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Numerous animal models have been developed to mimic
human disease states. The underlying assumption in
using these animal models in medical research is that
they will provide additional knowledge about and insight
into disease processes and, hopefully, better methods for
treatment or prevention of diseases in humans. Mount-
ing pressure from both the scientific and lay communi-
ties makes it necessary for researchers to clearly articu-
late these assumptions in all animal research. This is
most challenging when designing and testing new animal
models. All scientific research involving the use of ani-
mals should begin with an ethical focus by examining the
risk-benefit ratio (i.e., morbidity or mortality to the ani-
mal versus the potential importance of the knowledge
acquired). Simply stated, if animals are to be used as
models of human diseases a clear understanding of the
ethical standards that apply should be established. The
aim of this paper is to discuss these ethical aspects within
the context of research on type I diabetes, using scien-
tific evidence as a framework for the decision-making
process.

Wessler defines an animal model as “a living organ-
ism with an inherited, naturally acquired, or induced
pathological process that in one or more respects closely
resembles the same phenomenon occurring in man” (Wessler,
1976). He emphasizes that animal models offer only
approximations of human disease and can never actually
duplicate the same process. In attempting to approxi-
mate type I diabetes in animals, both spontaneous and
induced models have been developed. The means by
which the disease is induced or how it develops in an
animal is important in determining how the model is to
be studied.

The first step in the scientific method is a clear state-
ment of the hypothesis, which in medical research origi-
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nates from the human side of the equation. This hypo-
thesis may involve a clinical question or pathophysiologic
mechanism that cannot be tested ethically or appropri-
ately using human subjects or alternative methods. The
hypothesis is brought to the laboratory, where an appro-
priate animal model is chosen. As outlined in the follow-
ing section, several animal models of type I diabetes are
currently available. One must evaluate the appropriate
use of these models to answer the hypothesis based on
our original contention that clinical relevance and the
risk-benefit of expanded knowledge and animal welfare
is weighed carefully. It is our contention that these
ethical issues must be addressed before the project be-
gins and adhered to throughout the project.

DIABETIC ANIMAL MODELS
AND THEIR USES

Induced Diabetes

Diabetes can be induced by pharmacologic or surgical
means. The classic surgical model of type I diabetes is
total pancreatectomy, and the animal of choice is the
dog, because total pancreatectomy is technically easiest
in this species (Sarr, 1988). The advantages of this
model include large size, which enables taking multiple

tissue samples, frequent blood sampling, and more easily

managing insulin regimens; and ease of handling, thereby
making long-term care easier (although more expensive).
The diabetes obtained is highly reproducible, and in sev-
eral species, microangiopathy similar to that observed in
human type 1 diabetes develops in both the eyes and
kidneys. This model was used by Banting and Best in
their studies leading to the discovery of insulin and the
mechanism of diabetes. It is also of benefit in the study
of diabetic retinopathy (Gelatt et al., 1979) and in chronic
studies on tight versus loose control of blood glucose
level and the effects of diabetes on end-organ vascular
disease. This model has been used to validate various
insulin delivery systems, as well as to test various insulin
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preparations (Goriya et al., 1978) and combinations thereof.
This model has validated the use of the artificial pan-
creas and led to clinical trials of the artificial pancreas in
humans (Grau and Saudek, 1987). In addition, various
types of artificial pancreatic implants and the biohybrid
artificial implantable pancreas have been tested using
this model (Sullivan et al., 1991).

There are, however, some disadvantages to total pan-
createctomy, including the following: 1) the procedure
requires major surgery, adequate postoperative analge-
sia, and good postoperative care with administration of
antibiotics; 2) following pancreatectomy, the animal has
little if any counterregulatory response to hypoglycemia;
and 3) chronic pancreatic enzyme supplementation is
required. These factors must be taken into account in
designing a study using this model.

Type I diabetes may be pharmacologically induced
via a number of agents that selectively destroy pancreatic
B cells. Streptozotocin and alloxan are the most com-
monly used drugs. In contrast to total pancreatectomy,
the use of these chemical agents leaves the remainder of
pancreatic function intact. Pharmacologic induction of
diabetes has been performed in many species including
nonhuman primates, dogs, cats, rabbits, and rodents. The
advantages of this model include the following: 1) the
use of these agents allows the investigator to study a
reproducible type of diabetes in a variety of species; 2)
investigators are able to use smaller animal models for
economy of care; 3) many of the end-organ effects of
diabetes occur with this model. Disadvantages of
pharmacologic induction of diabetes are that the drugs
used can be toxic to other organ systems and the re-
sponse to the drugs can be variable. Models using
streptozotocin-induced type I diabetes have been useful
in studying the effects of tight versus loose control of
blood glucose level on the development of diabetic
retinopathy (Engerman and Kern, 1987), examining changes
in kidney basement membrane associated with the devel-
opment of diabetic nephropathy (Bloodworth and Engerman,
1980), the effects of diabetic glucose control on the vas-
culature and endothelium (Engerman et al., 1977), and
validating pancreatic transplant techniques (Barker et al.,
1982). Pharmacologically induced models of type I dia-
betes have been invaluable in advancing knowledge about
the pathology of diabetes (e.g., gaining basic information
about the impairment of endothelial-dependent dilation
of arterioles), and treating this disease (e.g., develop-
ment of surgical techniques for placement of program-
mable insulin pumps and the development of therapeutic
modalities, such as supplementation of the diet with myo-
inositol, for treatment of neuropathy).

Spontaneous Type | Diabetes

There are several spontaneous models of type I diabetes,
two of which have been extensively studied: the BBDP
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rat and the NOD mouse. The diabetic syndrome in BBDP
rats is highly reproducible (>50 percent incidence) and
closely resembles insulin-dependent, ketosis-prone type
I diabetes mellitus in humans. As in human type I diabe-
tes, the syndrome in BBDP rats is characterized by hyper-
glycemia, lymphocytic insulitis, and the presence of anti-
bodies to islet cell-surface molecules. A major distinguishing
feature of diabetic BBDP rats is a genetically transmit-
ted, lifelong lymphopenia characterized by elevated numbers
of natural killer cells and depressed numbers of T-helper
and T-suppressor cells. The onset of diabetes in BBDP
rats is from 60-120 days of age and is associated with
lymphocytic insulitis and destruction of pancreatic f cells.
It is believed that the development of diabetes in the
model is secondary to a cell-mediated autoimmune pro-
cess and may have implications for the pathophysiology
of type I diabetes in humans. In addition to diabetes,
some BBDP-related lines develop an autoimmune thyroiditis.
This model has been useful in determining several ge-
netic markers of diabetes, studying the immunologic mecha-
nisms of diabetes, and developing cyclosporin therapy
for use in early type I diabetes in humans (Stiller et al.,
1984). In addition, BBDP rats are prone to several of the
long-term complications of diabetes; in particular, the
neuropathy and retinopathy that occur in this model are
very similar to complications in human diabetics (Marliss
et al., 1982).

NOD mice develop an autoimmune lesion involving
lymphocytic infiltration and destruction of the pancreatic
B cells, which leads to hypoinsulinemia, hyperglycemia,
ketoacidosis, and death. These mice are particularly well
suited for genetic and immunologic studies, as well as
for research on environmental factors that influence the
expression of diabetes. Important insights into trans-
plantation techniques (Ikehara et al., 1985; Lum et al.,
1991) and the role of lymphotrophic viral infection in
preventing the development of diabetes have been achieved
using this model (Oldstone, 1988). A more complete
discussion of the NOD mouse is found elsewhere in this
journal (pp. 15).

ETHICS OF DEVELOPING AND
UTILIZING ANIMAL MODELS OF
TYPE | DIABETES

Animal models of type I diabetes have clearly provided
benefits to humans, including the discovery of insulin,
better treatment of ocular and vascular complications,
development of pancreatic transplantation techniques, and
increased understanding of the immune basis of juvenile
onset diabetes (Council on Scientific Affairs, 1989). There
are many other areas of investigation, such as those ex-
amining diabetic-induced changes in cellular polyol me-
tabolism or Na-K* ATPase activity, in which the results
cannot be directly applied to therapeutic interventions in
humans. However, advances in biomedical sciences of-
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ten come from combining results of experimentation at
all levels, from the molecular to the clinical. The model
selected should depend on the hypothesis and the techni-
cal requirements. For instance, larger animal models
may be needed for studies requiring numerous proce-
dures, including blood collection, tissue biopsy, and sur-
gical implantation of catheters and mini-pumps. Smaller
animal models that have high rates of reproduction might
be helpful in studies on the effects of genetics and the
environment on the expression of diabetes.

In the development of type I diabetic animal models it
is important to justify the research objectives by care-
fully answering the five vital questions posed by Lane-
Petter (1972), as delineated below. The principles dis-
cussed in these five questions have been incorporated
into guidelines for animal protocol review and ethical
assessments of animal experiments (Prentice et al., 1990;
Porter, 1992) as well as into policy statements of the
American Diabetes Association on the responsible use of
animals (ADA, 1985). Others have discussed these con-
cepts within the context of the “three R’s”: replacement,
reduction, and refinement (Rowan, 1979). The five questions
for the researcher to consider are:

1. Is an animal the best experimental system for the
problem? It is important to carefully evaluate the possi-
bilities and ethics of answering the research question,
either in humans or by alternative means. With type I
diabetes, we are studying a disease and its end-organ
effects, a situation that virtually eliminates alternative
methods of research. The possibilities afforded by clini-
cal research depend on the questions addressed. On the
other hand, no model of diabetes can accurately and
completely reproduce the human syndrome. It must be
determined if the particular animal model in question
will provide new insight into the problem studied. Therefore,
one must assess an animal model on the basis of species
appropriateness, ability to accurately reproduce the le-
sion to be studied, its reproducibility from one animal to
another, ability of the animal to survive, and simplicity
and versatility of the model (Held, 1983).

2. Must the animal be conscious at any time during
the experiment? The study and development of models of
type I diabetes are chronic experiments that require con-
scious animals.

3. Can pain or discomfort of the procedure be less-
ened or alleviated? Both animals and humans share cer-
tain capacities for pain and suffering. The investigator
who uses animals has both a legal and moral obligation
to ensure that the pain and suffering of experimental
subjects is minimized and that the experimental methods
are continually refined and improved. In chronic experi-
ments, such as those involving diabetes, anesthesia is not
an option. In developing models of diabetes, one is
inducing a serious metabolic disease in an organism. If
the animal is allowed to remain diabetic for a protracted
period, the end-organ effects of the disease may occur,
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including retinopathy, microangiopathy, and neuropathy.
Investigators must evaluate the experimental needs and
endpoint of the study to eliminate as much of the suffer-
ing incurred with this disease state as possible. Investi-
gators must closely monitor the animals and treat their
metabolic disease as is appropriate to the research goals
of the protocol. The effects of stress on the animal
caused by continual blood glucose measurements or ad-
ministration of insulin is undoubtedly species-dependent
and must be assessed. In addition, investigators must ask
themselves if progression of the disease is absolutely
required to meet the research objectives and, if so, how
far it is necessary to allow the disease to progress.

4. Could the number of animals used be reduced?
Chronic animal studies should be designed for maximum
efficiency to obtain the highest possible rate of success
and the maximum amount of information from each ex-
perimental subject. New investigators to the field should
seek advice and counsel from both the institutional ani-
mal care and use committee and experienced researchers
in the field.

5. Is the problem worth solving? Of all the ethical
questions proposed by Lane-Petter, it is our opinion that
this is the most important and one that has been asked
many times in the lay press and by animal-rights activ-
ists. If the hypothesis is clearly articulated as a relevant
problem, the benefit of developing such a model is con-
firmed. The risk to the animal must then be minimized to
obtain the best model to test the hypothesis.

Hoff (1980) asserts that animals should not be used in
experiments when substantial benefits, defined as the
saving of human lives or the provision of a substantial
contribution to human welfare, are not expected to result.
This definition, however, is too narrow. Biomedical
research in which animals are used does not always pro-
vide an immediate benefit to humans. Merely seeking to
understand the mechanisms by which biological systems
operate is important and may eventually lead to better
treatment of human ailments. This is often impossible to
predict when developing animal models of human dis-
ease. However, if the research hypothesis has met the
relevant criterion, the development of an animal model
to test the hypothesis is justified. What are the relevant,
unanswered questions in diabetes research? Significant
morbidity and mortality are the hallmarks of this chronic
disease that affects six percent of the American popula-
tion. For instance, diabetics have twice the risk of devel-
oping heart disease and hypertension as nondiabetics.
Diabetes is the second leading cause of blindness and
one of the leading causes of renal insufficiency, unques-
tionably providing a rationale for using animal models to
study the disease. The research questions that arise from
this chronic illness encompass such fields as genetics,
immunology, nephrology, ophthalmology, cardiovascu-
lar disease and stroke. There is no doubt that the devel-
opment of animal models of type I diabetes has improved

21

9T0Z ‘9T Joquieidss uo AlseAIUN 31RIS BlURA|ASULRH e /610°sjeulno[piojxo’ feulnolie|//:dny wouj papeojumoq


http://ilarjournal.oxfordjournals.org/

treatment and provided a better understanding of this
disease.

Animal research and the development of animal mod-
els of human disease will continue to make important
contributions to the treatment of type I diabetes in both
animals and humans. Scientists today are compelled to
address both their peers and their critics by formally
answering the questions posed by Lane-Petter (1972) and
strictly adhering to the scientific method in formulating
and testing a research hypothesis. Clearly, the develop-
ment and use of many different animal models to study
type I diabetes can stand up to both scientific and lay
scrutiny.
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