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Abstract: Hydrolytic degradation in media having a continuous variation of pH from 2 to

12 was studied for a copolymer having two polyglycolide hard blocks and a middle soft
segment constituted by glycolidemethylene carbonatand U-capolactone units. The last

units were susceptibletocrelss nki ng reactions by 9 irradiat
molecular weight of the sample. Nevertheless, the susceptibility to hydrolytic degradation
was enhacedwith respect to nofirradiated samples and consequently such samples were
selected to analyze the degradation process through weight loss measurements and the
evaluation of changes on molecular weight, morphqglagd SAXS patterns. Results
reflectedthe different hydrolytic mechanisthat took place in acid and basic media and the
different solubilization of the degradation products. Thus, degradation was faster and
solubilization higher in the basic media. In this ¢dibers showed a high surfaegosion

and the formation of both longitudinal and deep circumferential cracks that contrasted with
the peeling process detected at intermediate pHs (from 6 to 8) and the absence of longitudinal
cracks at low pHs. SAXS measurements indicated that degradaeds initiated through the
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hydrolysis of the irregular molecular folds placed on the amorphous interlamellar domains
but also affected lamellar crystals at the last stages. Subsequent heating processes performed
with degraded samples were fundamentakeweal the changes microstructure that
occurred during degradation and even the initial lamellar arrangement. In particular, the
presence of interfibrillar domains and the disposition of lamellar domains at different levels
along the fiber axis for a te'mined crossection were evidenced.

Keywords: absorbable sutureglycolide copolymerhydrolytic degradatioyo-irradiation
lamellar microstructuresmall angle Xray scattering

1. Introduction

Sutures were the first commercial use of biodegradable polymers as orthopedic devices and by now
theiruse has been extended to most surgical fl@ldéNowadays, most resorbable sutures are polyesters
(homopolymers and copolymers) based on glycoliddidectrimethylene carbate, 0-capolactone
andp-dioxanone units. These synthetic polymers, with hydrolizable bonds in their main chain, provide
clear advantages over natural polymers such as tailored properties and even predietadbde |ot
uniformity. In fact, control over degradation rate and properties can be achieved by the appropriate
selection of monomers, copolymer compositiand copolymer architecture (e.9locky or random
distributions). In this way, factors like hydrophilicity, crystaity, chain stiffnessand molecular weight
can be easily controllg@].

Poly(glycolide), the first and simplest polyester employeasagure[3], renders materials with high
crystallinity, high melting and glass transition temperatures, high strengtficung modulusand high
degradation rate. The polymer is commercialized as a braided material due to its high stiffness and
consequently has some potential inconveniences associated to tissue drag;dowi tend risk of
infection compared to monddiment sutureg4i 6]. Flexible suture threads that are processed in a
monofilament form have been manufactured to avoid these problems. Some of them consist on
glycolide/trimethylene carbonate copolymers (named as polyglyconates) and a segmé&hied A
architecture where A ia polyglycolide hard block and B a random soft segment. MaxonTM (Syneture)
was one of the former monofilament synthetic suture based in glycolide that has been dgvéloped
Therefore, detailed studies concerning synthesis, degradation, proertiey/stallization have been
performed on such copolymers as model materials for suture applid&ii@as

Works about monofilament sutures having three (&gnosy™ [21], and Biosyi" [22,23]) and
four components (e.gCaprosynM [24]) are more scarceedpite the incorporation of additional
monomers may lead to polymers with different properties and degradation behavior. Specifically,
Monosyn™ is the segmented Gh-[GL-co-TMC-co-CL]-b-GL copolymer constituted by 72, 14 and
14 wts of glycolide, trimethiene carbonateral U-caprolactone units, respectively. The material has a
soft sgment that represents the 43%vbf the sample and includéscaprolatone units. The high
methylene content provided by them lead to a decrease on the degradation ratey tbatamce the
opposite effect caused by the increase on the amorphous character.
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Exposure to gamma rays #@sprocessoften employedor microbial decontamination of medical
devices since this irradiation procedure is economically feasible for adeaggeterminal sterilization.
Gamma irradiation is highly penetrating and ionizing evatgsactivate numerous chemical reactions
that can be useful to modify material properties. Basically, gamma irradiation may cause different effects
on polymers: chain ssion, crosslinking/grafting. The predominant process depends on the chemical
nature of the polymer and the applied di2&.

Polyester sutures exposed to gamma irradiation can experiment both a chain scission through the ests
moiety and a crosslinking that involves radicals formed on the carbon atoms of methylene groups of the
main chain[26]. Both crosslinking and degradatiomay occur simultaneously.€., gas release and
increase of molecular weight may be observed together), although usually one process predominates
Obviously, the effect of these reactions on material properties is clearly different. Crosslinking increases
the molecular weight, lowers the mobility of molecules, reduces creep, raises the tensile strength anc
increases the hardness and brittleness. Radiation induced degradation decreased the molecular weight
well as tensile, impact, shear strengthd elomgation at break.

The predominant effect of o irradiation on p
unzipping of molecules and a faster los$atthanMy [3]. Polyesters with a high number of methylene
groups in the main chain are lesssceptible to degradation since weakening of main chain bonds
through ester resonance becomes less effective. Theréfoaprolactoe units belonging to the soft
segment may be more susceptible to crosslinking than degradation. Note that segmented
GL-b-[GL-co-TMC-co-CL]-b-GL could experiment a degradation through its hard segments and
simultaneously a significant crosslinking through its soft segments that could give rise to an increase of
the molecular weight. This is not the case of the bicomponegmesged copolymer
GL-b-[GL-co-TMC]-b-GL, in which chain scission events are still predominant during irradiation.
Nevertheless, the molecular weight decrease was lower than that observed for polyglycolide suggesting
that trimethylene carbonate units waiso susceptible to crosslinking reacti¢2s].

Molecular scission is expected to be more pronounced in the amorphous regions since recombinatior
of formed radicals can be easier in the compact crystalline regions with immobile chain segments.
Gamma irradhtion should lead to a reduction of chain entanglement of polyglycolide segments in the
amorphous phase and an open amorphous structure that facilitates hydrolytic degf2dgtlarthe
same way, polymers could become more susceptible to enzymaticadtexr altering their physical and
chemical structures by gamma irradiat{@s].

Recent degradation studies on -68{GL-co-TMC-co-CL]-b-GL revealed a complex process that
could take place along longitudinal and lateral fiber directions depending on the degradation medium as
also reported for other glycolide based sutyg5% 29]. In all cases, disk morphologies were clearly
detected in th last degradation stages, playing an important role the confinement of the amorphous soft
segment between the two crystallizable polyglycolide hard bl¢28s The present work insists
on the morphological changes that took place during exposure ofgdnema irradiated
GL-b-[GL-co-TMC-co-CL]-b-GL copolymer that was selected for its higher susceptibility to hydrolysis
and its segmented architecture. To this end, media with a gradual variation of pH from 2 to 12 were
considered and the lamellar morpholamalyzedby means of small angle-dy scattering (SAXS) of
the exposed sutures before and after being submitted to a thermal annealing process that could enhan:
differences on the folding surfaces.
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2. Experimental Section
2.1. Materials

Commercially available sutures of @i-[GL-co-TMC-co-CL]-b-GL (Monosyd™, USP 0) were
kindly supplied by B. Braun Surgical, S.A. @k[GL-co-TMC-co-CL]-b-GL samples were also
exposed to a o9 irradiation db°€4.g,slighdybhgherethaktbe k Gr
glass transition temperature). The segmented microstructure was attained bystaptvegnthesis
(Figure 1) where firstly a random soft segment was prepared and then used as initiator for the ring
opening polymerization of glycile.

a) It Polymerization step synthesisof soft segment
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GL-b-(GL7icai TMCi coi CL)-b-GL

Figure 1. Two step synthesis of Gb-[GL-co-TMC-co-CL]-b-GL showing the chemical
structure of soft and hard segments.

2.2. Hydrolytic Degradation

In vitro hydrolytic degradation assays were carried out at a physiological temperaBfré®and
in the pH range from 2 to 12 using the Universal buffer (cHpliesphatdoorate/HCI) solutiorj30].
This was prepared by mixing 20 mL of a stock solution withL of 0.1 M HCI and distilled water up
to a volume of 100 mL. The stock solution (1 L) contaih@d mL of citric acid, 100 mL of phosphoric
acid, 3.54 g of boric acid and 343 mL bfM NaOH. pHs 2, 3, 4, 5, 6, B8, 9, 10, 11land 12 were
attained with 74.4, 56.9, 50.7, 45.4 39.7, 32.9, 28.1, 24.0, 18.1,aml1..3 mL ice., the x values) of
the HCI solution, respectively.

Samples were kept under orbital shaking in bottles filled with 50 mL of the degradauumnmand
sodium azide (0.03 Wt) to prevent microbial growth for selected exposure times. The samples were
then thoroughlyinsed with distilled water, dried to constant weight under vacuum and stored:Gver P
before analysis. Weight retention, molecular weightd calorimetric properties were then
evaluated. Degradatistudies were performed in quintuplicate anddglven cata corresponded to the
averagevalues.
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2.3. Measurements

Weight retention \4) of the specimens was determined by the percentage ratio of weight after
degradation\(\4) to initial weight before degradatioWk):

) w fwo pmum (1)

Molecular weights were estimated by size exclusion chromatography (GPC) using a liquid chromatograph
(Shimadzu, model L@BA, Tokyo, Japanequipped with an Empower computer program (Watés).

PL HFIP gel columriPolymer Lab) and a refractive index detector (ShimadzuRIB, Tokyo, Japan

were employedThe polymer was dissolved and eluted in 1,1,1,3h@}&afluoroisopropanol containing
CRCOONa (0.05 M) at a flow rate of letoncenrationi n
2.0 mg/mL). The number and weight average molecular weights were calculated using polymethyl
methacrylate standards.

Calorimetric data were obtained by differential scanning calorimetry with a TA Instruments Q100
series withTzerotechnology and equipped with a refrigerated cooling system (RCS). A first heating run
(20 °C/min) was performed to determine melting temperature and enthalpy, whereas a cooling run
(10°C/min) after keeping the sample in the melt state for three mitwuerase the thermal history was
carried out® determine crystallization data. Experiments were conducted under a flow of dry nitrogen
with a sample weight of approximately 5 mg and calibration was performed with inygunalibration
required two exgriments: the first was performed without samples while sapphsks were used in
the second.

Optical micrographs were taken with a Zeiss Axioskop 40 Pol light polarizing micro&Capé&eiss,
OberkochenGermany equipped with a ZessAxiosCam MRCHligital camera.

Scanning electron microscopy (SEMas employed to examine the morphology of sutures after
different times of exposure to the selected degradation media. Carbon coating was accomplished with :
Mitec k950 Sputte€oater (fitted wih a film thickness monitor k1%qQuorum Technologies Ltd., West
Sussex, UK SEM micrographs were obtained with Zeiss Neor40 EsBinstrument(Carl Zeiss,
OberkochenGermany.

Time resolved SAXS experiments were carried authe NCD beamline (BL)lof the Alba
synchrotron radiation light facility of Cerdanyola del \&al(Catalunya). The beam was monochromatized
to a wavelength of 0.1 nm. Polymemngales were confined between Kapton films and then held on a
Linkam THMS600 hot stage with temperature control withhhl °C. SAXS profiles were acquired
during heating and cooling runs in time frames of 20 s and rates°@/a0n. The SAXS detector was
calibrated with diffractions of a standard of a silver behenate sample. Thectiih profiles were
normalized to the beam intensity and corrected considering the empty sample background.

3. Results and Discussion
3.1. Hydrolytic Degradation of Gb-[GL-co-TMC-co-CL]-b-GL in Different pH Media

Figure 2a shows the pH dependence of the degradation process evaluated through weight los:
measurements during exposure to the different hydrolytic media. Degradation is characterized by
sigmoidal curves with a shioinduction time, which is associated to the time required to render small
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soluble fragments able to diffuse from the fiber to the media, a period where an abrupt mass loss is
observed and finally a period where degradation is slower due to the enriabimerdre resistant
fragments to the hydrolysis (e.grystalline regions). It is assumed that degradation initially occurs
through random chain scissions that involved amorphous domains while a slowdimensional

stepwise hydrolytic fragmentation isaracteristic of the last stages where crystalline regions are more
abundan{31].
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Figure 2. (a) Plot of remaining weight percentagersusexposure time to the different
assayed hydrolytic degradation media for4moadiated Gl:b-[GL-co-TMC-co-CL]-b-GL
samples The inset shows a magnification for low pH media) Comparison between
degradation of noirradiated and irradiated GLb-[GL-co-TMC-co-CL]-b-GL samples
during exposure to differentpeesentative degradation media.

Results show a clear trend where induction time regularly decreases and the second step become
narrower as the pH of the media increases. Nevertheless, differences were more pronounced by sma
increases on basicity than on acidity. Note for example ghaeight loss of 40% required 41 and
27 days when pH increased from 11 to 12, respectively, whereas 90 and 87 days were required for pH
of 2 and 3, respectively. Acichtalyzed hydrolysis of esters is much slower at a given temperature than
the alkalicaalyzed one giving rise also to a slower surface attack of the exposed si@apliess well
known that acid and alkaline hydrolysis take place through different mechanisms, being in the first case
the process initiated by protonation of the single lednalxygen of the ester group while in the second
case the hydroxide ions attack the electleficient carbonyl carbons to form an intermediate anion.

Figure 2b shows that degradation was clearly enhanced when samples were previously submitted tc
dirradiaion. Basically, main differences on degradation profiles of irradiated anttnaoiated samples
at a given pH correspond to the induction time. This was more significant in acid media and therefore a
weight loss of 40% required 27 and 20 days at pH Giev®0 and 73 days at pH 2 for roradiated
ando irradiated samples (Figure 3), respectively.



Fibers2015 3 354

100 o

Time (days)

@ Non-irradiated Oy irradiated

2 3 4 5 6 7 8 9 10 11 12
pH

Figure 3.Plot of time required to get a weight loss of 40% for-ireediated and irradiated
GL-b-[GL-co-TMC-co-CL]-b-GL samples exposed thfferent pH media.

Figure 4 shows the changes on the pH of the medium during the degradation process. A decrease we
observed for basic media as a consequence of the release of degradation products with an acid natur
Basically, curves were characterizZieg an initial region where pH is constant, followed by a narrow
(e.g, pH 12) or wide (e.g.pH 9) region where a significant pH decrease was observed due to the
moderate buffer capacity of the media. Finally, a region where pH became again practitstiytco
was detected. Logically, the magnitude of the pH change decreased and the second region shifted t
higher times as the initial pH of the medium decreased, a feature that is in agreement with previously
indicated weight loss measurements. In faghe8 corresponding to the maximum slope of pH
(Figure 4) and weight loss curves (Figure 2a) were similar. Comparison between pH curves of
nortirradiated ando irradiated samples demonstrated again the faster degradation ddittdre
Specifically, the maimum slope shifted for example from 30 to 23 days at pH 12 and from 48 to
30 days at pH 9.

Evolution of weight average molecular weight of ficadiated and irradiated samples during
exposure at the two extreme pH®.(2 and 11) is shown in Figure .5k this case curves were less
influenced by the pH of the medium and were characterized by a rapid decrease during the first days o
exposure until reaching a practically constant value at ca. 35 days. This can be interpreted as the
minimum molecular siz of insoluble degraded fragments. Note also that the initial molecular weight of
the o irradiated sample was the highese.( 102,400 with respect to 90,700 g/mol), suggesting that
crosslinking reactions were produced during irradiation.

Figure 5b shows the relatid, loss that allowsor better comparison dhe evolutionof samples
with different molecular size It is clear that small differences could be found at the initial stages of
degradation, being this enhanced for irradiated samples. The influence of pH is less clear but a faste
decrease was observed at the beginning of exposure, probably as a consequence of the greater retent
of small degraded molecules. Therefore, curvaatpmut a variation on the degradation process that
could obey a preferential degradation of the amorphous region at the beginning that is followed by a
slower degradation of the edge of crystall{&3 35]. In fact, the first step can be associated quiak
random chain scission mechanism that follows a-firder kinetic, irrespective of the chain length,
whereas aslower chairendscission mechanism can be expected when degradation affects the
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crystalline domain$29,36 39]. Note in Figure 5b the dérences between the experimental curve and
the simulated one considering a theoretical first order equation.

14

P . ® Non-irradiated

12 O vy irradiated

10 +

pH

0 20 40 60 80 100
Time (days)

Figure 4. pH evolution of representative degradation media during exposure -of adiated
(solid lines) ana irradiated (dashed lines) G-[GL-co-TMC-co-CL]-b-GL samples.
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Figure 5. (a) Plots of the variation in the weight average molecular weight of -arraaiated

and a irradiated GLb-[GL-co-TMC-co-CL]-b-GL sample during exposure to a pH 12 and

pH 2 degradation medi&b) Plots of the variation in the weight average molecular weight
(percentage) of a nemradiated and airradiated Gl-b-[GL-co-TMC-co-CL]-b-GL sample

during the first steps of exposure to representative degradation media. For the sake of
completeness simulated data for a degradation following a first order equation is also drawn
(dashed line) for theirradiated sample exposed to pH 2
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Figure 6 shows typical DSC scans obtained during heating and cooling experiments, which
demonstrated that samples were semicrystalline and abbesily crystallize from the melt state.

(ii) T.=158.7°C
AH,=43.6J/g

=
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2 T, =197.3°C
= AH,=41.0J/g
=
5 (i)

-40 0 40 80 120 160 200 240
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Figure 6. DSC traces obtained with the originatradiated GLb-[GL-co-TMC-co-CL]-b-GL
sample. Traces correspond to the first heating run (i) and the cooling run after keeping the
sample in the melt s@for 3min (ii).

Changes on thermal properties point also out the time required to produce a significant degradation.
Thus, melting temperature abruptly decreased as well as the crystallization temperature when the
minimum molecular weight was attained as shownFigure 7a for the degradation in the pH 7
representative medium. Therefore, lamellar crystals were sufficiently affected at the indicated degradation
level to note a significant decrease on the melting temperature f(erg. 200 198 °C to 191°C).
Furthermore, differences were also detected between irradiated airdadiiated samples, specifically
the abrupt temperature changes occurred at lower exposure when samples were irradidg&dith
respect to 21 days). Nevertheless, the effecegfatiation could be better detected through the major
difficulty to crystallize for the degraded samples. In this way, crystallization temperature decreased from
an initial value of 166160 € to temperatures of 130 and 180 for nortirradiated and irradited
samples, respectively. The larger variation observed in the second case confirms again the greate
susceptibility to degradation of samples after beirnigadiated.Similar trends were observed from
melting and crystallization enthalpies of degradathples (Figure 7b). Thus, both enthalpies seem to
reach a maximum value at the beginning of degradation as expected from a preferential attack to the
amorphous region. Logically this maximum was observed at a lower exposure time wherattiated
sampes was considered.
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Figure 7. (a) Variation of melting and crystallization temperature aby rQelting and
crystallization enthalpies of narradiated and irradiated GEb-[GL-co-TMC-co-CL]-b-GL
samples during exposure time in a pH 7 buffer medium.

3.2. Morphological Changes during Hydrolytic Degradation ofiB[GL-co-TMC-co-CL]-b-GL in
Different pH Media

GL-b-[GL-co-TMC-co-CL]-b-GL oriented fibers exposed to a hydrolytic degradation process
experencecomplex morphological changes as a consequeindiferent factors:

(1)Fibers are constituted by oriented lamellae and different amorphous regions which will be more
susceptible to the hydrolysis process. In fact, oriented crystallites are embedded in an amorphous
matrix, being possible to distinguish tiveen interlamellar and interfibrilar amorphous regions
(Figure 8a), according to previously postulated moff#)st1]. The interlamellar domains alternate
with lamellae in the direction of the fiber and possess the lowest molecular orientation and density
sincetheyare formed by molecular folds, tie chain segments between adjacent lamellar structures,
and free chain ends. Therefore, these domains appear to be the most suscéytbdéyss. On the
contrary, the interfibrilar domains may have a paaiigntation and correspomal the regions placed on
lateral sides of lamellae arranged in a fibrillar way. Degradation may therefore follow two different
pathways: longitudinal and transversal dependmghether the hydrolysis proceeds mainly through
the interfibrilar or interlamellar regions, respectively.

(2)The hydrolysis mechanism is different as previously indicated for acid and basic media. Differences
not only concerthe kinetic mechanism but also the capability to solubilize degradation products. |
this way, retention may be significant in both the interlamellar and interfibrillar regions when an
acidic medium is employed and therefore lateral and longitudinal diffusion of water molecules could
be hindered. On the contrary, rapid solubilizatiomedradation products may enhance the surface
erosion of exposed fibers in a basic medium.

(3)Morphology of fibers is not completely homogeneous due to a spinning process where the fiber
surface is cooled faster than the core. Therefore, the shell layer stemdddifferent degree of
molecular orientation and probably is constituted by a slightly different lamellar architecture (e.qg.
size of crystalline and amorphous domains).
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a) ORIGINAL FIBER b) DEGRADED FIBER
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(partially oriented molecular chains)
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Figure 8. (a) Scheme showing the presence of oriented lamellar crystals embedded in
interlamellar (yellow) and interfibrillagblue) amorphous domainBlue and orangarrows
indicate the attack able to generate longitudinal and circumferential cracks, respectively
(b) Schemes showing the distinctive morphological changes that occurred during heating of
samples previously degraded in acidic, neuteald basic media. For the sake of
completeness representative SAXS patterns taken during a heating scan arensiso sho

Morphological inspection of fibers exposed to different pH media revealed a continuous evolution
with pH and logically with time as shown in Figuresl®. Morphological changes were similar for
norrirradiated and irradiated samples as shown in Fig@for a representative pH medium. However,
in all cases changes proceeded faster when samples were exposed to irradiation in agreement with tt
above indicated accelerated degradation. Thus, longitudinal cracks and peeling were evident aftel
exposure ofthe irradiated sample to a pH 7 medium for 21 and 35 days, respectively, whereas the
nortirradiated fiber was praécally unaltered after 21 day35 and 47 daywererequiredto appreciate
cracks and peeling. Some features can be highlighted accdodihg optical and SEM micrographs
obtained at neutral (Figures 9 and 12), acidic (Figures 10 apdri®pasic (Figures 11 and 12) pHs
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Figure 9. Optical micrographs showing the morphological changes ofimadiated anc
irradiated GLb-[GL-co-TMC-co-CL]-b-GL samples during exposure for the indicated
times to a pH 7 buffer medium at &7.

(1)Degradation in a neutral pH proceeds through three well differentiated steps. The first one
corresponds to the development of straight and longitudinal cracksewadve through the
detachment of the skin layer. Microcracks that propagate circumferentially around the fiber axis are
characteristic of the second step although they initially contribute to the peeling out process of the
outermost skin. In this step amocracks are irregularly distributed along the fiber and are not
completely extended along the circumferential perimeter. In fact, optical micrographs tshow t
presence of irregular cracks that appear inchmiga respect to the fiber axis. The last seepssociated
to the deep propagation of the initiated circumferential cracks througbrakesectional planes
where interlamellar amorphous domains more susceptible to the hydrolysis exist. At the end of this
step, regularly distributed discs perpendar to the fiber axis are evident in the optical and SEM
micrographs.

(2)Peeling was not observed when the pH of the degradation medium was lower than 6 and furthermore
the formation of longitudinal cracks was clearly hindered in these acidic media (Fiyukegically,
degradation became slower as the pH decreased and in fact unaltered surfaces were observed after
days of exposure even for the irradiated sample. Circumferential and highly spaced cracks
perpendicular to the fiber axis were detectetiafirst stages of degradation in the most acidic media
(pHs 2 and 3) whereas irregular and inclined cracks were observed in the optical microscopy images
taken at pHs between 4 and 6. Nevertheless, SEM micrographs revealed that these cracks had
zig-zag appearance. In all cases, additional cracks appeared at longer exposures, giving rise to

irregular fissures that ultimately lead to the thinner and regular discs that were perfectly oriented
perpendicular to the fiber axis.
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(3)Degradation in basic media showed the formation of deep longitudinal cracks at the beginning of
exposure that lead to peeling only when pH was lower than 9. Circumferential cracks were also
observed at the earlier degradation steps together with a ade@reof the fiber surface, which can
already be detected in the irradiated samples exposed for only 21 days in a pH 10 medium. SEM
micrographs revealed also the formation of such circumferential cracks and the resulting wrinkled
fiber surface. In fact, dgadation in the high basic media was peculiar since deep transversal cracks
that led to narrow discs were practically formed at the beginning of exposure. Note also that the high
solubilization of degradation products caused the lineal and smooth fdjée papidly to evolve
towards highly tortuous surfaces.

21 days 35 days 60 days 88 days

W JI TR VYT
vl M"uc" r

U T

1

120pm  120pm

Figure 10. Optical micrographs showing the morphological changes afradiated
GL-b-[GL-co-TMC-co-CL]-b-GL samples during exposure for the indicated times to the
indicated acidic media at 37 .
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21 days 28 days 35 days 47 days 60 days 88 days

Figure 11. Optical micrographs showing the morphological changes adfradiated
GL-b-[GL-co-TMC-co-CL]-b-GL samples during exposure for the indicated times to the
indicated basic media at &7.

Figure 12. SEM micrographs showing the morphological changes af iaradiated
GL-b-(GL-co-TMC-co-CL)-b-GL sample during exposure t@) @ pH 4 medium for 35 days
(inset 55 days)b) a pH 4 medium for 88 days (inset cr@gxtion detait)(c) a pH 7 medium
for 35days (inset 21 days(d) a pH 7 medium for 88 day&) a pH 10 medium for 35 days
(insets 21 days and cressction detail at 35 dayahd ) a pH 10 medium for 88 days (inset
crosssection detail).
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3.3. Changes on the Lamellar Parameter&bafb-[GL-co-TMC-co-CL]-b-GL during Hydrolytic
Degradation in Different pH Media

Lamellar structure of the narradiated and irradiated Glb-[GL-co-TMC-co-CL]-b-GL samples
gave rise to a strong meridional reflection in the SAXS pattern that correspamidsdpacing close to
8.3 7.6 nm(e.g, Figure 13a for the irradiated sample). This high intensity suggests a large difference
between the electronic density of amorphous and crystalline phases, which is in agreement with the tigh
packing of polyglyctde [42]. Slight differences on the degree of orientation can be detected, being in
general lower after exposure to highly basic medium.

Figure 13.(a) SAXS patterns of the initiad irradiated Glb-[GL-co-TMC-co-CL]-b-GL
sample and after exposurepd 4 for 12, 35 and 88 days, pH 7 for 35 days, pH 9 for 35 days
and pH 11 for 28 days. Red arrows indicate the meridional fiber dire@ip@omparison
between correlation functions ofirradiated GLb-[GL-co-TMC-co-CL]-b-GL sample for:
initial sample after exposure to pH 4 for 12, 3&nd 88 days.

Both nonirradiated anad irradiated samples exposed to the degradation media showed also the strong
and oriented lamellar reflection (Figure 13 for representativeadiated samples) even when fibers
began to lose their integrity. More interestingly the lamellar spacing clearly decreased in the advanced
degradation stages from its initial value (e8d3 nm for the irradiated sample) to a spacing close to 5.40 nm
that was reached just before the fibeegrity was lost (e.gFigure 13a for fibers exposed to a pH 4
medium during 88 days). On the contrary, slight variations on the lamellar spacing were detected at all



