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The public sentiments to reduce the num-
ber of animals being used in research and the
philosophies that underiie them are not modern
phenomena, nor are the pleadings of respect-
able scientists and mathematicians who urge
for adoption of a more responsible approach to
experimental design.  Indeed, the landmark
work of Fischer (1935) soundly criticized the
squandering of resources through poor design
and inattention to the most fundamental prin-
ciples of statistics. Fischer very bluntly stated
that "The waste of scientific resources in futile
experimentation has, in the past, been immense
in many fields.” Over the years, this concern
has been echoed by many others. Most scien-
tists would agree that a major waste of animals
in research occurs when results from experi-
ments do not contribute to scientific knowledge
because of poor design ;er lack of proper data
evaluation. It may be equally wasteful to use
animals or other precious resources in experi-
ments that are never publicly reported or
shared, even if they were well-designed and
statistically valid.

In the late 50’s, Russell & Burch (1959)
presentad their landmark paper which proposed
some fundamental, responsible approaches to
the proper utilization of animals in research
protocols. Every investigator who uses animals
in research should be familiar with the basic
principles of Refinement, Reduction and Re-
placement. As a matter of regulatory com-
pliance (The Animal Welfare Act, 1985 PHS
Policy on the Humane Use of Laboratory
Animals, 1986; USDA APHIS Final Rules, 1989),
IACUCs must consider these three R’s in their
reviews of animal research proposals.
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Throughout Europe, the United Kingdom,
Canada and the US, there has been a reduc-
tion in animal usage in research over the past
several years (Festing, 1994; Orlans, 1994). On
our own campus, there also has been a notice-
able decline in the overall number of animal
research protocols submitted for review. In the
Uniteo States, the quality of the reporting data
used to demonstrate the reduction in animal
usage for research has been considered
axcellent’ for less than the past 10 years, and
the data do not extend to all species. Prior to
that time, lack of reporting, poor follow-up, in-
complete categorization and other variables led
to 'poor’ quality of the quantitative data on
animal usage. Indeed, only since 1980 have
reasonable numbers been obtained for some
species now regulated by the USDA (mostly
farm animals). Unfortunately, accurate and com-
plete data on .other unregulated species (rats,
mice, birds) remains elusive, although recent ef-
forts have had an impact on accounting. What
is clear, however, is that the latter species prob-
ably make up over 80% of the total individual
animals used {Orlans, 1994). New data collec-
tion procedures and requirements should give
a much more complete and accurate represen-
tation of animal usage in the US. A survey of
selected USDA data for animal usage since
1973 is presented in Figure 1 (see page 20).

In this brief paper, we review some basic
elements in the research environment which
can have a significant impact on animal usage,
and, like that provided by other recent papers
(Festing, 1992), we provide an overview of im-
portant statistical parameters which should be
considered in the design of typical animal
research protocols and their subsequent review
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Flgure 1. The use of animals in research protocols as
reported to the USDA. The data are expressed as a per-
centage of the 1973 values. Data for recent years have
had the number of reported fram animals used subtracted
fo make them comparable to earlier years. All data since
1985 have a greater level of accuracy (see text) (modified
from Orians, 1994).

by the IACUC. Significant contributions to the
decline in use of animals in research protocols
likely has come from many sources yet some
change is a direct resuit of refinements in ex-
perimental protocols that lead to use of fewer
animals.

As a point of general background, one
should understand that the number of animals
used in an experiment or set of related experi-
ments is not a direct indicator of the impact of
the reported research on scientific progress. A
couple of examples may help to illustrate this
fact. In the late 50's a series of "megamouse”
experiments by Russell and colleagues at the
Oak Ridge National Laboratory were the first
such studies that showed that the genetic ef-
fects of external radiation exposure in mammals
(mice) were qualitatively comparable to those
observed in Drosophila and single-celled or-
ganisms. In two key papers, which are now fun-
damental references describing genotoxic ef-
fects of radiation in mammals, 1,342,597 mice
were used and results were detailed in only
three brief tables (Russell et al., 1958; Russell
1962). The large number of animals was a
result of an experimental design capable of
detecting relatively small increases in phenotypi-
cally expressed mutation frequencies which,
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even in controls, were rare events. These es-
sential data have had an enormous impact and
now form part of the basis for many of the
radiation protection guidelines related to geneti-
cally significant doses of external radiation ex-
posure (National Research Council, 1990).

In a more recent paper, detailing molecular
studies conducted on individual experimental
mice to characterize their genetic composition,
results from only 21 mice (14 were controls) are
specifically tabulated although it is clear that
additional animals were also used (Palmiter,
1982). Only descriptive statistical analyses are
presented, yet the impact of this project is
clearly significant and wide-ranging. The data
in this seminal paper were the first to
demonstrate the successful introduction of for-
eign genes into mammalian embryos {e.g., mice
transgenic for the human growth hormone
gene).

It is unquestionable that there are many ra-
tional ways to reduce the number of animals
used in research and many have nothing to do
with the science of logic or with statistics. A
thorough review of the literature is one of the
easiest and most resource-conserving methods
to assure that projects are not unnecessarily
duplicative. It also facilitates the selection of
"doses” for exogenous agents administered to
research animals and very often, gives the best
insights into experimental designs or ap-
proaches that are both efficient and effective.
Such a review also appears to be mandated by
the USDA (USDA APHIS Final Rules, 1989). Al-
ternatively, in the review of previous literature
and the data from his or her own laboratory,
the researcher often finds that it is possible to
refine the number of control animals for a given
set of projects. In some instances, histarical
controls are not adequate, whereas in others,
they can be quite suitable. When the endpoints
of experiments are quantitatively reproducible, it
may be appropriate to pool certain control
values over time and thus achieve a sig-
nificantly increased sample size in the control
group. On occasion it may be necessary to
statistically test controls against each other to
validate such pooling of data. In any case,
such pooling often allows significant reduction
in animal usage and, as a practical point,
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Table 1. Relationships between the null hypothesis and out-
come.

The Null Hypothesis is The Null Hypothesis is

ACTUALLY TRUE ACTUALLY FALSE

ACCEFT CORRECT TYPE Il ERROR. (@)

the Null Hypothesis Conclusion "False Negative"

REJECT TYPE [ ERROR () INCORRECT

the Null Hypothesis "False Positive” Conclusion

makes more efficient use of technician time and
other resources.

In a very similar fashion, one should con-
sider the need for muitiple levels of control
groups. Some complex designs have controls
for each of several different treatments or times
of treatment. Careful analysis of previous data
coupled with personal experience often allows
the elimination or reduction of unnecessary or
excessively large control groups (Mann et al.,
1991). Some experimental protocols may allow
repeated sampling of animals without jeopard-
izing animal welfare. Such an approach should
carefully consider all of the local and federal
guidelines to assure that an appropriate
balance between ethical cost and scientific
benefit is present. Of ceurse, protocols should
not involve multiple major surgeries or other
potentially distressing . or painful procedures.
However, with many other procedures (blood
samples, minor biopsies, drug administration,
etc.), this approach can greatly reduce the num-
ber of animals, allowing each experimental sub-
ject to serve as it's own control and the likely
application of "paired” statistical approaches to
increase the power of the test(s).

Additional refinement of protocols through
the use of sequential testing or appropriate
replication can also lead to a reduction in the
required number of experimental subjects. In
sequential testing (Mann et al., 1991; Roberts,
1991), the progress through blocks of the ex-
perimentai design is dictated by the data from
the most recently collected data set. For ex-
ample, although five doses of an agent may be
planned for a study, an initial challenge at a
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carefully selected mid-level dose is used to pre-
dict which set of subsequent doses will or will
not be employed. In a very similar way,
cumulative data can be collected using paired
experimental subjects and an "untied pairs”
statistical method. Both such designs can be-
come quite complex and are described in much
more detail in other more comprehensive litera-
ture (Mann et al., 1991; Daly, et al., 1991).

Once an overall experimental approach has
been chosen, it is important to define the
detailed design with some additional considera-
tion of fundamental statistical principles. These
include: an estimation of the kinds and mag-
nitudes of error anticipated or set as thresholds
(acceptable errors, criterion *p” values), the
amount of difference between control and ex-
perimental groups (effect size) that will indicate
a significant biological effect; and the determina-
tion of sample size. The appropriate sample
size depends upon the former considerations.
Each of these parameters will be discussed
briefly.

Among the most fundamental parametars
which influence sample size and thus the num-
bers of animals which enter research protocols
are Type | versus Type |l error. The basic inter-
pretation of a- and B-errors is presented in
Table 1. In the simplest sense, the Type | error
or a-error can be considered the probability of
having a "false positive” result, i.e., concluding
that there is a treatment-related effect, when
indeed there is none. One must always be
aware that values for a seldom reach zero in
biological experimentation; ranges of sampie
values from normally distributed control and ex-
perimental groups usually have some degree of
overlap. Typically, researchers will accept a rela-
tively low probability for Type | error, and it is
called the "p value” or "level of significance.”
Most investigators use a p value of 0.05, which
means that in approximately 1 of 20 compara-
tive sets of similar data, they may actually ac-
cept a false hypothesis. On the other hand,
0.05 is an arbitrary value; there may be no real
biological difference between results that have
a p value of 0.06 and those with a p value of
0.05. For that reason, investigators should
report the p value which results from a statisti-
cal evaluation of the data as a method for the
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reader to formulate a more complete evaluation
of the findings. Nearly all researchers realize
that the smaller the value selected for a as an
acceptance criteria for "significant difference,”
the harder it is to detect a real effect of the
treatment; in other words, the “power” of the
study is reduced. Clearly, if more subjects are
entered into the control and treatment groups, it
is easier to detect a significant effect for any
value of a.

The second general category of errors is
the Type Il error or the -error which represents
the probability of having a "false negative,” i.e.,
concluding that there is not a treatment-related
effect when, indeed, there was an effect. The
quantity 1-g is called the power of the test,
which one normally desires to have as large as
possible. The smaller the value of a is, the
larger the value of 1-B. A more stringent a
criterion reduces the power of the study, a less
stringent value increases it. The power of the
test also is dependent upon sample size.

Because of these interrelationships, if the
investigator can: (i) set the size of the dif-
ference between the control and the treatment
group that is considered to be "biologically
significant;” (i) choose values for a (often 0.05)
and B; and (iii) estimate the standard deviation
of the test population (often based on
experience), it¥is possible to accurately deter-
mine the minimum sample size that would allow
the detection of a significant difference be-
tween the two populations. The actual computa-
tion of such estimates depends upon the statisti-
cal tests to be employed. There are a variety
of tabular presentations or software packages
which facilitate the exercise (Mann et al.,, 1991;
Daly, et al., 1991). It is clear that a power
analysis can result in a reduction in the number
of animals used while optimizing the opportunity
to statisticaly support or refute hypotheses.
Many scientific journals now require evidence of
such analysis to be included in manuscripts
before they are accepted for publication.

Increased sensitivity of researchers to the
need for power analysis, in part forced by
IACUCs and scientific journals, has contributed
to the decline in numbers of animal used for
research but the decline also has been caused
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by other non-statistical elements. New
regulatory guidelines have had an impact: care-
ful considerations of proposed usage, explained
and justified to a peer review group in detailed
documentation and the concomitant paperwork
needed to support the process, certainly have
contributed to a reduction in animals used for
research and in some cases to increases in
projects not employing live animals. Having an
equally significant impact has been the relative
cost of animal-based research which has
stayed well in front of inflation for most inves-
tigators. The increases in these basic costs
(care and purchase) show few signs of abating,
especially when one considers that cost per
item (e.g., animal} and the total number
produced by the supplier should be inversely
related. The relatively fixed (or even declining}
level of total research funding by federal
agencies coupled with the increased cost of in-
dividual research projects has meant that con-
ducting experiments with (or even without)
animals approaches a no-win fiscal situation in
too many cases. We and many of our col-
leagues in similar laboratories have gradually
reduced our use of animals for primarily fiscal
reasons. In some cases, investigators have
chosen alternate experimental approaches,
focusing on in vitro and molecular approzches
which often utilize fewer animals or approaches
that include a more direct move to the clinical
setting with human research subjects/materials.

As a closing comment, in spite of the
credibility that statistics can bring 10 efficient
use of animals in research protocols, there is
also no question that inappropriate application
of these tools can 'ead to faulty conclusions of
can mask important information. In this regard,
researchers must be aware of the problem of
using too few experimental subjects. Some
studies, for example, have suggested that more
than 50% of clinical trials concluding "no effect
of the treatment,” could nat have detected an
effect if it existed because they used too few
subjects. Few estimates of this nature exist for
animal research (Festing, 1992), but clearly,
similar experimental designs and reporting
would be wasteful of animals. From a lighter
perspective, it also has been proposed that
there are considerable similarities between the
stereotypical views of statistics and politicians.
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Some individuals see both as: admittedly and
often grudgingly essential for what we do; fre-
quently very slick, colorful and complicated;
usually set-up to tell us what we already know
and believe; rarely willing to teil us things that
we don’t want to hear; and always capable of
hiding or obfuscating the most interesting and
essential information.

With these caveats in mind it is possible,
even commendable, for investigators to accept
a joint responsibility with their IACUC to arrive
at the most appropriate numbers of animais en-
tering into research protocols. Experience in
our own IACUC has shown that this cooperative
process has led researchers to realize that it
may be possible to use fewer animals in some
protocols and still obtain  equal or better data.
The emphasis must always be on using the ap-
propriate number of animals for each experi-
ment.
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