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Abstract : The biodegradable crosslinked poly{1,4-butanediol-co-L-malate}s(XL.-PBLMs)
synthesized using Krebs cycle acids for biomedical applications. The synthesized copolyesters were
identified by FT-IR spectrophotometer. The glass transition temperatures of XL-PBLMs were 3.3°C in
XL-PBLM10, 3.9°C in XL-PBLM12, and 4.9°C in XL-PBLM14, respectively. The swelling ratios of the
crosslinked copolyesters were measured in various pH aqueous solutions at 37 °C. The swelling degrees
of the crosslinked copolyesters increased in the order of XL-PBLM12=XL-PBLM14 < XL-PBM10 at
pH 2.0 and XL-PBLM14 < X[.-PBM12 < XL-PBLM10 at pH 7.4. The biodegradation behaviors of the
synthesized copolyesters in microorganisms such as fungi and bacterium were investigated by using
modified ASTM method. The hydrolytic behaviors of the crosslinked copolyesters were measured in
various pH aqueous solutions at 37 ‘C. The hydrolysis of the copolyesters was proceeded faster with
increasing pH. The order of the hydrolytic degradation was XL-PBLM10 > X[.-PRLM12 > XL-PRLM14.

were

Introduction

Some biodegradable polyesters derived from a-
hydroxy acids and lactones have been a consider-
able interest in biomedical applications, such
as absorbable bone plates and other surgical
fixation devices, bioabsorbable surgical suture,
and carrier for the controlled drug delivery
systems.!®

The most important points of the biodegrad-
able materials for medical devices biocompati-
bility, nontoxicity, and immunogenicity.” The
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additional requirements for some biomedical
applications are the predictable rate of biode-
gradation and suitable mechanical properties.
They are also required the susceptible microbial
and biodegradation upon disposal without any
adverse environmental impact.®" The Krebs cycle
acids are good candidates for the development
of new biodegradable polyesters.'*™* It has been
expected that some polyesters prepared using
Krebs cycle acid derivatives are biocompatible.
The degradation residues will also be nontoxic
and biodegradabie.

In this works, the new biodegradable crosslink-
ed poly(1.4-butanediol-co-L-malate)s were syn-
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Table . The Synthetic Condition of Crosslinked Poly(1,4-butanediol-co-1.-malate)s

Functional Group Ratio Mole % Reaction Jati Residue after
Copolymers COOH -OH of Cataiyst Time (hrs! Gelation Purification
XL-PBLMO6 1.0 06 0.7 5 - none
XL-PBLMO08 1.0 0.7 0.7 5 - none
XL-PBLMO9 1.0 0.8 0.7 5 none
XL-PBLMI10 1.0 1.0 0.7 5 observed obtained
XL-PBLM1Z 1.0 1.2 0.7 5 observed obtained
XL-PRLM14 1.0 14 0.7 5 observed obtained

thesized using Krebs cycle acid derivatives. The
biodegradation of the crosslinked copolyesters in
microorganism was also investigated by using
modified ASTM method.”

Experimental

Synthesis, L-Malic acid and 1,4-butanediol
were purchased from Aldrich Chemical Co. p-
Toluenesulfonic acid used as a catalyst was
obtained from Sigma Chemical Co. Three kinds
of new crosslinked poly(1,4-butanediol-co-L-
malate) such as XL-PBLM10, XL-PBLM12, and
XL-PBLM14 were also synthesized from L-malic
acid and 1.4-butanediol on the basis of the
functional group ratios as shown in Table L. 1,4-
Butanediol and p-toluenesulfonic acid were
dissolved in toluene and placed in two-necked
flask equipped with a wmagnetic stirring bar,
thermometer, and dean-stark trap on top of
which is a condenser fitted with a drying tube.
The reaction mixiure is placed in an oil bath and
maintained at reflux with stirring for a prede-
termined time. The reaction mixture was cooled
and filtered. The residue was washed with
acetone and recrystallized with chloroform and
diethyl ether. The product was dried in vacuum
at room temperature for 7 days.

Characterization. IR spectrum was recorded
on a Bomen 100 FT-IR spectrophotometer in the
solid state using a KBr pellet. The glass transition
temperature (T.), crystallization temperature (T,
and melting temperature (T.) of the polymers
were measured by differential scanning calorime-
try using Perkin-Elmer DSC-4 system. Calibration
of the temperature was performed using an
indium standard. The swelling ratios of the biode-
gradable copolyesters were measured in various

pH aqueous solution at 37 °C.

Biodegradation. The microorganisms for the
biodegradation tests were Aspergillus niger as
fungi and Pseudomonas fluorescens as bacteria.
Aspergillus niger is routinely used in the ASTM
procedure for the determination of biodegrada-
tion. The conidia harvested from 7 days culture
slant were suspended in nuirient salt broth by 10°
conidia/ml.. Test medium was sterilized by
autoclaving at 121°C for 20 min. The medium
pH was adjusted by the addition of 0.01 N NaOH
solution so that after sterilization the pH was 6.2.
The prepared suspension of each microorganism
was inoculated on the polymer surface and
incubated at 28°C. The polymer was removed
from the incubator after a predetermined time
and shape was observed using FT-IR spec-
trophotometry. The hydrolytic degradation be-
haviors of the crosstinked polymers were studied
in various pH buffer solution at 37 °C.

Results and Discussion

Identification. The IR vibrational band
characteristic of ester bond formation is indicated
by the presence of carbonyl peak at 1740 em™
In the IR spectrum of XL-PBLM, the C=0
stretching band shifted from 1710 em® to 1730
cm™ and a band due to COOR appeared at 1190
cm™ (Figure 1). However, the broad band around
3400 cm™ in the monomers due to -COOH and
-OH was found to be much smaller in XL-PBLM.
All these indicate the formation of ester bonds.
The smaller broad band appeared at 3400 c¢m™
it the XL-PBLM might be due to some unreacted
carboxyl and hydroxyl groups.

Characterization. The glass transition tem-
peratures of XL-PBLMs were measured at
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Figure 1. The FT-IR spectrum of poly(1.4-butanediol-co-L-
malatels. (a) XL-PBLM10, (b} XL-PBLM12, and (c) XL-
PBLM14.

Transmittance

Table Il. The Glass Transition Temperatures of

XL-PBILMs
Copolymers T,'(°C) THC) THC)
XL-PBLM10 33 6.5 -
XL-PBLM12 39 7.7 -0.3
XL-PELM14 4.9 7.3 36

T+ T, of original sample.
ng : Samples were prepared in pH 2.0 solution.
T: * Samples were prepared in pH 7.4 solution.

temperature ranging from -30°C to 40°C at a
scanning rate of 20°C/min. Glass transition
temperatures of XL-PBLMs, which were dried
after dipping into pH 2.0 and pH 7.4 buffer
solutions for 2 hours, were measured at the same
condition {Table II). Glass transition temperatures
of the crosslinked polymers prepared in pH 2.0
butfer solution increased while those prepared at
pH 7.4 decreased, compared with the original
samples.

The swelling ratios of the crosslinked polymers
were measured in various pH solution at 37°C
{Figure 2). The swelling degree increased in the
order of XL-PBI.M12=XL-PBLM14 < XL-PBLM
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Figure 2. The equilibrium swelling ratios of XI.-PBM10, XL-
PBM12, and XL-PBM14 as a function of pH at 37 °C.

10 at pH 2.0 and X1-PBLMI14 <X[.-PBLM12
< XL-PBLMI10 at pH 7.4. It has been considered
that the decreasing T, with increasing pH of
preparing sclution and increased swelling degree
are due to the interaction of end groups such as
-COOH and -OH present in the side chain of
polymer.

Biodegradation. The biodegradation behavior
of XL-PBLM was investigated using Aspergillus
niger and Pseudomonas fluonescens, as shown in
Figure 3. After seven weeks, the degrees of
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Figure 3. The degradation profiles of XI.-PBLM by As-
pergiilus niger and Pseudomonas fluorescens.
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Figure 4. The hydrolytic degradation of XL-PBLM10, XL-
PBLM12, and XL-PBLM14 in pH 2.0 buffer solution at 37 °C.
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Figure 5. The hydrolytic degradation of XI-PBLM10, XL-

PBLM12, and XL-PBLM14 in pH 4.0 buffer solution at 37°C.

biodegradation are about 85 wt% degraded in
Aspergiller niger and those are about 75 wt% in
Pseudomonas fluonescens. The hydrolytic deg-
radation behaviors of the XL-PBLMs which are
studied in pH 2.0, 4.0, and 7.4 buffer solutions at
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Figure 6. The hydrolytic degradation of XL-PBLMI10, XL-
PRLM12, and XL-PBL.M14 in pH 7.4 buffer solution at 37 °C.

37°C are shown in Figure 4, 5, and Figure 6,
respectively. The hydrolysis of the biodegradable
crosslinked copolyesters proceeded faster with
increasing pH solution. The order of the hydrolytic
degradation was X1.-PBLM10>XL-PBLM12 > XL-
PBLM14 in each different pH solutions.

Conclusion

The biodegradable crosslinked poly(1,4-
butanediol-co-L-malatel)s were synthesized using
1,4-butanediol with L-malic acid. XL-PBLM1Q,
XL-PBLM12, and XL-PBLMI14 were prepared
and tested in DSC, swelling degree, and
biodegradation. In the DSC study., the glass
transition temperatures (T,) of the crosslinked
polymers increased when the samples were
prepared in pH 2.0 buffer solution, but the T,
decreased when the samples were prepared in
pH 7.4 buffer solution. The swelling degrees of
XL-PBLMs increased with pH of aqueous
solution. In the biodegradation test, the crosslink-
ed copolyesters such as XL-PBLM10, XL-PBLM
12, and XL-PBLM14 were gradually degraded
by microorganisms such as Aspergillus niger and
Pseudormonas fluorescens.
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