
Abstract. Scientists, for a variety of reasons, need to carry
out in vivo research. Since experiments that require the use
of adult animals pose various logistical, economical and
ethical issues, the use of embryonic and larval forms of some
organisms are potentially attractive alternatives. Early life
stages are appealing because, in general, large numbers of
individuals can be maintained in relatively simple housing,
minimising costs, and their use involves fewer legal
formalities. With this succinct review, we aim to provide an
overview of different biological issues that have been
successfully explored with the help of eggs, embryos and
larvae from the frog, zebrafish and chicken.

Eggs, embryos and larvae offer several advantages compared
to adult animals as research models. The early life stages of
three animals, the African clawed frog, the chicken and the
zebrafish, are widely used as models during their early
developmental stages and represent valuable assets to both
fundamental and applied research. Their small size simplifies
housing and the experimental apparatus requirements.
Furthermore, the adults of these species tend to produce
many offspring, which develop externally and relatively fast,
simplifying the replenishment of egg, embryo and larval
stocks. These traits, plus the fact that animal regulations are
less strict (or non-applicable) for such specific developmental
stages, make these in vivo models appealing to scientists.
Collectively, eggs, embryos and larvae of these species have
been successfully used in various research areas, including
developmental biology, physiology, and toxicology, and have
the potential to yield information of relevance to human
health. Here, we give a brief account of how these species
have contributed to advances in science.

Xenopus

The African clawed frog, Xenopus laevis, became a popular
laboratory animal in the 1950s. It was first used to test for
pregnancy hormones but, nowadays, it is a promising model
in a range of fields. Upon stimulation, the animals produce
eggs all year round, which can be fertilized in vitro, and
development takes place in medium. Manipulations can be
carried out with relative ease because of the large size of the
egg and the embryos. This is the case, for example, of tissue
grafting and oligonucleotide injections. X. tropicalis, a
relative of X. laevis, with a faster development and a diploid
genome, is also frequently used. The availability of molecular
biology techniques, which allow alterations in gene
expression, has contributed to make the frog a useful
vertebrate animal model. With such tools, studying frog
organogenesis has contributed to improving the knowledge of
the development of certain human organs. The frog larval
kidney is a pronephros, which human embryos never have in
a functional form but instead progresses to form the
metanephric human kidney. Xenopus, therefore, is a model in
which to investigate genes that play a role in kidney
development and which may contribute to kidney disease (1).

Cardiac function can also be studied in frog embryos. In
order to gain a better understanding of some heart conditions,
it may be advantageous to investigate the embryonic heart, as
developmental abnormalities often lead to congenital cardiac
disease. For example, the heart conduction system, which is
essential for normal function, has been pharmacologically
manipulated in Xenopus embryos and found to share many
characteristics with the human system (2). Furthermore,
certain mutations of the gene nkx2-5, which are linked to
human congenital heart defects, have been shown to interfere
with Xenopus heart development (3). For instance, pdx1, an
essential gene for pancreatic development, was first identified
in the frog (4). Tadpoles are also candidates for the study of
vertebrate lymph vessel development and for the
identification of potential compounds affecting lymphangio-
genesis (5). Vessel formation and remodelling occurs in a
range of biological events such as cancer dissemination,
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inflammation and tissue repair. Being able to modulate
angiogenesis according to the clinical situation would be
advantageous in medical care. X. tropicalis has recently been
suggested as a model to study spinal muscular atrophy
(SMA), a human degenerative neuromuscular disease.
Antisense morpholinos oligonucleotides were used to disrupt
the production of survival motor neuron (SMN), a protein that
when present at low levels is associated with the disease.
Since in the frog embryo reduced amounts of SMN gave rise
to muscle defects, this system may prove useful to investigate
the human condition (6). Developmental research in these
models can, therefore, be of value to understand the
mechanistic basis of some human diseases.

Given that organ development can be inspected with
relative ease, this organism also plays an important role in
toxicology. Indeed, Xenopus embryos have been used to
investigate the teratogenic effects of ethanol (7). While it is
recognised that exposing human embryos to alcohol may
lead to individuals with physical and psychological
abnormalities, many of the molecular processes affected
remain unclear. Thus far, research has shown that ethanol
causes comparable phenotypic abnormalities in frog and
human embryos, with both species most vulnerable during
early embryogenesis (7). In the field of environmental
toxicity, Xenopus embryos are a promising tool, for instance,
they have been included as part of studies evaluating
hazardous wastes (8). 

One of the main scientific contributions of the Xenopus
model has been to the area of signal transduction. The
suitability of frog oocytes for cellular investigations has
made these cells popular for the study of signal transduction
mechanisms, particularly of receptors, ion channels and
transporters. Mutated ion transporters are implicated in a
range of diseases such as cystic fibrosis and congenital
hearing impairment. Pendrin is an ion transporter whose
mutations are associated with the latter condition (9). By
expressing human pendrin on frog oocytes, it has been
possible to gain a better understanding of its function and
potential role in inner ear physiology (10). Experiments that
shed light into the functioning of such proteins and why
mutations lead to disease might contribute to the
development of potential therapies. Xenopus eggs have also
been used to study the roles of localized RNAs as structural
elements within cells. A suitable model to study the biology
of RNA may be useful given that small interfering RNAs
(siRNAs) are becoming increasingly important molecular
biology tools and are the underlying technology being
developed to treat a range of diseases (11).  

During a limited period in their larval stage, Xenopus are
able to regenerate their tails (12). This transition from
regenerative to non-regenerative capabilities makes Xenopus
a suitable model for understanding the mechanisms that
underlie tissue repair (13). Retinal degeneration, a common

cause of vision loss in humans, has also been studied in these
models, which might contribute to the development of new
treatments for retinopathies (14).

Chicken

Chicken (Gallus species) embryos have been used for
decades to study vertebrate embryonic development. The
availability of the chicken genome sequence, which has
fewer genes than those of other model organisms, has given
rise to a number of new opportunities, making these species
an attractive choice for research. For example, a large
amount of what is known about congenital malformations in
humans came from studies using chicken embryos. Chick
limb formation has been a heavily researched topic and
genes involved in chick embryonic limb development are of
relevance to human clinical genetics (15).

Experiments often involve the embryonic avian
chorioallantoic membrane (CAM), an extra-embryonal
membrane that functions as a respiratory organ for the
developing embryo. The CAM has a number of useful
qualities, particularly with respect to toxicity testing.
Dermatological research and skin toxicity testing can be
carried out on chicken eggs. This is possible because human
skin grafted onto the CAM maintains its integrity and
phenotype (16). 

A vascular system, which resembles the one in the human
eye, is essential for the CAM’s function and the thickness of
the human retina and the chick CAM are comparable. These
similarities have encouraged the use of this membrane as an
alternative to animals in a number of areas of ophthalmic
research. It is now used for detecting potential eye irritants
(17). An investigation concerning the ideal timing of therapy
for wet age-related macular degeneration has recently been
carried out using the CAM (18). This in vivo system can also
be used to develop and test tools and techniques for retinal
surgery. The highly vascularized membrane is particularly
suitable for assessing the cutting capacity of surgical tools, and
to test coagulation, cannulation and injection procedures (19). 

For similar reasons, this model is also a promising aid in
other surgical areas, for example in research and training for
specific endolaryngeal surgery. The treatment of certain
vocal cord lesions relies on laser surgery and, using the
CAM, it is possible to determine the ideal laser settings to
maximize clinical efficacy and minimize tissue damage (20).
Unfertilized chicken eggs have been recently used to mimic
the human amniotic cavity and to test compounds for their
ability to preseal the CAM before a surgical procedure. This
simple model might be useful in the development of
foetoscopic surgery, as premature membrane rupture is still a
threat when such operations are carried out (21). In a recent
experiment, chicken embryos were used to mimic the
embryonic damage resulting from diabetic pregnancy, as an
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alternative to invasive procedures in mammals. The embryos
were cultured in a shell-less environment (in glass bowls),
which allows visualization of growth and malformations at
various stages of embryo development, in the presence of
different osmolarities of glucose. Although the reported use
of this model was for the detection of glucose-induced
malformations, it may be suitable for studying the effects of
a range of chemicals from the early stages of embryo
development (22). 

The CAM model also has applications in the field of cancer
research. It has been exploited to determine the role of
laminins in extravascular migratory metastasis of melanoma
cells. The expression of particular genes was shown to be
dependent on the localization of such malignant cells, with
overexpressed genes associated with tumour progression and
metastasis (23). Given that graft vascularization usually occurs
quickly and no immune-mediated rejection occurs, a
functional immune system is only present from day 17 (24),
various tissues can be successfully grafted onto the CAM. This
has allowed the development of several vascularized solid
human-derived tumours (25) and the identification of proteases
that may thwart metastic progression. In fact, enzymatic
activity differed depending on whether the cells were grown
in vitro (on plastic) or in the CAM as solid tumours, with the
latter representing a more realistic model (26). Cancer research
using chicken embryos can use a range of tissues. For
example, glioma cell lines injected in embryonic chicken brain
have been shown to be able to grow into vascularized tumours
and migrate. This promising strategy might provide an
alternative to some of the currently used xenograft rodent
models (27). 

Various drugs and formulations can also be screened on the
CAM or on CAM-grafted tissues using a few different
administration routes (28). The existence of actively
proliferating capillaries makes the chicken embryo a suitable
in vivo model to study angiogenesis. It is possible, for
example, to test substances for their anti- or pro-angiogenic
effects by intravascular inoculation or topical application onto
the CAM (29). This model also shows potential for the study
of short-term ovarian tissue transplantation, a necessary step
to preserve the fertility of women undergoing some types of
cancer treatment. Using the CAM as support for human
ovarian tissue grafts, it has been possible to investigate the
early steps of graft transplantation (24). Neovascularization
is essential for a successful transplant and an understanding
of ischaemic damage and of the processes leading to blood
vessel formation in grafted tissue is crucial. 

Endometriosis, a common gynaecological condition, occurs
when endometrial-like tissue grows outside of the uterus. To
overcome the limitation of endometriosis only being found in
some primate species, scientists have relied on artificially
inducing endometriosis by surgically transplanting uterine or
endometriotic tissue fragments onto the peritoneal cavity of

study animals. The CAM of fertilized eggs has surfaced as an
alternative model to study the early phases of this disease.
Human endometrial fragments can be grafted onto the CAM
and lesions develop within three days (30, 31). Even though
this model is not useful for long-term investigations or those
assessing immunological or inflammatory events, it can
replace animal models for certain experiments. 

Animal studies can be avoided by using an optimized in
vivo CAM model to test biomaterials and implants. The way
in which the chicken embryonic membrane responds to
materials is similar to the reactions seen in mammalian
tissues, making it an option for preliminary screening of
biomaterials and devices. In fact, the CAM model is cheaper,
quicker and more convenient than animal tests and has
potential to accelerate and optimize research in this area (32).
Cell-seeded scaffolds, used in tissue engineering research,
consist of viable cells within a biodegradable material. When
they are implanted, if blood supply is not quickly restored,
the cell-scaffold loses viability. The CAM allows a
preliminary in vivo assessment of implants, particularly
regarding neovessel formation, and could therefore enhance
progress in this important research area (33, 34). 

Zebrafish

Zebrafish (Danio rerio) are extensively used in genetic
research and to study the role of genes in embryogenesis.
Their embryos are small, transparent, develop in freshwater
and the egg becomes a free swimming larva within three
days of fertilization. These features make the model
logistically attractive since, during this time, all the stages of
organ development can be observed without the need for
invasive in utero imaging of embryos and the larvae can be
accommodated within the wells of tissue culture multi-well
plates, making them amenable for high-throughput
phenotype screens. Widely used by developmental biologists,
these fish have also been exploited for both fundamental and
applied research. Progress in molecular biology techniques
has given scientists options regarding forward and reverse
mutagenesis of zebrafish. Alternatives include the creation of
genetically modified (GM) fish by random or insertional
mutagenesis and by altering gene expression with
morpholinos or siRNAs, resulting in radical to slight changes
in gene expression (35). By coupling expression of a reporter
gene (for example, of green fluorescent protein) to the
expression of specific developmental genes, such as the
GATA-1 promoter (36), the islet-1 neuron-specific promoter
(37) or the muscle-specific alpha-actin promoter (38), it is
possible to monitor spatial and temporal changes in gene
expression relating to haematopoiesis, axonal development
and muscle development, respectively. Genetic manipulations
may also contribute to elucidation of the molecular
mechanisms behind various human disorders. An example is
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the use of zebrafish in research aiming to clarify the role of
presenilins in the pathogenesis of Alzheimer’s disease (39).
The presenilin genes identified in zebrafish are evolutionary
highly conserved genes and share a high degree of sequence
and structural similarity to their human counterparts, making
them attractive research targets in this fish model (40). 

Zebrafish possess a functional pronephric kidney, mainly
used for osmoregulation, that is composed of the same cell
types as those seen in higher vertebrates. This similarity in
cellular and molecular elements gives this simplistic model
enormous potential in improving our understanding of the
mechanisms underlying the development of kidney disease
(41). Polycystic kidney is a common human genetic disease
which can lead to renal failure. Insertional mutagenesis
screening in zebrafish has identified several genes that
contribute to the formation of cystic kidney and shed light
onto human genes potentially involved in polycystic kidney
(42). Steatohepatitis, a fatty liver disease for which there is
no effective cure, has also been modelled in zebrafish. The
livers of embryos treated with thioacetamide exhibited
histological, biochemical and molecular characteristics
similar to those of human non-alcoholic steatohepatitis (43).  

The study of blood vessel development is an area of
intense research and angiogenesis-affecting drugs are already
on the market. Rodents have been the traditional models but
the zebrafish has the advantage of being a simpler system.
As genetic manipulations are relatively straightforward, the
signalling pathways involved in blood vessel development
can be investigated and specific genes manipulated.
Angiogenesis is an essential element of actively growing
tumours and scientists are investigating anti-angiogenic
compounds as cancer therapies. Like the embryonic CAM,
zebrafish embryos can be recipients of human or mouse
cancer cells, with xenografts inducing neo-vascularization
(44). The knowledge obtained using fish embryos may lead
to the identification of novel therapeutic targets and the
model offers the possibility to screen potential angiogenesis-
modifying compounds in an in vivo vertebrate system. 

Anoxia, a condition that occurs when tissues do not
receive oxygen, can have drastic consequences on human
tissues and also contributes to making cancer cells more
resistant to treatment. Zebrafish embryos are capable of
tolerating anoxic conditions and, as they develop, the
embryos become increasingly sensitive to low oxygen levels
(45). This vertebrate animal model may thus be useful to
investigate the biochemical pathways involved in protecting
cells from anoxia and also the factors that affect the
transition between anoxia-tolerant and -sensitive stages. This
information may contribute to improve the treatment of
diseases where oxygen deprivation plays a role (46). 

For toxicological studies, assays with zebrafish embryos
may be very useful in predicting potential in vivo effects. For
example, some human drugs show serious cardio vascular

toxicity, which can lead to market withdrawal. Zebrafish may
help identifying compounds likely to cause human cardio-
vascular toxicity early during drug development (47). At the
neurological level, severe defects can be visually detected but
certain compounds exert poorly detectable toxic effects. To
overcome this, assays exist to monitor defective functions,
such as vision (48) and audition (49). Increasingly,
nanomaterials are included in products destined for humans,
animals and the environment. Assessing the dangers of such
miniscule components is a challenge for toxicologists – the
small size of nanoparticles often causes their physicochemical
properties to differ from those of their constituent chemicals.
The need for additional animal studies could be reduced by
using zebrafish embryos, an already established toxicology
model (50). This fish model may also be useful to examine
the mechanisms by which microbial toxins and virulence
factors, many of which still have unidentified in vivo targets,
exert their biological activity (51). 

Summary

Due to conserved developmental and physiological processes
among species, lower animal models can provide insights
into the development and progression of certain human
diseases. The definition of an ideal animal model is a
controversial one and depends on a plethora of factors. In
many cases, early life stage models can mimic human
biological events and yield a great deal of relevant data
without the need to resort to experiments on adult animals
or mammals.
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