEQ par-
ticipate in the polymerization, the number-aver-
age molecular weights, M- of the copolymer and
the PBLG block can be calculated from the copoly-
mer composition and the molecular weight of
PEO chains.

Chain Conformation of the Block Copoly-
mers in the Solid State. IR spectra were
obtained from solid GEG block copolymers and
PBLG homopolymer, both cast from chloroform.
The specira in the region of 1800-400 cm' are
shown in Figure 2. The amide I, II, and V bands
of these GEG block copolymers appeared at
1650, 1550, and 615 cm’, respectively, at the
same wave numbers as for the PBLG homopoly-
mer. These results indicate that the polypeptide
block exists in the a-helical conformation, as in
the PBLG homopolymer.

Water Content. Water content of GEG block
copolymers against an incubation time in PBS at
37°C is shown in Figure 3. These results showed
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Figure 2. IR spectra of GEG block copolymers and
PBLG homopolymer cast from chloroform.
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Figure 3. Water content for PBLG homopolymer and
GEG block copolymers with time.

that water contents were depentent on the
weight fraction of PEQ and increased with
increasing PEQ weight fraction due to the hydro-
philicity  of PEQ. Especially, the water contents
of GEG-Z(PEQ: 51.8 mol%) and GEG-3(PEC:
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Figure 4. Rlease of albumin from the PBLG homopoly-
mer and GEG block copolymers with time.,

75.3 mol%) were 30.0 and 384 wit%, respec-
tively.

Albumin Release. Figure 4 shows total
release of BSA from the GEG block copolymers
and PBLG homopolymer. These results indicated
that release of BSA from the block copolymer
increased with an incorporation of PEQ into
hydrophobic PBLG. The larger the amount of
PEQ, the faster the release of the BSA. These
observed phenomena could be explained in rela-
tion to the degree of swelling of the GEG block
copolyrrers as shown in Figure 3. The penetration
of water molecules within the block copolymers
became easier with the increase of hydrophilic
PEO domains. It is supposed that BSA was
released from biodegradable hydrogel through
the diffusion mechanism.

SEM Observation. Figure 5 shows SEM pho-
tographs GEG-3 block copolymers before (a) and
after 35 days (b) in vitro BSA release. The mor-
phology of the block copolymers between before
and after in vitro BSA release appeared quite dif-
ferent . The morphology of the block copolymers
before BSA release was nonporous whereas that
after 35 days of BSA release was porous. This
porosity well accounted for the drug release in the
aqueous medium. It is likely that the porosity was
formed during the BSA release. Also, this feature
might be regarded that the BSA was released from
the diffusion mechanism as already explained in
the BSA loading effect on the release.
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(b)
Figure 5. Scanning electron micrographs of GEG-3
block copelymer before(a) and after 35 days(b) albumin
release.
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