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The aim of the present study was to investigate a novel ex ovo bioassay for the first time using the

chick embryo chorioallantoic membrane (CAM) for testing tissue engineering bioceramic

scaffolds. Bioglass based scaffolds with porosity in the range of 90–95% were fabricated using

the foam replica technique and sintering at 1100uC for 1 h. Scaffolds (56562 mm3) were placed

on the CAM at 10 days of total incubation. The embryos were killed 5 days after implantation. The

scaffolds and CAM were explanted, fixed in formalin solution and processed for embedding in

methyl methacrylate. Histological analysis using ground sections showed that the scaffolds were

surrounded by CAM. There was no occurrence of macrophages or related inflammatory cells. The

results described in this paper indicate that the developed bioassay is an appropriate approach

as an alternative to conventional animal models to evaluate the biocompatibility of scaffold

biomaterials for tissue engineering and regenerative medicine.
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Introduction
The need for new in vivo experimental models as
alternatives to the experimental animal models currently
in use, has recently been emphasised.1 In this context,
several authors have proposed the use of chick embryos
as an experimental model to study the biocompatibility
of materials, given its advantages over mammalian
systems. Among these advantages are universal avail-
ability of eggs, relatively low cost, speedy development
and rapid growth of the embryos, easy handling, and
compliance with the replacement, reduction and refine-
ment (3Rs) principles on using alternative methods to
animal experiments in biomaterials and tissue engineer-
ing research.2–11

The chick embryo chorioallantoic membrane (CAM)
assay was originally conceived as an alternative in vivo
method for angiogenesis, toxicity and irritation studies.6,7

It has been also suggested that the CAM assay has
potential for general evaluation of tissue responses to
biomaterials and implants since it provides a natural

environment for growing blood vessels and all the
components of the complex host interactions.2–11 The
CAM assay involves a straightforward procedure of either
windowing the eggshell to have access to the CAM in ovo
or preparation of shell less cultures of chick embryos ex
ovo, which increases the CAM area available for multiple
tests on a single CAM. This technique involves the transfer
of the entire egg contents to a container simulating the
eggshell after 72 h of in ovo incubation.12,13

Bone tissue engineering requires a suitable scaffold
material, which has to be both bioactive and bioresorb-
able and fulfill a number of other prerequisites,
including suitable mechanical strength and stiffness,
interconnected pore structure, the ability to enable cell
attachment and cell proliferation as well as ease of
manufacture.14,15 In recent studies,16,17 the well known
and cost effective foam replica technique has been
adapted to fabricate bioactive glass–ceramic scaffolds
based on the 45S5 Bioglass composition.18 These
scaffolds fulfill all essential requirements for bone tissue
engineering applications and they have been shown to
support osteoblast-like cells (MG 63) attachment as well
as promote cell proliferation.17 Moreover the mechan-
ical competence and bioactivity of the scaffolds have
been confirmed, which depend on the phase transforma-
tion of the crystalline phase (Na2Ca2Si3O9) present in
the glass–ceramic struts into a biodegradable amor-
phous calcium phosphate phase during cell culture, in
simulated body fluid or when the scaffolds are immersed
in cell free culture medium.16,17 The use of Bioglass to
fabricate scaffolds has the additional advantage of
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potential rapid bone formation according to the
demonstrated direct effect of Bioglass dissolution
products (ion release) on human osteoblast cell prolife-
ration.19 The foam derived Bioglass based glass–ceramic
scaffolds however have not yet been investigated in vivo.

The aim of this work was therefore to evaluate the in
vivo biocompatibility of Bioglass derived glass–ceramic
scaffolds for the first time using the chick embryo CAM
as the experimental model.

Materials and methods

Scaffolds
45S5 Bioglass (nominal composition: 45SiO2–24?5CaO–
24?5Na2O–6P2O5, wt-%) derived glass–ceramic scaffolds
with porosity in the range 90–95% were fabricated using
the foam replica technique and sintering at 1100uC for
1 h, as described in detail elsewhere.16 Briefly, a polymer
(e.g. polyurethane) foam, which serves as a sacrificial
template, is coated with a Bioglass slurry, which
infiltrates the pore structure and Bioglass particles
(,5 mm in size) adhere on the polymer surface forming
a homogeneous coating. After drying, the polymer foam
is burned out slowly at 400uC to minimise damage to the
Bioglass coating. Once the polymer sacrificial template
has been removed, the Bioglass scaffold is sintered to the
desired density and partially crystallised using a
predermined and optimised heat treatment schedule.16

In vivo bioassay
Fertile eggs (Gallus sp) were used. These were incubated
in ovo at 37uC with 60% relative humidity in a standard
laboratory incubator for 72 h. The ex ovo embryo
development was carried out in a polystyrene container
(467 cm diameter, 0?2 mm thick, Huhtamaki
Argentina) placed inside another high density polyethy-
lene container with a screw top (8?569 cm diameter,
TE&T) containing 50 mL of distilled water for humidi-
fication. Neither tissue culture medium nor antibiotics
were added to the cultures.20 All culture chambers were
maintained at 37uC in humidified air atmosphere for the
desired length of time. Prismatic scaffolds of dimensions
56562 mm3 were placed on the CAM at 10 days of
total incubation. All embryos were killed at 15 days of
total incubation. Each experiment included ten embryos
per group and was repeated twice.

Histologic processing
The scaffolds and surrounding CAM were explanted,
fixed in 4% paraformaldehyde in PBS, and processed for
embedding in methyl methacrylate. Ground sections
were obtained and stained with silver methenamine21

for histological evaluation by light microscopy (Zeiss
Axioskop 2 MOT, Carl Zeiss, Jena, Germany).

Results and discussion

Macroscopic evaluation
The typical macrostructure and microstructure of the
Bioglass derived scaffolds are shown in Fig. 1a and b
respectively. The image in Fig. 1a shows the highly
interconnected pore structure resembling the morphol-
ogy of cancellous bone. Moreover, extensive sintering of
the 45S5 Bioglass particles by a viscous flow sintering
mechanism has occurred leading to fully densified and
microcracking free struts containing fine crystalline
grains of size ,0?5 mm.22 The presence of a central hole
in the struts, as observed in Fig. 1b, is inherent to the
foam replica method used to fabricate the scaffolds, as
also discussed in detail elsewhere.16,22 The combination
of extensive densification and the presence of a crystal-
line phase in the struts are expected to lead to improved
mechanical properties of these scaffolds.

Figure 2 shows the location of a scaffold placed on
the CAM at 10 days of incubation. Macroscopic
evaluation revealed that all biomaterials implanted on
the CAM remained in situ. At 48 h post-implantation
scaffolds were fully incorporated by the CAM and did
not interfere with normal CAM development. No
vascular reaction was detectable around scaffolds.
Moreover no opaque granulomatous tissue surrounding
the scaffolds in any of the cases was found.

Histological evaluation
At 5 days post-implantation, histological analysis
revealed that the epithelial tissue of CAM had developed
a continuous interface all around the scaffold, in
intimate contact with the surface of the scaffold
(Fig. 3). No tissue penetration in the pores of the
biomaterial or inflammatory infiltrate was observed. In
addition, no angiogenic response was detectable.

Previous studies have demonstrated that the CAM
response to biomaterials depends on the chemical

a low magnification; b high magnification
1 Scanning electron microscopy images of 45S5 Bioglass derived glass ceramic scaffold sintered at 1100uC
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composition and the physical structure of the mate-
rial.2,3,10 For example, Zwadlo-Klarwasser et al.2 observed
that materials with a smooth surface, such as PVC and
Tecoflex (a polyurethane) appear to be antiangiogenic,
mostly because of the positive charge in its surface.
Angiogenesis was found to be more readily induced by
rough materials, such as filter paper and collagen/elastin
membrane.2,3 It was also observed by Oates et al.10 that
angiogenesis and inflammation are dependant on the pore
size of a matrix. For example, angiogenesis and inflamma-
tion have been demonstrated to be affected by altering the
porosity of polylactic acid scaffolds.10

The present study evaluated, for the first time, the
biological response of the CAM to a bioactive glass–
ceramic material with a tridimensional porous structure,
derived from 45S5 Bioglass. The Bioglass derived glass–
ceramic scaffolds proved to be biocompatible in terms of
the absence of inflammatory response at the implant site
(CAM) as demonstrated by macroscopic and histological
evaluation. A more detailed investigation on the effect of
incorporating bioactive inorganic scaffolds on epithelial
tissue development utilising different compositions of the
bioactive glass matrix as well as quantification of the
extent of tissue infiltration into the pores and angiogenesis
effects in the CAM model is being carried out.

Conclusion
The results described in this paper indicate that the
developed bioassay based on chick embryo CAM
constitutes an appropriate alternative animal model to
evaluate the biocompatibility of scaffold biomaterials for
tissue engineering and regenerative medicine. The bioac-
tive glass–ceramic three-dimensional scaffolds investigated
were confirmed to be biocompatible and exhibited no
adverse effects on normal CAM development.

It is hoped that the results of this study will contribute
to document the advantages of the chick embryo CAM
model as a novel bioassay with the potential to reduce
the use of conventional animal testing.
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3 Photomicrograph of representative ground section of

scaffold and surrounding CAM at 5 days post-implanta-

tion: notice that epithelial tissue of CAM has developed

continuous interface all around Bioglass scaffold; silver

methenamine; original magnification 620

2 Image of Bioglass scaffold placed on chick embryo

CAM at 10 days of total incubation
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