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To 3R Is Humane
Heightened concern over toxic releases is increasing the need for better data about

thousands of compounds. At the same time, new toxicology techniques may be able to
pinpoint where chemicals interact at the cellular or genetic level to produce disease. Do
these two trends mean a huge increase in animal testing? “Humane science” based on

the principles of the “3Rs” can mean better scientific results. New techniques can
reduce the need for animals and provide a focus for advancing science policy

A L A N  M . G O L D B E R G  a n d  PAU L  A .  LO C K E

Even before Earth Day — dating
back at least to the publication of
Silent Spring in 1962 — Americans
have been concerned about the
release of toxic chemicals into the

environment, and the public health risks they
create. Regulation of toxic substances became
a part of environmental law in 1976, when
the Toxic Substances Control Act was passed.
TSCA was intended to protect against the in-
troduction into commerce of new chemical
substances that create health risks. It has not
proven effective in generating the type and
scope of information that society needs to
evaluate risks about compounds already in
commerce. It does require that manufactur-
ers submit to EPA whatever toxicity data are
available, but it does not require that safety
testing be undertaken. It is very difficult for
EPA to use TSCA to evaluate, control or, if
needed, eliminate from commerce the thou-
sands of compounds already in existence.

Today, almost three decades after the pas-
sage of TSCA, our knowledge about toxic
substances in the environment is still defi-
cient. We know less than we should about
the extent of human and environmental ex-
posure to chemicals, and little about their
toxic effects. Laws such as the Emergency
Planning and Community Right-to-Know
Act, passed in 1986, have helped fill some of
the gaps regarding exposure and potential
exposure to compounds. But our knowledge
about toxic effects has advanced only halt-
ingly.

Since the 1980s, reports and investigations
by several groups, including EPA, the Con-
gressional Office of Technology Assessment,
the General Accounting Office, The Conser-
vation Foundation, Environmental Defense,
and the American Chemistry Council, have
demonstrated that we lack basic toxicology

data about the vast majority of chemicals pro-
duced and released in the environment. Ab-
sence of this information, in turn, means that
we cannot adequately assess whether these
compounds create unacceptable environ-
mental and public health risks.

“Today in the United States, chemical
safety is an illusion, and claims of chemical
safety are based not on fact but on blind
faith,” wrote Environmental Defense’s David
Roe and William S. Pease in the May/June
1998 issue of this magazine, discussing ED’s
major study on “toxic ignorance” in the
United States.

But in the last five years, there has been a
renewed societal effort to obtain more infor-
mation about the effects of exposure. The
chemical industry has agreed to work with
EPA and the environmental community to
collect information about the toxicity of the
approximately 3,000 compounds produced
in high volume — greater than one million
pounds per year. The High Production Vol-
ume, or HPV, program has obtained commit-
ments from over 400 companies to test over
2,000 compounds. At about the same time, a
new Voluntary Children’s Chemical Evalua-
tion Program has been launched, which will
obtain health effects and exposure informa-
tion on 23 pilot chemicals to which children
are believed to be disproportionately ex-
posed. EPA will use its authority under TSCA
to demand testing if no companies agree to
test voluntarily.

In Europe, the European Union is consid-
ering its own variant of a high volume test-
ing and registration program called REACH,
or Registration, Evaluation, and Authoriza-
tion of Chemicals. REACH targets the same
lack of knowledge about toxicity that the
HPV and Children’s Chemical Evaluation
Program aim to correct. REACH would es-
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tablish a system for assessing both existing
and new chemicals. It contains three ele-
ments. First, basic information for approxi-
mately 30,000 substances (new and existing
substances being produced in excess of 1
tonne per year) would require submission of
basic toxicologic information into a common
database. Second, for compounds produced
in excess of 100 tonnes per year or certain other
compounds of concern (about 5,000 sub-
stances) a more extensive evaluation would
be undertaken, looking particularly at long-
term exposure. Third, compounds that are car-
cinogenic, mutagenic, or toxic to reproduction,
and persistent compounds, would require
authorization for use.

Extensive toxicology testing could elimi-
nate the absence of basic toxicology informa-
tion about the compounds these programs are
concerned with. There is general agreement
internationally about the type and nature of
data needed. The Organization for Economic
Cooperation and Development — the group
of industrialized countries — has established
six basic endpoints that should be studied to
assess a chemical’s toxicity. These endpoints
are acute toxicity; chronic toxicity; develop-
mental and reproductive toxicity; mutagenic-
ity; ecotoxicity; and environmental fate.

This renewed focus on toxicology, and the
toxicological information needed to make so-
cietal decisions about chemicals policy, reflects
a theme that travels throughout the history of
environmental law. It is, still and once again,
important to improving public health and eco-
system health for the next generation of envi-
ronmental lawyers, scientists, and policymak-
ers. Many of the old questions, especially re-
garding the scope and nature of toxics in the
environment, remain unanswered. But the
practice of the science of toxicology, and the
information it can yield, are changing.

Our understanding of biological processes
has advanced. As we have learned more about
how chemicals and other stressors affect the
environment and humans, we have uncov-
ered relationships between exposure and dis-
ease that are rarely straightforward and al-
most always perplexing. This has led to an
effort at EPA and other federal agencies, such
as the National Institutes of Health, to exam-
ine the cellular, molecular, and gene-level
changes caused by chemical exposures that
lead to disease. We have moved from looking
at overt disease endpoints — such as evidence
of tumors in animals, observations about be-
havioral changes, or death — to the study of
the actual processes that can cause such end-

points. In other words, we have begun to fo-
cus our efforts on more subtle, precursor
events that signal changes that lead to disease
that occur before overt disease is present.

For preventing disease, and for designing
more effective treatment, an understanding of
the continuum from a healthy state to a dis-
eased one is crucial. If we can understand this
progression, we can intervene earlier along
this continuum. The earlier the intervention,
the better the chance of preserving or restor-
ing health. This change toward studying the
“mechanism” or “mode” of action of com-
pounds has been reflected in the latest risk as-
sessment guidelines used by EPA and other
federal agencies.

Where we were once comfortable using
information about death or obvious signs of
toxicity in regulatory decisionmaking we now
face complex inquiries about the interaction
among environmental contamination, health,
and other stressors. At the same time, our toxi-
cology toolbox has gotten much more sophis-
ticated. Our national effort to decode the hu-
man genome and genetic code of other spe-
cies is beginning to bear fruit, and is being ap-
plied to environmental toxicology. The Na-
tional Institute of Environmental Health Sci-
ences has initiated several ambitious projects
that highlight the potential value of these
tools. In 1998, NIEHS started an Environmen-
tal Genome Project. The mission of the EGP is
to improve understanding of human genetic
susceptibility to environmental exposures.
This project has focused its efforts on the mo-
lecular level to look at how individuals with
slightly different genetic sequences, called
genetic polymorphisms, could be differen-
tially susceptible to disease. In 2000, NIEHS
created the National Center for Toxico-
genomics. Toxicogenomics is a combination
of traditional toxicology with genomics — the
investigation of genetic make-up and how it
translates into biological functions. The cen-
ter is coordinating nationwide research to de-
velop a toxicogenomics knowledge base.

Toxicogenomics uses a technique called
microarrays (also called DNA chips or gene
chips), which contain many hundreds or thou-
sands of short DNA strands, each in its own
compartment. By washing a toxic substance
in solution over the whole chip at once, any
section of DNA affected can be made to glow
or fluoresce, indicating which genes are
“turned on” or “turned off” by the substance.
This change can indicate that the gene has
been altered. It may begin to make a specific
protein or fail to make a protein correctly (or

We have moved
from looking at
overt disease
endpoints —
such as
evidence of
tumors in
animals,
observations
about
behavioral
changes, or
death — to the
study of the
actual
processes that
can cause such
endpoints.
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Andrew N. Rowan

A N O T H E R  V I E W

Green NGOs, U.S. And EU Agencies In Humane Convergence

Alittle over a decade ago, I
organized a discussion
among representatives of

environmental and animal protec-
tion groups on alternatives to animal
testing. The meeting was prompted
by a perception that environmental
activists were pressing for more
safety testing and, hence more ani-
mal use, and that this was leading
to unnecessary conflicts
between the two groups.
Not much was resolved
that day, but I still remem-
ber one moment from the
meeting.

The discussion ranged
over the scientific chal-
lenges to animal testing
and the political problems
in getting regulatory
agencies to accept data from non-
animal tests. Then one of the envi-
ronmental activists interrupted to
ask, “When are we going to get to
the animal rights stuff?” For some
reason, she had expected to spend
the afternoon arguing about the
moral status of animals. The repre-
sentatives of the animal groups
pointed out that the case against ani-
mal testing was not going to be won
or lost on the philosophical argu-
ments, but on the social and techni-
cal costs and benefits of the new al-
ternative test systems.

Ten years later, there was another
clash between animal and environ-
mental interests when EPA an-
nounced its intention to fill in the ba-
sic data gaps for about 2,800 High
Production Volume chemicals. This
program was the result of an Envi-
ronmental Defense initiative. ED had
demonstrated that the available tox-
icity data for these HPV chemicals
accounted for only about 30 percent
of what would be needed to report
on 5 very basic toxicities (including
acute, genetic, and reproductive tox-
icity). Animal groups were unhappy
because EPA was now proposing
that the data gaps be filled by per-
forming traditional animal tests.  It
was estimated that these tests would
require a total of one million animals.
In the end, the clash between EPA,

the animal groups, and ED led to
modifications of the proposed pro-
gram, resulting in an estimated re-
duction in demand for new animal
tests of about 75 percent. The animal
groups accepted this reduction as the
best that could be gained but, as a
result of the arguments over the HPV
program, ED also supported the call
for quicker non-animal tests that

would provide adequate
data for hazard assess-
ment.

This was the first time
that an environmental
group had supported the
development and use of
non-animal tests, demon-
strating how widespread
the support for such al-
ternatives has become.  In

the past two decades, major compa-
nies in the consumer and chemical
industry have incorporated the pub-
lic demand for alternatives to animal
testing into their safety testing strat-
egies. Also, significant political sup-
port for alternatives has developed
in Europe and is growing elsewhere.

The European Union is, through
the seventh amendment to the Cos-
metics Directive, committed to phas-
ing out animal tests for cosmetic
products. Support for phasing out
animal tests for other product cat-
egories is also growing.  Funding for
the European Center for the Valida-
tion of Alternative Methods has just
been increased to 9 million euros per
annum.  At the same time, the EU is
significantly expanding its demand
for toxicity data on chemicals in the
environment — the REACH pro-
gram. To address this potential con-
flict, it has been proposed that an Al-
ternatives Foundation be estab-
lished, funded in large part by indus-
try, to provide a major part of the 150
million euros over the next 10 years
projected as the amount needed to
develop, validate, and implement a
range of non-animal alternatives to
animal tests.

Scientists are looking at such new
and developing technologies as
quantitative structure-activity rela-
tionships and toxicogenomics, as

well as the older technologies such
as tissue culture, to come up with the
new non-animal test systems.

In the United States, political sup-
port for these new technologies is
not as well developed. Regulators
are reluctant to switch from a sys-
tem in which the survival of an ani-
mal dosed by a drug or industrial
chemical provides empirical and
emotional support that humans
would not be significantly harmed
by the compound. While the United
States, as a result of a political alli-
ance of animal organizations and
some large companies, established
its own Interagency Coordinating
Committee for the Validation of Al-
ternative Methods within the Na-
tional Toxicology Program about
seven years ago, ICCVAM has nei-
ther the funding nor the political
support that ECVAM enjoys in the
EU. Nonetheless, the multinational
companies that have to provide
safety data to both the EU and the
United States are not going to accept
two different testing paradigms on
either side of the Atlantic.

In the next decade, we will begin
to see a major change in the way that
hazard assessment and risk evalua-
tion is conducted. The new approach
will result in far less animal testing
as non-animal test systems are de-
veloped and validated. The more
progress that is made in this regard,
the greater will be the pressure to re-
place what animal testing remains.
The drive to develop non-animal
systems will also lead to better un-
derstanding of toxicity and toxic
mechanisms as we move away from
the purely empirical approach of
dosing an animal with a chemical to
see what happens.

I predict that the drive to develop
and implement animal alternatives
will lead to better toxicology,  because
the new tests will usually be cheaper,
faster and based on a better under-
standing of how the test agent causes
toxicity — and hence better protec-
tion of humans and the environment.

Andrew N. Rowan is Chief of Staff
of the Humane Society of the United
States, in Washington, D.C.
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at all). Further investigation about whether the
new or changed protein (or a needed one that
is absent) causes adverse effects in living tis-
sues would be warranted.

Our ability to reach further down into the
inner workings of molecular machinery has,
frankly, outpaced our understanding of the
meanings of the information we obtain. Nev-
ertheless, these new techniques are exciting
because of the potential information they can
yield. Advanced scientific techniques have the
potential to illustrate the modes of action, and
mechanisms by which compounds in the en-
vironment cause or contribute to disease. And
right now, few, if any, are used in regulatory
toxicology testing. Today most basic tests rely
on toxicology techniques that have not been
updated for many years. This is especially true
of tests that have been accepted by the EPA
and OECD and are used to make regulatory
judgments.

At the same time as the new
multinational movement to
vastly expand testing of
chemicals for toxicity gains
speed, and promising advances

in toxicologic methods develop, there is grow-
ing societal concern about how animals are
used in toxicology testing, including a recog-
nition of the ethical issues associated with the
use of animals in science.

In Europe, animal welfare issues have been
routinely addressed in testing programs and
proposals. The number of research animals
used in places like the United Kingdom has
halved since the 1970s, in spite of increasing
testing. Animal use has dropped in the United
States and the world since 1976. One of the
seven objectives of the REACH program is to
promote the use of non-animal testing. But
toxicology, especially the tests set out in U.S.
testing protocols for basic toxicity information,
requires high numbers of animals, especially
rodents such as mice and rats.

Research animals can feel pain and suffer
distress. Ethicists have long studied the cir-
cumstances under which animals are used for
cosmetic, pharmaceutical, and biomedical
testing. Some have questioned whether it is
acceptable, from a utilitarian perspective —
the greater good argument. The more aggres-
sive philosophers have argued that animals
should be eliminated as biomedical research
subjects, further asserting that animals should
have legal rights that deserve protection un-
der the law.

Applying today’s approved regulatory
testing protocols, widespread testing for
chemical toxicity would require large num-
bers of animals. A basic battery of tests on one
pesticide can involve more than 10,000 ani-
mals across multiple species. The United
Kingdom’s Medical Research Council esti-
mated that to fully implement the REACH
program might involve testing as many as
30,000 compounds. This testing could cost
approximately $11 billion and sacrifice 13
million animals. EPA estimated in 1998 that
the full battery of basic toxicology tests could
costs up to $205,000 per compound. And such
testing could reveal the need for more detailed
testing.

Today, at least for biomedical research,
about 70 percent of Americans support the use
of animals for necessary studies. This high
level of support is understandable based on
the belief that animal experimentation is nec-
essary to eliminating human disease and suf-
fering. It is likely that this rationale carries over
to animal testing associated with chemicals
in the environment, because the ultimate aim
of this research is to prevent disease and pro-
tect health. But more and more the public is
expressing concern about the numbers of ani-
mals used, seeking non-animal testing, and
demanding that when animals are used, they
are treated humanely and that their pain and
distress is eliminated or at least minimized. It
makes good sense, then, that environmental
lawyers and policymakers become familiar
with animal welfare issues in toxicology test-
ing.

We believe that understanding animal
welfare issues — coupled with an apprecia-
tion for the challenges and opportunities in
regulatory toxicology — is critical for a much
more basic reason. Although ethical and eco-
nomic arguments are important, applying
good animal welfare to toxicology research
— practicing humane science — can help
produce high-quality, reliable data for regu-
latory decisionmaking. It is also key to bridg-
ing the gap between traditional, animal in-
tensive toxicology and the new technologies
that toxicology is rapidly developing. Bring-
ing these new toxicological tests online has
the potential to jointly reduce animal use and
produce information that can aid in regula-
tory decisionmaking. In addition, animal
based toxicology research is improved when
principles of humane science are applied. To
explain why humane science yields robust
and reliable results, we need a fuller under-
standing of what “humaneness” is and how

Where we once
used death or
signs of toxicity
in lab animals
in regulatory
decisionmaking,
we now face
complex
inquiries about
the interaction
among
environmental
contamination,
health, and
other stressors.

Copyright © 2004, The Environmental Law Institute®, Washington, D.C. Reprinted by permission from The Environmental Forum®, July/August 2004



❖

     J U L Y / A U G U S T  2 0 0 4 ❖ 2 3

John Balbus

A N O T H E R  V I E W

Protecting Well-Being Of Humans, And Non-Humans Too

The United States pours out over
a trillion dollars every year for
the medical treatment of

chronic diseases. Many of these, in-
cluding asthma, autoimmune dis-
eases, neurodevelopmental disor-
ders, and neurodegenerative dis-
eases, are clearly rising in incidence.
Increases in disease incidence that
occur faster than our genome can
evolve point to environ-
mental factors.

Among the many en-
vironmental factors caus-
ing or contributing to dis-
eases, exposure to syn-
thetic chemicals is one of
the least understood.
This is primarily because
the burden of proof is on
the government and citi-
zens to demonstrate harm from
chemical exposures, rather than on
those who profit from the sale of
chemicals to demonstrate that their
products do not cause harm.

We thus live in a world with two
types of laboratories: one is the set
of institutions that conduct experi-
ments using laboratory animals and
other biological systems like cul-
tured cells to determine which
chemicals cause harm; the other
laboratory is the world itself, in
which all living creatures, including
humans, are inadvertent subjects of
poorly monitored chemical expo-
sure experiments.

In the first type of laboratory, ex-
periments are generally designed to
maximize the likelihood of discov-
ering a harmful effect if there is one.
The second type, where the vast ma-
jority of chemicals are tested, is far
sloppier, with only short odds of
identifying the links between spe-
cific diseases and specific chemicals.

Improving the situation requires
improvements in the use of both
types of laboratories. In our 1997 Toxic
Ignorance report, Environmental De-
fense showed that even basic screen-
ing-level toxicity data were not pub-
licly available for the great majority
of widely used chemicals. Spurred by
those findings and similar studies by
the chemical industry and EPA, all

three joined to launch the High Pro-
duction Volume Chemical Challenge
as an initial step to ensure that hazard
data for chemicals exist and are pub-
licly available. Under this program,
producers of HPV chemicals were in-
vited to identify and fill gaps in the
Screening Information Data Set, a set
of basic hazard data established by the
OECD. Several lessons can be gleaned

from this program and the
OECD’s parallel interna-
tional initiative:

First, it is feasible for
the chemical industry to
generate basic screening
data on a large number of
chemicals. Data for sev-
eral thousand HPV
chemicals are being devel-
oped and made publicly

available through these programs.
Second, such data can be generated

with far less use of traditional animal
testing than was projected, by using
previously unpublished data, struc-
ture-activity relationship estimation
models, and read-across methods
within categories of related chemicals.
Indeed, sponsors under the HPV
Challenge have proposed to use meth-
ods other than new animal-based tests
to fill more than 90 percent of the re-
quired data elements (though, as
noted below, some proposals were
challenged on scientific grounds).

Third, while judicious application
of SAR analysis and category-based
methods can reduce both costs and
the need for animal testing, our re-
view of companies’ proposals has fre-
quently identified an overreliance on
such approaches, which would lead
to the generation of poor quality data
if these methods were pursued.

These lessons are relevant to the
European Union’s REACH proposal,
which seeks to shift the burden of
proof of safety from society onto
manufacturers, ultimately covering
most existing chemicals, not just
HPV. REACH seeks to move beyond
screening-level to more-sophisticated
data for chemicals used in medium
to high quantities.

The point is not just to do more
testing, of course, but to do whatever

testing is necessary in a smarter fash-
ion. New “toxicogenomic” methods
appear to have great potential to in-
crease the amount of information
obtained from animal testing, while
ultimately reducing the extent of test-
ing in mammals.

While improving testing and shift-
ing the burden of proof is essential to
preventing inadvertent harm from
chemicals, we must recognize that —
with tens of thousands of existing
compounds in use — the resources
necessary to understand chemical
toxicity through laboratory testing
will be large and progress incremen-
tal. Steps need to be taken to improve
our understanding of exposures and
resulting harm in the laboratory of the
world as well.

Since chemical risk involves not
just hazard potential but actual expo-
sure, improving the availability and
quality of exposure data can help pri-
oritize the development of hazard
data. Expanding the current, modest
scope of the human biomonitoring
program conducted by the Centers
for Disease Control is one means of
providing an objective basis for de-
termining which chemicals people
are actually exposed to. Biomonitor-
ing data also facilitate the epidemio-
logic study of environmental factors
as causes of chronic disease. Requir-
ing an expanded set of use and expo-
sure data from manufacturers is also
essential to improving our under-
standing of exposures. Last, invest-
ment in tracking chronic diseases is
woefully inadequate. Without know-
ing who is suffering from particular
diseases and where they live and
work, efforts to understand and pre-
vent these ailments are thwarted.

Whether within laboratory walls,
or within the larger laboratory of the
world, the well-being of humans and
other living things must be of primary
concern. A constant focus on refining
our test methods and policies regard-
ing chemical hazards will ensure we
prevent harm rather than continue to
uncover it after the fact.

John Balbus, M.D., M.P.H., is Di-
rector of the Health Program at Envi-
ronmental Defense in Washington, D.C.
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it applies in the laboratory. In short, we need
to recognize and appreciate a series of con-
cepts known as the “3Rs.”

In 1959, two British scientists, William
Russell and Rex Burch, published The
Principles of Humane Experimental
Technique, a book that defines and
explains humane science. Humane sci-

ence is captured in the concepts of refinement,
reduction, and replacement, which are re-
ferred to as the 3Rs. Alternatives to animal
tests are a key part of the 3Rs framework. The
3Rs are based equally on ethical consideration
of animals in the laboratory setting and the
recognition that when the researcher in experi-
mental design and implementation appropri-
ately applies these principles, they result in a
situation that is likely to produce more robust
scientific results.

The first of the 3Rs, refinement, is defined
as any method that reduces or eliminates
pain and distress in animals during experi-
ments. To implement the refinement prong
of the 3Rs, it is not enough to simply admin-
ister analgesics or anesthesia to animals in
pain. Every procedure in the experimental
protocol must be considered from the per-
spective of the need to reduce or eliminate
pain and distress. Thus, noninvasive imag-
ing — the use of MRI, PET scanning, x-ray
techniques, or biophotonic imaging — is
finding its way into the laboratory.
Biophotonic imaging occurs when luciferase,
a compound obtained from fireflies or glow
worms, is attached to cells, bacteria, viruses
or specific genes. When these genes are
“turned on,” indicating a molecular change
of toxicological significance, a luminescence
reaction takes place. Since light is produced,
the reaction can be measured without inva-
sive procedures. Toxicogenomics and related
techniques fall squarely in this area.

Refinement also encompasses the substi-
tution or use of species lower on the
phylogenic (evolutionary) scale for species
that are higher in phylogeny. For example,
using rodents instead of primates in an ex-
perimental protocol to obtain the same or
more scientific information is an example of
refinement, as is the use of c. elegans, a worm,
or zebra fish instead of rodents. Finally, de-
signing experiments that study humane end-
points, such as early tumor growth or
changes in biological or genetic markers,
rather than death, embrace refinement be-
cause the animals that are studied are likely

to be healthier, and in less pain and distress,
during early stages of disease.

The second of the 3Rs, reduction, is defined
as a method that seeks to use fewer animals
in an experimental protocol to obtain the same
or similar information of scientific value, or
use the same number of animals to obtain
more scientifically valuable information. For
example, using a methodology such as
biophotonic imaging can reduce the numbers
of animals used because each animal can serve
as its own control. In addition, reduction can
be achieved when animal tissues or samples
are used in more than one scientific protocol.

 Russell and Burch point out that “one gen-
eral way in which great reduction may occur
is by the right choice of strategies in planning
and performance of whole lines of research.”
Thus, statistics, computational methods, and
design considerations are critical tools in an
overall approach to humane science.

Replacement, the third of the 3Rs, is defined
by the use of techniques that do not use living
animals. Replacement strategies use alternative
tests. Sophisticated methods being developed
at NIEHS substitute in vitro (essentially “test
tube”) protocols for animal testing. So-called
structure-activity relationships and computa-
tional methods use information about the mo-
lecular structure of a compound to determine
its potential for harm. The rapid advances in
genomics and proteomics (which deals with
the proteins individual genes cause to be manu-
factured) hold great promise as replacement
strategies. Databases containing genomics in-
formation have yet to be widely utilized, but
their value to toxicology in general and alter-
natives in particular are not in doubt. In addi-
tion, the ability to study a very specific genetic
change that is known to be, or suspected of
being, important in the development of disease,
or a change that indicates that a movement to-
ward disease has, or is beginning, to take place
(as can be examined in microarrays or DNA
chips), can be powerful in showing the early
effects of exposure to compounds.

By focusing on humane scientific tech-
niques, Russell and Burch also made explicit
what biomedical researchers had long recog-
nized in practice: that good animal welfare
sets the stage for better scientific results. Since
publication of their book, there is a growing
recognition that high standards of animal
welfare result in scientific research that is more
reliable, relevant, and reproducible — better
science, in other words.

Consider, for example, the role that stress
can play in animal-based toxicology. Physi-

Widespread
testing for
chemical
toxicity would
require large
numbers of
animals. A
basic battery of
tests on one
pesticide can
involve more
than 10,000
animals across
multiple
species.
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ologically, vertebrate animals under stress ex-
hibit elevated heart rates, higher blood pres-
sure, and increased body temperature.
Crudely put, their physiological engines are
revved up as a result of the stress they are
under. When data are obtained from animals
under stress, it is fair to ask whether such data
are truly representative of the responses to ex-
posure that they would experience in every-
day settings. If the answer is no, it is harder
to argue that this information can be extrapo-
lated to the exposures that are of interest to
the regulator.

Another example of this principle is spelled
out in some of the experimental work in ani-
mal behavior, including research into stereo-
typy. Stereotypy, defined as repetitive, func-
tionless, non-varying actions, is fairly com-
mon, especially in laboratory animals raised
in a non-enriched laboratory environment. Be-
havioral research in this area is growing rap-
idly, and seems to indicate that stereotypy can
result in physiological changes, especially in
neurological chemistry and pathways. Such
changes are hypothesized to have an un-
known but potentially relevant effect on data
generated using such animals.

It is not yet possible to determine with cer-
tainty whether these changes could affect un-
derlying experimental results and conclu-
sions. Nevertheless, given the possible risks
associated with incorrect conclusions due to
suboptimal data, researchers should see the
benefit in eliminating, to the extent possible,
the conditions that lead to  excess or unneces-
sary stress or stereotypic behavior. As we
study toxicologic phenomenon that are more
complex and mechanistic, treating experimen-
tal animals humanely becomes even more im-
portant.

In the United States, the Animal Welfare
Act defines the relationship between the labo-
ratory researcher  and certain, but not all, ex-
perimental animals. The AWA requires that
certain animals in research are protected by
regulations that have requirements for the hu-
mane handling, housing and feeding of ani-
mals; contain provisions minimizing pain and
distress in experimental procedures; review
alternatives to any procedure that can produce
pain and distress to animals; and provide vet-
erinary care to animals so that they have the
benefit of tranquilizers, analgesics, and anes-
thetics when necessary.

In addition, the AWA calls for the estab-
lishment of an Institutional Animal Care and
Use Committee to monitor animal research
and self-police the provisions of the AWA at

facilities covered by the act. Among other
things, IACUCs must appoint a minimum of
three members, one of whom is a veterinar-
ian, and one of whom is not affiliated with
the institution and represents community in-
terests. IACUCs are also required to inspect,
at least semiannually, all animal study areas
and animal facilities with a specific eye toward
practices involving pain and distress and pro-
vide training for scientists in humane prac-
tice and procedure. Perhaps most importantly,
IACUCs must review and approve research
protocols involving animals to assess compli-
ance with the AWA.

Rats, mice and birds — which make up
close to 90 percent of all animals used in bio-
medical research — fall outside the require-
ment of the AWA. However, the United States
Public Health Service (of which the National
Institutes of Health are a part) has adopted
an animal protection policy that has much in
common with the AWA but with a broader
reach. The PHS policy covers all institutions
that receive PHS support and applies to all
vertebrate animals. Between the AWA and the
PHS policy, it is likely that the majority of re-
search facilities that use vertebrates in research
are covered. It is not possible to determine
with precision the percent or number of fa-
cilities covered, however, because such statis-
tics are not available for the United States.

We believe that society’s
need for more toxicological
information and the
growing sophistication
of toxicological science

complement and embrace the practice of
humane science. We need a proactive science
policy, taking advantage of these advances
in toxicology and based on the highest of
ethical standards, that serves environmental
law, policy, and decisionmaking. The 3Rs and
a humane science approach to research chart
the path for accomplishing these important
societal goals.

Humane science is ethically appropriate
and has the added advantage that it can re-
sult in the generation of more robust and reli-
able scientific information. In the near future,
it is not likely that non-animal tests will com-
pletely replace animal tests in regulatory toxi-
cology. When replacement alternatives cannot
be developed, or do not provide needed in-
formation, or when non-animal tests will not
suffice for other reasons, animal testing will
occur. In such cases, the animal tests should

Replacement
strategies use
alternatives to
animal testing.
Sophisticated
methods
substitute in
vitro protocols
or use
information
about the
molecular
structure of a
compound to
determine its
potential for
harm.
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be carried out in as humane a way as pos-
sible, recognizing that the humane approach
fosters good scientific data.

Bringing online better science by develop-
ing and using more alternatives and practic-
ing humane science faces certain challenges.
Validation of alternatives is the first major
hurdle. There exists today a series of animal-
based toxicology tests that are traditionally
used to make regulatory decisions. Some of
theses tests are codified in regulations, such
as EPA test rules under TSCA or under OECD
testing protocols, or both. If the intent of al-
ternatives is to replace these tests, alternatives
must demonstrate that they produce predic-
tive and repeatable results. In regulatory toxi-
cology, validation is defined as the establish-
ment of the reliability and relevance of an al-
ternative method for a specific purpose. In
other words, for a test to be validated, it must
show that it can consistently reproduce results
and that these results are predictive — that is,
they provide information that is of value for
assessing whether the compound is a hazard.

A validation process for alternatives has
been established in the United States by the
Interagency Coordinating Committee on the
Validation of Alternative Methods, known
more commonly as ICCVAM, and several in-
ternational conferences have been devoted to
validation. This process is complex, expensive
and time consuming. For validation, among
other things it must be shown that the end-
point of the alternative is related to the bio-
logical effect of interest (e.g., showing biologi-
cal relevance to the toxic process in question);
that the test is reproducible among different
laboratories; and that the methodology has
been published in (or prepared for publica-
tion in) a peer-reviewed journal.

Bringing an alternative through the valida-
tion process is a time consuming and expen-
sive task. Based on experiences validating tests
in Europe, validation studies can cost as much
as $1.6 million and take approximately 10 years
from test development to final validation. To
date, approximately 2 alternative tests have
been validated by ICCVAM and 10 by ECVAM,
its European counterpart. Clearly, this process
needs to be streamlined so that it is faster and
less costly, while delivering the same quality
of information.

After a test has been validated, it must then
jump a second major hurdle. Regulatory agen-
cies must formally accept the test for use in
their programs. ICCVAM guidance on regu-
latory acceptance states that such acceptance
is predicated on several factors, including

whether the method has undergone indepen-
dent scientific peer review; whether it contains
a detailed protocol, with standard operating
procedures; whether it is robust in methodol-
ogy and transferable among laboratories; and
whether it generates information that assists
in risk assessment. Some of these criteria over-
lap with the ICCVAM criteria for validation.

In the United States, validation does not
guarantee regulatory acceptance. The ICCVAM
law does not require that agencies adopt vali-
dated alternatives; each agency can decide for
itself whether a validated alternative test will
be acceptable under its regulatory programs.
In addition, agencies are under no obligation
to replace the tests already used with the vali-
dated alternatives. In fact, it is possible that
agencies could require both tests.

A third possible hurdle exists. In addition
to having alternatives that are validated and
accepted by U.S. regulatory agencies, interna-
tional agencies, specifically ECVAM and
OECD, must accept these tests if they are to
have maximum impact in advancing toxico-
logic testing, regulating dangerous com-
pounds, reducing animal use, replacing ani-
mals and minimizing pain and distress. In
some cases, international acceptance proceeds
contemporaneously with acceptance in the
United States. International and U.S. agencies
are also working to adopt and use the same
protocols for testing, thereby harmonizing the
toxicological requirements for alternatives.
For example, EPA’s Pesticides Office has been
working with OECD on some common issues.

Despite these challenges, we
believe that a humane science
approach and the develop-
ment, validation, and  use of
replacement alternatives

(when feasible) hold great promise for ad-
vancing our toxicological knowledge base
about chemicals in the environment. To assure
that progress continues to be made in protect-
ing against toxic substances exposures, we
must bring on line new techniques and adopt
a science policy agenda that fosters and en-
courages replacement alternatives.

A focus on replacement alternatives to ani-
mal tests, and the full implementation of a hu-
mane science agenda, will serve us well as a
nation and participant in an international
community dually concerned about the health
hazards associated with chemicals in the en-
vironment and ethical treatment of animals
in toxicological research.  •

A proactive
science policy,
taking
advantage of
these advances
in toxicology
and based on
the highest of
ethical
standards, will
serve
environmental
law, policy, and
decisionmaking.

(For more information
about the Center for
Alternatives to Animal
Testing, please visit http:/
/caat.jhsph.edu. For more
information about
alternatives, please visit
AltWeb (hppt://
altweb.jhsph.edu).
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