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Abstract . Several copolypeptides having different swellabilities are synthesized by introducing polye-
thylene glycol (PEG) or ethanolamine (EA) to the side chains of poly (y-benzyl L-glutamate)
(PBLG) and their drug release characteristics are examined. The degree of swelling of copolypeptide
is increased by increasing PEG or EA content in the polymer. The release rate of 5-fluorouracil from
the PEG-PBLG-EA copolymers was higher than that of the PEG-PBLG copolymers. This result indi-
cates that EA is more effective than PEG for the preparation of the swellable polypeptides. It was
observed, from the morphological study by scanning electron microscope, the pores are generated
on the PEG-crosslinked PBLG, but not on the PEG-grafted-PBLG.
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INTRODUCTION

Polypeptides, which are components of the living
body, have been used as biomedical materials such
as artificial skin,! adhesive substrate,? etc. For
the polypeptides having pendant amino or carboxyl
groups, it is possible to introduce an organic
moiety to the side chain by using the functional
group of the peptides as a reaction site.

Poly (y-benzyl L-glutamate) (PBLG) is relati-
vely hydrophobic and rigid. The hydrophobicity
and rigidity of the PBLG films, however, can be
controlled by combining them with polydimethyl-
siloxane (PDMS) or polyether. The block copoly-
mers consisting of PBLG and PDMS or polypropy-
leneoxide (PPO) have been synthesized, and it
has been found that the copolymers with a specific
composition were highly antithrombogenic.*® It
has also been reported that the number of plate-
lets adhered to the block copolymer films consis-
ting of poly(2-hydroxyethyl methacrylate) and
polyoxyethylene (PEG) or PPO was minimum for
the copolymer with a specific composition.® Poly
(N-hydroxyalkyl L-glutamate) hydrogels have
been prepared by aminoalcoholysis reaction of
PBLG and aminoalcohols.” Hayashi et al. proposed
that the rate of degradation of the poly(N-hydrox-
yalkyl L-glutamate) hydrogels in vitro by pronase
was highly dependent on the water absorption of
the samples.” Similar work has been done by An-
derson et al® using polypeptide hydrogels consis-
ting of PBLG and poly(N-hydroxyalkyl L-gluta-
mate).

In our previous works®!’, PEG grafted PBLG
(PEG-g-PBLG) and PEG crosslinked PBLG
(PEG-c-PBLG) was prepared by incorporating
polyethylene glycol to the side chains of PBLG.
The swelling of PEG-PBLG film was larger than
that of the PBLG film. The swellability of PEG-
PBLG film was increased by introducing ethanola-
mine(EA) to the film surfaces, resulting in a hyd-
rated surface layer.

In this present work, the drug loaded polymer
films composed of 5-fluorouracil and PEG-PBLG
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or PEG-PBLG-EA have been prepared, and their
drug release behaviours have been investigated in
relation to the water absorption of the polymer fi-
Ims.

EXPERIMENTAL

Materials

Polyoxyethylene bis(6-aminohexyl) (POEA, m.
w . 3500), methoxypolyoxyethyleneamine (MPOE,
m. w. : 5000) and 5-fluorouracil were purchased
from Sigma Chemical Co. L-glutamic acid, benzy-
lalcohol and ethanolamine (Wako Chemical Co.)
were used without further purification. Acetic acid
and hexane were dried with anhydrous calcium
chloride and distilled over calcium hydride. Trie-
thylamine, dimethylformamide (DMF), and tetra-
hydrofuran (THF) were purified by distillation
before use.

Measurements

Infrared spectra were taken by a Jasco IR 0080
Spectrophotometer. Ultraviolet spectra were obtai-
ned by a Beckman DU 64 Spectrophotometer. Mo-
rphology of the film surface was observed with a
Hitachi S-510 scanning electron microscope
(SEM) after coating with gold using Eiko Model
IR-3 lon coater.

Synthesis of Polypeptide Hydrogels

PBLG was synthesized by the polymerization of
v-benzyl L-glutamate (y BLG)-N-carboxyanhyd-
ride (NCA) in dichloromethane.! Number ave-
rage molecular weight of the PBLG was determi-
ned to be about 24,000 by vapor pressure osmo-
metry of dimethylformamide solution. PEG-g-
PBLG and PEG-¢-PBLG were prepared by the
substitution reaction of PBLG with PEG having
primary amino groups at one and both ends, res-
pectively. The PEG content of copolypeptides was
determined by the integrated peak ratio of the
methylene proton signal of the PEG segment(ca.
1.3 ppm) against the phenyl proton of the PBLG
segment(ca. 7.2 ppm). It was found that about 2.5
% of the PBLG side chains were substituted with
polyoxyethylene bis(6-aminohexyl). The details of
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the synthetic procedure were reported previously.’®

For enhancing water absorption of the copolype-
ptides, the reaction of PEG-g-PBLG or PEG-c-
PBLG with ethanolamine(EA) was carried out as
shown in Schemes 1 and 2. PEG-g-PBLG or PEG-
c-PBLG (2g) was dissolved in dioxane/chloro-
form (1:1 v/v, 80 ml) solution and refluxed for
12 h at 60C after addition of ethanolamine (12 g).
The reaction product was concentrated and then
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precipitated in acetone to remove unreacted etha-
nolamine. The resulting PEG-PBLG-EA polymer
was dissolved in DMF/H,0 mixture. The solution
was spread on a Teflon plate and the solvent was
evaporated under infrared lamp (80C) for 8h.
The Teflon plate was immersed in distilled water
and the cast film was removed from the plate. Fi-
nally the film was dried in vacuum for 24 hrs and
examined by IR spectroscopy.'?

Water Absorption

To determine the water absorption rate of the
polymer, the dried polymer film was weighed and
then soaked in distilled water until the weight of
the swollen film becomes constant. The degree of
water absorption of the polymer film was calcula-

ted as follows."
Water absorption( % )=(W—W;)/W;x100

where W is the weight of the swollen film and W,
is the weight of the dried film.

Preparation of the Polymer-drug Matrix

PEG-g-PBLG or PEG-c-PBLG (30 mg) was di-
ssolved in dimethylformamide (1ml) and mixed
with 5-fluorouracil (250 ug). The solution was sp-
read on a Teflon plate to obtain the film having an
area of 3.5 cm? and a thickness of 340~350 um. On
the other hand, the matrix consisting of PEG-
PBLG-EA and fluorouracil was prepared in DMF
/H,0 (9: 1, v/v) mixed solution.

Transmitance( % )

400 2400 1400 600

o

Fig. 1. Infrared spectra of PEG-c-PBLG (——) and
PEG-c-PBLG-EA (----) polymers.
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In Vitro Drug Release Experiment

Drug release experiments were performed using
the apparatus shown in Fig. 2. The drug loaded
film was placed in a Teflon holder and incubated
in phosphate buffered saline(PBS) at 37C. The
PBS solution was kept with stirring at 150rpm.
Every 10~12 hrs, the fresh medium solution was
replaced. Periodically PBS solution of 3 ml was ta-
ken and filtered through a green filter (pore size
. 045 pym, Green Cross Medical Co., Korea) and
the drug concentration in release medium was de-
termined by measuring its absorbance at 267 nm
with UV-Vis spectrophotometer.!

RESULTS AND DISCUSSION

Synthesis and Swelling Behaviours of Polypep-

tide Hydrogels

Synthesis and characterization of PEG-g-PBLG
and PEG-¢c-PBLG have been reported previously.®
10 11 this study, PEG-PBLG copolymers were rea-
cted with ethanolamine to obtain hydrogel poly-
mers. The resulting copolypeptides are not easily
soluble in organic solvent, but soluble in mixed so-
lvent such as DMF/H,0. A progress of the substi-
tution reaction could be monitored by the decrease
of ester carbonyl absorption. As shown in Fig. 1,
the carbonyl absorption (1720 cm™) of the PEG-c-
PBLG-EA is decreased as the benzyl ester of the
PEG-c-PBLG is reacted with ethanolamine. Ho-
wever, the amide II absorption generated by the
substitution reaction could not be monitored be-
cause of their overlapping with the backbone

king site
thermometer Smpng

green fiter
(pare size 0.45;m)

rubber board

sample  holder .

phosphate butfer
(300m, pH 7.4)
water at 37C

stierer(150rpm) :
water at 37C l
magoetic stirer

Fig. 2. Apparatus for drug release experiments.
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amide absorption (1650 cm™). The degree of subs-
titution reaction of PEG-PBLG with EA was pro-
portional to the reaction time. When the PEG-g-
PBLG reacted with EA over 24 hrs, the resulting
copolypeptides became soluble in water. In this
study, the reaction time of PEG-PBLG with EA
was fixed at 12 hrs. As this reaction time(12 hrs),
the degree of substitution reaction of EA with
PEG-g-PBLG was higher than that with PEG-c-
PBLG. This is confirmed by comparing the dec-
reased ester carbonyl absorption of both polymers.

The water content of the various polypeptides is
shown in Table 1. The degree of water absorption
of PBLG was very low and was not significantly
different from that of PEG-g-PBLG. However,
with the increase of PEG content, the degree of
water absorption was enhanced(PEG-c-PBLG).
This indicates that the degree of water absorption
is mainly determined by the hydrophilicity of the
polymer.”® The degree of water absorption of
PEG-PBLG-EA(71~170%) was larger than that
of PEG-c-PBLG(16%). In particular, PEG-g-
PBLG-EA showed a high water content(170%).
This may be attributed to that a great number of
hydroxyl groups are introduced to the side chain
of PEG-g-PBLG, thus leading to a strong interac-
tions of hydroxyl groups with water.'

The kinetics of water absorption of PEG-g-
PBLG-EA and PEG-c-PBLG-EA is shown in Fig.
3. It was found that the equilibrium swelling is

Table 1. Degree of Water Absorption of Various Co-
polypeptide Films

BLG Unit PEG Unit De8ree of

Sample (mol%)  (mol%) SZVr;t?;n??/o-)
PBLG 100 0 3+2
PEG-g-PBLG 96 4 5+ 2
PEG-c-PBLG 37 63 16+ 3
PEG-g-PBLG-EA - 4 170+ 2
PEG-c-PBLG-EA — 63 71+ 3

*BLG Unit of PEG-g-PBLG-EA and PEG-c-PBLG-
EA can not be determined because of their low so-
lubility.

Eo|f A154 43 19914 8¢

reached within a few hours.

Drug release

To prepare the samples for drug release experi-
ment, the copolypeptides were impregnated with
5-fluorouracil. This allowed the study of the effect
of polymer swelling on the diffusion of 5-fluorou-
racil. Release of 5-fluorouracil from the drug loa-

200f

160

120

Water absorption( %)

80

3 1 lﬁ'/’
0 1 2 3 20

Time(h)
Fig. 3. Dynamic water absorption of hydrophilic
copolypeptides as a function of incubation time :
(QO) PEG-c-PBLG-EA, (@) PEG-g-PBLG-EA.

100 -

80

60

Release of 5-FU(%)

0 20 40 60 80 100

Time(h)
Fig. 4. Release of 5-fluorouracil from PBLG, PEG-
g-PBLG and PEG-¢c-PBLG polymers vs. real time :
(@) PBLG, (A) PEG-g-PBLG, (O) PEG-c-PBLG.
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ded polymers is shown in Fig. 4. The drug release
was dependent on PEG content of the polymers.
For example, a PEG-g-PBLG having 4 mol% of
PEG exhibited a slow release with about 25% of
the 5-fluorouracil released in 80 hrs, while a PEG-
c-PBLG having 63 mol% of PEG showed a fast re-
lease with about 35% in the same period.

Fig. 5 shows the release rate of 5-fluorouracil
from PEG-g-PBLG-EA and PEG-c-PBLG-EA
membranes. Both membranes showed a fast re-
lease rate of 5-fluorouracil. This may be attributed
to that the membranes are swollen in a short pe-
riod as shown in Fig. 3. When a polymer is placed
in an aqueous medium, the water penetrates the
polymer, forming a swollen phase in the wetted
region. The formation of the swollen phase is ac-
companied by reduction in mechanical strength
and increment in permeability in the swollen re-
gion.l”

The relationship between the amount of drug
released and the water absorption of the polymers
is shown in Fig. 6. The result indicates that the
release rate of 5-fluorouracil is proportional to the
degree of water absorption of the polymers. When
a dry hydrophilic polymer is placed in an aqueous
medium, it begins to imbibe water and possibly
other components of the environment such as low

100
~ 80
N
=
‘- 60
(V2]
£ w
3
20
U 1 1 1 i 3.
0 20 40 60 80 100
Time(h)

Fig. 5. Release of 5-fluorouracil from copolypeptides
containing hydroxyl groups vs. real time: (@)
PEG-c-PBLG-EA, (O) PEG-g-PBLG-EA.

486

@ PEG-g-PBLG-EA
o0l 4 PEG-c-PBLG-EA

8 e}

g

B

2 10t

=

= 80}
4,0-

I I A

0 20 40 60 80 100
Release of 5-FU( %)
Fig. 6. Dependence of the water absorption on the

drug release | (A) PEG-c-PBLG-EA, (@) PEG-g-
PBLG-EA.

molecular weight solutes. This can lead to consi-
derable swelling of the polymer. It results in the
water penetration front into the polymer and sepa-
rates the glassy from the rubbery state of the
polymeric material. Under these conditions, the
macromolecular relaxation of the polymer influe-
nce the mechanism of diffusion of the drug th-
rough the rubbery state.

If the dry hydrogel contains a water soluble
drug, the drug is essentially immobile in a glassy
phase, but begins to diffuse out through the amor-
phous phase as the polymer swells with water.
Drug release thus depends on two simultaneous
rate processes, water migration into the polymer,
which results in increased pore generation and
drug diffusion outward through the swollen
phase.!®

In an attempt to observe the surface morphology
of the copolypeptide membranes before and after
drug release, the PEG-c-PBLG and PEG-c-
PBLG-EA membranes were examined by scanning
electron microscopy(Fig. 7). Pores could not be
observed on the surface of PEG-g-PBLG and
PEG-g-PBLG-EA after drug release, but found on
the surface of the PEG-c-PBLG and PEG-c-

Polymer (Korea) Vol. 15, No. 4, August 1991
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c

s O, @R B

Fig. 7. Scanning electron micrographs of PEG-c-PBLG (a, before release ; b, after release) and PEG-c-PBLG-

EA (c, before release ; d, after release) surfaces.

PBLG-EA. The pore size of PEG-c-PBLG (diame-
ter s 1.5~2.5um) was larger than that of PEG-c-
PBLG-EA (0.8~1.7um). This seems to be attribu-
ted to the difference of water swelling between
PEG-¢c-PBLG (16%) and PEG-c-PBLG-EA (170
%). It is considered that during drug release
PEG-c-PBLG-EA film fully swells with water and
the pendant hydroxyl groups of the polymers give
an intermolecular hydrogen bonding between the
peptide amide bonds.

By incorporating polyethylene glycol or hydrox-
yalkyl to the side chains of poly(y-benzyl L-gluta-
mate), the degree of water absorption of the poly-
mers is increased. It is found, in the drug release
experiments, that the release rate of 5-fluorouracil
from the hydrophilic copolypeptides can be contro-
lled by changing the water absorption of the poly-
mers.
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