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ABSTRACT

Powdered poly (N-carboxy a-amino acid anhydride) materials were
treated at temperatures of 50, 100, 150, and 200°C under a pressure
of 150 kg/cm?. A number of hot-pressed materials showed simul-
taneous fusion and contraction in volume. The fusion temperature
of the hot-pressed materials was generally lower than the true melt-
ing point of the powdered materials at atmospheric pressure (de-
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termined with a Differential Scanning Calorimeter). The hot-
pressed materials had high rigidity and transparency. The in
vitro-in vivo degradation of hot-pressed materials was also in-
vestigated. The homo- and copoly(@-amino acid) materials used
in this study were scarcely degraded, though debenzylated ter-
polymers such as B-benzyl-L-aspartate /aspartic acid/L-leucine
and y -benzyl-L-glutamate /glutamic acid/L~leucine were signifi-
cantly degraded in both the in vitro and in vivo experiments. It
was found that the in vivo degradation profile of hot-pressed ter-
polymer materials corresponds relatively well to degradation
with 0,01% trypsin.

INTRODUCTION

The study of the in vivo degradation of polymer is a prerequisite
for the selection of implant materials for different purposes. We are
particularly interested in designing a polymeric material with a con-
trolled in vivo degradation to be used as material for a drug delivery
system [1]. In this field, one of the important factors is the mold-
ability of the material. We have tried to fuse the biodegradable mate-
rials under pressure-heat conditions and found from this trial that the
proteins, such as albumins and globulins, fused in the range of about
50 to 110°C under a pressure of 100 kg/cm®, The hot-pressed pro-
teins were significantly contracted in volume by this treatment and
gave high rigidity, hardness, and transparency [2]. The biodegra-
dation of hot-pressed proteins could be controlled by y-irradiation
with a ®°Co source. In this case the rate of biodegradation was ac-
celerated in the presence of drugs in drug-protein composite con-
trolled delivery systems [3].

Marck et al, reported that the terpoly(BS-benzyl-L-aspartate/L-
aspartic acid/L-leucine) materials are degraded when implanted sub-
cutaneously in rats [4]. We also studied the biodegradability of
poly (¢-amino acid) materials made by polymerization of N-carboxy
a-amino acid anhydrides (NCA's) and found that poly(y -benzyl-L-
glutamate) [5] and random copoly ( B-benzyl-L-aspartate/y -methyl-
L-glutamate) [6] are degraded in vivo, e.g., a pressed poly(y -benzyl-
L-glutamate) material is degraded up to 8.5% at the 30th implantation
day and a pressed copoly(B-benzyl-L-aspartate/y ~methyl-L-gluta-
mate, 50/50) material is degraded up to 36% at the 90th implantation
day. In a drug delivery system, testosterone was slowly released
from these pressed polymer-drug composites at a constant rate. In
this report we describe the biodegradable poly{a-amino acid) mate-
rials obtained by polymerization of NCA's and our attempts to fuse
the polymer materials under pressure-heat conditions in analogy
with that of proteins. The biodegradability of hot-pressed poly(a-
amino acid) materials was investigated in both the in vitro and in
vivo experiments. Finally, a controlled in vivo degradation was car-
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ried out with terpolymers made by partial removal of the benzyl
group contained in the materials.

EXPERIMENTAL
Reagents

Pepsin (Poreine stomach mucosa), trypsin (Bovine pancreas), car-
boxypeptidase A (Bovine pancreas), and a-chymotrypsin (Bovine pan-
creas) were obtained from Sigma Chemical Co. Thermolysin (Bac-
terial proteinase) was obtained from Daiwa Kasei Co.

Synthesis and Polymerization of NCA's

From vy -benzyl-L-glutamate, y -methyl-L-glutamate, S-benzyl-L-
aspartate, L-leucine, e-carbobenzoxy-L-lysine, L-valine, L-alanine,
L-isoleucine, DL-alanine, and glycine the corresponding NCA's were
prepared by a method using trichloromethyl chloroformate as a phos-
genation reagent [7-9].

The homopolymerization of y -benzyl-L-glutamate NCA, v -methyl-
L-glutamate NCA, B-benzyl-L-aspartate NCA, and L-leucine NCA and
random copolymerization of S-benzyl-L-aspartate NCA/y -methyl-L-
glutamate NCA, y-benzyl-L-glutamate NCA/L-leucine NCA, and B-
benzyl-L-aspartate NCA/L-leucine NCA were carried out for 169 h
at room temperature {25°C) with 1 mol% triethylamine as an initiator
in 100 mL of dichloroethane. The initial amount of monomer was 5 g.
On the contrary, the homopolymerization and random copolymeriza-
tion of NCA's (initial amount of monomer is 5 g) such as e-carbo-
benzoxy-L-lysine, L-valine, L-alanine, L-isoleucine, DL-alanine,
glycine, e-carbobenzoxy-L-lysine/L-leucine, e-carbobenzoxy-L-
lysine/B-benzyl-L-aspartate, L-valine/L-leucine, and glycine/L-
alanine were carried out for 169 h at room temperature (25°C) with
0.5 mol% n-butylamine as an initiator in 100 mL of acetonitrile. The
homopolymers and random copolymers obtained were washed with
excess ethanol and then dried in vacuo.

The viscosity in solution of polymer materials (0,25 g/dL) was
measured in difluoroacetic acid at 30°C. The inherent viscosity [7]
was calculated as reported previously [10] and is listed in Tables
1 and 2. The homopolymers of L-glutamic acid (MW is 1500-2000)
and L-aspartic acid (MW is 2500-6000) were purchased from Seika-
gaku Kogyo Co.

The terpoly(p-benzyl-L-aspartate/aspartic acid/L-leucine) and
terpoly (y -benzyl-L-glutamate /glutamic acid/L-~leucine) were pre-
pared from random copoly( B-benzyl-L-aspartate/L-leucine) and ran-
dom copoly(y-benzyl-L-glutamate /L-leucine), respectively, by treat-
ment with a hydrobromic acid/acetic acid mixture (70% HBr solution).
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ppm

FIG. 1. NMR spectra of copoly(y -benzyl-L-glutamate /L-leucine)
materials and terpoly(y-benzyl-L-glutamate /glutamic acid/L-leucine)
materials. A copoly(y-benzyl-L-glutamate /L-leucine, 50/50) mate-
rial was treated for 30 min at room temperature with 70% HBr solu-
tion for partial removal of the benzyl group to obtain a terpoly(y -
benzyl-L-glutamate /glutamic acid/L-leucine, 11/39/50) material.

(—) Before treatment, (---) after treatment.

That is, a mixture of random copolymers (0.01 mol) and 70% HBR
solution (10 mL) was treated for 10-40 min at room temperature
(25°C) to obtain the terpolymer materials of the required composition.
After treatment, the terpolymer materials obtained were washed three
times with excess ether, then neutralized with triethylamine because
of removal of the HBr salt from terpolymer materials, and dried satis-
factorily in vacuo.

The analysis of the polymer composition formed was carried out
with a NMR spectrometer, Model JNM-PFT-100, Japan Electron Co.
In this case, acetic acid-ds was used as a solvent. The NMR spectra
of copoly(y -benzyl-L-glutamate /L-leucine, 50/50) itself and terpoly-
(v-benzyl-L-glutamate/glutamic acid/L-leucine, 11/39/50) prepared
by partial removal of the benzyl group contained in the above copoly-
mer are shown in Fig. 1. According to the result of Fig. 1, the inten-
sity ratios of the phenyl proton (7.3 ppm) present in the benzyl group
and of the methyl proton (1,0 ppm) present in L-leucine before treat-
ment with 70% HBr solution were first calculated from the area of the
peak. Next the phenyl proton/methyl proton ratios after treatment
were calculated. Finally, the composition of the partially debenzyl-
ated terpolymer was determined from the difference in the two ratios.
The compositions of the copolymer and terpolymer analyzed by NMR
method are listed in Tables 2 and 3.
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Preparation of Hot-Pressed Poly(o-Amino Acid)

Materials

Forty-five mg of poly(a-amino acid) materials was charged into
a mold (glass ampule) of columnar form seen in Fig. 2. The mold
used in this study has an inside diameter of 4 mm. The piston rod
(straight shank) was pushed into a mold under a pressure of 150 kg/
em’ and then the mold was treated for 30 s at 50, 100, 150, and 200°C,
respectively. The poly(e-amino acid) materials apparently fused by
the above treatment. Simultaneously, a contraction in volume took
place. The hot-pressed polymer materials obtained have high rigidity,
hardness, and transparency. The size is, in general, 4 mm in diam-
eter and 3 mm long in columnar form.,

k ,—-I e
" | d
‘ / ;’ c
DLL —1—| [F—= /F yan
=~ = =8
7 -
T R 277

FIG. 2. An apparatus for observation of apparent fu51b111t¥ of
poly (¢-amino acid) materials under a pressure of 150 kg/cm®:
glass ampule (4 mm inside diameter), (b) powdered poly(a-ammo
acid) material, (c) heater, (d) oil bath, (e) silicone oil, (f) straight
shank (3,9 mm in diameter), (g) oil pressure, (h) handpress, Model
SSP-10 (Shimadzu Seisakusho Co., Ltd), (i) manometer, (j) regula-
tor, (k) stirrer.
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Equilibration of Hot-Pressed Poly(e-Amino Acid)
Materials in Buffer Solution

The water content (W) was determined from Eq. (1). In this study
the hot-pressed polymer materials were immersed for 30 d at 37°C
in 0.1 M phosphate buffer solution (pH 7.4).

w
W (%) = —¥ %100 (1)

WW+Wd

where WW is the weight of the water required to saturate the material

and W | is the weight of the dried materials.

d

Degradation of Hot-Pressed Poly(e-Amino Acid)
Materials

In the in vitro experiments, the hot-pressed poly(a-amino acid)
materials (45 mg/sample) were immersed in 100 mL of 0.1 M phos-
phate buffer solution (pH 7.4) containing 0-100 mg of proteolytic en-
zymes., This mixture was placed in a flask. The test was carried
out at 37°C with a shaking incubator (100 times a minute), Model
TA-16, Takasaki Kagaku Kikai Co. At fixed time intervals the poly-
mer materials were collected, then dried, and weighed. The in vitro
degradation (as a measure of the weight loss of polymer materials)
was calculated from

WO'Wa

Yo

Degradation (%) = x 100 (2)

where W, and Wa are the weights of the dried polymer materials be-

0
fore and after treatment, respectively.

In the experiments in vivo, the hot-pressed poly (@-amino acid)
materials were implanted subcutaneously in the back of Wistar rats
weighing from 400 to 500 g (3 rats/group). The animals were sacri-
ficed at prescribed time intervals. The polymer materials were col-
lected from sacrificed rats and weighed after drying. The in vivo
degradation of hot-pressed polymer materials was calculated from
changes in the weight of the materials before and after implantation
in a similar manner as in vitro.
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Microscopic Observation

The surface structure of hot-pressed poly(a-amino acid) materials
in the in vivo experiments was observed with a x-ray microanalyzer,
Model JXA-"733, Japan Electron Optics Laboratories Co.

Observation of Fusibility of Poly(a-Amino Acid)

Materials

The apparent fusibility of poly(¢-amino acid) materials was ob-
served at temperatures of 50, 100, 150, and 200°C under a pressure
of 150 kg/cm?, using the apparatus seen in Fig. 2. The apparent fusi-
bility of the materials under the above conditions was defined as the
temperature where the fusibility and contraction in volume of the
material were simultaneously observed.

RESULTS AND DISCUSSION

Fusibility of Poly(e-Amino Acid) Materials

A photograph of the appearance of a copoly(y-benzyl-L-glutamate/
L-leucine, 50/50) material treated by hot-pressing is shown in Fig. 3.
The powdered copolymer showed simultaneous fusion and contraction
in volume at 100°C under a pressure of 150 kg/cm®., The true melting
point of powdered copolymer without hot-pressing determined by a
Differential Scanning Calorimeter (Model DSC-1B, Perkin-Elmer) was
about 220°C at atmospheric pressure. From this experiment it was
found that the apparent fusion temperature (in the range of 50 to 100°C)
of a hot-pressed copoly(y -benzyl-L-glutamate /L-leucine, 50/50) mate-
rial is considerably lower than the melting point (220°C at atmospheric
pressure) of powdered copolymer materials. This phenomenon was
similarly observed for the other poly(a-amino acid) material systems
used in this study. As shown in Fig. 3(b), the hot-pressed polymer
materials were very hard and transparent in most of the polymer mate-
rials used. This result suggests that poly (@-amino acid) material hav-
ing high rigidity can be easily prepared by the hot-pressing method.

The fusibility and appearance of homopoly (@-amino acid), copoly(a-
amino acid), and terpoly(a-amino acid) materials when heated under a
pressure of 150 kg/cm® are listed in Tables 1, 2, and 3, respectively.
It was found from the results of Table 1 that the homopolymer mate-
rials having various protective groups such as y-benzyl-L-glutamate,
y -methyl-L-glutamate, S-benzyl-L-aspartate, and e-carbobenzoxy-L-
lysine apparently fused at 50, 100, 100, and 150°C, respectively, while
a homopolymer material of L-leucine having a long side-chain group
and no protective group fused at a temperature of 200°C, However, no
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FIG. 3. Appearance of a copoly(y -benzyl-L-glutamate /L-leucine,
50/50) material treated by hot-pressing. The copolymer material was
ground to a powder at -196°C (liquid nitrogen) and then pressed for
30 s at 150 kg/cm®. The material was photographed with a Nikomat
EL, 35-mm film camera (Nippon Kogaku Co., Ltd). (a) Before hot-
pressing, (b) after hot-pressing.

other homopolymar materials quite fused when heated under a pres-
sure of 150 kg/cm?, e.g., homopolymer materials such as poly(L-
glutamic acid) and poly{L-aspartic acid) having no protective groups,
a homopolymer material such as poly(glysine) having neither protec-
tive groups nor side-chain groups, and poly(DL-alanine) having no
protective groups and short side-chain groups. From these results it
is reasonable to conclude that the fusibility of homopolymer materials
is strongly affected by crystallinity and structural factors such as
protective groups and side-chain groups. The fusibility and appearance
of copolymer materials are listed in Table 2. When a fusible homo-
polymer of L-leucine and a homopolymer of L.-valine having no fusibil~
ity were combined, the copoly(L-leucine/L~-valine) materials scarcely
fused under a pressure of 150 kg/cm® (Samples 25-27 in Table 2). In
a combination of two fusible homopolymers, the copolymer fused easily
in the range of about 50 to 150°C under a pressure of 150 kg/cm®, e.g.,
copolymers such as B-benzyl-L-aspartate/y -methyl-L-glutamate, y-
benzyl-L-glutamate /L-leucine, S-benzyl-L-aspartate/L-leucine, -
carbobenzoxy-L-lysine/L~leucine, and € -carbobenzoxy-L-lysine/B-
benzyl-L-aspartate. Finally, the fusibility of terpolymer materials
such as B-benzyl-L-aspartate/aspartic acid/L-leucine and y-benzyl-



19: 44 24 January 2011

Downl oaded At:

572 ASANO ET AL.

L-glutamate/glutamic acid/L-leucine when heated under a pressure
of 150 kg/cm2 is listed in Table 3. These terpolymer materials
were prepared by partial removal of the benzyl group contained in
random copolymer materials such as S-benzyl-L-aspartate/L-
leucine and y-benzyl-L-glutamate /L-leucine, A part of the benzyl
groups was converted to carboxyl groups by treatment with 70% HBr
solution. That is, a part of the protective groups in copolymer mate-
rials was converted randomly into aspartic acid and glutamic
acid, respectively. Homopolymeric materials such as poly(aspartic
acid) and poly(glutamic acid) do not have fusibility as shown in Table
1. However, the modified terpolymer materials fused in the range of
50 to 100°C under a pressure of 150 kg/cm?, in spite of the introduc-
tion of monomeric segments having no fusibility. We wish to note
here that the biodegradation of hot-pressed terpolymer materials can
be easily controlled by the introduction of the above segments; in
other words, by partial removal of the benzyl group. This result will
be discussed in the next sections.

In Vitro Degradation of Hot-Pressed

Poly(a-Amino Acid)Materials

The in vitro degradation (enzymatic degradation) or hot-pressed
homopoly (@-amino acid) and copoly(e-amino acid) materials is listed
in Table 4 as a function of the type of enzyme. The values indicated in
Table 4 are the weight loss (in vitro degradation) of the polymer frac-
tion degraded only by proteolytic enzymes. The in vitro degradation of
hot-pressed poly(e-amino acid) materials due to the dissolution when
immersed in buffer solution containing no enzymes was within 3% in
all material systems. It is therefore obvious from the results of Table
4 that the in vitro degradation of hot-pressed homo- and copolymer
materials is scarcely dependent on the kind of proteolytic enzyme, and
it was found that the extent of degradation in vitro is very low. For ex-
ample, a homopolymer of L-leucine was not degraded by the proteo-
lytic enzymes used in this study even at the 10th day from the start of
the test. A copoly(p-benzyl-L-aspartate/y -methyl-L-glutamate, 50/
50) materials, on the contrary, showed the highest degradation in vitro
(5.1%, see Sample 14 in Table 4) when degraded with trypsin. We have
already reported the in vivo degradation of the above copolymer mate-
rials [6]. The extent of degradation in vivo went up to 36% at the 90th
day from implantation. The copolymer material, in this case, was
pressed under a pressure of 200 kg/cm?® after being slurried with di-
chloroethane. These results indicate that the biodegradation of hot-
pressed homo- and copolymer materials requires a period of many
months. The water contents of poly{@-amino acid) materials are also
listed in Tables 1 and 2, According to these results, the water con-
tents of the materials are very low in all cases except for poly(y-
methyl-L-glutamate) materials and copolymers containing the y -
methyl-L-glutamate structure. Therefore, it is reasonable to con-
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In vitro degradation {%)

Time (days}

FIG. 4. Effects of five kinds of proteolytic enzyme on the in vitro
degradation of terpoly(@-amino acid) materials such as y -benzyl-L-
glutamate /glutamic acid/L-leucine (18/32/50) and B-benzyl-L-aspar-
tate /aspartic acid/L-leucine (23/27/50). The materials (45 mg) were
pressed for 30 s at 100°C under a pressure of 150 kg/cm®. The degra-
dation test was carried out at 37°C with 100 mL of buffer solution of
various pH's containing 10 mg of proteolytic enzymes. Terpolymer
material: (a) y -benzyl-L-glutamate /glutamic acid/L-leucine (Sam-
ple 37 in Table 3), (b) B~benzyl-L-aspartate/aspartic acid/L-leucine
(Sample 30 in Table 3). Proteolytic enzyme: (o) trypsin, pH 7.8;

(o) a-chymotrypsin, pH 7.8; { o) carboxypeptidase A, pH 7.5; (o) pep-
sin, pH 1.8; ( w) thermolysin, pH 7.8; ( 4) no enzyme (0.1 M phosphate
buffer solution only, pH 7.4). -

clude that one of the reasons for the low enzymatic reaction of hot-
pressed homo- and copolymer materials is due to poor affinity between
material and water.

Marck et al. reported the in vivo degradation of terpoly (8-benzyl-L-
aspartate/L-aspartic acid/L-leucine) [4]. We have also tried to con-
trol the biodegradation of these terpolymer materials which were pre-
pared by partial removal of the benzy!l group. The same attempt was
made for a terpoly(y-benzyl-L-glutamate /glutamic acid/L-leucine)
material system., The in vitro degradation of the two terpolymer mate-
rials is shown in Figs. 4, 5, 6, and 7. Figure 4 shows the in vitro de-
gradation of hot-pressed terpolymer materials with various proteo-
lytic enzymes. It was found that these terpolymer materials are partly
dissolved in buffer solution containing no enzymes. The amounts of
dissolved materials were about 38% in terpoly(B-benzyl-L-aspartate/
aspartic acid/L-leucine, 45/30/25) and 41% in terpoly(y -benzyl-L-
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glutamate /glutamic acid/L-leucine, 25/25/50), respectively, at the
10th day from the start of the test. Further, it was also found that
even after subtraction of the fractions of the water-soluble terpolymer
materials described above, the materials degraded rapidly by the ac-
tion of enzyme. The cause of such a rapid enzymatic degradation of
terpolymer material system may be attributed to an increase in the af-
finity for water. The extent of degradation in vitro of a terpoly (8-
benzyl-L-aspartate /aspartic acid/L-leucine, 23/27/50) material de-
creased in the order of a-chymotrypsin > trypsin > carboxypeptidase A
> thermolysin > pepsin, while the order in a terpoly(y -benzyl-L-glu-
tamate /glutamic acid/L-leucine, 18/32/50) material was trypsin > o-
chymotrypsin > carboxypeptidase A >pepsin > thermolysin. This re-
sult indicates that the in vitro degradation of hot-pressed terpolymer
materials is significantly affected by the kind of enzyme and by the
nature of the material. The effects of the trypsin concentration on the
in vitro degradation of terpolymer materials are shown in Fig. 5. The
in vitro degradation of the material increased with an increase in tryp-

100F (5

80 -

In vitro degradation {%)

Time {(days)

FIG. 5. Effects of trypsin concentration on the in vitro degradation
of terpoly (¢-amino acid) materials such as y-benzyl-L-glutamate/
glutamic acid/L-leucine {25/25/50) and B-benzyl-L-aspartate/aspartic
acid/L-leucine (45/30/25). The degradation test of hot-pressed ter-
polymer materials (see Fig. 4 for the hot-pressing procedures) was
carried out at 37°C with 100 mL of buffer solution (pH 7.8) containing
0-100 mg of trypsin. Terpolymer material: {a) y-benzyl-L-glutamate/
glutamic acid/L-leucine (Sample 36 in Table 3), (b) B-benzyl-L-aspar-
tate/aspartic acid/L-leucine (Sample 32 in Table 3). Trypsin concen-
tration (v/w %): (o) 0.1, (a) 0.05, () 0.01, () 0.005, (=) 0,
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100 | -

In vitro degradation {%)

Time (days)

FIG. 6. Effects of the compositions of ¥ -benzyl-L-glutamate/
glutamic acid/L-leucine on the in vitro degradation of terpoly(a-
amino acid) materials. The degradation test was carried out at 37°C
with 100 mL of 0.1 M phosphate buffer solution (pH 7.4) containing
10 mg of trypsin. The symbols in the figure refer to compositions
given in Tables 1, 2, and 3. The hot-pressing procedures were car-
ried out for 30 s at 100 C under a pressure of 150 kg/cm®, Compo-
sition of y-benzyl-L- glutamate/glutamlc acid/L- leucme (o) 18/
32/50, (o) 25/25/50, (») 36/14/50, (o) 50/0/50, (e) 40/60/0
100/0/0, (-) 54/46/0.

sin concentration. The rate of degradation in vitro of a terpoly(8-benzyl-
L-aspartate/aspartic acid/L-leucine, 45/30/25) material, however, was
considerably faster than that of a terpoly(y-benzyl-L-glutamate/glu-
tamic acid/L-leucine, 25/25/50) material. The effects of the y-benzyl-
L-glutamate/glutamic acid/L-leucine composition on the in vitro degra-
dation of hot-pressed terpolymer materials are shown in Fig. 6. Figure
6 shows that the trypsin degradation increased with an increase of the
glutamic acid component in the material, The same tendency was ob-
served in terpoly(B-benzyl-L-aspartate/agpartic acid/L-leucine) mate-
rial systems as shown in Fig. 7. In this case the degradation in vitro
was accelerated by an increase in the aspartic acid component. From
these degradation results in vitro, we conclude that the control of the
enzymatic degradation of hot-pressed poly (@-amino acid) materials is
possible by the partial removal of the benzyl groups contained in the
materials.
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FIG. 7. Effects of the compositions of B-benzyl-L-aspartate/
aspartic acid/L-leucine on the in vitro degradation of terpoly(a-amino
acid) materials. The degradation test and hot-pressing procedures
were the same as those in Fig. 6. The symbols in the figure refer to
compositions given in Tables 1, 2, and 3. Composition of B-benzyl-L-
aspartate/aspartic acid/L-leucine: (o) 19/31/50, () 23/27/50, (2)
27/23/50, (o) 37/13/50, (e) 50/0/50, (=) 25/50/25, (a) 33/42/25,

(w) 45/30/25, (&) 75/0/25.

In Vivo Degradation of Hot-Pressed
Poly(e-Amino Acid) Materials

The in vivo experiments were carried out by implanting the hot-
pressed poly(o-amino acid) materials subcutaneously in the back of
Wistar rats. The in vivo degradation of terpoly(y -benzyl-L-glutamate/
glutamic acid/L-leucine) materials is shown in Fig. 8. The rate of de-
gradation in vivo was accelerated with an increase in the glutamic acid
components. This is in fair agreement with the results of enzymatic
(in vitro) degradation in Fig. 5. The in vivo degradation of terpoly(B-
benzyl-L-aspartate /aspartic acid/L-leucine) materials was also evalu-
ated and the result is shown in Fig. 9. From the relationship between
the in vitro degradation and the in vivo degradation of terpolymer mate-
rial systems (for example, Fig. 6/Fig. 8 in a terpolymer of y-benzyl-
L-glutamate /glutamic acid/L-leucine and Fig. 7/Fig. 9 in a terpolymer
of B-benzyl-L-aspartate/aspartic acid/L-leucine), it was found that the
in vivo degradation profile corresponds relatively well with that of 0.01%
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FIG. 8. In vivo degradation of terpoly (v -benzyl-L~-glutamate/
glutamie acid/L-leucine) materials, The materials were implanted
subcutaneously in the backs of rats. The symbols in the figure refer to
compositions given in Tables 1, 2, and 3. Composition of y-benzyl-L-
glutamate /glutamic acid/L-leucine: (o) 18/32/50, (o) 25/25/50, (»)

36/14/50, (e) 50/0/50, (o) 40/60,/0, (u) 54/46/0, (a) 100/0/0.
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FIG. 9. In vivo degradation of terpoly (8-benzyl-L-aspartate/
aspartic acid/L-leucine) materials, The experimental conditions

were the same as those in Fig. 8. Composition of S-benzyl-L-aspar-
tate /aspartic acid/L-leucine: (o) 19/31/50, (o) 23/27/50, (») 27/
23/50, (o) 37/13/50, (e) 50/0/50, (=) 25/50/25, (a) 33/42/25, ()

45/30/25, () 75/0/25.
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FIG. 10. In vivo degradation sequence of a terpoly(y -benzyl-L-
glutamate /glutamic acid/L-leucine, 18/32/50) material. The hot-
pressed terpolymer material (Sample 37 in Table 3) was implanted
subcutaneously in the backs of rats. Implantation time (days): (a) 0,
(b) 15, (¢) 30, (d) 60, (e) 100,

trypsin. The rate of degradation in vivo was about 10 times slower
than that in vitro. The cause of retardation of the in vivo degradation
may be related to a lower proteolytic enzyme concentration. However,
it is necessary to note here that the in vivo degradation profile of hot-
pressed terpolymer materials can be roughly estimated from the pro-
file of the trypsin degradation.

On the other hand, in order to observe the degraded state of hot-
pressed terpolymer materials, a terpolymer of y-benzyl-L-glutamate/
glutamic acid/L-leucine (18/32/50) was implanted subcutaneously in
the back of rats. The animals were sacrificed at 15, 30, 60, and 100 d
from implantation. The implanted materials were collected from sacri-
ficed rats and filmed with a 35-mm film camera. A photograph of the
appearance of the implanted materials is shown in Fig. 10, Figure 10
shows that the in vivo degradation of hot-pressed terpolymer materials
proceeds from the surface of the materials. The scanning electron
microphotographs of these materials are shown in Fig, 11. The photo~
graph shows that the surface of the hot-pressed terpolymer materials
has many pores due to the in vivo degradation. This porosity showed
an increase with a longer period of implantation. The hot-pressed ter-
polymer materials resulted in powder at the 100th day from implanta-
tion, as shown in Fig. 10(e). This may be due to the gradual increase
of porosity resulting in the destruction of the shape of the materials.
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