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Poly (L-co-D,L lactic acid) (PLDLA) is an important biomaterial because of its biocompatibility
properties that promote cellular regeneration and growth. The aim of this study was to evaluate the
polymer-tissue interaction of PLDLA implants in the dorsal subcutaneous tissue of male Wistar rats
at various intervals (2, 7, 15, 30, 60 and 90 days) after implantation. Physical properties such as the
glass transition point (Tg), degradation behavior and other mechanical properties were characterized
by differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), gel permeation
chromatography (GPC), scanning electron microscopy (SEM) and tension tests. Analysis of the
degradation of PLDLA membranes in vitro showed that the polymer became crystalline as a function
of the degradation time. Mechanical tension tests showed that the polymer behaved like a ductile
material: when subjected to constant tension it initially suffered deformation, then elongation and
finally ruptured. TGA/MEV provided evidence of PLDLA membrane degradation. For histological
analysis, samples from each group were processed in xylol/paraffin, except for the 60 — and 90 — day
samples. Each of the latter samples was divided in two: one half was treated with xylol/paraffin and the
other with historesin. Light microscopy showed the adhesion of cells to the biomaterial, the formation
of a conjunctive capsule around the implant, the presence of epithelioid cells, the formation of foreign
body giant cells and angiogenesis. During degradation, the polymer showed a ‘lace’ — like appearance
when processed in xylol/paraffin compared to the formation of “centripetal cracks in the form of glove
fingers” when embedded in historesin.
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1. Introduction

Polymers are the components of choice for therapeutic
implants because of their ability to mimic the appearance of
the original injured tissue and promote tissue reconstitution.
For this reason, polymers need to be biocompatible and
bioresorbable in order to minimize adverse reactions to the
organism'? The increasing therapeutic use of polymers
as biomaterial implants makes it essential to evaluate the
behavior of subcutaneous implants in vivo. This is generally
done in rats, which provide an ideal model for analyzing
the rate of neovascularization, the formation of collagen
types I and I11, and consolidation of the conjunctive capsule
around the polymer®.

*e-mail: eliduek @fem.unicamp.br

Among biomaterials, poly-L/DL-lactide (PLDLA), an
amorphous and bioresorbable material, has a structure that
combines the best characteristics of poly (L-lactic acid) and
poly (D-lactic acid), i.e., the mechanical properties of the
first and the shorter degradation time of the second; these
properties have made PLDLA a compound of great relevance
in the controlled release of drugs and the treatment of bone
fractures*®. In addition to these applications, PLDLA has
been used to treat skin ulcers and as a support for culturing
chondrocytes in vitro*.

The aim of this work was to evaluate the polymer-tissue
interaction at various intervals after the dorsal subcutaneous
implantation of PLDLA membranes in male Wistar rats. The
degradation of these membranes in vitro was also assessed.
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2. Material and Methods

2.1. Membrane preparation

Poly (L-co-D,L lactic acid) (PLDLA; 70:30;
Mw = 282700 g.mol™") was synthesized via bulk ring-opening
copolymerization of L-lactide and D,L lactide, using
stannous octoate as the catalyst, essentially as described
by Motta®. PLDLA membranes were prepared by the
solvent casting technique. Polymeric solutions containing
copolymer at a concentration of 2.5% m/v were prepared
by dissolving PLDLA in dichloromethane (Merck KgaA,
Darmstadt, Germany). After complete dissolution of the
copolymer with mixing for 2 h, the solution was poured into
a glass mold, with care being taken to avoid the formation
of bubbles. The mold containing the solution was placed
in a glass vat saturated with solvent vapor for 24 h; the
solvent was carried along by a flow of dry air that allowed
the formation of membranes. After solvent evaporation, the
membranes were dried under vacuum for 8 h and stored in
a desiccator under vacuum until they were characterized.

2.2. Physicochemical characterization of PLDLA
membranes

2.2.1. Degradation in vitro

PLDLA membranes were immersed in tubes containing
phosphate buffer (pH 7.4) in a thermally controlled bath at
37 + 0.5 °C and left for 4, 8, 12 and 24 weeks.

2.2.2. Differential scanning calorimetry (DSC)

Calorimetric measurements were done with a DSC 2920
calorimeter (TA-Instruments) in which 7-10 mg samples
sealed in aluminum pans were heated from 25 °C to 200 °C
atarate of 10 °C/min and maintained at the final temperature
for 5 minutes prior to cooling to 25 °C at the same rate. The
samples were maintained at 25 °C for 5 minutes and then
re-heated. All tests were done under a nitrogen atmosphere.

2.2.3. Tension tests

Tension tests were done at room temperature using an
MTS (TestStar II) according to ASTM D790-95a. Young’s
modulus was determined by the angular coefficient of the
linear curve of tension vs. deformation. The results shown
are the average of measurements on five samples.

2.2.4. Scanning electron microscopy (SEM)

Samples of PLDLA membrane were freeze-fractured in
liquid nitrogen and sputter-coated with gold (layer thickness:
25 nm) using a Balzers SCD 050 sputterer. The samples
were examined with a Jeol JMS 5800 LV scanning electron
microscopy (Japan) operated at 10-20 kV.

2.2.5. Thermogravimetric analysis (TGA)

TGA was done in a STA 409C analyzer
(NETZSCH - Geridtebau GmbH Thermal Analysis). The
samples were heated from room temperature to 450 °C at
a heating rate of 10 °C/min under a helium atmosphere.

2.2.6. Gel permeation chromatography (GPC)

The average molar mass in weight (M, ) and number
(M,) and the polydispersivity before and after degradation
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in vitro were determined by gel permeation chromatography
(GPC) using a column of Ultrastyragel (Waters) coupled to a
refraction index detector. Samples of 200 L were dissolved
in 10 mL of tetrahydrofuran (Merck) and applied to the
column, which was eluted with tetrahydrofuran at a rate of
1 mL/min. The molar mass and rate of polydispersivity were
calculated using polystyrene as a standard.

2.3. Analysis of PLDLA membranes in vivo

Male Wistar rats (3 months old; ~300 g), obtained from
the Center of Medical Sciences and Biology of the Pontifical
Catholic University of Sdo Paulo (PUC/SP, Sorocaba, SP),
were housed at 22 + 2 °C on a 12 h light/dark cycle and
received food and water ad libitum. All procedures involving
animals were approved by the Ethics Committee of the
Universidade do Vale do Paraiba (UNIVAP), Sdo José dos
Campos, SP, Brazil (protocol no. AO62/CEP/209).

For use in vivo, PLDLA membranes were immersed
in 70% ethanol and dried under vacuum, after which a
fragment of membrane was implanted subcutaneously in
the dorsum of each rat. For this, rats were anesthetized
(ketamine 100 mg.kg!; xylazine 6 mg.kg™, i.m.), placed
in ventral decubitus and the hair close to the cervical area
was clipped. Subsequently, a membrane disc 6 mm in
diameter was implanted subcutaneously through a medial
incision about 1 cm long. After implantation, the incision
was sutured with 5-0 nylon thread and iodine alcohol was
used as aseptic solution.

The health and behavior of the rats were assessed daily.
At predetermined intervals after membrane implantation,
the rats were anesthetized with ether and killed by cervical
dislocation. Subsequently, using the scar formed at the site
where the membranes were implanted and the membrane
impression on the skin as a guide, the dorsal hair was clipped
again and tissue fragments were removed from the area
surrounding the implant. The fragments were fixed in 4%
paraformaldehyde and processed for histological analysis.

2.4. Histological analysis

Tissue fragments were fixed in 4% paraformaldehyde
at 4 °C for 24 h. After fixation, the samples were washed
in distilled water, dehydrated in an increasing series of
ethanol, cleared in xylol and soaked in paraffin (Histosec,
Merck). Sections 4 pum thick were cut with a Leica RM 2245
microtome using disposable blades and immediately stained
with hematoxylin-eosin (HE).

Half of the samples collected 60 and 90 days after
implantation were processed as described above and the
other half was processed for inclusion in historesin. For
the latter procedure, the samples were initially fixed in
4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.4)
for 24 h. After fixation, the samples were rinsed in 0.1 M
phosphate buffer (pH 7.4), dehydrated in an increasing
ethanol series, soaked in 100% ethanol and resin (1:1) for 2 h
and then embedded in resin for subsequent polymerization.
Section 3 pm thick were cut on a Leica RM 245 microtome
with glass blades and stained with 0.25% toluidine blue
solution in 5% Borax.

The stained sections were examined with a Nikon
Eclipse E800 microscope and images were captured and
analyzed with the software Image Pro Lite.


g.mol

30 Ciambelli et al.

3. Results and Discussion

3.1. Mechanical and physicochemical properties

The crystallization of copolymers has received
considerable attention in recent years because of the
mechanical performance and enhanced biodegradation of
these compounds’. The glass transition temperature (Tg) is
a useful parameter for assessing the amorphous phase while
the melting temperature (Tm) provides information on the
crystalline phase of these mixtures.

The thermal behavior of PLDLA membranes was
examined by DSC. Figure 1 shows the behavior for the
second heating of PLDLA membranes after 0, 4, 8, 12 and
24 weeks of hydrolytic degradation. During storage for
up to 12 weeks before degradation the Tg was 56 °C; this
reflected the random distribution of the levo (L) and dextro
(D) rotatory units of the polymeric chain that prevented
crystallization and created an amorphous phase. The Tg
decreased during the first 12 weeks of degradation but
increased after 24 weeks. Crystallization and a melting peak
were observed after 24 weeks of degradation.

Table 1 summarizes the data obtained from the DSC
curves. There was no change in the Tg during the first four
weeks of degradation whereas from the 8" to the 12" week
the Tg decreased from 42 °C to 22 °C when compared with
membrane not exposed to degradation. After 24 weeks of
degradation, crystallization and melting peaks occurred
at 80 °C and 108 °C, respectively, and were related to the
crystalline phase that appeared during degradation.

Poly (hydroxy acid) degradation in vitro is generally
considered to be heterogeneous and is more rapid in the
center than at the surface when the devices are in contact
with an aqueous medium®. Initially, degradation probably
occurs mainly on the surface because of the absorption
gradient of water, but as the concentration of carbonyl
groups increases in the center these serve as catalysts for
degradation. This self-catalyzing behavior is common during
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the degradation of aliphatic polyesters. However, the process
depends on the chemical structure and configuration of the
polymeric chains, as well as the morphology of the device
involved. Middeleton et al.’ confirmed such self-catalysis
when they showed that non-porous membranes undergo
degradation more rapidly than porous ones because the latter
facilitate the dissolution and dispersion of the degradation
products throughout the aqueous medium, thereby limiting
self-catalysis.

Since the Tg is related to the temperature at which the
chains acquire motion a decrease in this parameter during
degradation can be explained by the formation of shorter
chains, which require a lower temperature to promote
motion. In agreement with this, Baratina et al.', in an in vitro
study of PLDLA membranes obtained by casting, observed a
decrease in the Tg as a function of the degradation time and
this effect was more evident after 18 weeks of degradation.
Motta et al." observed a decrease in the Tg of PLGA with
crystal formation after 15 days of degradation.

In contrast to the decrease seen at 12 weeks, there
was an increase in the Tg from the 12" to the 24" week of
degradation (from 22 °C to 29 °C) and very defined peaks
of crystallization and melting (Table 1). This increase can
be explained by the difficulty of chains movement because

Table 1. Glass transition (Tg), melting temperature (Tm), melting
enthalpy (AHm), crystallization temperature (Tc) and crystallization
enthalpy (AHc) determined by DSC for PLDLA membranes in
relation to the length of degradation (weeks).
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Figure 1. DSC curves for PLDLA membranes submitted to different hydrolytic degradation periods, 0, 4, 8, 12, 24 weeks, second heating.
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of the increased crystallinity of the material that probably
occurred during degradation. Li et al.'”? examined the
crystallization of PLGA during degradation and suggested
that this phenomenon occurred preferentially in amorphous
glycolic units and residual lactic units that became isostatic
and, consequently, more crystalline. A similar conclusion
was reached by Motta et al." in a study of PLDLA copolymer

The mechanical tension test showed that PLDLA
behaved like ductile material, i.e., when subjected to
constant tension it initially suffered deformation, then
elongation and finally ruptured. Table 2 shows the variation
in Young s modulus, the elongation at break and the maximal
tension as a function of the degradation time. Initially
the mechanical behavior of the PLDLA copolymer was
typical of a vitreous polymer, with a Young’s modulus of
1564 + 141 MPa, a tension stress of 21.0 = 5.5 MPa and
an elongation at break of 8.7 + 1.2%. After four weeks,
there was a 61% decrease in the modulus of elasticity and
elongation values. After this interval, it was not possible do
the tests because the material became very fragile.

One factor that affects the mechanical properties of
copolymers is the decrease in molar mass that results from
hydrolytic degradation. As shown here, the membranes lost
their mechanical properties after four weeks. Whatever the
application, it is very important that the material maintain
its mechanical properties until it has completed its function.
As shown elsewhere'>!*, poly (L-lactic acid) pins that
had an elasticity modulus of 3-5 GPa before degradation
became fragile after two weeks in phosphate buffer. In
this case, since the crystallinity of the polymer increased
as a function of the degradation time since its fragments
remained in the organism, but the device did not retain its
mechanical properties.

The mechanical properties of polymeric compounds
reported in the literature are difficult to compare because
of the different methods used in analysis, the characteristics
of the materials and the process to which the polymer was
submitted.

Table 2. Maximum stress, elongation at fracture and modulus of
elasticity for PLDLA membranes during hydrolytic degradation
in vitro for 24 weeks.

. Maximum Elongation at  Modulus of
Degradation ..
time (weeks) stress fracture (¢) elasticity (E)
(G, (MPa) (%) (MPa)
0 21.15+5.51 870 £1.22 1564 + 141
4 18.60 £0.60  4.10+1.20 605 +23

The results are expressed as the mean + SEM. Extensive degradation of the
material after 12 weeks and 24 weeks precluded tensile tests.

Table 3. Initial temperature of mass loss (T ) and temperature of
maximum mass loss (Tpcuk) for PLDLA determined by TGA during
hydrolytic degradation in vitro for 24 weeks.

Degradation time (weeks) T (°C) T,.CO
0 340 354
4 325 354
12 285 342

24 278 333
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PLDLA membranes were analyzed by TGA and the
results as a function of degradation time are shown in
Table 3. A decrease in the initial temperature of mass loss
(T ,..) and in the temperature of maximum mass loss (Tpeﬂk)
indicated that the polymer had undergone degradation. This
degradation was greater from the 4" to 12" week (12%
degradation) compared to the first four weeks and after the
24" week (4% and 2.4% degradation, respectively). The
decrease in degradation rate from the 24™ week onwards can
be attributed to backbone accumulation during degradation
that prevented crystallization of the material and made
hydrolysis difficult. This increase in crystallinity was
confirmed by DSC.

Figure 2 shows electron micrographs of the upper
surfaces of PLDLA membranes exposed to degradation
for 0, 4 and 12 weeks. Before degradation, the membranes
had a dense morphology without pores (Figure 2a) whereas
a discrete increase in porosity was observed after 4 and
12 weeks (Figure 2b, c, respectively). The fracture surface of
the membranes also showed signs of degradation (Figure 3).
During the first four weeks of degradation the material
retained its dense morphology (Figure 3a, b). After 12 weeks,
pores and cracks were observed in the center of the sample
(Figure 3c), which suggested heterogeneous degradation,
as indicated by DSC. After 24 weeks there was radially
oriented degradation (Figure 3d, e) that was attributed to
an increase in crystallinity. Pezzin' also observed radially
oriented structures (spherulites) in PLLA/PDS pins prepared
by melting and subjected to 15 weeks of degradation.

Table 4 shows the variation in the average molar mass of
PLDLA membranes as a function of the degradation time.
This analysis confirmed degradation of the polymer as a
function of the length of immersion in phosphate buffer.
GPC analysis yielded data on the average molar mass
weight (Mw), the average molar mass number (Mn) and
the polydispersion index (PI). The values for Mw and Mn
decreased as a function of hydrolysis.

3.2. Biomaterial-tissue interaction

3.2.1. Macroscopic analysis

The implants had no effect on the health and behavior of
the rats. There was no significant adherence between tissue
and polymer for implants on days 2 and 7. In contrast, 15-day
implants showed greater polymer-tissue attachment. This
finding suggests that the polymer-tissue process tended to
increase gradually through organization of the conjunctive
tissue fibers into a conjunctive capsule, as discussed below
for the microscopic analysis.

Table 4. Average molar mass weight (Mw), average molar mass
number (Mn) and polydispersion index (PI) of PLDLA determined
by GPC during hydrolytic degradation in vitro for 24 weeks.

Degradation Mw (Dalton) Mn (Dalton) PI
time (weeks) x10° x10°

0 265 137 1.9

4 47 20 2.2

8 5.8 23 2.5

12 3.7 1.4 1.5

24 1.9 14 1.3
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The implants removed on days 15 and 30 showed no
marked reduction in polymer size, although there was
important polymer-tissue attachment. On the other hand,
there was a significant reduction in polymer size in the
60 - and 90 - day samples; this reduction corresponded to
approximately half of the initial size (6 mm in diameter) for
the 60 - day implants and slightly less than three-quarter
of the initial size in the 90 - day samples. Examination of
the latter samples showed that the polymer surface and
its adjacent tissue were rigid to touch and the polymer
membrane was brittle and broken. There was a consolidated
attachment between the polymer and surrounding tissue in
the 60 - and 90 - day samples. There was no inflammatory
response (edema or redness).

3.2.2. Microscopic analysis

The histological alterations associated with each
implantation interval (2, 7, 15, 30, 60 and 90 days) as
assessed by light microscopy are described below.

3.2.2.1. Second day of implantation

Sections from two-day implants revealed the presence
of cells adhered to the polymer surface; there was also a

50 pm
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poorly defined conjunctive capsule and a fibrin net around
the polymer (Figure 4).

3.2.2.2. Seventh day of implantation

In seven-day implants the formation of collagen fibers
was more organized and produced a better defined capsule
around the polymer (Figure 5), when compared with the
two-day implants.

3.2.2.3. Fifteenth day of implantation

Fifteen-day implants showed polymer degradation that
formed a lace-like structure and the presence of foreign body
giant cells and macrophage-like epithelioid cells at the edge
of the conjunctive capsule. Angiogenesis was also observed
in areas intimately associated with the conjunctive capsule
(Figures 6 and 7).

3.2.2.4. Thirtieth day of implantation

Thirty days after implantation, the consolidated
conjunctive capsule was easily seen and showed cellular
invasion of the area occupied by the polymer that suggested
rupture of the polymeric membrane. Foreign body giant cells
were present and angiogenesis was easily detected (Figure 8).

50 pm

(b)

50 pm

Figure 2. Electron Micrographs of surfaces of PLDLA membranes submitted to different degradation periods a) t =0 weeks; b) t =4 weeks

and ¢) 12 weeks.
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3.2.2.5. Sixtieth day of implantation

» Samples embedded in paraffin

Polymer fragmentation and cellular invasion were
observed in 60-day samples. There was also a conjunctive
capsule with an epithelioid arrangement of macrophage-like
cells at the edge. Foreign body giant cells were also seen,
as was extensive angiogenesis (Figure 9).

» Samples embedded in historesin

50 pm

50 um

(©)
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Polymer fragmentation, a definitely consolidated
conjunctive capsule and foreign body giant cells were
observed in the 60-day implants (Figure 10).

3.2.2.6. Ninetieth day of implantation

* Samples embedded in paraffin
Light microscopy showed that in 90-day implants
foreign body giant cells were molded to the polymer and the

50 um

50 um

(d)

10 pm

(e)

Figure 3. Electron Micrographs of fracture surfaces of PLDLA membranes submitted to different degradation periods a) t = 0 weeks;
b) t =4 weeks c) 12 weeks; d) 24 weeks 500x e) 24 weeks 2000x.
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Figure 4. Photomicrography of PLDLA membrane two days
after implantation. Observe the beginning of the collagen fiber
organization (arrow) around the polymer (¥), showing the beginning
of capsule formation. H.E. 400x.

Figure 5. Polarized light photomicrography, in evidence PLDLA
membrane (*) seven days after implantation. H.E. 400x.

Figure 6. Photomicrography of PLDLA membrane fifteen days
after implantation. Attempt to form the conjunctive capsule (arrow)
around the polymer (*) and the presence of foreign body giant cell
(arrow head). H.E. 400x.
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conjunctive capsule contained macrophage-like epithelioid
cells; angiogenesis was also observed (Figure 11).

¢ Samples embedded in historesin

Sections of historesin-embedded implants showed the
polymer, its fragmentation and foreign body giant cells
(Figure 12).

Absorbable polymers that undergo biodegradation and
bioresorption, such as PLDLA, act as a substrate for cell
growth. As soon as the cells grow and unite to form tissues,
the PLDLA membranes are degraded and absorbed by
the organism'®!7. As the biomaterial fragments are being
eliminated, inflammatory reactions may develop in response
to phagocytosis by macrophages*'®.

In this work, we examined the relationship between
PLDLA membrane implantation and tissue response in
vivo. The latter includes: (1) cellular adhesion, (2) cellular
proliferation and (3) organization of a conjunctive capsule the
function of which is to isolate the foreign body (polymeric
membrane). In addition to these processes, neoangiogenesis
is an indispensable mechanism for cellular proliferation and
migration of the mononuclear phagocytic system.

In this study, cellular adhesion was observed two days
after implantation. Cellular adhesion is correlated with the
chemical composition and topography of the polymeric
membrane, which directly affects the adsorption of molecules
derived from the extracellular matrix and cell-substratum
relationship'. Polymeric surface factors that can modify
the cellular adhesion include aspects such as superficial
micromorphology, hydrophilicity, surface electric charges,
free energy and chemical groups. These characteristics
can stimulate a wide range of cellular functions capable of
modifying cell signaling and proliferation that affect cell
differentiation, growth, tissue morphology and extracellular
matrix production®.

Two-day implants showed a poorly consolidated
conjunctive capsule that became well-defined by the seventh
day after implantation. At this time, the conjunctive capsule
was organized around the polymer to promote isolation of
the foreign body.

Cicatrization involves the construction of a provisory
matrix of type III collagen through the action of
platelet-derived growth factor (PDGF) that sensitizes
fibroblasts®*?. Type III collagen fibers contribute to the

Figure 7. Polarized light photomicrography, in evidence PLDLA
membrane (*) fifteen days after implantation. H.E. 400x.
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Figure 8. Photomicrography of PLDLA membrane thirty days
after implantation. Notice cellular invasion (arrow) inside the area
of the polymer (*), which is fragmented. Observe Angiogenesis
(A). H.E. 200x.

Figure 9. Photomicrography of PLDLA membrane sixty days after
implantation. Observe the foreign body giant cell (arrow head),
polymer (¥) and angiogenesis areas (A). Observe the conjunctive
capsule with cells in macrophage-like epitheloid arrangement
(arrow head). H.E. 200x.

Figure 10.. Photomicrography of the PLDLA membrane under
polarized light microscope sixty days after implantation. Observe
PLDLA membrane (*). Toluidine Blue 400x.
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initial formation of the capsule, but when cicatrization is
established there is a reduction in type III collagen fibers
and an increase in type I collagen fibers. According to
Marucci®!, matrix metalloproteinases have an important
role in providing the histoarchitecture required to promote
the establishment of type I collagen fibers to the detriment
of type III fibers. The production of reticular fibers leads
to the formation of a thin, flexible matrix that promotes
the movement of cells such as fibroblasts, neutrophils,
lymphocytes and macrophages. This matrix becomes dense
and thick as cicatrization progresses and there is an increase
in the deposition of type I fibers>?>%,

According to Broughton®, the cellular proliferation phase
is characterized by a massive presence of fibroblasts and
endothelial cells; the former are related to the consolidation
of the conjunctive capsule, while the latter participate
in neoangiogenesis. This neovascularization depends on
vascular endothelial growth factor (VEGF). This factor,
which is produced by macrophages, platelets, fibroblasts and
endothelial cells, attracts venular endothelial cells to form
new capillaries that allow tissue regeneration®?. According
to Padera and Colton®, a low oxygen tension in the pores
of polymeric membranes stimulates macrophages to secrete
angiogenesis factors that influence endothelial cells.

From the 15™ day of implantation onwards,
macrophage-like epithelioid cells derived from macrophages
were organized around the implant to isolate the polymer
fragments and facilitate phagocytosis. Foreign body giant
cells were also seen 15 days after implantation?’. This
cellular accumulation occurs when the size of foreign
particles exceeds 10 um?.

Foreign body giant cells correspond to the final stage
of macrophage development. The key biochemical process
in the formation of foreign body giant cells involves the
mediators interleukin 4 (IL-4) and interferon y (IFN-y). In
the presence of IL-4 and IL-13, macrophages to give rise to
identical giant cells that in vivo are very similar to foreign
body giant cells. In this context, IL-4 inhibits inflammatory
cytokines such as IL-1, tumor necrosis factor-a. (TNFo) and
IL-8. This fact suggests that the development of foreign
body giant cells is related to a decrease in the inflammatory

Figure 11. Photomicrography of PLDLA membrane under
polarized light microscope ninety days after implantation. Observe
the polymer (*). H.E. 200x.
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Figure 12. Photomicrography of the PLDLA membrane under
polarized light microscope ninety days after implantation. Notice
the polymeric fragmentation (*) and the foreign body giant cells
(arrow head) involving the polymer. Toluidine Blue 400x.

response®3!. Foreign body giant multinuclear cells are small
phagocytes that possess a large number of lysosomes and
high respiratory enzymatic activity. Despite the decrease in
phagocytic capacity after macrophage fusion, the capacity
for degradation of the extracellular matrix is enhanced,
which allows for the degradation of collagen?.

From the 30" day of implantation onwards there
was significant polymer fragmentation. Skeletal muscle
movements made the polymeric membrane brittle and the
allowed cellular invasion and phagocytosis. Polymeric
fragmentation becomes expressive when polymer-tissue
connections are involved'. Such fragmentation is essential
for the performance of myofibroblasts, which are fibroblasts
with contractile features similar to those of smooth muscle
cells, and allows the contraction of the injured tissues
and the promotion of polymer-tissue adhesion during
cicatrization>¥.

During processing of the implants for histological
analysis we found there was chemical interference with the
natural process of polymer degradation. To examine this
phenomenon, we processed the 60 - and 90 - day samples
using the conventional xylol/paraffin method that had been
used since the beginning of the project and also embedded
samples in historesin that does not include xylol as a reagent.

Comparison of the samples obtained by these two
methods showed that the only difference between them
was the way in which the polymeric membrane underwent
degradation. The degradation seen in paraffin-embedded
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samples was heterogeneous and involved the formation of
a ‘lace-like’ network. In contrast, the degradation seen in
historesin-embedded section was slower, more homogeneous
and had the appearance of “centripetal cracks in the form of
glove fingers”. Moreover, in historesin-embedded samples
the polymer-tissue connection was more consolidated when
compared to paraffin-embedded tissues.

4. Conclusion

Based on the results of this study, we conclude that:

e PLDLA implants stimulated the gradual invasion of
cells into the implanted implant area and culminated
in cell proliferation and the formation of a conjunctive
capsule involving the polymer;

* Angiogenesis was essential for the movement
of mononuclear cells (macrophages) involved in
bioresorption of the polymeric membrane;

» Foreign body cells developed from macrophage-like
epithelioid cells. Fifteen days after implantation,
foreign body giant cells were always present, which
guaranteed degradation of the polymer;

* Polymer fragmentation involved hydrolysis and the
movement of skeletal muscle that facilitated PLDLA
membrane phagocytosis;

e Xylol interfered with the degradation of PLDLA
membranes, as shown by the finding that the
“lace-like” degradation pattern became “centripetal
cracks in the form of glove fingers” when samples
were embedded in historesin; and

* The biocompatibility of PLDLA membranes in
vivo, together with the low molecular weight of this
polymer, allows this compound to be combined with
drugs for distribution to target tissues.

Together, these findings emphasize the biocompatibility
and mechanical stability of PLDLA membranes; these
properties make this polymer a good alternative for use in
a variety of areas.
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