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Abstract

Cartilage is a specialized tissue represented by a group of particular cells (the chondrocytes) and
an abundant extracellular matrix. Because of the reduced regenerative capacity of this tissue,
cartilage injuries are often difficult to handle. Nowadays tissue engineering has emerged as a very
promising discipline, and biodegradable polymeric scaffolds are widely used as tissue supports.
In cartilage injuries, the use of autologous chondrocyte implantation from non-affected cartilage
zones has emerged as a very interesting technique, where chondrocytes are expanded in order
to obtain a greater number of cells. Nevertheless, it has been reported that chondrocytes in
bidimensional cultures suffer a dedifferentiation process. The present study sought, in the first
place, to standardize a novel protocol in order to obtain primary cultures of chondrocytes from
newborn rabbit hyaline cartilage from the xiphoid process. Second, the potential of porous three-
dimensional (3D) biodegradable polymeric matrices as support materials for chondrocytes was
evaluated: a novel poly(ε-caprolactone)–poly(p-dioxanone) (PCL–PPDX) blend in a 90:10 w:w
ratio and poly(ε-caprolactone) (PCL). After achieving the standardization, a typical round-shaped
chondrocyte morphology and the expression of collagen type II and aggrecan, evaluated by RT–PCR,
were observed. Second-passage chondrocytes adhered effectively to these scaffolds, although cell
growth at 7 days in culture was significantly less in the PCL–PPDX blend. After 3 weeks of culture on
PCL–PPDX or PCL, the cells expressed collagen type II. The present study demonstrates the potential,
unknown until now, of PCL–PPDX blend scaffolds in the field of cartilage tissue engineering.
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1. Introduction

Cartilaginous tissue is composed by a group of specialized
cells (the chondrocytes) and an abundant extracellular
matrix (ECM) (Stockwell, 1979). Although chondrocytes
represent only about 1% of the volume of cartilage, they
are essential to replace degraded ECM molecules required
to maintain the correct size and mechanical properties
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of the tissue. Cartilage degeneration caused by trauma,
disease or congenital abnormalities is of important
clinical consequence. The limited regeneration capacity
of cartilaginous tissue after injury, and thus the clinical
need for cartilage repair, has motivated a variety of new
tissue-engineering approaches (Saltzman and Kyriakides,
2007; Mooney and Vandenburgh, 2008). Among these, a
primary approach has been growing isolated chondrocytes
on a biocompatible, structurally and mechanically sound
scaffold that should provide the necessary support for cells
to attach, proliferate and maintain their differentiated
function. Several different scaffolds have been constructed
from a variety of biomaterials (Chen et al., 2008). The
former substrates have proved to be promising (Brown
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and Phillips, 2007; Chiang and Jiang, 2009), although
some inconsistencies in previous studies reported in the
literature, together with the possibility of immunogenic
problems, has led to more time and effort in terms of
research being devoted to polymer synthesis and the
use of polymers and polymer blends for obtaining three-
dimensional (3D) porous scaffolds (Brown and Phillips,
2007).

Many different biodegradable synthetic polymers have
been tested as scaffolds, both in vitro and in vivo, for
cartilage tissue engineering (Kaps et al., 2004). Among
the most commonly studied materials are the poly(α-
hydroxy esters), such as poly(glycolic acid) (PGA),
poly(lactic acid) (PLA) and their copolymer poly(DL-
lactic-co-glycolic acid) (PLGA), as well as injectable gel
systems (Freed et al., 1993; Li et al., 2003; Kaps et al.,
2004; Li et al., 2006), mainly because of their well-
characterized biodegradable properties and the fact that
they have been approved for specific clinical applications.
The use of poly(ε-caprolactone) (PCL), a semicrystalline,
hydrophobic, biodegradable polymer, as compared to
other polyester family members, has been less frequent
as a material for fabricating biomaterial scaffolds, mainly
because of concerns over its slower degradation kinetics
(Papadimitriou et al., 2008). Poly(p-dioxanone) (PPDX)
is mainly known for its flexibility and fast degradation
kinetics. Its use as a scaffold in the field of tissue
engineering has recently emerged (Brito et al., 2008).
However, until the present, no reports of the use of
this biodegradable PCL–PPDX blend as scaffold for
cartilage tissue engineering has been found in the open
literature. The nucleation, crystallization, morphology
and biodegradation of PCL–PPDX blends has recently
been reported (Brito et al., 2006, 2008). In these previous
publications it was demonstrated that the blends exhibit
improved biodegradation rates as compared to the PCL
homopolymer alone. This improved biodegradation is
related to the immiscibility between the components
and therefore the creation of a very large interfacial
area between them that favours the penetration of the
hydrolysis medium. Taking into account these previous
studies, the PCL–PPDX blends are considered here as
potential candidates for the preparation of scaffolds. One
blend ratio was selected in view of its easy preparation
procedure and availability in our laboratory.

Another important factor to be considered in cartilage
tissue engineering is the source of chondrocytes (Benya
and Shaffer, 1982; Fuchs et al., 2001; Fröhlich et al.,
2007). The use of heterologous auricular cartilage
and autologous chondrocyte implantation (ACI) from
non-affected cartilage zones has emerged as a very
useful technique (Fuchs et al., 2001). With this purpose,
chondrocytes are expanded in culture in order to obtain
a greater number of cells. Nevertheless, it has been
reported that chondrocytes in bidimensional cultures
suffer a dedifferentiation process – they lose their round
or polygonal phenotype, become spindle-shaped, produce
less proteoglycans (mostly aggrecan), lower their type II
collagen and raise the type I collagen expression (Benya

and Shaffer, 1982; Bonaventure et al., 1994; Fröhlich
et al., 2007; von der Mark et al., 1977).

In order to properly resemble cartilaginous tissue and
be used for clinical applications, the dedifferentiated
expanded chondrocytes should redifferentiate during the
regeneration process. An optimal scaffold should be able
to facilitate differentiation and permit assembly into a
3D tissue; the biodegradable 3D porous matrix should
provide enough space and surface for cell attachment and
proliferation and must remain in an integral state until
the chondrocytes and ECM can support themselves, after
which it must be degraded (Williams et al., 1999).

In the present study, a novel scaffold of PCL–PPDX
blend (in 90:10 w:w ratio), as well as a PCL scaffold as
control, were used in vitro to evaluate its potential use
for cartilage tissue engineering. Also, the present study
sought, in the first place, to standardize a novel protocol
in order to obtain primary cultures of chondrocytes from
newborn rabbit hyaline cartilage from the xiphoid process
(Ishizaki et al., 1994). The adhesion and cell proliferation
of chondrocytes to both scaffolds was studied, as well as
the expression of types I and II collagen and aggrecan
genes.

2. Materials and methods

2.1. Scaffold fabrication

PCL and PPDX blends were studied in a previous study
(Brito et al., 2008) and from those results 90:10 and
100:0 PCL–PPDX blends were selected for the scaffolds
used in the present study. Blends were prepared by melt
extrusion in a mini-extruder and then pelletized. These
blends were separately again introduced into the mini-
extruder but including 20% NaCl (percentage by weight,
related to the polymer matrix) and thereafter these blends
PCL–PPDX/salt were moulded by compression at 120 ◦C,
then the samples (as laminated) were immersed in stirring
distilled water for about 6 h to remove the salt and create
a porous material that could be suitable as a scaffold.
The porous scaffolds were well dried in a vacuum oven
at room temperature, followed by sputter-coating with
gold-palladium and morphologically characterized using
a scanning electron microscope (SEM; Phillips SEM-505)
at 10 kV.

SEM micrographs not only allowed the morphology of
the pores to be to observed but also the size distribution to
be quantifed, taking into account various cross-sections in
each scaffold (obtained by cryogenic fracture), and about
100 pores were considered to obtain the average size and
standard deviation (SD).

2.2. Isolation of chondrocytes

Cartilage was dissected from the xiphoid process of
3–5 day-old rabbits obtained from a local provider. The
xiphoid process was rinsed with phosphate-buffered saline
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(PBS) and then immersed in a sterile Petri dish with
Dulbecco’s modified Eagle’s medium (DMEM) and an
excess of penicillin, streptomycin and amphoterycin-B
at 4 ◦C for 10 h. Next, the extracts were cleaned from
other residual tissue using a surgical blade. Each cleaned
xiphoid process was immersed in a six-well plate dish
(9.6 cm2) with 2.5 ml DMEM and incubated with 0.2%
collagenase type II for 16–18 h at 37 ◦C, shaking in order
to achieve matrix digestion. Cell number was determined
using a Neubauer chamber.

2.3. In vitro chondrocyte expansion

Each group of collected cells, corresponding to each
xiphoid process, were suspended in culture supplemented
medium [DMEM containing 10% fetal bovine serum
(FBS)], L-glutamine (20 mM), ascorbic acid (50 µg/ml),
non-essential amino acids (0.1 mM) and penicillin
(100 U/ml)/streptomycin (100 µg/ml)/amphoterycin-B
(0.25 µg/ml), seeded in a 9.6 cm2 flask and cultured
at an atmosphere of 5% CO2 at 37 ◦C. After achieving
confluence, the flasks were washed three times with
PBS and then treated with trypsin (1×). The cells
were subcultured until the fifth passage confluence
was achieved. The culture medium was changed every
3–5 days.

2.4. Gene expression of subcultured
chondrocytes

2.4.1. Primer design

The polymerase chain reaction (PCR) primers for collagen
type I, collagen type II and aggrecan were designed using
mRNA sequences from the NCBI database for Oryctolagus
cuniculus (rabbit). Oligo Explorer 1.2 and NCBI standard
BLAST were used (Table 1).

2.4.2. RNA Isolation

After harvesting 1.5 × 106 cells, total RNA was isolated
after placing them in a 1.5 ml microcentrifuge tube.
1 ml Trizol reagent (Invitrogen, Carlsbad, CA, USA) was
added. The mixture was passed through a No. 21 needle
syringe 8–10 times. Later, 200 µl chloroform was added
to the homogenized samples and centrifuged, followed
by the addition of isopropanol to the aqueous fraction for
nucleic acid precipitation and further washing with 1 ml
70% ethanol. After recovery in DEPC-treated water, RNA
yields were estimated based on A260 and an aliquot was
electrophoresed through a 1.0% denaturalizing agarose
gel [MOPS 10×, 37% formaldehyde and Sybr Safe
(0.1 µl/ml)]. The remaining RNA was stored at −80 ◦C.

2.4.3. RT–PCR

RNA for RT–PCR was converted to cDNA using a Reverse
Transcription System Kit (Promega) according to the

manufacturer’s recommendations. PCR amplification was
performed in optimal conditions for the cDNAs obtained.
The reaction products were resolved by electrophoresis
on a 2% agarose gel and visualized with Sybr Safe
(Invitrogen).

2.5. Chondrocyte–scaffold interaction

2.5.1. Adhesion and proliferation assay

The 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulphophenyl)-2H-tetrazolium (MTS) stan-
dard assay (CellTiter 96 Aqueous One Solution Cell
Proliferation Assay, Promega) was used to determine cell
adhesion (16 h) and proliferation. Second-passage chon-
drocytes were seeded (10 000 cells in 20 µl) onto each
of the prewetted (with supplemented medium) 0.32 cm2

scaffolds in 96-well plates. Following 1 h of incubation,
200 µl supplemented medium was added on top of the
scaffolds. At 16 h and days 3 and 7, the culture medium
was removed, the scaffolds gently washed twice with PBS,
and the medium replaced with 100 µl culture medium
plus 20 µl CellTiter 96 reagent, followed by incubation
for 2 h at 37 ◦C and 5% CO2 in darkness. An 80 µl aliquot
of incubated medium was transferred to a 96-well plate,
and A490 determined using a multiwell plate reader.

In order to evidence the adhesion and cell proliferation
under the scaffold surface, scanning electron microscopy
(SEM) was employed. After 11 days, the attached cells
on the surface of a PCL–PPDX scaffold were fixed in situ
with a 2.5% solution of gluteraldehyde in 0.1% sodium
cacodylate buffer for 30 min at 4 ◦C and rinsed twice
with PBS for 15 min at 4 ◦C. Post-fixation was performed
in 1% OsO4 in Sabatini buffer, pH 7.4, for 60 min at
4 ◦C. After this period, the sample was washed twice
with the same buffer for 5 min, followed by dehydration
through a graded series of methyl ketone (30%, 50%,
70%, 90%, 95% and 100%) for 10 min in each solution at
4 ◦C. Following the fixation and dehydration process, the
sample was mounted and coated with a gold–palladium
mixture (Balzer’s metallizer) and examined on an
scanning electron microscope (Phillips 505-SEM).

2.5.2. Gene expression evaluation of cells
cultured on scaffold

The porous scaffolds of 90/10 PCL–PPDX blend and
PCL were cut into squares (1.5 × 1.5 cm), sterilized
and seeded with 1 × 106 second-passage chondrocytes.
After 3 weeks of incubation at 37 ◦C and 5% CO2, cells
were harvested by trypsinization and RNA isolation and
RT–PCR were performed as previously described.

2.6. Statistical analysis

A sample size of n = 3 was used for each experiment
and the number of independent experiments was two.
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Table 1. PCR primers for gene expression evaluation

Gene Primer Species Size (position) (bp)

Collagen type I 5′-CCAGCCACCTCAAGAGAAG-3′ Oryctolagus cuniculus 278 (5–282)
5′-TGTCCATGTCGCAGAAGAC-3′

Collagen type II 5′-GGCTTCCACTTCAGCTATGG-3′ Oryctolagus cuniculus 270 (367–637)
5′-CCCACTTACCGGTGTGTTTC-3′

Aggrecan 5′-CCTACCAGGACAAGGTCTCG-3′ Oryctolagus cuniculus 162 (104–266)
5′-ACACCTTTCACCACGACCTC-3′

Figure 1. SEM micrographs of porous scaffolds obtained from melt (compression molded) and salt leaching: (A) PCL and (B)
PCL/PPDX

Graphs are depicted as mean ± standard error. A two-
factor ANOVA was used to determine whether significance
existed among scaffolds and between days. p < 0.05 was
considered significant for the ANOVA. If significance
existed, a post hoc analysis was performed using the
Tukey–Kramer honestly significant difference to test
significance for all comparisons.

3. Results and discussion

3.1. Characterization of the polymeric matrices

Figure 1 shows characteristic SEM micrographs of
porous PCL (A) and PCL–PPDX (B) scaffolds prepared by
compression moulding and salt-leaching. The scaffolds
feature very regular structures with homogeneously
distributed and interconnected pores, exhibiting high
porosity. The shapes and sizes of the pores are in good
agreement with the characteristics of the salt particles
used. The morphology of the pores is therefore determined
by the leachable particles, because once the salt particles
occupy a space in the melt, and these are solubilized in
water for some time, they disappear, leaving blank the
space occupied by these particles of salt (which could be
bonded or interconnected between them), thus creating
the porous structure observed in Figure 1. In the case of
the PCL scaffold, a mean pore size of ca. 240 ± 84 µm
was measured from the SEM micrographs, while for the
PCL–PPDX scaffold the pore size was found to be reduced
to ca. 129 ± 62 µm. Differences in average pore sizes
between these two scaffolds can be attributed to the
difference in the melt viscosity of each polymer blend,
because of shear during the extrusion process. So this
may have created a better dispersion of NaCl particles

or disintegration of salt agglomerates, which could cause
the differences in pore sizes. Nevertheless, both pore sizes
are adequate for chondrocyte culture. In addition, the
micrographs revealed that the pores were interconnected,
a morphological feature that is essential for adhesion and
proliferation conditions for this kind of cells.

3.2. Chondrocyte isolation and characterization

Isolated chondrocytes were obtained from the xiphoid
processes of newborn rabbits, as described in Materials
and methods, and subcultured in a monolayer until
they reached the fifth passage. Various parameters,
including morphology and gene expression profile for
major extracellular components, were evaluated in order
to assess the potential use of xiphoid processes as a source
of chondrocytes in tissue engineering.

As shown in Figure 2, cells in primo culture (zero-th pas-
sage) were small, round-shaped or polygonal; as passages
advanced they changed their phenotype into a more flat-
tened, spindle-like morphology and some fibroblast-like
and polymorphic morphology was also observed. Cells in
all passages showed a conspicuous nucleus.

Specific gene expression and degree of dedifferentiation
of chondrocytes during cultivation was evaluated using
PCR following reverse transcription of isolated RNA, as
described in Materials and methods.

Isolated chondrocytes, as previously reported for articu-
lar cartilage (Chiang and Jiang, 2009; Kwon et al., 2008),
showed gene expression of collagen type I (278 bp), colla-
gen type II (270 bp) and aggrecan (162 bp) (Figure 3A).
The results of gene expression were similar for first-
passage chondrocytes (Figure 3B). In contrast, in fourth-
passage chondrocytes we could observe that the expres-
sion of type II collagen and aggrecan was visually weaker
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Figure 2. Optic microscopy photographs of chondrocytes’ (A and B) primo culture, (C) first passage, (D) second passage, (E) fourth
passage and (F) fifth passage

Figure 3. mRNA expression of (1) type I collagen, (2) type II collagen and (3) aggrecan of (A) isolated chondrocytes from the xiphoid
process of newborn rabbits, (B) first passage chondrocytes, (C) fourth passage chondrocytes (E) second passage chondrocytes after
3 weeks culture on PCL and (F) second passage chondrocytes after 3 weeks culture on 90/10 PCL/PPDX

(Figure 3C) when compared to primo cultures. Type I
collagen expression remained stable along all passages.

These changes in cell morphology and gene expression
were accompanied by significant changes in the prolifer-
ation capacity of the cell cultures (results not shown).

3.3. Cell–scaffold interaction

To assess the adhesion and proliferative activity of the
chondrocytes, the MTS assay was used as described
in Materials and methods. Briefly, second-passage
chondrocytes (10 000 cells/sample) were seeded on

PCL, 90/10 PCL–PPDX scaffolds and in TCPS, the
latter used as a control. The results showed that cells
adhere to both scaffolds as well as to TCPS (Figure 4).
However, a significantly higher adhesion of chondrocytes
was observed for TCPS when compared to PCL and
90/10 PCL–PPDX. When only the biopolymer scaffolds
are considered, the adhesion of cells to PCL showed
higher values. Regarding proliferation, none of the three
polymers showed significant differences between 16 h
and 3 days. In contrast, for TCPS and PCL scaffolds, a
significant increase in cell number was observed after
7 days of culture (Figure 4). In the case of 90/10
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Figure 4. Adhesion (16 hours) and proliferation kinetics of
second passage chondrocytes (16 h– 7 days) on TCPS plates
and PCL and PCL/PPDX scaffolds. �, θ , p-value < 0.05

PCL–PPDX scaffolds, although the overall cell number
increased, this was not significant at 7 days of culture.
After 11 days of culture of second-passage chondrocytes
seeded on 90/10 PCL–PPDX scaffolds, SEM images
showed cells forming a continuous monolayer (Figure 5).

The expression of collagen type I, collagen type II and
aggrecan was also evaluated after 3 weeks of culture
for second-passage chondrocytes seeded onto PCL and
90/10 PCL–PPDX scaffolds. The expression of collagen
type II was observed for chondrocytes seeded on both
scaffolds, but neither collagen type I or aggrecan expression
could be detected under the experimental conditions used
(Figure 3D, E).

The surface and hydrophilicity of PCL could have
been improved by the addition of PPDX, which could
be a valuable feature to facilitate cell attachment and
proliferation; however, this does not seem to have
influenced the process of cell adhesion due to the few
observed differences in these results, where the PLC
scaffold appears to have made a better process of cell
adhesion. The SEM results showed that the chondrocytes
attached and that the cells exhibited a continuous
monolayer and flattened spindle-like appearance, as
observed in Figure 5.

Several protocols have been reported for the isolation
of rabbit cartilage cells, differing in regard to source of
chondrocytes, enzymes used and time intervals of diges-
tion (Nishida et al., 2004). Since the use of the xiphoid
process as a source for chondrocytes is a novel technique

Figure 5. SEM Micrographs of (A) PCL/PPDX scaffold before seeding; (B) chondrocytes cultured on 90/10 PCL/PPDX after 11 days
of culture of second passage chondrocytes

for tissue engineering, a morphological as well as a molec-
ular characterization of the extracted chondrocytes was
done. The morphological changes of chondrocytes were
monitored by optic microscopy. As shown in Figure 2A,
B, the isolated cells showed a characteristic morphol-
ogy for chondrocytes: small, round-shaped or polygonal
(Benya and Shaffer, 1982; Bonaventure et al., 1994; von
der Mark et al., 1977) and RT–PCR demonstrated the
expression of type II collagen and aggrecan as characteris-
tically expressed genes for differentiated chondrocytes. As
passages in culture advanced, the chondrocytes changed
in to a more flattened, spindle-like morphology. These
changes in morphology were correlated with changes in
gene expression. As was observed in Figure 3, for first-
passage chondrocytes, the expression of type II collagen
and aggrecan were similar to the reported expression of
these genes in newborn rabbit chondrocytes; contrary to
these results, in the case of fourth-passage chondrocytes,
the cells showed a more dedifferentiated state, the expres-
sion of genes encoding type II collagen and aggrecan
being weaker. The above-mentioned process of dediffer-
entiation, when isolated and cultured on tissue culture
plastic, has been described by several authors (Benya
and Shaffer, 1982; Bonaventure et al., 1994; Darling and
Athanasiou, 2005; Imabayashi et al., 2003; Temenoff and
Mikos, 2000; von der Mark et al., 1977).

While dedifferentiation during in vitro cell prolifera-
tion, which is necessary to achieve the required quantity
of cells, cannot be avoided, the aim of novel tissue-
engineering strategies is to provide an appropriate envi-
ronment onto which cells may adhere, proliferate and
maintain their differentiated function prior to implanta-
tion (Fröhlich et al., 2007). Many different biodegradable
synthetic polymers have been tested as scaffolds, both
in vitro and in vivo, for tissue engineering of cartilage.
The capacity of chondrocytes to adhere and proliferate
in PCL scaffolds has been described previously (Li et al.,
2003, 2006); in these studies, PCL scaffolds were elabo-
rated by electrospinning, in contrast to the present study
where the salt-leaching method was used for the fabri-
cation of the scaffolds. However, until the present, no
research using poly(p-dioxanone) (PPDX) was found in
the literature for cartilage tissue engineering.

The results of the present research demonstrated that
PCL as well as blend polymers of PCL– PPDX show
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good biocompatibility to chondrocytes by promoting cell
adhesion and growth and maintaining cell differentia-
tion function, at least in vitro. However, differences were
observed between the two scaffolds, despite their similar
chemical structures. The higher increase in cell number
for TCPS than for PCL, and at the same time for PCL than
for the blend, could be rooted in the number of cells ini-
tially adhering. Given the fact that, besides surface–cell
interactions, cell–cell interactions boost the proliferation
rate, it can be inferred that the more cells attach to the
surface, the higher proliferation rate observed.

Even though the 90/10 PCL–PPDX blend should exhibit
a faster biodegradation rate than PCL alone, it is not clear
how the biodegradation rate could influence chondrocyte
growth. Brito et al. (2008) report that the degradation
of PPDX–PCL blends is a very complex function of the
composition and phase dispersion. PPDX degrades much
faster when it is dispersed in the PPDX–PCL blends as
compared to the bulk state. Such an increase in degra-
dation rate could be due to the larger surface area of
the PPDX component when it is dispersed in immiscible
PCL. Nevertheless, the presence of PCL in the blends can
extend the physical integrity of the samples in the degra-
dation medium as well as their mechanical properties for
longer periods of time as compared to PPDX alone.

In the present study a short experiment was carried in
order to indirectly compare the degradation rate of the
two scaffolds (PCL and 90:10 PCL:PPDX). Given the fact
that PPDX is less hydrophobic than PCL, the blend should
be less hydrophobic than PCL as well; the results (not
shown) showed that the blend lowers the pH of distilled
water more in a given amount of time than does the
PCL scaffold. It is then speculated that second-passage
chondrocytes adhere more to PCL scaffolds than to the
blend. It is commonly known that optimal pH for cell
culture is around neutral values; therefore if the pH of the
culture medium is lowered because of the degradation of
the scaffold that it contains, the capacity of the cells to
attach (and proliferate) will be lowered as well. Since the
lowest pH corresponds to the blend, followed by the PCL
scaffolds and finally the TCPS (which does not degrade
at all), the differences observed for cell adhesion may be
understandable.

The morphology of the monolayer developed by chon-
drocytes seeded onto PCL–PPDX scaffolds (Figure 5) may
be a result of the roughness (Karageorgiou and Kaplan,
2005; Zan et al., 2008) and porosity of the scaffolds,
which could have improved the attachment and prolifera-
tion of the chondrocyte monolayer. The hydrophobicity of
the PCL scaffold may, in the case of the blend, be reduced
by the incorporation of PPDX. However, for both scaffolds,
the initial degradation reactions (which start at the sur-
face of the material exposed to the degradation medium)
may also significantly improve the hydrophilicity of PCL
and the PCL–PPDX blend (Brito et al., 2008). In recent
years there have been extensive efforts to understand the

role played by surface topography and surface chemistry
(Ajami-Henriquez et al., 2008; Sabino et al., 2004) in
determining the ability of cells to bind to different mate-
rials. Also, other recent studies (Chen et al., 2008; Lee
et al., 2006; Saltzman and Kyriakides, 2007) suggest that
cells attached to polymers are not in direct contact with
the surface, but are rather in indirect contact through
adhesive plasma proteins, such as fibronectin, through a
RGD peptide adsorbed on the surface of the material, and
later through adherence of proteins produced by the cells
themselves.

As stated previously, phenotypically stable chondro-
cytes are required for tissue regeneration. However,
the differentiated phenotype is unstable and difficult to
maintain in culture. The capacity of both scaffolds to
maintain the differentiated state of chondrocytes, a nec-
essary condition for the process of tissue regeneration,
was evaluated. Both scaffolds prompted cell differentia-
tion, as could be measured by the expression of collagen
type II after 3 weeks in culture. Although no expression of
aggrecan was observed, the fact that expression of collagen
type II was appreciated after 3 weeks of culture in both
scaffolds shows the potential of both materials in cartilage
tissue engineering. It seems probable that the technique
used for RNA extraction was not ideal when the cell
number was small, as was the case in our experiments.

This paper presents an interesting study on the use
of biodegradable polymer blends, whereby varying the
composition of the phases present can be achieved by
controlling the process of hydrolytic degradation kinet-
ics, besides allowing the evaluation of scaffolds for tissue
engineering, and it is possible to study the behaviour
of chondrocytes or other cell types on these inter-
esting substrates, which is the future outlook of this
research.

4. Conclusions

In summary, the present study achieved the standardiza-
tion of a novel protocol for obtaining primary cultures
of chondrocytes from hyaline cartilage from the xiphoid
processes of newborn rabbits, and also demonstrated the
potential, unknown until now, of PCL–PPDX blend scaf-
folds (90:10 w/w) and PCL scaffolds obtained by the
salt-leaching method for use in the field of cartilage tissue
engineering.
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