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Abstract

The CCAC and the Three Rs

The Canadian Council on Animal Care (CCAC) is the national organization responsible
for overseeing the care and use of animals in science. Like most other national oversight
systems, whether legislated or not, the CCAC system is based on the Russell and Burch
tenet of the Three Rs (Replacement, Reduction and Refinement). Publication of the mouse
and human genome sequences and the ability to manipulate an animal's genome has led
to a rapid increase in the numbers of animals being "designed" to answer questions concerning human disease. There are underlying ethical and animal welfare challenges associated with the use of these animals, including the large numbers of animals that are used
in the pre-experimental production phase, as well as the potential pain and distress associated with the procedures used and with the disease models themselves. The CCAC is
in the process of developing guidelines on: genetically-engineered animals, in particular to
address these ethical issues and to improve the welfare of the animals.

In 1954, the University Federation for Animal Welfare appointed two English scientists,
William Russell and Rex Burch, to conduct a study of the ethical treatment of laboratory animals. This led to the publication of The Principles of Humane Experimental Technique in 1959,
which outlines the principles of a universal ethic for animals used in research6. These principles are still relevant today and are commonly referred to as the Three Rs. The tenet of the
Three Rs is now incorporated in legislation regulating the use of animals for scientific purposes in several countries. In Canada, where there can be no federal legislation in this area
because of the constitutional division of power7, the CCAC as the national quasi-regulatory
body has incorporated this tenet into its fundamental policy document 5.

The development of high-throughput genomics, proteomics and metabolomics technologies are resulting in simultaneous monitoring of the expression of large numbers of individual genes and proteins, permitting a more detailed study of disease processes. It may
be too early to say what effect this will have on the overall pattern of animal use in science. However, the potential of genomics technology as a Three Rs tool has already been
recognized. The emergence of these technologies and the elucidation of biological mechanisms they provide may allow the identification of opportunities to replace animal use
with in vitro alternatives. In addition, the ability to examine the sub-clinical effects of
smaller quantities of chemicals holds the promise to minimize pain and distress and to
reduce the numbers of animals involved as the examination of earlier and multiple experimental endpoints within one animal becomes possible. The challenge will be to ensure
that these emerging technologies are harnessed appropriately to support sound science,
including the ethical use of animals.

The CCAC
The CCAC is the national peer review organization responsible for overseeing the care
and use of animals involved in research, teaching and testing throughout Canada. The
CCAC comprises 25 member organizations whose representatives include veterinarians,
scientists, educators, and delegates from industry and the animal welfare movement.
Through programs of guidelines, assessment, and education, implemented with the help
of volunteers, including the members of animal care committees at institutions across the
nation, the CCAC ensures that the use of animals for research, teaching and testing
employs optimal physical and psychological care without compromising scientific
integrity. The Guidelines Program achieves this goal through the development of guidelines that assist both investigators and animal care committee members to implement
appropriate standards for housing, husbandry and procedures at the local level. These
guidelines are also used by the Assessment Program in carrying out quality assurance
evaluations of institutional animal care and use programs, and form the basis of their recommendations for the improvement of animal care and use at an institution. The information gained through these assessments is further used to expand on or refine existing
guidelines as well as to create new ones. The CCAC also acts to promote an increased
level of knowledge, awareness and sensitivity to relevant ethical principles through their
Education, Training and Communications Program.

The Ethical Use of Animals in Science
There is considerable debate about the rights and wrongs of animal use in science. Some
people argue that the protection of animal welfare should be paramount, while others
believe that the moral arguments support continued use of animals in scientific research. In
general, societal opinion weighs in favour of animal research provided it is conducted
under stringent controls1,2 and in particular, Canadians feel it is acceptable to conduct
research using animals provided the animals are subjected to minimal pain and the
research substantially benefits humans or animals3. The principles developed by English
physiologist and physician, Marshall Hall4, to describe acceptable use of animals in research
in 1847, still hold true today for the ethical treatment of animals in science and form the
basis for the CCAC policy statement on: the ethics of animal investigation†5.

The Three Rs
Replacement: Animals may be used only if the researcher's best efforts to find a
replacement by which to obtain the required information have failed.

Although there are concerns that emerging genomic technologies may lead to an initial
increase in animal use in research, these technologies have the potential to decrease the
number of animals used in the long term. The development of high-throughput
genomics, proteomics and metabolomics technologies enable simultaneous monitoring of
the expression of large numbers of individual genes and proteins, permitting a more
detailed study of disease processes and toxicity mechanisms. These emerging technologies should allow for a better understanding of basic biological mechanisms which
should allow researchers to ask more specific questions and refine their experimental procedures. It may be too early to say what effect this will have on the overall pattern of animal use in science. However, the potential of genomics technology as a Three Rs tool has
already been recognized. The following is a list of possible ways emerging genomic technologies may contribute to the implementation of the Three Rs based on the recommendations arising from a conference on Genomics & Alternatives to Animal Use15 organized by
Netherlands Genomics Initiative and the Netherlands Centre Alternatives to Animal Use
in 2004.

Replacement:

Reduction:

The fewest animals appropriate to provide valid information and statistical significance should be used.

• Elucidation of biological mechanisms, as well as correlations between animal, in
vitro, and human data, should increase the validity of in vitro studies.

Refinement:

The most humane, least invasive techniques must be used.

• The use of human cells or stem cells can increase the physiological relevance of in
vitro methods to the biological processes in humans.
• Human studies could be used earlier in pharmacological or toxicity testing as gene
activity can be measured at the sub-clinical level or using low doses.

Application of the Three Rs in Genomics
Publication of the mouse 8,9 and human10 genome sequences and the ability to manipulate
an animal's genome has led to a rapid increase in the numbers of animals being designed
to answer questions concerning human disease, basic biological mechanisms and the
response to toxic and pharmacological compounds (Figure 1). There are underlying ethical and animal welfare challenges associated with the use of these animals, including the
large numbers of animals that are used in the development of a genetically-engineered
strain, as well as the potential pain and distress associated with the procedures used and
with the disease models themselves3. Furthermore, these new technologies raise questions
about 'intrinsic factors' that urgently need to be answered, such as determining "to what
extent human ends and purposes should be permitted to override the essential nature of
a particular species" 11. The CCAC is in the process of developing guidelines on: geneticallyengineered animals, a revision of CCAC guidelines on: transgenic animals12, in particular to
address these ethical issues and to improve the welfare of the animals. Genome Canada
also acknowledges the far reaching implications of emerging genomic technology and has
begun to fund research projects that focus on the ethical, environmental, economic, legal
and social issues related to genomics research (GE3LS). Animal welfare has been identified as a societal value that has the potential to be compromised by the new applications
of biotechnology. Therefore, interface with the CCAC was recommended to the Steering
Committee of Genome Canada at the GE3LS Workshop as part of successful outcomes for
improving integration of GE3LS into genomic science13.

Reduction:
• Genomic technologies enable the simultaneous measurement of different parameters which allows for the collection of more data from each animal model.
• Establishing a template of the characteristics of known toxicants should enable the
pre-screening of compounds and should lead to a decrease in the number of animal studies required for the categorization of chemicals.

Refinement:
• Identification of biomarkers, such as changes in protein levels, and gene expression patterns induced by a certain compound or treatment can lead to earlier
(more appropriate) endpoints. This is in line with CCAC guidelines on: choosing an
appropriate endpoint in experiments using animals for research, teaching and testing16.
• Microarray technology has increased the sensitivity of detection methods and
should allow effects of a compound to be seen at lower doses.
• Insertion of human genes into animal models may enable better extrapolation
from these models to humans.

National surveillance bodies will need to make a concerted effort to
address current inefficiencies in the creation of genetically modified
animals if an escalation in numbers is to be avoided.11

• Using gene-expression, a short term assay, to predict long-term effects can
decrease the pain and distress of animal models.
• Assessing the homology between species allows the selection of the most appropriate animal model for the study.

Gauthier & Griffin, 2005

Figure 1: Procedures involving normal, mutant and genetically modified
animals in the UK from 1995-200514.
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