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The use of animals in research has always been a debatable
issue. Over the past few decades, efforts have been made to
reduce, replace, and refine experiments for ethical use of experi-
mental animals. The use of chick chorioallantoic membrane
(CAM) was one of the proposed alternatives to the Draize rabbit
ocular irritation test with several advantagesincluding simplicity,
rapidity, sensitivity, ease of performance, and cost-effectiveness.
The recent use of CAM in the development of pharmaceuticals
and testing models to mimic human tissue, including drug
transport across CAM, will be discussed in thisreview.

Keywords Draize test; chick chorioallantoic  membrane;
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INTRODUCTION

The use of animals in research has aways been a sensitive,
sometimes contentious issue. Over the past few decades, with
the push to meet the “3R” concepts defined by Russell and
Burch in 1959, scientists have made attempts to reduce, replace,
and refine experiments for the ethical use of experimental
animals (Kolar, 2006; Russell & Burch, 1959). Besides having
to adhere to the guidelines established by their ingtitution's
Ingtitutional Animal Care and Use Committee (IACUC) on the
use and care of animals for research purposes, researchers now
have to provide clear justifications for the need to use animals
for experimentation in grant applications, even before starting
on the actual research work (Wigglesworth, 2006). In the
cosmetic industry, efforts had been made to find alternatives to
the Draize test (Draize, 1944), which was the standard proce-
dure for assessing eye irritancy potential of a chemical. From
these endeavors, the use of chick chorioallantoic membrane
(CAM) was developed and validated as an aternative to the
Draize test for eyeirritancy testing (Leighton et a., 1985).
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The Fund for the Replacement of Animals in Medical
Experiments (FRAME) and its Alternatives Laboratories
(FAL) have carried out significant in vitro tests with the aim
to replace existing in vivo toxicity tests (Clothier, Atkinson,
Garle, Ward, & Willshaw, 1995). The time of exposure of the
test substances on the CAM ranged from 0.5 min (Luepke,
1985) to 48 h (Lawrence, Groom, Ackroyd, & Parish, 1986).
Different endpoints/scoring systems were developed to assess
the effects of the test materials, such as (a) macroscopic
assessment, including number of embryo deaths, size of
reaction, and appearance of CAM (Lawrence et al., 1986;
Leighton et al., 1985); (b) microscopic assessment (Lawrence
et a., 1986); (c) cumulative score (Luepke, 1985); (d) statis-
tical analysis and calculation (Brantner et al., 2002); and (€) a
combination of any of these methods (Saw, Heng, Chin, Soo,
& Olivo, 2006; Saw, Olivo, Chin, Soo, & Heng, 2005). Vari-
ous test substances have been employed on CAM and these
include (a) chemicals such as ethanol, Tween 80, sodium
hydroxide, propylene glycols, and polyethylene glycols; (b)
detergents; (c) cosmetics; (d) drugs, and (e) drug formula-
tions. The formulation aspect will be the focus of this review.
Attempts have also been made to relate CAM assays with
other test methods employed (Martins, Pauluhn, &
Machemer, 1992).

The CAM model is a promising substitute, likened to an
intermediate in vivo system—one that is in between in vitro
cell culture systems and in vivo animal models. The CAM is
sengitive and responds relatively rapidly to chemical or biolog-
ical actions of testing materials and drugs. Compared with
animal models, chicken eggs are relatively inexpensive and
easier to handle for experimentation. The use of chick embryo
inin vivo experiments has al so gained better social acceptance.
Moreover, chick embryo studies done in the earlier stages of
development are subjected to simpler protocols. Meanwhile,
the Draize test has a so received much criticism; some reasons
of which are the difficulty in reproducing the findings, subjec-
tive scoring and interpretation, use of high dose of test mate-
rial, results being “ over-predictive’ of the human response, and
pain experienced by the animals during the test procedure
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(Anderson & Russell, 1995). From a literature search on very
recent reports on formulation development, formulation studies
appear to still rely largely on the Draize rabbit test and also
other animal corneas for evaluating cutaneous irritation and
ocular tolerance (Lallemand et al., 2005; Pawar & Majumdar,
2006). Nevertheless, there have been several recent reports on
the use of CAM for assessing the effects of pharmaceuticals,
e.g., in formulations studies and drug screening (Table 1). The
CAM can be used to develop pharmaceutical formulations of
various drugs, including preformulation screenings for toxicity
and efficacy of delivery systems (Alany, Rades, Nicoll,
Tucker, & Davies, 2006; Chin, Lau, Bhuvaneswari, Heng, &
Olivo, 2007; Lange, Ballini, Wagnieres, & van den Bergh,
2001; Pegaz et al., 2006; Saw et a., 2005, 2006; Vargas et al.,
2004; Winternitz, Jackson, Oktaba, & Burt, 1996), testing of
biologicaly active drugs (Ribatti, Nico, Morbidelli et a.,
2001), investigations on the effects of hydrophilicity and lipo-
philicity of drugs (Ruck et al., 1998), and drug transport stud-
ies (Saw et al., 2005).

From a detailed search performed on available literature, it
is found that the use of CAM for pharmaceutical formulation
development has not been reviewed. Therefore, this mini
review will focus on the use of CAM as an in vivo biological
membrane for pharmaceutical formulation development.
Researchers from both the pharmaceutical industry and
academia will benefit from the use of the relatively cheap,
simple yet sensitive CAM models. In comparison, animals
models are more expensive, tedious, and also subjected to
tighter regulations. Recent research publications highlighting
the use of CAM as the aternative/potential models (Table 2)
for different human tissues, such as the skin and eye, and on
the use of CAM for transport studies will also be discussed
briefly.

USE OF CAM IN PHARMACEUTICAL PRODUCT
DEVELOPMENT

CAM is the major respiratory organ of the chick embryo
that is formed by the fusion of three layers: chorionic
ectoderm, allantoic endoderm, and mesoderm (containing
blood vessels) (Mydliveckova & Rychter, 1975) (Figure 1).
The highly vascularized CAM is a well-known model system
especidly in angiogenesisantiangiogenesis research with
severa reviews published (Ribatti, Nico, Vacca et a., 2001;
Richardson & Singh, 2003). In 1984, the anatomy of CAM was
studied using scanning electron microscopy (McCormick,
Nassauer, Bielunas, & Leighton, 1984). The report provided
useful information for a better understanding of the physiology
of CAM and relevant anatomical information relating to the
use of CAM as an alternative to the Draize rabbit eye irritancy
test. CAM is used in toxicological and tumor cell assays as
human mimicry tissues, such asthe eye and skin, and in studies
that simulate the tissue repair process (Ribatti et a., 2003). As
CAM is immunodeficient, different cells including human
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carcinoma cells have been successfully grown on CAM for
various experimental studies (Table 2).

Photosensitizers are drugs that can be activated by a
specific wavelength of light for the diagnosis or treatment of
cancer, commonly referred to as photodynamic diagnosis
(PDD) or photodynamic therapy (PDT), respectively. The
major mechanisms of cancer PDT are through direct cell
damage by generation of free radicals and secondary damage
to the tumor vasculature supplying nutrients and oxygen for
tumor growth. Over the past decade, photosensitizers have
been the major class of pharmaceuticals researched on and
many studies adopted CAM models. Besides testing thera-
peutic efficacy, the highly vascularized and transparent CAM
alows in vivo examination and monitoring of treatment
effects. As CAM has a certain degree of similarity to human
eye and skin tissues, it can also be used as a model to screen
chemicals or drugs for potential phototoxic effects. The CAM
is an acceptable conjunctival model. Screening of phototoxic
potential is important in the safety assessment of drugs at
preclinical stage. Besides drug screening, drug formulations/
dosage forms can be evaluated and compared using CAM
models (Table 1).

Hidalgo (2001) reported on the various limitations inherent
in conventional transport studies with in vitro artificia
membranes. For example, the tendency of poorly soluble com-
pounds to undergo extensive nonspecific surface binding in the
experimental setup complicates the evaluation of the perme-
ability rates of test compounds. Recently, Saw et al. (2005)
successfully demonstrated that the CAM can be used as an
aternative in vivo model for transport studies. Thus, CAM has
the potential for overcoming limitations associated with
artificial membranes. With proper measurements of the thick-
ness and area of CAM, the amount of drug transported across
CAM can be determined (Figure 1). This makes CAM an
attractive in vivo model to screen different effects of drugs and
permeation properties of penetration enhancers on drug deliv-
ery across CAM.

PREPARATION OF CAM

Egg embryo had been used for scientific experimentation
since amost a hundred years ago for the implantation of tumor
cells (Rous & Murphy, 1911). Theliving CAM was first devel-
oped for the culture and assay of viruses (Beveridge & Burnet,
1946) and was later adapted for other investigations.

Preparation of the CAM for experimentation should be
carried out in the tissue culture hood to avoid problems relating
to contamination (Saw et al., 2005; 2006). There are three
more commonly reported methods in the literature to gain
access to CAM: (@) dropped membrane technique (in ovo),
(b) Zwilling technique (in ovo), and (c) shell-less technique (ex
ovo). The choice of the method depends on the experimental
design, requirement for assessment, and age of the embryo.
Every method has its advantages and limitations, and they are
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TABLE 2
CAM as Alternative to Human Cells/Tissues

Proposed Mimicry

Tissue—Experimental System Reference

Eye—surgical retinal research
and simulation
Skin—short-term in vivo system

Leng et al., 2004

Kunzi-Rapp, Ruck, &
Kaufmann, 1999
Skin—model for drug phototoxicity Neumann et al., 1997

studies

Bladder—MGH human bladder Saw et al., 2007;
carcinomacellsimplanted as a Chin et a., 2007
tumor model

Prostate—L NCaP, PC-3, and Kunzi-Rapp et al.,
Tsu-Pr1 human prostatic cancer 2001

cell linesaswell as 2 immortalized
normal human prostate epithelial
cell linesinoculated on CAM
model—Early in vivo cancer
research test system

presented in Table 3. The day when an egg is placed in the
incubator is designated as day 1 of the incubation or embryo
age 1 (EA 1) (Lawrence et al., 1986). Eggs undergoing hatch-
ing are turned by arotator to prevent the embryo from sticking
to one side of the egg shell until a procedure is carried out to
gain access to the CAM. Once the egg shell is broken, the egg
iskept stationary.

The freshly dropped membrane method prepares the “classi-
cal” artificial air sac and is the most commonly used method.
This method of preparation is described as follows: Fertilized
eggs arefirst disinfected with 70% al cohol before placing them
in the egg incubator at 37°C with 60% humidity. At EA 6-7
days, a window opening is punctured at the blunt end of the
egg facing upwards using sterilized forceps. The opening is
then covered with parafilm to avoid contamination and the egg
isreturned to the incubator for further incubation till EA 12-13
when the vessels are matured. The CAM has to be sufficiently
matured before it is ready for experimentation. The reasons for
using EA12 CAM are discussed in detail later as an approach
to minimize variations, especialy for experimentsthat evaluate
the changes in sizes of vessels before and after treatment.

As mentioned earlier, requirement for assessment is one of the
factors to be considered in method selection. The type and com-
plexity of CAM depend on the development stage of the embryo.
At EA 10, the three-dimensiona development of the CAM is
complete and the CAM attains maximum size (Mysliveckova &
Rychter, 1975). CAM earlier than EA 12 may be used when only
a macroscopic assessment of the effects of the test materias on
CAM is needed without quantitative assessment.

The Zwilling technique does not involve dropping the
membrane and was developed to overcome the traumatic

C.L.L.SAWETAL.

damage to the membrane experienced in dropped membrane
method (Zwilling, 1959). A window is made at the pointed end
of the egg on EA 3, before the CAM is fully formed, to drain
off 1.5-2 mL of albumin. After draining, the hole is sealed as
the residue albumin dries across the opening. The removal of
the albumin provides an air sac just under the shell and protects
the organism from damage during subsequent manipulations.
A second window will be created for access to the CAM at the
equator of the egg for experiments to be carried out few days
later.

Both dropped membrane and Zwilling methods involve
conducting experiments with intact CAM inside the shell. A
shell-less method was devel oped more recently and it involves
pouring out the egg content on EA 3 into a petri dish. The dish
acts as the shell and this preparation is particularly useful for
angiogenesis research when evaluating anticancer drugs and
ocular irritation tests (Alany et a., 2006).

Drugs either as neat solutions or in dosage forms could be
applied directly to the CAM topicaly, intravenously, or intrap-
eritoneally (Figure 1). Various formulations tested on CAM
include solutions, liposomes, and nanoparticles (Table 1).

VARIABLES TO BE CONSIDERED FOR QUANTITATIVE
AND QUALITATIVE EVALUATION OF CAM

The difficulties in quantifying responses on CAM have
been well recognized (Richardson & Singh, 2003). It was crit-
icized that the morphological evaluations based on responses
were very cumbersome and provided results that were, at
best, semi-quantitative (Maragoudakis, Panoutsacopoulou, &
Sarmonika, 1988). Nonetheless, efforts were directed at
improving the assessment system by various techniques (Saw
et al., 2005; 2006).

Variables that can affect the assessment of responses on
CAM are primarily of biologica origins: (a) age of the
embryo; (b) confounding effects of the drug delivery system on
CAM tissues and vessels; (c) any nonspecific inflammation
caused by additives added that is not apparent when observed
visually; and (d) methodology for evaluating effects on CAM
tissues and vessels (Saw et al., 2005).

APPROACHES TO MINIMIZE VARIATIONS
IN ASSESSMENTS USING CAM

The embryonic age of CAM is an important variable to be
considered. It is best to use mature CAMs of EA 12 and older
as reduced biological variations are found. The vascular
density of CAM had been reported to increase by more than
three-fold from EA 8 to 12 and the rate of neovascularization
was observed to be at its maximum between EA 10 and 11
(Maragoudakis et al., 1988). The vascular density reached a
plateau by EA 12 and thereafter. Before EA 11, the vascular
endothelial cellsof CAM were still immature and at a high rate
of cell division. It was postulated that these immature cells
may affect the ability of the CAM to support implanted tissues/
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Diameter of drug
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Chorionic ectoderm

Drug —>
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acts as a “sink” for drug absorption.

Allantoic endoderm

FIGURE 1. Schematic representation of a cross-sectional view of the chorioallantoic membrane (CAM) model for drug transport studies. Blow-up diagram
indicating one underlying blood vessel (not drawn to scale) showing the components of CAM and drug diffusion through the CAM.

cells (Ausprunk, Knighton, & Folkman, 1974). If studies were
to be carried out on CAM although vessels are till actively
forming (before EA 12), vessel growth and the immaturity of
the CAM itself (Romanoff & Romanoff, 1967) may be con-
founding factorsin the quantification of the effect of drug dose
(measured by the strength of an observed effect).

A proper experimental design with appropriate controls is
needed for validated measurements. For example, a drug-free
formulation to serve as negative control should be included in
the experiment to rule out the false-positive effects brought
about by the additives used in the formulations (Table 4). Like-
wise, in certain experiments, positive controls with known
amount of a drug, be it the actual drug or another bioactive
compound, may be needed.

Standardized image-capturing procedure and image analysis
can reduce and limit variations by subsequent morphometric

assessments of CAM responses. An example of morphometric
assessment i s the measurement of changes on vessel diameters as
aresult of drug/formulation effects. For the image-capturing pro-
cedure, variations in measurements can result from the distance
between CAM and the camera lens, the position of the egg, and
the magnification factors. Saw et a. (2005) used a standardized
imaging procedure for image capture and allowed subsequent
image analysis of the vasculature damage to be comparable. The
camera, stereomicroscope, and magnification used must be fixed
to provide consistent image capture (Figure 2). In addition,
images of the CAM surface can be taken at various locations,
for example, upper left quadrant, upper right quadrant, lower
left quadrant, lower right quadrant, and central area to cover
the whole surface of CAM.

Baseline measurements of vessels on CAM are necessary
before, after, and during the experiments (Table 4). Inter and
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TABLE4
Intra- and Inter-Groups Comparison for Quantification of Vessel Diameter

Control Group Experimental Group

Before experiment

After experiment

Intra-group comparison: effect size of each group

Inter-group comparison: establishment of baselines

Inter-group comparison: quantification for size effects of drugs

a b
c d
[c—a] [d-b

[a—b|=0or closeto 0, p> .05
|c—al-Jo—b| =0, p< .05

a and b represent the median of CAM vessel diameters for control and experimental groups before experiment. Please refer to the text for

further details and interpretation of this table.

Camera: fixed
magnification factor

Stereomicroscope:
<+<— fixed magnification
factor

Egg: placed at fixed
location in an egg holder

l_ﬂ_l

FIGURE 2. Theexperimenta set-up of cameraand stereomicroscope for the
standardized image-capturing procedure. The magnifications of the camera
and the stereomicroscope should be fixed at all times.

intra CAM blood vessel measurements before and after
experiments are also required. Quantification and analysis can
be made by nonparametric statistics as CAM vessels are not
normally distributed. With careful reference baseline measure-
ments, quantitative assessment of responses becomes possible
(Saw et d., 2005). Before the start of the actual experiment, the
vessel diameters on CAM should be determined across
different vessel groups (a, control group; b, experimental group
in Table 4) to obtain valid baseline measurements. The effect
of drugsformulations can be compared only when all
experimental groups have similar baseline values (the absolute
value of the difference between aand b is zero or close to zero,
and the p value for the control and experimental groupsis>.05,
i.e, non-significant difference between the groups, Table 4).
Nonparametric statistical analysis on measurements before
treatment between control and experimental groups should
show non-significant differences to establish an acceptable

baseline. This alows for subsequent size effects comparison
after measurements. After administration of drugs/formula-
tions, the quantifiable effects brought about by addition of
drugs/formulations can be obtained by measuring changes in
vessel diameters (c, control group; d, experimental group in
Table 4). It can then be concluded that the drugs/formulations
have an effect on the CAM vessels when the absolute value of
the difference between ¢ and a is greater or smaller than the
absolute value of the difference between d and b, and the
difference between these two absolute values is found to
be significant (p < .05). Such nonparametric assessments with-
out making any assumption on the distribution of vessels are
more realistic, and “outliers’ are shown in box-plot presenta-
tion of vessels before treatment.

CAM can be used for transport studies as the membrane can
act as in situ transport barrier. However, for such studies, it is
important to measure the physical characteristics of CAM such
as thickness and surface area of CAM (Figure 1). Measure-
ments of CAM diameters can be carried out by determining a
few diameters using a pair of calipers. The surface character-
ization of CAM allowed extrapolations on the permeation of
drug transported across CAM and ensured equivalence
between the CAMs of control and experimental groups.
Measurement of thickness can be carried out after sacrificing
the egg. If thickness and area are statistically non-significant
among the test groups, it can be concluded that drugs with
different uptake rates are affected by differences owing to the
hydrophilicity, hydrophobicity, or dosage form, depending on
the design of the studies (Saw et a., 2005; 2006).

Despite the criticisms, CAM has been identified as a very
useful alternative to animals testing for various biomedical
studies such as in angiogenesis and antiangiogenesis research
and in the development of pharmaceutical formulations during
the past decade. Numerous time-dependent scores of irritants
on CAM were validated to demonstrate its potential as aterna-
tive to the Draize test (Luepke, 1985). CAM has been used
extensively for irritancy testing of chemicals/cosmetics. The
full potential of CAM for use in formulation development can
be realized with proper control of variables.
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SUMMARY

The use of in vivo CAM for drug screening and drug
effects, for evaluating formulations/dosage forms of different
drugs, and for transport studies have been reported. Compared
with conventional methods of using animal models or the
Draize test, CAM provides an attractive aternative in vivo
model for use in pharmaceutical formulation development, par-
ticularly at the preformulation stage. With appropriate control
of experimental variablesin CAM models, quantitative assess-
ment of different formulations can be carried out at much
lower cost with greater efficiency and faster measurements.
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