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Abstract In the present work we originally tested the suit-
ability of corn starch-polycaprolactone (SPCL) scaffolds for
pursuing a cartilage tissue engineering approach. Bovine ar-
ticular chondrocytes were seeded on SPCL scaffolds under
dynamic conditions using spinner flasks (total of 4 scaffolds
per spinner flask using cell suspensions of 0.5 × 106 cells/ml)
and cultured under orbital agitation for a total of 6 weeks.
Poly(glycolic acid) (PGA) non-woven scaffolds and bovine
native articular cartilage were used as standard controls for
the conducted experiments. PGA is a kind of standard in
tissue engineering approaches and it was used as a control
in that sense. The tissue engineered constructs were charac-
terized at different time periods by scanning electron mi-
croscopy (SEM), hematoxylin-eosin (H&E) and toluidine
blue stainings, immunolocalisation of collagen types I and II,
and dimethylmethylene blue (DMB) assay for glycosamino-
glycans (GAG) quantification assay. SEM results for SPCL
constructs showed that the chondrocytes presented normal
morphological features, with extensive cells presence at the
surface of the support structures, and penetrating the scaf-
folds pores. These observations were further corroborated
by H&E staining. Toluidine blue and immunohistochemistry
exhibited extracellular matrix deposition throughout the 3D
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structure. Glycosaminoglycans, and collagen types I and II
were detected. However, stronger staining for collagen type
II was observed when compared to collagen type I. The PGA
constructs presented similar features to SPCL at the end of the
6 weeks. PGA constructs exhibited higher amounts of matrix
glycosaminoglycans when compared to the SPCL scaffolds.
However, we also observed a lack of tissue in the central
area of the PGA scaffolds. Reasons for these occurrences
may include inefficient cells penetration, necrosis due to high
cell densities, or necrosis related with acidic by-products
degradation. Such situation was not detected in the SPCL
scaffolds, indicating the much better biocompatibility of the
starch based scaffolds.

1 Introduction

Articular cartilage is an avascular supporting connective tis-
sue, exhibiting a low metabolic rate and a low regenerative
potential [1–3]. The ability of articular cartilage to function
as a weight bearing tissue is dependent on the appropriate
structural organisation and biochemical composition of the
extracellular matrix, the two major components of which are
collagen type II and proteoglycan [3–5]. The collagen is re-
sponsible for the tensile properties and the proteoglycans for
compression resistance [6, 7].

Articular cartilage is responsible for the correct function-
ing of the articulating skeleton, creating smooth gliding ar-
eas in the terminal parts of bones responsible for shock
absorbance, load bearing and reduction of surface friction
[8]. Trauma, aging related degeneration such as osteoarthri-
tis, or developmental disorders, can result in pain and dis-
ability. Adult cartilage has limited self repair capacity and
even when some regeneration exists, fibrocartilage-like tis-
sue is frequently formed in the defect [5, 9, 10]. This type of
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cartilage possesses lower mechanical properties when com-
pared to articular cartilage, compromising its functional role
in weight bearing.

Different strategies have been put forward to treat articular
cartilage lesions. One common treatment in elderly patients is
prosthetic joint replacement. Although successful, this inva-
sive approach does not always provide long-term joint func-
tionality due to loosening or limited life span of the prostheses
[11]. Surgical procedures like osteotomy, perichondral graft-
ing, interposition arthroplasty, and drilling, have been per-
formed though the outcomes may be limited [8, 12]. Several
and different tissue engineering approaches are being con-
ducted to regenerate cartilage, most of them based on seeding
cells in a polymeric matrix. The materials used to serve as
cells supports can be processed in various ways, including
extrusion and moulding, among others. These procedures can
generate porous structures (scaffolds) of different shapes and
sizes, e.g. fibres with more regular or irregular surfaces with
varying diameters, membranes, and others [13]. The materi-
als used for tissue engineering may be broadly divided into
synthetic and natural materials. Starch is a natural polymer
made of a combination of two polymeric carbohydrates, amy-
lose and amylopectin [14, 15]. It has been put forward as a
cell support material in combination with synthetic polymers
such as polycaprolactone (PCL), polylactic acid (PLA), ethyl
vinyl alcohol (EVOH), cellulose acetate (CA) giving rise to
a blend that is expected to deliver better results. Several stud-
ies have been conducted with these materials, mainly in bone
tissue engineering [16–19]. Polycaprolactone (PCL) is a syn-
thetic semicrystalline biodegrabable polymer belonging to
the family of poly-α-hydroxyl polyesters, that has also been
used for such approaches [20, 21].

In this study, we have shown for the first time, the suitabil-
ity of starch-polycaprolactone (SPCL) scaffolds for pursu-
ing a cartilage tissue engineering approach. Bovine articular
chondrocytes were cultured on starch-polycaprolactone fibre
scaffolds for periods of up to 6 weeks. Cells were initially
seeded using spinner flask bioreactors and then cultured in
an orbital shaker for the remaining time periods. The scaf-
fold fibre structure allowed the cells to efficiently penetrate
the bulk besides the colonization of the most outer parts. We
have analysed cell distribution, morphology and extracellu-
lar matrix components deposition during the course of the
experiments, and the results obtained are encouraging in in-
dicating a utility of SPCL scaffolds for a tissue engineering
cartilage regeneration strategy.

2 Materials and methods

2.1 Scaffolds production

The methodology used to produce the scaffolds was melt
spinning (to obtain the polymeric fibres) followed by fibre

bonding [22]. This processing technique involves fibre pack-
ing in an appropriate mould, with posterior heating below the
melting temperature (Tm) for a determined residence period
that will allow the fibres to form a stable fibre mesh structure.
The material used was a 30/70% (wt) blend of corn starch
with polycaprolactone (SPCL). These scaffolds have already
been shown previously to be suitable for conducting a bone
tissue engineering approach [17, 23]. The scaffolds produced
were cut in a cylindrical shape, with dimensions of 7 mm
diameter × 3 mm thickness. The porosity of the scaffolds
was determined by microcomputerized tomography (µCT)
(ScanCo Medical µCT 80, Bassersdorf, Switzerland) at a
resolution of 10 mm, and using at least 3 samples.

For comparison purposes, it should be stated that the PGA
scaffolds dimensions were the same as those of SPCL. Both
types of scaffolds were cut using a borer.

2.2 Isolation and expansion of bovine articular
chondrocytes

Full thickness hyaline cartilage was harvested from bovine
metacarpophalangeal joint of adult animals (18–24 months)
within 4 h of slaughter. Chondrocytes were isolated by se-
quential enzymatic digestion as described previously [24].
The isolated cells were ressuspended in expansion medium
(Dulbecco’s Modified Eagle’s Medium (Sigma Co.), con-
taining 10 mM HEPES buffer pH 7.4 (Sigma Co.), 10000
units/ml penicillin/10000 µg/ml streptomycin (Sigma Co.),
20 mM L-alanyl glutamine (Sigma Co.), 1 × MEM non-
essential amino acids (Sigma Co.) and 10% (v/v) foetal calf
serum (Biosera S1800; NWPLS; Heat Inactivated), supple-
mented with 10 ng/ml basic fibroblast growth factor (bFGF)
(PeproTech, UK), and seeded on tissue culture treated Petri
dishes at a density of 50,000–100,000 cells/cm2. The dishes
were incubated at 37◦C in a humidified atmosphere of 5%
CO2/95% air. The chondrocytes were allowed to expand un-
til almost confluent, and then trypsinized and divide to other
tissue culture treated Petri dishes using the same proportional
relations.

2.3 Chondrocyte culture on 3D SPCL fibre scaffolds

Once the required cell number was achieved, confluent chon-
drocyte monolayers were harvested for seeding onto the poly-
meric scaffolds, as follows. The SPCL fibre scaffolds were
allowed to equilibrate at room temperature in 10 ml of expan-
sion medium. The chondrocytes were removed from the cul-
ture dishes by trypsinisation. The chondrocytes were pelleted
by centrifuging at 200 g for 7 min and the cell pellet ressus-
pended in expansion medium. The SPCL fibre scaffolds were
placed on stainless steel wires in spinner flasks containing a
suspension of chondrocytes with a concentration of 0.5 ×
106 cells/ml (4 scaffolds per spinner flask). The stirrer was
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set at a slow stirring of 75 rpm and the spinner flasks left for
72 h to allow the cells to enter the scaffold material. After
the seeding was completed, the chondrocytes/scaffold con-
structs were transferred to non-tissue culture treated sterile
Petri dishes and 20 ml of fresh expansion medium added to
each Petri dish. The Petri dishes were placed on the orbital
shaker, and set at a gentle shaking speed of 50 rpm. The
constructs were left for 72–96 h to allow further expansion
of the cells on the scaffolds. The expansion culture medium
was then removed and replaced with 20 ml of differentia-
tion medium (Dulbecco’s Modified Eagle’s Medium (Sigma
Co.), containing 10 mM HEPES buffer pH 7.4 (Sigma Co.),
10000 units/ml penicillin/10000 µg/ml streptomycin(Sigma
Co.), 20 mM L-alanyl glutamine (Sigma Co.), MEM non-
essential amino acids (Sigma Co.), and 10% (v/v) foetal calf
serum (Biosera S1800; NWPLS; Heat Inactivated), supple-
mented with 1 µg/ml of insulin (Sigma Co.) and 50 µg/ml
of L-ascorbic acid (Sigma Co.) to promote formation of a
chondrogenic phenotype in the chondrocytes. The construct
cultures were returned to the orbital shaker in the incubator
and maintained at a speed of 50 rpm. The constructs were in-
cubated until 42 days of culture, replacing the differentiation
medium every 2–3 days.

2.4 Scanning electron microscopy

The constructs were washed in sterile PBS and immersed
in 3% glutaraldehyde (Sigma Co.) with 0.1 M cacodylate
buffer pH 7.4) (AGAR) at room temperature for one hour.
They were then washed three times in 0.1 M cacodylate buffer
pH 7.4, and afterwards post fixed in 1% aqueous solution of
osmium tetroxide (Fluka/Sigma Co.) for one hour. Finally,
they were dehydrated in alcohols and let to dry. The samples
were sputter coated with gold and observed using a Phillips
XL-20 scanning electron microscope.

2.5 Histological analysis (Hematoxylin-eosin, toluidine
blue)

Constructs were taken at specific culturing periods, until up
to six weeks of total culturing time. The constructs were
included in Optimal Cutting Temperature gel (OCT) (OCT
compound BDH, Gurr R©), frozen using liquid nitrogen and
isopentane, stored at −20◦C for posterior cryosectioning.
Tissue sections of 8 µm were taken and fixed using fresh 4%
paraformaldehyde (Sigma, Co.). The slides were then washed
in distilled water, let to dry and stored at 4◦C until the staining
was performed. Hematoxylin-eosin stain was conducted in
an automatic machine (Fume Cupboard; X219/E11/LEV1).
In this procedure, the slides are stained in hematoxylin for
a suitable time, optimised according to in-house procedures.
The sections are washed in running tap water for 5 min or less,
and afterwards differentiated in 1% acid alcohol, for 5–10 s.

The slides are washed again in tap water for 5 min or less,
and stained in 1% eosin for 10 min. They are again washed
in tap water for 5 min, and dehydrated through alcohols and
mounted in DPX (Fluka/Sigma Co.). Toluidine blue staining
was performed using standard histological methods in the
following way. One drop of 1% toluidine blue was placed
on each section for 2–3 s. The sections were rinsed with
distilled water. Dehydration through alcohols followed and
the sections were then left to dry overnight, and mounted in
DPX.

2.6 Immunolocalisation of collagen types I and II

Collagen types I and II were detected immunohistochem-
ically using monoclonal antibodies against collagen types
I and II (Southern Biotechnology, UK), as previously de-
scribed [25]. Briefly, fixed sections were washed with PBS
and pre-treated with hyaluronidase (10 mg/ml) (Sigma Co.),
followed by pronase (2 mg/ml) (Fluka/Sigma Co.). The slides
were then washed thoroughly in PBS and treated with 3% hy-
drogen peroxide (Sigma Co.) in 50% methanol (Aldrich), fol-
lowed by washing in Tris-buffered saline (TBS) and blocking
with 3% bovine serum albumin (BSA) (Sigma Co.) Incuba-
tion with the primary antibody (collagen type I and collagen
type II) (UNLB) followed. The remaining protocol is as de-
scribed in the Vectastain Elite ABC Kit PK-6105 (Vector
Laboratories Ltd., UK) and in the Vector DAB Kit (Vector
Laboratories Ltd., UK). The slides were afterwards washed
in water for 5 min, counterstained with haematoxylin, and
mounted with DPX mounting medium. Controls were per-
formed using normal goat serum instead of the primary an-
tibodies, which was included in the kit.

2.7 Dimethylmethylene blue (DMB) assay for
glycosaminoglycans quantification

Proteoglycans were determined by measuring the level of
sulphated glcosaminoglycans (GAGs) using the dimethyl-
methylene blue metachromatic assay as described previously
[25]. GAG levels in solution can be quantified by binding of
the acidic polymer to the basic dye, 1,9-dimethylmethylene
blue (DMB). The resulting metachromatic shift peaks at
A525−530 which can therefore be adapted for a spectrophoto-
metric assay. Briefly, the constructs were immersed in a di-
gestion solution with papain (Sigma Co.) and N-acetyl cys-
teine (Sigma Co.), and incubated at 60◦C overnight. After
the digestion was completed, the tubes were centrifuged at
13,000 rpm for 10 min. The supernatant was collected and
stored at 4◦C until the GAG assay was performed. A chon-
droitin sulphate standard solution (Sigma Co.) was prepared
in water and kept refrigerated. The samples and chondroitin
sulphate standards were placed in a 96 well round-bottomed
plate, DMB solution was added to each well, and the optical
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density measured using a microplate reader, at 530 nm.
Poly(glycolic acid) (PGA) non-woven scaffolds (Albany in-
ternational, Bury, Lancashire, UK) were used as controls.

3 Results and discussion

3.1 Scaffolds production

A microcomputerized tomography (µCT) image of a SPCL
scaffold is shown in Fig. 1. It was observed that the fibre mesh
network for support of cell growth and development presents
good interconnectivity. The fibre network structure was ad-
vantageous for the dynamic seeding using spinner flasks. An
extensive porous area (approximately 75% as estimated by
µCT) is an advantage towards cells penetration into the bulk
of the scaffold, while also enhancing nutrients diffusion and
removal of metabolic wastes. The scaffolds thickness (3 mm)
is within the range of the values encountered for normal hu-
man articular cartilage [26].

3.2 Scanning electron microscopy

Scanning electron micrographs showed that the bovine artic-
ular chondrocytes extensively colonised the scaffold struc-
ture, being widely present at the surface and penetrating the
various pores. We believe this is a consequence not only of the
materials used, to which the cells adhere, but also to the scaf-
folds 3D arrangement, that in combination with the dynamic
cells seeding using the spinner flasks, allowed the cells to
spread and proliferate homogeneously throughout the entire
construct. In fact, SPCL scaffolds have already been shown
to be successful in bone tissue engineering approaches, in
studies conducted with bone marrow stromal cells cultured
in SPCL fibre based scaffolds, under dynamic conditions us-
ing bioreactors [27] The results presented here for the first
time using SPCL scaffolds in a cartilage tissue engineering

Fig. 1 Microcomputerized tomography image of a SPCL 30/70% (wt)
fibre scaffold

approach constitute another evidence for the application of
these supports in tissue engineering approaches.

Figures 2.1.A–C show at increasing magnifications, con-
structs collected after 2 weeks of culturing. Figure 2.1.A ex-
hibits a global view over the cells-scaffold construct, show-
ing that the cells were homogeneously distributed and had
adhered uniformly, showing no difference between a fibre
surface and the contact junction between two fibres. The
morphology of the chondrocytes is the one of normal and
healthy cells [28, 29], and these were forming multilayer
as observed in Fig. 2.1.C. These observations indicate that
with such an arrangement, the cells create a 3D environment
which favours extracellular matrix formation.

Figures 2.2.A–C shows the cultured scaffolds at week
4. Comparison of Figs. 2.1.A and 2.2.A, corresponding to
weeks 2 and 4 of culturing, respectively, showed higher cell
coverage in the latter, indicating that the cells have prolif-
erated during these periods. Comparing the results at week
4 (Figs. 2.2.A–C) with those from week 6 (Figs. 2.3.A–C),
no difference is observed. However, it can be observed that
the cell coverage was extensive in both time periods. These
observations might be explained by the exchange in culture
medium supply that was performed. The supply of expansion
medium containing bFGF during the initial periods, induces
cell proliferation which enables obtaining a full cell cover-
age on the scaffolds [30]. The change to a differentiation
medium containing insulin and L-ascorbic acid (after 7 days
of culture) would induce a decrease in the proliferation rates
and trigger the onset of redifferentiation, with consequent
expression of extracellular matrix [31].

3.3 Hematoxylin-eosin and toluidine blue

Figure 3 shows different histological sections of scaffolds
taken at week 4 (Fig. 3.1.A.) and week 6 (Figs. 3.1.B–D). As
shown previously in the SEM analysis, it can be observed an
increase in cell mass from week 4 to week 6, when comparing
Figs. 3.1.A and B. Cells have also created a consistent ad-
hesion interface with the SPCL fibres, as can be observed in
Fig. 3.1.D (arrows). The histology processing usually leads
the structures to contract, and the detachment of cell mass
observed in some of the fibres is a result of that. The fact that
continuity is observed at the cells-fibres interface allows us
to predict the tissue engineered constructs may preserve its
integrity in vivo, acting as one functional unit. It is also evi-
dent the cells presence in both bulk and more external areas
of the scaffolds (Fig. 3(B)).

Regarding the PGA scaffolds, the observations indicate
that these exhibited higher cell proliferation when compared
to SPCL in the initial periods. We also detected a central area
within the scaffolds were cells were lacking. Reasons for
these occurrences may be related with inefficient cells pene-
tration, necrosis due to high cell densities, or necrosis related
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Fig. 2 Scanning electron microscopy images of SPCL scaffolds seeded with bovine articular chondrocytes and cultured for 14 days (2.1), 28 days
(2.2), and 42 days (2.3). B and C represent higher magnifications of A, showing in detail the cells morphology and arrangement

Fig. 3 Optical microscopy images of histology sections obtained from
SPCL scaffolds seeded with bovine articular chondrocytes and stained
with hematoxylin-eosin. The images shown correspond to samples col-
lected after 28 days (3.1.A), and 42 days (3.1.B–D) of culture. Figures

3.2.A–C show optical microscopy images of histology sections ob-
tained from PGA scaffolds seeded with bovine articular chondrocytes
and stained in the same way (42 days). Figure 3.2.D represents native
bovine articular cartilage control stained using the same technique

with acidic by-products degradation, as shown in Figs. 3(E)
and (F). This was observed by week 4 of culture and cor-
relates with data reported in the literature. PGA, as well as
other polyesters, release acidic by-products in culture after
a determined time period, as a result of hydrolytic chemical
scission of the ester backbone [32]. PGA biodegradation oc-
curs by non-specific hydrolytic scission of their ester bonds,
resulting into glycolic acid residues that may substantially

decrease the solution pH and indirectly affect cell develop-
ment [33].

Figures 4.1.A–D show toluidine blue stained histology
sections of SPCL scaffolds seeded with bovine articular
chondrocytes. Toluidine blue is a metachromatic stain that
identifies glycosaminoglycans present in the extracellular
matrix of hyaline cartilage. It is possible to observe a light
purple staining at both time periods presented (Figs. 4.1.A–
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Fig. 4 Optical microscopy images of histology sections obtained from
SPCL scaffolds seeded with bovine articular chondrocytes stained with
toluidine blue. The images shown correspond to 28 days (4.1.A), and 42
days (4.1.B–D) of culturing. Optical microscopy images of histology

sections of PGA scaffolds seeded with bovine articular chondrocytes
and stained with toluidine blue are presented at 42 days (4.2.A–C). Fig-
ure 4.2.D shows native bovine articular cartilage stained with toluidine
blue dye

D), which indicates that the chondrocytes had produced an
extracellular matrix containing proteoglycans. Proteoglycans
enable cartilage to bind water molecules and account for the
property of compressive stiffness important for the correct
functioning of articular joints [25]. Therefore, the identifica-
tion of glycosaminoglycans in the cell extracellular matrix is
a positive indicator towards the formation of a cartilage-like
tissue.

Concerning the PGA scaffolds, the results obtained from
the staining with toluidine blue are very similar to those ob-
tained for SPCL scaffolds. However, in PGA scaffolds no
glycosaminoglycans presence was detected in the bulk area
due to lack of cellular material (4.2.A–B), as previously men-
tioned in H&E stained sections. Both tissue engineered con-
structs presented a staining profile very similar to the one
encountered for native articular cartilage extracellular ma-
trix (4.2.D).

3.4 Immunolocalisation of collagen types I and II

Four collagen types, namely, types II, IX, X, and XI, are
traditionally considered specific for cartilage [34]. Collagen
type II is the major protein produced by chondrocytes in ar-
ticular cartilage, being involved in its weight bearing and
adsorbing functions [35]. It was performed immunolocali-
sation of both collagen type I and collagen type II proteins
in sections obtained from SPCL seeded scaffolds (Fig. 5.1.).
The results correspond to samples collected at week 6 of
culture. A difference in the expression pattern can be noted,
when comparing collagen types I and II, with type II col-
lagen displaying stronger antibody staining. When articular
chondrocytes are isolated and expanded in 2D culture condi-
tions, the cells expression profiles change. Collagen type II
production is reduced and collagen type I is expressed. This
process is described as dedifferentiation and it is a charac-
teristic feature of chondrocytes grown in two dimensional
cultures [34, 36]. Once the cells reach confluence and be-
gin to pack in multilayered 3D structures, they begin to re-

differentiate. Re-differentiation is the process of regaining
normal articular cartilage molecules synthesis, such as colla-
gen type II, aggregan, and Sox-9, for example [37, 38]. When
in vitro differentiation is induced, type I collagen rapidly de-
creases during culture, and the levels of collagen type II and
IX experience an increase [34, 35, 39]. Cell constructs stud-
ied herein presented stronger staining of collagen type II by
week 4 (data not shown), which was maintained throughout
the rest of the culture period. Collagen type II is the ma-
jor structural macromolecule of hyaline cartilage, conferring
tensile strength to the cartilage matrix and is thus a good
marker of tissue engineered hyaline-like cartilage [25]. Con-
sidering this, the expression of these proteins, detected in the
constructs cultured for 6 weeks, is another indication of the
hyaline-like nature of these tissue engineered constructs.

Regarding the PGA scaffolds, it was observed a higher
intensity staining with collagen type II antibodies than with
collagen type I. Predominance of collagen type II staining
over collagen type I in both types of scaffolds inferred that
bovine articular chondrocytes regained a chondrogenic phe-
notype on the SPCL and PGA scaffolds. These results cor-
related with the toluidine blue staining, which reveal that
glycosaminoglycans were present in the newly elaborated
extracellular matrix.

3.5 DMB assay for glycosaminoglycans quantification

The glycosaminoglycans (GAG) were quantified using the
dimethylmethylene blue (DMB) assay. Comparing the results
obtained with SPCL constructs with the ones generated for
PGA, it can be observed a wide difference in glycosamino-
glycans quantification. Given the similar results obtained
with the toluidine blue staining for both types of scaffolds,
the higher values for GAGs concentration in PGA scaffolds
may be a result of the apparently higher initial cell prolifer-
ation rates observed for the PGA scaffolds, when compared
to SPCL. A higher cell number would result in an increase
in the exrtracellular matrix components, as it is known that
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Fig. 5 Optical microscopy
images presenting the results
obtained from the
immunolocalisation of collagen
types I and II in histology
sections of SPCL scaffolds
seeded with bovine articular
chondrocytes. Images present
results at 42 days for collagen
type I, collagen type II, and
normal goat serum-control (left
to right, respectively) (5.1.A–C;
D–F). The images are shown at
different magnifications. Below,
comparative results are shown
for PGA scaffolds at 42 days for
collagen type I, collagen type II
and normal goat serum-control
(left to right, respectively)
(5.2.A–C). Figure 5.3.A–C
represents native bovine
articular cartilage stained using
the same method (collagen type
I, collagen type II, and normal
goat serum-control, from left to
right, respectively)

Fig. 6 Results obtained from
DMB assay for GAGs
quantification results for SPCL
and PGA scaffolds at different
time periods

intercellular contacts exert extreme importance for chondro-
cytes to begin extracellular matrix deposition [34, 40]. The
fact that the cells were able to proliferate at higher rates in the
PGA scaffolds may justify the higher glycosaminoglycans
synthesis that was observed. However, this may be jeopar-
dised by the tissue depletion observed in the central area of
the PGA scaffolds, which can be a result of acidic by-products
release, inefficient cells penetration or necrosis induced by
high cellular densities that may lead to loss in mass transfer
throughout the constructs. Furthermore, GAG deposition in
SPCL may be achieved with some complementary strategies,
such as the addition of certain growth factors. For example, it
is described in the literature that bone morphogenetic protein
2 (BMP-2) and cartilage-derived morphogenetic protein 2
(CDMP-2) significantly enhance proteoglycans production

on a chondrocytic cell line (MC615) [41]. Also, it has been
shown that insulin-like growth factor type I (IGF-I) in-
creases the synthesis of proteoglycans in bovine articular
chondrocytes [31]. Some of these molecules can be added to
the culture medium or even included in the scaffolds.

4 Conclusions

There is a great need for the development of clinically use-
ful cartilage tissue engineering strategies. In this work, we
have showed that SPCL scaffolds can support bovine articular
chondrocytes adhesion, proliferation and differentiation, for
up to 6 weeks of culturing. These scaffolds were compared
with non-woven polyglycolic acid (PGA) scaffolds cultured
using the same parameters. The PGA scaffolds presented a
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central area of cells depletion, which can be a result of acidic
by-products release from their hydrolytic degradation, inef-
ficient cells penetration or necrosis induced by high cellular
densities. This can compromise the clinical application of
these standard scaffolds. This situation was not observed in
the SPCL scaffolds, which presented homogeneous cell col-
onization throughout the scaffold structure. The results ob-
tained for toluidine blue staining and immunolocalisation of
collagens types I and type II were very similar for both types
of scaffold materials. Nevertheless, quantitatively, PGA scaf-
folds exhibited higher amounts of glycosaminoglycans, when
compared to the SPCL scaffolds.

In summary, the results obtained from this work, demon-
strate that the SPCL fibre based scaffolds may constitute
a valid alternative and should be considered for further
studies in the cartilage tissue engineering field, in addition
to their already promising performance in the bone tissue
engineering area.
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