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Congress Chairmen's Preface

Thomas Hartung Herman B. W. M. Koéter

Dear colleagues, participants and supporters of WC7 and
other readers of these proceedings

Ten months have passed since we spent five exciting days of science, networking and friendship together
in beautiful Rome, Italy. It is with great pleasure (and some pride) that we now present the proceedings
of this conference. This completes the commitment we took on in 2005 on occasion of WCS5. We have
enjoyed the support of many remarkable individuals in the steering groups, as corporate supporters and in
the AIM group. Together we shaped and executed a programme that has received praise from many sides.
The interest of both the scientific and lay community was evidenced by reports in Nature and many other
journals, websites, blogs, etc. Those who participated in WC7 will share positive memories of days of
scientific exchange, recollection of challenges lying around their work and ahead as well as the infusion
of enthusiasm to carry on with our common endeavours. We are confident that with these proceedings
also those who were not able to participate can appreciate the diversity and high standard of presentations
offered at WC7.

It is the first time that the proceedings are made available electronically instead of in printed form.

All registered participants will receive them as a DVD. In addition they are available on the websites

of the journal ALTEX (www.altex.ch ) and the Center for Alternatives to Animal Testing webportal
AltWeb (http://altweb.jhsph.edu/). These portals make them accessible to a broad community in form of
open source material, thus further feeding the lively developments in the field of alternatives to animal
experiments. Selected articles chosen by the Editor of ALTEX will be published in addition as “Highlights
from WC7” in the printed issues of the journal.

The conference took place exactly 50 years after the publication of Russel & Burch’s “The Principles of
Humane Experimental Technique”, establishing the 3Rs principle and thus a cornerstone of alternatives
to animal testing. It was therefore an appropriate time to appoint three prominent individuals who have
steered the implementation of the 3Rs like no others as “Patrons of laboratory animal welfare in the life
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sciences”: Michael Balls, Alan Goldberg and Horst Spielmann. Though now retired from the positions that
allowed them to shape our field, they are still sources of enthusiasm and insight to those who follow them,
as witnessed again at WC7.

The congress took place at a time when major developments all over the world were driving the field

of alternatives: The ban of animal testing for cosmetics in Europe, the start of REACH registration, the
intense discussion on the “Toxicity Testing in the 215 Century” vision of the US National Academy of
Science, the creation of the Korean Center for the Validation of Alternative Methods and the first chair

for alternative methods in India are only a few examples of the developments of 2009. WC7 also saw the
first announcements of the largest call for proposals in history, i.e. € 50 million shall be made available

by COLIPA and the European Commission for systemic toxicity testing, and the first transatlantic 3Rs
centre, CAAT-EU. Finally, WC7 also put a finger on another very important animal welfare issue not
addressed at earlier World Congresses, namely that of corporate social responsibility (CSR), an ethical
approach aiming, among other aspects, at an ethical or fair treatment of animals, be it food producing
animals or experimental animals in the production of goods, foods and chemicals such as pharmaceuticals.
We hope this broader approach will pick up further and take root in World Congresses to come, as it does
increasingly in our society.

Most importantly, however, WC7 has shown that the field of alternative methods is embracing science

and science is embracing alternative approaches. We saw how modern technologies are shaping a second
generation of alternative methods and how some recent developments in the life sciences were fuelled by
the wish to overcome animal experimentation. The area presents itself as one of the liveliest in the life
sciences, at the same time bridging to practical applications. The regulatory use of these new approaches is
imminent and few fields are resonating as much with political discussions.

Experimental animal welfare and safety assessments are more than a matter of science; they are key
societal interests. WC7 has mirrored this energy with stakeholders coming to the congress with different
views and approaches and leaving with increased understanding, compromise and a vision for the future.
It was a privilege to serve WC7 by preparing for it, moderating it and now harvesting its fruits. We would
like to wish WC8 and its contributors all success and hope that this series of congresses continues with the
same level of enthusiasm for our shared goals.

ez i

Thomas Hartung, Herman B.W.M. Koéter,
Director, Center for Alternatives to Managing Director,

Animal Testing (CAAT), Orange House Partnership npo,
Baltimore, USA Brussels, Belgium
thartung@jhsph.edu herman .koeter@orangeOhouse.eu
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Plenary Lecture

PL3

Brueghel’s Two Monkeys:

Passing the Final Exam in the History of Mankind

Ingrid E. Newkirk

People for the Ethical Treatment of Animals, Norfolk, VA, USA

Summary

As society’s ethical values expand over time, we understand that we must have consideration for more

than just ourselves, our race, our gender, and our species. This talk confronts our biases and provides food
for thought in moving beyond our current understanding of human-animal relations. History provides a
lens through which our current norms can be viewed. It allows us to discern how our behavior might be

perceived by future generations, and this perspective can help us understand how to improve our behavior.
While it is easy to be appalled by what has been done in the past, it is more challenging to uncover the
actions taking place today that will be regarded with horror in the future and, most important by far, to be
a part of the necessary change. By modifying one’s perspective to include a more empathetic view of other
animals, our obligations and potential become clear.

Keywords: animal rights, animal experimentation, non-animal testing, alternatives, empathy, fear, ethics,

ICCVAM, EPA

1 What kind of animal are we?

When I was in school, we didn’t consider the rights or protec-
tion of animals an issue. I went to a convent in the Himalayas
in Kodaikanal, Southern India, and I gassed animals for dissec-
tion class without much thought. Looking out at this room, I see
some of you are my age or thereabouts and so probably, like
me, missed out on the animal rights and ethics courses offered
in universities today. In other words, we are late in wrapping our
brains around these concepts. The rest of you have no excuse!
Are most human beings inherently kind? Well, I don’t have
any empirical evidence that many people are unkind, but I do
have a lot of anecdotal evidence that some are. And it strikes
me that, on the strength of that — as with criminal law, where a
collection of circumstantial evidence is allowed to win a convic-
tion — we can pretty much characterize the human race, of which

ALTEX 27, Special Issue 2010

I am a living, breathing part, as being, quite often, “a species
behaving badly” — especially when no one is looking.

In Amsterdam, for instance, the honor system of putting out
public bicycles had to be dissolved, because so many bicycles
have been stolen, repainted, and sold. And then there’s the per-
son who stole my wallet. Luckily they left the Euros and only
took the dollars, which are almost worthless. But such is hu-
man nature that even friendly, well-educated people who should
know better often behave badly, and I'm not just talking about
hedge fund managers.

In a study of visitors to Antarctica, it was found that people
with a university or postgraduate education were significantly
more inclined to harass seals and trample plants than those with
less formal education. And then there is “pack behavior”: Abu
Ghraib isn’t the only place where people have engaged in con-
duct that would be seen as truly depraved under normal circum-
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stances but which became normal and routine, even amusing, as
the “group mind” muted out decency.

So, average people are capable of more cruelty than we’d like
to believe, sometimes not even seeing their behavior as wrong.
And sometimes this cruelty becomes institutionalized and is not
even seen as abnormal any more. That means, of course, that
animals, elderly people, children, and any others placed in a
vulnerable position or in an institution, such as an orphanage, a
nursing home, or a laboratory, are far more likely to be abused.

Let me give some examples of why I say this:

Look at those who not only have taken a solemn vow to be
good but who are expected to set the bar on goodness. The
church is an institution more respected than any other. Yet the
Roman Catholic Church, not only in the US but in Europe, has
had to learn that going along with and, indeed, covering up
abuse may one day catch up with you. We all know now about
the little boys, and some girls, who were too scared to speak up
and who had their lives and bodies interfered with. But, if pil-
lars of the community demonstrate no regard for the feelings of
children in their care, it would be mad to think that animals in
laboratories, who certainly don’t enjoy anything like the revered
status of children in our society, are being well treated!

And no one is naive enough to believe that research is some-
how an exception — that it is the one place on earth where those
in charge can be trusted to police themselves. That’s like leav-
ing a 5-year old in charge of a chocolate cake. Which, actually,
researchers have done and the results are not surprising!

Let me offer some idea of what our investigators and others
have found: When they thought no one who cared was look-
ing: UNC researchers put live animals into the freezer bins and
cut off rodents’ heads with scissors without any effort to lessen
their suffering; researchers who couldn’t be bothered to walk
to the gas chamber room chose to violate their protocols and
kill the animals by breaking their necks against the cage card-
holders. Technicians at Huntingdon Life Sciences in the U K.
were filmed punching beagles in the face and simulating sex
with each other as they tried to inject a frightened dog at the
same time. Researchers at the largest contract laboratory in the
US, Covance, were caught slamming petrified monkeys into
steel cages or, having tied them down to the table, stuffing bot-
tles in their mouths and mocking them while whooping it up to
loud music. Covance’s reaction was not to decry the behavior
and fling the abusers and their supervisors out the door, but to
sue us — both in the UK and in the US —to get us to stop showing
those videos. They lost their cases.

These are dismaying examples of people shamelessly abusing
their power over others in their care and then trying to cover it
up. And it’s not just at Covance. Every single time we go into
an institution undercover — including at AAALAC-accredited
institutions — we come out with footage of atrocities.

Animals, like institutionalized people, are often simply for-
gotten; they become wallpaper. Once, I was touring the Na-
tional Institute of Health (NIH) model facility in Poolesville,
Maryland — a “model” facility, mind you — when I found some
baboons being kept in small metal isolation cages. I found
them because I was walking along one of the corridors and
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heard a fearful banging noise. That made me look through the
little window into their room to see a huge male smashing his
head into the stainless steel back wall of his cage. He was a
Hamadryus baboon: huge, with a big snout like a dog, and such
a colorful coat, sticking out all over, that he looked like a man
who had been plucked off the street on his way to a fancy dress
ball. I enquired about these baboons, each sitting in a standard,
small metal isolation cage in this stark, barren room, with noth-
ing to do or see or touch, no contact with each other, unable to
even walk two steps. And I discovered that the researcher who
had been using them in a cancer study had accepted another
job two years earlier and had moved way! He was living his
life in a new town, driving around, shopping, watching TV,
talking to his kids, and the baboons were sitting there, day in
and day out. They had been plucked from their homes, troupes,
and families in Africa seven years earlier, shipped to Russia
and then to the US on what could only have been frightening
journeys for them, and then locked in see-through boxes in a
room, and left to stare at the walls for seven years. Once a day,
men in masks entered and hosed down the room and put food
in their metal bowls.

Except for the absence of water boarding, they might as well
have been at Guantanamo Bay.

Who was to blame for this casual oversight that caused these
bright animals so much misery? The grant provider? The re-
searcher who left? The technicians? The IACUC? All of the
above, surely? Not one of them had thought the baboons im-
portant enough to wonder about, even those who had seen these
animals every day. This kind of appalling neglect, in which a
living being is left to experience needless mental strain, goes
on all the time. So, we must be vigilant, each of us in a position
to do so, to spot it and stop it. Otherwise, what kind of animal
are we?

People in institutions often get used to things that disturb
other people. They are like the lighthouse keeper who was so
accustomed to hearing a gun go off under his nose, every six
minutes, every night, to warn ships at sea that he slept through
it. One night, the mechanism failed and the gun didn’t go off.
The lighthouse keeper woke with a start, sat up in bed and said,
“What'’s that?”

We need to be vigilant to what’s happening to others around
us, because those over whom we have control can only depend
on us to notice their circumstances. We cannot allow animals to
become the wallpaper we don’t see any more.

Those of you here who are striving to get animals out of re-
search or at least treated with some understanding of who they
are and what they need, have to deal with those who can’t em-
pathize (neurophysiologists can debate whether that means that
their “mirror neurons” are underdeveloped or not), and with
others who think it’s perfectly fine to wait until some unspeci-
fied time in the future to make changes or that change is just
not a priority. And we all have to deal with people on IACUCs
who are untrained, don’t appreciate the important responsibility
vested in them, or who get too busy — personally or profession-
ally — to take a proper look when a protocol is presented that
could result in animals being put through painful, uncomfort-
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able, and worrisome procedures that should have been modified
or rejected outright. That is unconscionable.

2 Today’s conduct as future “past” horrific
behavior

It is said that the only thing we learn from history is that we
don’t learn from history. Let me examine with you how history
applies to our behavior toward animals today.

One of the most studied cases in research ethics is, as you
know, the Tuskegee experiment, in which poor black men in
the southern US were purposely not told by their doctors that
they had syphilis and were simply used as research subjects.
This is a good example because it involves a marginalized
group — individuals with no recourse, who didn’t seem to count
for much, and whom the dominant group did not understand or
consider important. And because the researchers may indeed
have had some sort of good intentions but didn’t realize that,
at some later point they’d be condemned for such a lack of
empathy.

But it’s not only the Tuskegee men. Human orphans were
used in tuberculin tests and trials of low levels of radiation;
poor Irish women immigrants to the US were used in gyne-
cological practice surgeries which, when perfected, were per-
formed on the rich, paying classes. Even human neonates were
operated on without anesthesia until quite recently.

In the US, enlisted men (GIs) were used in LSD experiments
without their knowledge; some thought they were going mad
and killed themselves. GIs were used because they are a pool
of often low-income men considered cheap, disposable, and
replaceable. Sound familiar?

It is easy to be appalled by what has been done in the past,
but callous behavior seen as acceptable just yesterday is now
seen for what it is: ignorant and wrong.

For truly uncomfortable reading, there is “The Nazi Doc-
tors,” by Robert J. Lifton. In his study of what made doctors
able to live with themselves while doing to prisoners exactly
the sorts of ghastly things that are done to animals in today’s
laboratories, including drowning experiments and teratogenic-
ity experiments, he discovers that the comfortable idea that
they were just “some madmen” ruled by another madman is
absolutely unsupported. In fact, vast numbers of people some-
how rationalized these extreme cruelties and killings in a vari-
ety of ways and not only accepted it but participated in it.

Lifton’s conclusion is that these experimenters were ordinary
people like us. One of them, Dr. Siegmund Rascher, even felt
comfortable enough to put on paper a formal request to Berlin
to move his experiments on inmates from Dachau to Ausch-
witz because, he wrote: “In Auschwitz, the freezing process is
faster because it is colder there. Moreover, the camp is bigger,
so that the subjects’ howling can hardly be heard.”

The analogies are clear. Nobel Laureate Isaac Bashevis
Singer, whose family fled the Nazis, became a vegetarian be-
cause he looked out of his window above a slaughterhouse in
Chicago, watched the cattle shackled together, being prodded
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and poked down the ramp to their deaths and wrote, “To ani-
mals, all men are Nazis.”

Lucy Kaplan Rosen, who wrote the introduction to Eternal
Treblinka, tells the story of her father, who was transported in
a cattle car to Birkenau-Auschwitz in 1944. This was after he
had witnessed the murder of his wife and two daughters. He
survived six camps. Ms. Rosen says that what she loved most
about her father was that when, in 1945, at only 100 Ibs and
bearing the injuries of years of Nazi abuse, he emerged with his
previous compassion for animals enhanced precisely because he
realized that he had been treated like one.

So, we see that past atrocities weren’t necessarily an aberra-
tion, and ordinary people can do hideous things if they don’t dis-
cipline themselves not to or are not stopped by someone else.

The trick, however, is not in simply looking backwards but in
figuring out what is being done foday that will be looked back
upon in the future with disgust. The trick is to be one of the
people who finds a way to reach those who can’t or won’t relate
to the being on their hotplate.

Lifton’s study is also instructive in another way. It suggests
that — if the same observations of human nature apply today —
of every three people hired as animal caretakers, two will not
object, even silently, when an animal is abused or neglected,
and one of the three will be easily capable of joining in flagrant
abuse. Let’s ask ourselves then, of every ten people appointed
to an IACUC, how many will speak up when an unnecessary or
unnecessarily cruel experiment is proposed?

On the encouraging side, we teach our children that “Might
Does Not Make Right,” and we ask them to obey the Golden
Rule of “Do Unto Others as You Would Have Them Do Unto
You.” Presumably, we mean those things. But when you think
about it, only “might” allows someone to pick up a rat, a mammal
every bit as sentient as any dog or cat or me, and bleed him from
the eye and then toss him back into a shoebox-sized container, as
if the rat’s experience, his fears and sensations aren’t real. And
only a lack of empathy would allow someone to joke that now the
animal will need a white stick when he goes out on the town.

We all know that scientists want to be thought of as precise
and particular. Perhaps you know the joke about two scientists
driving along in Australia when they pass a flock of sheep.
“Look,” said one, “Those sheep have all been sheared.” “Well,”
says the other scientist, “On one side of their bodies, anyway.”
Like most stereotypes, I’'m not sure this business about particu-
larity is true, and I'll tell you why:

A few years back, we ran a photo in PETA’s Animal Times
magazine that showed rats stuffed into narrow plastic inhala-
tion tubes like so many socks. You can imagine how frightening
it must be to have giant aliens, whose intentions are not be-
nign, stuff you into a tube so tightly that your nose and ears are
squashed against the sides. The picture was from an article pub-
lished in the journal of the National Institute of Environmental
Health Sciences, and the “cute” caption under the original photo
read: “Nosing Around.” It reminded me of a caption I saw on a
photograph of a group of black males, unable to find work in a
South African township, with the caption, “Lounging Around.”
The article in the NIEHS magazine described an experiment in
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which rats were forced to breathe mercury vapors in an attempt
to duplicate the reproductive effects already seen for years in
dental hygienists exposed to mercury in fillings. Incidentally,
the Principal Investigator concluded: “We weren’t able to repro-
duce any of those effects in our animal model.”

When we showed this photo to the head of ICCVAM, he
shook his head and said, “that’s terrible.” But it turns out he
didn’t mean that the experiment was terrible or what was done
to the rats was terrible; he meant that it was terrible that the
photo had been put in the magazine for everyone to see!

PETA researchers attend many toxicology conferences. They
hear the jokes, the references to boondoggles, the acknowl-
edgements that certain experiments have no value whatsoever.
On a tour of the USUHS, the US Uniformed Health Services
facility, the chief veterinarian in charge pointed to the desert
tortoises being used to study TMJ (temporo mandibular joint
pain). Now, the desert tortoise’s jaw is not like a human jaw
at all; it is especially arranged for a fibrous, plant-based diet —
there are no teeth! People chew their food, tortoises do not, and
there are many other critical differences. Furthermore, the NTH
says that TMJ treatment should not be surgical, rather it begins
with simply changing jaw movement and avoiding teeth-grind-
ing. Considering that a desert tortoise cannot be reasonably
expected to speak our language, and we don’t understand hers,
it will be difficult to explain this to her and to know when she
feels better.

PETA did a double take and got the funding on that experi-
ment pulled. If we hadn’t, who knows how many other tortoises
would have had their jaws damaged and how many more tax
dollars would have been wasted.

I was once invited to lecture at the USUHS and made the
mistake — or clever move — of arriving early enough to sit un-
noticed in the back before the earlier session ended. The labora-
tory chief told his students: “When you fill out the government
form as to why you chose to use rats or mice, do not write ‘be-
cause they are cheap, easy to handle, and few people care about
them.” The form is supposed to show there is a good science-y
sounding reason for your choice.” But the truth is, there is no
“science-y” reason.

At a conference on neurotoxicity, a panelist discussing the
EPA’s developmental neurotoxicity test (which uses at least
1,300 animals every time it is conducted) joked that the “FOB”
— which is the acronym for the “functional observation battery”
that is used in neurotoxicity testing — really stands for, and I
quote: “functional observation bullshit.” In that government sci-
entist’s words, “we do it because the EPA tells us to,” regardless
of relevance. In my words, “They die for our sins.”

The EPA official on the panel acknowledged: “We know the
rat isn’t the right model. But it’s like being in a bad marriage —
you know you should get out but you don’t because there’s so
much history there.” That would be funny, but it isn’t if you are
the subject of a painful experiment.

So, the gig is up on pretending that results from one species
apply across the board to others. I’ve always said that “When
it comes to feelings, like hunger, pain, and thirst, a rat is a pig
is a dog is a boy.” That’s just a plain old fact. What isn’t a fact
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is that when it comes to physiology, a rat is a pig is a dog is a
boy. Meaning that it’s time for the so-called “gold standard” of
animal testing to be recognized as the lump of coal it is.

One more example of how casually the animals’ suffering is
viewed: Several years ago, at the National Academy of Sci-
ences’ Institute for Laboratory Animal Research workshop on
federal reporting requirements for pain and distress in animals
used in laboratories, panelists who included animal researchers
from the US Department of Agriculture (USDA), the NIH, and
various universities and professional associations, were often
seen yukking it up over animal suffering. Empathy was in
short supply, if there at all. One of the panelists spoke about the
importance of proper training. Reciting a “can-ya-believe-this-
one” story, he gave a litany of botched jobs by under-trained
or under-skilled lab staff, culminating in a story of someone
improperly restraining a mouse so that, as the animal’s skull
was being drilled into, his body spun around with the drill-bit.
Throughout the list of examples, other members of the panel
chuckled in recognition, and at this last example, several pan-
elists laughed openly.

Iread a story in the newspaper about a group of young people
who had been caught standing around a BBQ pit, poking a live
kitten into the burning coals and laughing as the kitten cried.
Who wouldn’t be upset at the mental health of these individu-
als? But, when you think about it, the place is unimportant.
Whether suffering is seen as a joke in the lab, at a conference,
or at the barbeque pit, it must stop.

Cruelty doesn’t have to mean being the person who pokes
the kitten deeper into the coals, or being the person who wields
the scalpel or syringe. It also means being the person who ig-
nores the plight of the pain-wracked or lonely animal in the
cage. Where there is acceptance of the perpetuation of wrong,
there is complicity. Perhaps the Nazi doctors could not have
spoken up without being shot, but we are not in that position
—not any of us.

What allows this kind of jocular, cruel nonsense to go on is
a lack of empathy (that undeveloped “mirror neuron”) or the
group acceptance of unacceptable behavior. It will continue
until every one of us who cares — and we are many — gets a
moral backbone, gets truly interested in real science, and
speaks up, complains, refuses to accept this kind of thinking,
and puts an end to it.

It’s history again, isn’t it? Someone gave me a book of parlor
games from the Southern US. One game in it is described this
way: “A distinguished lady is chosen to address the group. She
must explain that a baby has been orphaned, and she will sug-
gest that the club rise to the occasion by chipping in to raise the
child for its first year. Of course, everyone will agree, and one
member must be asked to volunteer to be the first to take the
child home. As the volunteer comes forward, everyone claps
with appreciation. Have the maid bring a swaddled baby into
the room. When the lucky volunteer is handed the infant, all
will howl with laughter when the cloth is pulled back and the
lady finds she is holding a Negro child.” The book continues:
“If a Negro child is not readily available, you can achieve the
same effect by using a baby pig.”
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We find that beyond horrific now, but it was all good fun
down South in that bastion of civil liberties, the United States
of America, not so long ago. And it is a great illustration of
why change must keep come right on coming.

3 The capacity for pleasure and fear

I’m not so much condemning the people who didn’t “get it” then
and who don’t “get it” now; rather, I’'m offering it as a blunt
reminder to ourselves that we are making history every day
that we live and breathe. Today’s conduct can be seen as future
“past” horrific behavior, if you know what I mean. It was just
30 or so years ago, when I was already smoking cigarettes, that
physicians in white coats appeared on TV, advising us to smoke
low tar cigarettes to soothe a sore throat. It was just 30 years ago
that, as Dr. Jane Goodall points out, scientists openly ridiculed
the idea that chimpanzees were intelligent, had social needs,
engaged in tool making and use, and had language. Or more
recently, take the octopuses commonly used in laboratories:

It is only after years of electro-shock experiments on them
that experimenters have conceded that these bizarre — to us — an-
imals are so emotionally upset by their loss of control over their
destiny and their inability to flee the pain meted out to them, that
they commit suicide by pecking themselves to death. Jacques
Cousteau first revealed how dolphins in captivity would some-
times take their own lives; now we see that behavior in other
captive species, including cephalopods. Yet these animals have
been treated in laboratories as if they were inanimate. Or actu-
ally, that’s not so, because if they were thought to be inanimate,
no one could design an experiment to hurt them and see what
they would do, could they? So, people recognize that octopuses
have feelings but are deliberately ignoring the fact.

Recently, an extensive study of pleasure in the animal king-
dom showed that “from tickling to playing catch, animals en-
gage in certain behaviors just for fun, even enjoying sensations
that are unknown to humans.” The author of the findings, pub-
lished in Applied Animal Behavior Science, believes scientists,
conservationists, and others should not overlook animal joy.
“The capacity for pleasure,” the author writes, “means that an
animal’s life has intrinsic value, that is, value to the individ-
ual independent of his or her value to anyone else, including
humans.”! And what isn’t mentioned here, is that one of the
most overlooked areas of animal suffering is fear. We talk about
caging size and other considerations, but the “Fear Factor” isn’t
just an American TV game show.

This animal at this podium knows a bit about fear. My father
was a very daring man, quite an adventurer who went out in
fierce storms and into war zones and was at Bikini Atoll to help
set up nuclear testing. He once took my mother in a jeep across
the Little Rani of Kutch in India. This is an area that, at certain
times of the year, is extremely dangerous, pitted with pockets
of quicksand that are impossible to see but which can gobble

you up. My mother only found that out, and found out that no
one else had had dared accompany my father on this expedition,
when they were well out in the middle of it. She remembers
yelling at him and my father saying, “Oh come on, where’s your
spirit!” To which she replied, “At home in the drinks cabinet,
but damn you, if I'd known that we might die, I'd have brought
some with me.”

I know what she meant, because when I was a tiny tot, he took
me up a glacier many thousands of feet high. Despite the physical
pain of the cold, which was intense (we didn’t have polar fleece
back then), what was far worse was the fear: the fear of tum-
bling thousands of feet down the side of that vast wall of ice, the
fear that something terrible was about to happen to me. That is
the experience animals in laboratories live with all the time: The
mother monkey clutching her baby to her chest in her small metal
box, wondering if that giant, powerful animal entering the room
to take her blood is also going to steal her child. And he is, just as
if he were taking a box off a shelf, ignoring her fear grimace, her
desperately chattering teeth and her little begging sounds. Yet her
love for her child is indisputably as strong as any human mother’s
love for her infant. What must her suffering be like when she can-
not protect her own child? Who will speak up for her?

In a BBC documentary, scientists refer to cuttlefish as “aliens
from inner space.” It’s a fascinating term, because, of course,
our species is out there in space, spending a great deal of time,
money, and effort searching for intelligent life, yet it is all
around us: from those cuttlefish who communicate in waves
of color (able to create a magnificent pattern on one side of
his body that lures a prospective mate while creating another
pattern on the other side that wards off a competitor); to the
smallest desert mouse who rolls a stone in front of her burrow
to collect dew; to the Indigo buntings who navigate by learning
the constellations, fix their position by the height of the sun and,
if blown off course, reset their paths by the phases of the moon
and the rising and setting of the stars; to the rhino who commu-
nicates by altering his breathing.

And should any Cartesians be among us and laugh such things
off as programming, they must also laugh off their own loves,
desires, and fears, their own programmed behaviors. The Car-
tesians also would have to ignore studies like the one this very
month reporting how five crows all were able to figure out how
to use a short stick to get hold of a medium one and the medium
one to reach a large one — the only one that could allow them to
retrieve a food reward. All five figured it out without training,
and four of the birds did it in the first try.

4 A slippery slope is just another term for progress

So, what if we do come across intelligent life during our space
explorations? If it is stronger than we are, we will undoubtedly
beg for mercy and understanding and insist that “We come in
Peace.” But if we find intelligent life out there that is not as strong

1 “Animals just want to have fun, survey finds: From tickling to playing catch, animals do some things simply for enjoyment,” Jenni-

fer Viegas, Discovery Channel.
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as we are, what will happen to those noble protestations? Our
governments will want to do to them what we’ve done to all the
intelligent life forms on this planet: Capture them, cage them, dis-
sect them, and deny them any consideration. Perhaps snack on a
few of them just as we snack on the sea slug who, like a fat opera
diva, so gracefully dances among the rocks, her cloak floating be-
hind her, her mind on who knows what. But we don’t have to be
like that computer Pacman, gobbling up everything in our path;
we can be considerate of those with less power than we have.

I hear people who want to cling to the status quo say, “Don’t
concede that primates need social enrichment or that rats and
mice must be afforded protection, it’s a slippery slope.” And of
course it is, but isn’t a “slippery slope” that leads us away from
treating others badly just another term for progress? A society
can’t evolve if it is afraid of the slippery slope. Looking back, it
was a blink ago in time that a noted Harvard surgeon was deeply
worried about the “absurd” idea that a woman might be allowed
into the operating room, let alone be trained as a physician. In
the time of the Suffragettes it was said that “If you give women
the right to vote, you might as well give asses the right to vote.”
Today, we have fine female physicians and scientists and — as for
women voting — well, we should be entitled to make the same
mistakes at the polling booth as any man! And frankly, looking
at who we elect sometimes, one wonders if asses couldn’t do a
better job than the lot of us.

So, what can we do? You may think that I want all animals out
of the laboratories now and you’d be right. I do think it is mor-
ally indefensible — given what we know in this day and age — for
us to inflict pain and suffering and fear on any other living being
simply because we can. That is the lesson I take from history.
And if you don’t “get it,” look at the animals, learn about the
animals, and if you still don’t “get it,” look again.

However, one can still help enormously without having to
embrace that belief.

5 Regulatory testing: the obstacles and the
movement forward

I polled the PETA staff who work on these issues, asking them

to give me basic starting points. I am only focusing here on

regulatory and toxicity testing. Let me go through the list and I

hope you will agree:

1. Where there is a non-animal alternative, use it.

2.Don’t automatically default to animal testing: profiling a
chemical’s biological activity using a suite of non-animal
methods will allow for thoughtful toxicology by identifying
the most hazardous chemicals and providing information that
can guide further testing and, of course, NO experiment us-
ing animals should EVER be carried out if the information is
available or can be derived elsewhere.

3. Where there isn’t an alternative yet, work to find one and keep
an eye on what’s going to be available soon.
Alternatives for many biological endpoints are in sight, and
for the more complex endpoints in the areas of toxicokinetics,
chronic toxicity, and carcinogenicity, there are efforts that ur-
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gently need promoting, including PETA’s planned workshop
focusing on replacing the rodent cancer bioassay.

4.The EPA and NIH are beginning to act on the vision set
forth in 2007 by the National Academy of Sciences, which
recognizes that the near-exclusive reliance on animal testing
that has characterized chemical testing programs to date are
costly, time-consuming, and not up to the task of accurately
and adequately assessing the toxicity of tens of thousands of
chemicals. Both the NAS report and the 2009 EPA strategic
plan recommend moving away from dependence on animal
tests to a process that relies more heavily on in vitro assays to
predict human health effects.
EPA and NIH have created formal collaborations to develop
and implement this approach, such as the ToxCast and Tox
21 initiatives.
It is encouraging to note that federal agencies and some in-
dustry consortia are stepping up to the plate to help fund these
initiatives, in addition to PETA which, up till now has tried to
step into the void by providing massive donations to in vitro
laboratories and QSAR experts, even though our budget is
mere manicure money to federal agencies such as the EPA.
May I solicit your support to encourage and fund the use of
these technologies in current and future testing programs?
There is still so much work to be done as current testing pro-
grams have been slow to incorporate this new approach.
For example, there is the hideous mess that is the EPA’s En-
docrine Disruptor Screening Program. The first phase could
kill more than 40,000 animals — and not one of them will die
quickly or painlessly — to test just 67 chemicals, all of which
are either pesticides or High Production Volume chemicals
that have already been heavily tested. The additional test-
ing is highly unlikely to provide any useful information for
additional regulation of these chemicals, especially when
the EPA still can’t say how it is going to use the resulting
information! This program is so out of tune with where we
are now that it is like designing an iPhone app using carrier
pigeons. This program needs to be redesigned from the bot-
tom up to take advantage of the latest technology and new
approaches. Please take a look at our poster, number 539,
that describes an integrated approach to endocrine testing
and see how you can use it.
The US National Toxicology Program continues to kill thou-
sands of animals every year to test well characterized chemi-
cals, even natural substances such as ginseng and green tea,
and it does so if the substance is nominated by anyone, even
by a single anonymous person.
And what of ICCVAM? In a decade, ICCVAM has gone from
beloved baby to Frankenstein monster. Instead of doing the
job the US Congress intended it to do — namely to facilitate
the incorporation of non-animal methods into government
regulatory programs — it has become the chief obstacle in the
US to the use of non-animal testing methods.
Recently, ICCVAM rejected the work of a consortium of
companies that worked together to develop a non-animal
method for assessing eye irritation. The work was so prom-
ising that the EPA launched its own pilot program, accepting
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data using this method. So, now the EPA is making more
progress than the federal entity whose job it is to do so.
Another shameful example is that nine years ago, an inter-
national workshop concluded that in vitro cytotoxicity could
be used immediately as a dose setting measure to reduce the
number of animals poisoned in lethal dose tests. The experts
also concluded that, with interest and funds, the test could be
validated as a complete replacement method for lethal dose
tests within 2-3 years. Yet it took until 2008 for ICCVAM to
issue formal recommendations to agencies to use the cytotox
method and then only as a reduction method to set the start-
ing dose for poisoning animals.
NIEHS has not made appropriate funding of ICCVAM a
priority, and ICCVAM does not do the sort of independent
research performed by ECVAM and ZEBET. It appears that
ICCVAM members, who are drawn from the federal agen-
cies, are being allowed to misuse ICCVAM to perpetuate
their antiquated biases in favor of animal tests. This is evi-
dent through ICCVAM’s continued presumption that ani-
mal tests are the “gold standard” of toxicology to which all
non-animal assays must measure up (or down as the case
may be) and through emails leaked to PETA in which IC-
CVAM representatives discuss circling the wagons against
evidence-based toxicology. It should therefore come as no
surprise that the US lags so far behind Europe and some
other countries, not only in real football but in implementing
non-animal testing methods too. We documented that dis-
grace in an extensive report last year that ended up on the
front pages of the Washington Post.

5.The current US toxic chemicals legislation, the Toxic Sub-
stances Control Act, is about to be revised. While this is sure
to lead to requirements for information similar to REACH
in the EU, it also provides an unprecedented opportunity to
incorporate these new approaches and new technology into
toxics legislation — something we at PETA are working hard
to do and which you will hear about in the next session on
chemicals and pesticides.

6.1In Europe, there is much work to be done as well. In spite of
the deadlines imposed by the Cosmetics Directive to elimi-
nate animal testing and a number of EU initiatives, there
are still no accepted alternatives for eye irritation nor any
completely non-animal methods for acute toxicity, and non-
animal replacements for chronic and developmental toxicity
will not be in place for the 2013 deadline. REACH will have
an enormous impact on the number of animals used in test-
ing. There are some animal reduction provisions in REACH,
but with thousands of chemicals requiring base data sets by
2010, there will be animal suffering on an unprecedented
scale.
Even without REACH yet in full swing, the numbers of ani-
mals used in the UK has risen every year since 2000, with
a dramatic increase of 42% in the past decade. Most of this
is due to the increasing use of transgenic mice — with thou-
sands of them being used to breed and maintain each line —
even though these so-called “models” of human disease are
of questionable relevance. And in spite of public support for
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a ban on primate experiments, the use of primates in the UK
actually rose 16% in 2008 over 2007. Surely, intelligent and
dedicated people can find a way to reverse this trend.

While the continuing revision of Directive 86/609 provides
an opportunity to address long-standing problems with the
use of animals in European experiments, there is a worri-
some de-regulatory agenda that threatens to gut the proposal
of its most progressive measures. Europe must not miss the
opportunity to put in place a rigorous and comprehensive
system of regulation that reduces animal suffering; fosters
the development, validation, regulatory acceptance, and up-
take of replacement methods; and, most importantly, pro-
vides the basis on which meaningful progress will be made
towards the goal of eliminating all animal experiments as
soon as possible.

That is the end of the list.

6 Passing the final exam in the history of
mankind

One good thing that came out of the 1960s, and I’'m not talk-
ing about tie-dye, was the expression, “If you aren’t part of
the solution, you are part of the problem.” Society is deeply
indebted to each of you who are part of the solution. Those of
you who are in government, it is vital to rock the boat; those
of you who are on committees and in funding agencies who
opine that animal tests are not only ethically flawed but often
conducted out of habit, obstinacy, laziness, and because no one
has spoken up, thank you for living.

Now, let me return to where I started. If we believe what so-
cial scientists have told us — that ordinary humans are capable
of extraordinary cruelty — we must recognize that laboratories
are exactly the place where such things will occur. It is not
enough to regulate vigorously, although we must do at least
that. As a group, human beings are far too tolerant of cruelty
and far too unpredictable to be entrusted with the lives of truly
vulnerable beings, yet we are in that position and must be vigi-
lant about our conduct.

And finally, if you are thinking, “What was that bit about
Brueghel’s Two Monkeys?” — it refers to the poem by Wislawa
Szymborska, who wrote:

This is what I see in my dreams about final exams;

Two monkeys, chained to the floor, sit on the windowsill,

The sky behind them flutters,

The sea is taking a bath.

The Exam is the History of Mankind

I stammer and hedge.

One monkey stares and listens with mocking disdain,

The other seems to be dreaming away —

But when it’s clear I don’t know what to say

He prompts me with a gentle

Clinking of his chain.

The animals are all around us, intelligence and emotions shin-
ing from their eyes. They are prompting us — with the clinking
of their chains — to lead a life we will be proud of when the
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time comes, as it always does to mortal beings, to take that
final exam.

No one knows when that will be, but a time will come to all
of us — those of us who answer to a god and those of us who
answer to ourselves — when we look back on our careers and
our lives with pride or with regret.

Society’s ethical values expand as we come to understand
that we not only have the capacity but are duty-bound to ex-
tend consideration beyond just ourselves, our families, our
races, and, without a doubt, our species. To understand, as Dr.
Albert Schweitzer said, “Ethics are complete, profound and
alive only when addressed to all living beings.”

To put it in practical perspective, I was in England recently
and, as [ was reading the Sunday paper, I came across a column
written about dogs. The columnist wrote: “Contrary to what
Buddhists would have you believe, remember, a dog is just a
dog: he will never write a great book or compose a great sym-
phony." I thought “Hang on a minute!” I'm going to bet that
this columnist will never write a great book or compose a great
symphony, and one thing I know is that he will never detect a
cancerous tumor with his nose, and he certainly wouldn’t be
able to find his way home over hundreds of miles without the
benefit of a GPS, a map, a street sign or advice from another
human being. Perhaps what separates humans from other ani-
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mals is the desperate quest that our species has to find some-
thing that distinguishes us from the other animals.

Maybe the question should be “When will we all start seeing
ourselves as just one of the many musicians in this vast orches-
tra of life, one no more special than the others?”

When we take those final exams, may we all be able write
that we contributed to the History of Mankind by bravely con-
fronting our biases and by helping our species evolve from
undisciplined bully to compassionate citizen. May we be able
to say that each of us had the nerve, the backbone, the princi-
ple, and the vision to say what needs to be said about the use
of animals, the suffering of animals, and the appropriateness
of the behavior of those around us. I wish you all the best in
everything you do to pass that exam.

Correspondence to

Ingrid E. Newkirk, President

People for the Ethical Treatment of Animals
501 Front Street

Norfolk, VA 23510

USA

e-mail: jessicas@peta.org
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Timeless Insights and Unheeded Warnings
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Summary

In The Principles of Humane Experimental Technique, Russell and Burch said that “the central problem is
that of determining what is and what is not humane, and how humanity can be promoted without prejudice
to scientific and medical aims” . They then explained how the Three Rs can be used to diminish or remove
direct inhumanity ( “the infliction of distress as an unavoidable consequence of the procedure employed”)
and contingent inhumanity (“the infliction of distress as an incidental and inadvertent by-product of the use
of a procedure”). They concluded that “Replacement is always a satisfactory answer, but Reduction and

Refinement should, whenever possible, be used in combination” .

Many of the commonsense insights in The Principles are no less relevant today than they were in 1959.
However, their warnings about the limited value of models and, in particular, the danger of succumbing
to the high-fidelity fallacy (whereby it is assumed that the best models for humans are always placental
mammals, because they are more like humans than other animals), appear to have largely gone unheeded.
Of particular importance is their discussion on toxicity testing, which they saw as one use of laboratory
animals “which is an urgent humanitarian problem, for it regularly involves considerable and sometimes
acute distress”. How, then, can it be that mammalian models are still routinely used in attempts to detect
chemical carcinogens and reproductive toxins, despite the fact that the relevance to humans of the data
they provide has not been, and perhaps could never be, satisfactorily established? Nevertheless, there
are signs that some significant changes in attitude are taking place, particularly in the USA, which could
be more in line with the main thrust of The Principles, the belief that good science and human technique

inextricably go hand-in-hand.

Keywords: animal experimentation, reduction, refinement, replacement, Russell & Burch, Three Rs, toxicity

testing

1 Introduction

On 21 August 2007, in Tokyo, Japan, during the Opening Cere-
mony of the 6" World Congress on Alternatives and Animal Use
in the Life Sciences, we paid tribute to the rich and varied life of
W. M. S. Russell, who, with R. L. Burch, gave us the Three Rs
concept, in their book, The Principles of Humane Experimental
Technique (Russell and Burch, 1959; Balls, 2008). Now, two
years later, in Rome, Italy, toward the end of the 7 Congress,
we are celebrating the 50 anniversary of the publication of The
Principles.
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I firmly believe that The Principles contains timeless insights
into how we should think about the use of laboratory animals for
research and testing, which are as relevant today as they were
in 1959, and which can guide us as we seek to achieve genu-
ine progress, whilst maintaining the highest standards in terms
of both scientific methodology and animal welfare. The book
also contains warnings about how fundamental mistakes can be
made, which compromise the value of the science and threaten
the welfare of the animals.

My concern is that, although a large number of people
say they are committed to supporting the Three Rs concept
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of Reduction, Refinement and Replacement, as put forward
by Russell and Burch, most of them are unaware of the de-
tailed implications of these insights and warnings, because
they have not read the book itself. The result is that I am
disappointed that the great benefits afforded by a careful
consideration and dedicated application of The Principles
have not been achieved. I therefore hope that this Congress
will mark a new beginning — a much-needed, renaissance of
the Three Rs.

As one of the initiatives to celebrate its own 40™ anniversary,
FRAME has made an abridged version of The Principles avail-
able, with the cooperation and support of Cleo Paskal, W. M. S.
Russell’s Literary Executor. The principal aim of The Three Rs
and the Humanity Criterion (Balls, 2009) is “to seek to retain
the remarkable concepts and flavour of the original, whilst clari-
fying some of the English language employed, as well as reduc-
ing some of the lengthy discussions based on uses of animals in
the 1950s which are no longer practised”.

What I plan to do here, is to list some of the insights, then say
why the failure to heed some of the warnings severely limits
the impact of the Three Rs, and, as a result, compromises the
high standards of scientific practice and animal welfare which
Russell and Burch sought. Quotations from The Principles are
shown in italics in the sections 2 to 4.

2 The insights

The main principle on which Russell and Burch based their

analysis is that it is widely recognised that the humanest possi-

ble treatment of experimental animals, far from being an obsta-
cle, is actually a prerequisite for successful animal experiments.

They considered the central problem to be that of determining

what is and what is not humane, and how humanity can be pro-

moted without prejudice to scientific and medical aims.

They began with the concept of inhumanity and its relation
to those of pain and distress, then turned to the positive aspect
— the analysis of methods of diminishing inhumanity in experi-
mentation.

They said that we must first distinguish direct and contingent
inhumanity. By the former, we mean the infliction of distress as
an unavoidable consequence of the procedure employed. By the
latter, we mean the infliction of distress as an incidental and
inadvertent by-product of the use of the procedure, which is not
necessary for its success.

Their thesis was that inhumanity can be, and is being, dimin-
ished or removed under the three broad headings of Replace-
ment, Reduction, and Refinement — the Three Rs of humane
technique:

— Reduction means reduction in the numbers of animals used to
obtain information of a given amount and precision.

— Refinement means any decrease in the incidence or severity of
inhumane procedures.

— Replacement means the substitution for conscious living
higher animals of insentient material. It is always a satisfac-
tory answer, but reduction and refinement should, wherever
possible, be used in combination.
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3 The warnings

The Principles also contains a number of important warnings,
but it will only be possible to discuss two of them here.

First, the tendency to misunderstand the nature of models,
and especially, the use of animals as models for man: A perfect
model of the human organism would obviously be indistinguish-
able by any test from its original. Any other in vivo model must
depart in some degree from the original. There are two factors
governing the way in which the model differs from the original.
Fidelity means overall proportionate difference, and discrimi-
nation means the extent to which the model reproduces one par-
ticular property of the original.

The point is that, however great the overall similarity be-
tween the original and a model may be, if there are significant
differences in the specific properties being studied, the model
will not be useful. Also, however, great the differences between
the original and a model may be, if there are sufficient similari-
ties in the specific properties being studied, the model may be
a useful one. Clearly, high fidelity/high discrimination models
are most useful, but, where this is not possible, a low fidelity/
high discrimination model is preferable to a high fidelity/low
discrimination one.

Russell and Burch go on to say that Progress in replace-
ment has been restricted by certain plausible, but untenable
assumptions about models, which have led to the high-fidelity
fallacy. The major premise is that the highest possible fidelity
is always desired in medical research and testing, and that, for
man, a member of another placental mammal species would
be a model of higher fidelity than a bird or a microbe. This
assumption can have disastrous consequences in terms of the
data produced, and can also lead to unnecessary, and therefore
unacceptable, animal suffering.

Most of the macaques used in the UK are involved in toxicity
testing for the pharmaceutical industry. When asked about the
16% increase in 2008, a senior scientist from Global R&D of
a leading pharmaceutical company said that this was driven by
a move toward more biological medicines (Gill, 2009): “These
treatments need to be tested in a human-like model, and old
world primates are closer relatives of humans than new world
primates.” But what about the TGN 412 scandal, where the
“human-like model” did not reveal the acute adverse effects
of this humanised product, which later occurred in human vol-
unteers? Macaques should not be used merely because of their
overall similarity to humans, but only when it has been estab-
lished, in advance, that they are appropriate models for use in
a particular study.

Russell and Burch were concerned about toxicity testing on
more-general grounds, since they considered it to be an urgent
humanitarian problem, for it regularly involves considerable and
sometimes acute distress, and to be an activity where the high-
fidelity fallacy may be more prevalent and influential at the legal
level, rather than at the laboratory level. They clearly foresaw
the problem of persuading regulators to accept the use of scientif-
ically-advanced, replacement alternative methods instead of the
animal tests with which they are more comfortable.
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Fig. 1: Numbers of scientific procedures on living animals in
Great Britain, 1987 to 2008*.

4 Progress of the Three Rs

4.1 Reduction

At the 5™ World Congress, in Berlin in 2005, I said that “the
progressive reduction in the numbers of animal experiments
which had been foreseen when the new legislation was passed
in the 1980s seems to have come to an end, especially as more
and more mice are sacrificed on the altar of genetic exploitation.
Also, far from working together toward the zero option of the
use of non-human primates, there is pressure to build more and
more primate research centres (Balls, 2006).” Sadly, the situa-
tion has worsened since 2005, rather than improved.

In Britain, the number of scientific procedures on living ani-
mals in 2008 was higher than the number in 1987 (Anon, 2009),
the first year after the Animals (Scientific Procedures) Act 1986
came into force (Fig. 1), and the number of procedures applied
to old world primates (macaques) in 2008 (4230) was much
higher than in 1987 (2470; Fig. 2).

The situation in Britain is no doubt mirrored in other coun-
tries, and the production and use of genetically modified mice
is widely used to excuse the overall situation. The chilling pros-
pect is that there is much worse to come, given a recent report in
Nature (Abbot, 2009): “European investment could see knock-
out rats catching up with mutant mice in medical research. The
European Commission has approved the world’s first major sys-
tems-biology programme to study the rat. Known as EURAT-
RANS - for European large-scale functional genomics in the rat
for translational research — the multimillion-€ project includes
collaborators in the United States and Japan.” Will this be fol-
lowed by a move to set up programmes for producing large
numbers of transgenic non-human primates?

One of the main scientific points of emphasis in The Principles,
the need for high quality experimental design and statistical anal-

Fig. 2: Numbers of scientific procedures on macaques in
Great Britain, 1987 to 2008*.

ysis, has been largely ignored. Indeed, there is much evidence to
support the contention that scientists, regulators, universities, in-
dustries, governments and grant-giving bodies are content to tol-
erate bad science. There are some praiseworthy efforts to redress
this situation, such as the training schools run by the FRAME
Reduction Steering Committee, in collaboration with the Univer-
sity of Manchester, and with the support of the European Com-
mission’s COST programme (Howard et al., 2009).

Virtually no time has been specifically devoted to Reduction
at this 7 World Congress, so it is impossible to avoid the con-
clusion that it is the forgotten R, even though Russell and Burch
saw it as of great importance, and of all the modes of progress, it
is the one most obviously, immediately, and universally advan-
tageous in terms of efficiency.

4.2 Refinement

There has been considerable progress concerning the husbandry
and use of laboratory animals, not least because of greater rec-
ognition of the importance of laboratory animal technicians and
laboratory animal veterinarians.

That is to be welcomed, but there is also a danger that refine-
ment can be used as a convenient way of showing commitment
to the Three Rs, whilst ensuring that animal experimentation is
seen as respectable and can be allowed to continue, while the
fundamental ethical questions raised by it are avoided.

This is not my area of expertise, so I will not dwell on
it further. However, I do wonder whether the activities linked
to ethical review processes and institutional animal care
and use committees, however positive they may be in terms
of refinement, have any significant effects in relation to reduction
and replacement. We should remember that Russell and Burch
said that, in general, refinement is never enough, and we should
always seek further for reduction and if possible replacement.

* Figures 1 and 2 were kindly provided by Michelle Hudson, and are based on the annual statistics of animal procedures regulated
under the terms of the Animals (Scientific Procedures) Act 1986, published each year by The Stationery Office, London.
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4.3 Replacement

The position adopted by academia and research-funding bodies
has long been that new techniques emerge during the natural
development of a science, so deliberately seeking replacement
alternatives for the vast array of procedures applied to labora-
tory animals in the basic sciences is not necessary. However, it
could be argued that the legislation which regulates animal ex-
perimentation imposes legal and ethical obligations on all con-
cerned, which should not be so easily avoided. From the scien-
tific point of view, the high-fidelity fallacy deserves far greater
recognition and resultant action, especially in the case of animal
models of human disease, where insufficient about the disease
is known for sound judgements to be made about the relevance,
or otherwise, of the model.

Nevertheless, it is toxicity testing where, as Russell and Burch
recognised, the greatest concerns arise. For example: Why is it
believed that the rodent bioassay can tell us what chemicals are
likely to be carcinogenic in humans, when dosing is based on
the maximum tolerated dose, and the mouse is a poor model for
the rat and vice versa? Why is it believed that the current regu-
latory reproductive toxicity tests can tell us what chemicals are
likely to be reprotoxic in humans, when so many false positives
and false negatives occur that it is impossible to judge whether
the test procedures can even identity reprotoxins in the animal
models themselves? Why are animal data still widely regarded
as the “gold standard” to be matched by non-animal tests, when
the reliability and relevance of the tests concerned cannot be es-
tablished, even for the animals? The Draize rabbit eye irritancy
test data are so variable that the test cannot reliably be used to
identify potential eye irritants in rabbits, so why is it believed
that the data have any relevance to humans?

5 Moving backward in Europe

Despite much positive talk by politicians and senior officials
about the importance of the Three Rs and their commitment
to them, it could be argued that, in actual fact, Europe is go-
ing backwards. The great promises of the 1990s have not been
delivered. Three examples will suffice, although this is not the
place to discuss them in detail.

1. The REACH system: totally unworkable, proposed by ill-in-
formed ambitious civil servants, taken up by ill-informed am-
bitious politicians, and then by ill-informed ambitious govern-
ments. It was clear from the early drafts of the Commission’s
White Paper that nobody had any coherent or defensible idea
of the numbers of chemicals that would need to be registered,
the number of additional animal tests that would be required,
or how human health and the environment would be afforded
greater protection. There was no mention of non-animal tests
or their validation. Later on the potential value of replacement
alternatives was grudgingly accepted, and, as it became clear
that the numbers and costs of various aspects would be much,
much higher than had been expected, they came to be seen as a
way of saving face and reducing embarrassment. We now have
an expensive agency in Helsinki, which is producing thousand
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upon thousand of “guidance” documents. What is the value of
accumulating so-called “missing” data, if its value and gen-
uine usefulness have not been established? There is a likeli-
hood that, since the science is being driven by the politics,
the validation process itself will be corrupted. Instead of wait-
ing until they have been independently shown to be reliable
and relevant for their stated purposes, replacement alternative
tests may come to be accepted because they are “suitable” (i.e.
politically convenient). But aren’t plausibility and suitability,
based on the high-fidelity fallacy, among the reasons why we
have so many useless animal tests? What will be the conse-
quences, if “suitable” tests are found, in time, to have been
“unsuitable” after all, and who will accept the responsibility
for their failure?

2. The 7" Amendment to the Cosmetics Directive: a ruse of
no value, seemingly designed to convince politicians and a
gullible public that something is being done. The situation
with regard to cosmetic ingredients is no less unsatisfactory.
Many of the chemicals used in cosmetics are also used for
other purposes, and the REACH system will apply to them.
If the testing of cosmetic ingredients in compliance with the
Cosmetics Directive comes to be banned, which companies
will admit to doing any animal testing for that purpose?
Won'’t they say that the testing was done for compliance with
the REACH system, and won’t some of them try to stick
to “not tested in animals for cosmetics purposes” labelling,
while conveniently and dishonestly omitting the last three
words? In addition, the definition of a “cosmetic” used in Eu-
rope is increasingly unsatisfactory, as cosmetic products are
produced which actively alter the biological properties of the
components of the skin.

3. Draft proposals for a Directive to replace Directive 86/609/
EEC: one of the worst pieces of draft legislation ever published,
which even foresees circumstances in which Member States
could permit experiments on Great Apes. The Commission’s
proposals were produced after years of discussion with all kinds
of stakeholders, but what emerged was not a draft directive at
all. Rather than having its intentions spelled out clearly, in a way
which could be implemented as a law, the result was a curate’s
egg mishmash of ideas which were either ill-conceived or in
need of further discussion and development. As a result, hun-
dreds of amendments have been put forward, and the result is a
threat to both good science and sound animal welfare. Despite
this totally unsatisfactory situation, there is great political pres-
sure to get something in the statute book.

I mention these three points, because I fear that they illustrate
the fact that Europe is going down a slippery slope as far as the
Three Rs and a sensible balance between science and animal
welfare are concerned. In the long run, fine words and catchy
slogans count for nothing — it is sustainable actions of high
quality that matter. As Jesus said, “Ye shall know them by their
fruits” (Matthew’s Gospel, 1611 translation). The problem is,
who has the power and the desire to intervene and see that the
downward trend is reversed?

ALTEX 27, Special Issue 2010



PLENARY LECTURES — BALLS

&

6 Moving forward in the USA?

Meanwhile in the USA, a number of very promising develop-
ments are taking place, and in particular, the follow up to the
publication by the US National Academy of Sciences of Toxic-
ity Testing in the 215t Century — A Vision and a Strategy (Na-
tional Research Council, 2007) and by the US Food and Drug
Administration of the Critical Path Initiative (FDA, 2004).
What these two documents have in common is the recognition
that animal models can no longer be relied on in drug develop-
ment and in toxicity testing in general, and that more effort
should be put into the development, evaluation, acceptance
and use of what we would describe as replacement alternative
methods and strategies, particularly when they are of direct
relevance to humans.

To be fair, I must recognise that promising developments are
also taking place in Europe in relation to speed and safety in
drug discovery, as was shown, for example, at a symposium
held in London in 2008 (Gard and Clotworthy, 2009).

7 Concluding remarks

The published proceedings of the 7" World Congress will re-
veal a wealth of activity, mainly focused, perhaps, on the possi-
bility of replacing animal procedures by more-modern methods,
based on the remarkable progress being made in cellular and
molecular biology. In a way, then, the Three Rs concept is to the
fore as we celebrate the 50" anniversary of the publication of
The Principles.

Nevertheless, as I have pointed out, there are grave causes for
concern, especially as the number of animal procedures con-
ducted each year continues to increase, and legislative changes,
especially in Europe, threaten to perpetuate and expand that in-
crease even more.

I hope that many of the grandiose statements made in apparent
support of good and ethical science based on the Three Rs will
lead to identifiable and excellent outcomes, which will demon-
strate a genuine renaissance in line with Russell and Burch’s
outstanding concept.

In particular: significant reduction in animal use should be
achieved, without further delay, through better experimental
design and statistical analysis; refinement, however welcome,
should not be seen as an end in itself; and much greater resourc-
es should be invested in the dedicated search for replacement
alternatives. Meanwhile, Russell and Burch’s warning about the
high fidelity fallacy should be taken much more seriously and
acted upon.

The way in which Russell and Burch put it cannot be repeated
too often: If we are to use a criterion for choosing experiments,
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that of humanity is the best we could possibly invent. The great-
est scientific experiments have always been the most humane
and attractive, conveying that sense of beauty and elegance
which is the essence of science at its most successful.

So, let us all take this opportunity to renew our commitment
to live up to this ideal, with total sincerity, then go home, and
get on with the job.
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The Principles of Humane Experimental Technique:

Is It Relevant Today?
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Summary

In the section on replacement in their 1959 book, The Principles of Humane Experimental Technique, Bill
Russell and Rex Burch state: “As new fields of biology open in the future, it may become a matter

of routine to apply the lessons of the past and turn as soon as possible to the techniques of replacement.”
They foresaw in vitro techniques, in their infancy at that time, as the science of the future. Today, in the US,
the National Academy of Sciences publication of Toxicity Testing in the 215 Century: A Vision and a
Strategy proves their point. This pivotal publication recognizes that the future of toxicity testing lies in the
use of human cells in culture and in methods that Bill Russell and Rex Burch could not have possibly
conceived of in 1959 but which they identified generically as “the future.”

To truly establish this 215! Century approach will require very specific training in translational toxicology
(the use of clinical observations to develop in vitro methods to understand pathways and systems biology),
the development of transnational programs, and ways to evaluate the accuracy, validity and importance

of new and/or traditional studies. These evaluations are known at evidence-based toxicology (EBT).
Science is “the art of the question.” The concepts identified above are the tools to answer these questions
— and to lead us to the next round of questions. The principles that Bill Russell and Rex Burch developed
during the 1954-59 writing of “The Book” may be more important today than ever before. They argued that
the newest science, the most humane science is also the very best science. This hypothesis is being proven

now, as each of us contributes to the world’s body of knowledge.

1 Introduction

On this the 50" anniversary of Bill Russell and Rex Burch’s
book, The Principles of Humane Experimental Technique (The
Principles), I share the honor, with Michael Balls (FRAME), of
presenting my thoughts on the relevance of this landmark publi-
cation to the conduct of science today. In brief, these Principles
are more important than ever.

I had the pleasure of meeting Bill Russell and his wife Claire
in their home in Reading, England in 1992. I met Rex Burch
a few days later in Sheringham, England. With each of them,
I shared stories, books, news clippings, and other publications
illustrating the profound impact of their book, The Principles of
Humane Experimental Technique, over the 30-plus years since
its publication.

I visited Bill and Rex shortly after I was awarded the Russell
and Burch Prize by the HSUS in 1991. At this point, Bill and Rex
had not seen each other since the publication of their book. The
two scientists went their separate ways, and neither had any idea
of the impact of their work until Martin Stephens of the HSUS
called them to get approval to use their names on the award.

Many of us subsequently had the pleasure of getting to know
Bill, and those interactions have been amply recorded in two
sets of publications — both of which are readily accessible in
ATLA. The first is a series of obituaries of Bill, collected shortly
after he died (Balls et al., 2006). The second is a collection of
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personal reflections given as part of FRAME’s 40! Anniversary
celebration (2009, in press).

Rex Burch, on the other hand, is less well known. Unfortu-
nately, few of us had the opportunity to spend much time with
him. When I met Rex, he was the sole owner and sole employee
of a small microbiology testing laboratory in the basement of
the Town Hall of Sheringham, England. Since it was a one-per-
son operation, Rex worked 7 days a week, 52 weeks a year. He
was an exceedingly gracious host.

Rex’s contribution to The Principles of Humane Experimen-
tal Technique lay primarily in conducting interviews and col-
lecting data. We have little knowledge of his role in the plan-
ning of the book, organization of material, or actual writing of
the manuscript. Perhaps, as the Russell archive is evaluated, we
may learn more.

Michael and I each will share how we see the impact of The
Principles. I have chosen to address the relevance of Bill and
Rex’s thinking and why their book is a monumental contribu-
tion that anticipates where we are today.

To answer the question, is The Principles relevant today, I
will focus on four areas of activity essential to the future of in
vitro sciences as they apply to Toxicology and Risk Assessment.
These areas are: 1) training of scientists; 2) The NAS report:
Toxicity Testing in the 21 Century; 3) the Transatlantic Think
Tank for Toxicology (t4): working together; and 4) humane sci-
ences: the art of the question.
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2 Training of scientists

The principles of humane experimental technique reside in two
concepts: humane science is the best science, and to practice
humane science one must incorporate the 3Rs: reduction, re-
placement, and refinement. I list them alphabetically, rather than
in the order suggested by The Principles, to emphasize that all
Three Rs are critically important to good science (Goldberg,
2004).

Most scientists have not been taught the 3Rs or the principles
one must follow to practice humane science. For most, humane
science is the untaught standard that the scientist strives for.
Bill Russell and Rex Burch provided the tools; now we must
make sure these tools are made available to all scientists. We
also must make sure that we teach our students that failure to
practice the most humane science can and will compromise the
quality of their results.

I have the privilege of co-teaching a course titled “Animals
in Research: Science, Policy and Law.” It is offered twice per
year — once as a classroom course and once as a distance educa-
tion course with electronic communication and live talks. In the
past two years, about 50 students have taken the course. These
students get it. Their questions, their discussions, and their de-
fense of proper use of animals in research all tell me that animal
research will only be accepted if humane science is practiced.

3 Toxicity Testing in the 215t Century: a Vision and
a Strategy

The US Environmental Protection Agency (EPA) contracted
with the National Academy of Sciences (NAS) to address the
question of what toxicology testing will look like in the 21 cen-
tury. The resultant final publication is remarkable (Committee
on Toxicity Testing and Assessment of Environmental Agents,
NAS, 2007). It truly looked into the future and suggested a clear
and uncompromising path to fulfill the vision. The publication
has been widely recognized prior to this meeting, and at this
meeting several awards have been presented to the Academy
and the Authors.
The report has four basic conclusions:
— Animal research is expensive
— Animal research is not always predictive of human conse-
quences
— The future of toxicology lies in the use of human cell systems
in culture
— To understand toxicity we must understand pathways (mecha-
nisms) and systems biology
These are the same concepts that the Johns Hopkins Center
for Alternatives to Animal Testing (CAAT) has focused on since
our founding in 1981. From the outset, we funded research on
mechanisms and human cells in culture. I wish I could take
credit for all of it, but the Advisory Board of CAAT was more
than a co-equal partner.
Two additional aspects of a 215 Century toxicology warrant
consideration here: translational toxicology and evidenced-
based toxicology (EBT). The NAS report does not directly ad-
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dress these topics, but both are important as we complete the
paradigm shift in toxicology.

Translational toxicology involves, first, using observations
in clinical or toxicological events and designing in vitro and/
or mechanistic approaches to understand the observation; then,
using the newly developed in vitro methods to evaluate differ-
ent chemicals with these methods; and finally, developing ap-
proaches to predict in vivo consequences from in vitro data.
Clear examples of this approach have been developing over the
last few years (Sawada et al., 2005).

Evidence-based toxicology is an extension of evidenced-
based medicine. It is a structured approach to literature evalua-
tion. Evidenced-based approaches serve to eliminate studies that
do not meet the criteria for inclusion in summary evaluations
and to strengthen those studies that do meet the criteria. Studies
or methods that do not have scientific validity or scientific rigor
are eliminated. In clinical medicine this allows one to identify
“best” treatment options. In toxicology it will allow better risk
assessment and management of chemicals. One example of an
evidenced based approach is the Cochrane Collaboration (The
Cochrane Collaboration, founded 1993). The Cochrane Collab-
oration provides a wonderful example of the depth of informa-
tion that can be achieved with evidence-based approaches.

The Principles anticipated what has become the toxicology
of the 21% century. It states, “As new fields of biology open in
the future, it may become a matter of routine to apply the les-
sons of the past and turn as soon as possible to the techniques
of replacement” (p.104). Bill and Rex recognized that in vitro
techniques, in their infancy at that time, would become the sci-
ence of the future.

4 t4 - Transatlantic Think Tank for Toxicology

In the early 90s, when I was a Trustee of the Doerenkamp-
Zbinden Foundation, I pushed the foundation to establish en-
dowed chairs in in vitro toxicology to guarantee the future of
the field and to enhance the impact of the foundation’s work.
The first chair was awarded to Marcel Leist at the University of
Konstanz, Germany. My term as a Trustee with the Foundation
was completed, but the idea was in place and well supported.
The next chair was established at the University of Utrecht in
the person of Bas Blaauboer, who was followed most recently
by Thomas Hartung at the Johns Hopkins University.

Prior to his arrival at Hopkins, Thomas had already estab-
lished the Transatlantic Think Tank for Toxicology (t*) to serve
as an incubator for new ideas and to provide a forum where
concepts can be discussed at an international level. Its agenda
is to examine ideas and concepts in light of changing science
and regulation. Thomas asked me to be a principal member of
t*, along with the Doerenkamp-Zbinden Professors. The initial
activities were defined at the time of the 2009 SOT meeting
in Baltimore, as Thomas arrived and was installed officially as
the Doerenkamp-Zbinden Professor and Endowed Chair for
Evidence-based Toxicology.

The first publication identified as coming from the t*, “Re-
evaluation of animal numbers and cost for in vivo tests to accom-
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plish REACH legislation requirements for chemicals — a report
by the Transatlantic Think Tank for Toxicology (t*),” written
by Constanza Rovida and Thomas Hartung, was published in
the 3/09 issue of ALTEX. A two-page version of the paper ap-
peared in Nature (27 August 2009). This paper cogently argues
that, since the initial evaluation of cost and numbers of animals
required to meet the requirements of REACH, many interven-
ing circumstances have resulted in significantly higher figures
on both counts. Rovida and Hartung demonstrate that the actual
costs of meeting the REACH requirements will require some 54
million animals and $ 9.5 billion. Both figures are unacceptable
and undoable. This makes it all the more imperative that we
fulfill the NAS Vision and Strategy.

The t* also will participate in the implementation of the NAS
report, Toxicity Testing in the 21% Century. These related but
separate activities form the basis of the paradigm shift in toxi-
cology. In vitro toxicology has been established on a solid foun-
dation of activities that span the globe. The t* is a major build-
ing block of this foundation.

5 Humane science: the art of the question

As we move from animal studies to in vitro studies, the goal of
humaneness is generally achieved. As Michael Balls points out
in his companion piece, The Principles require that refinement
and reduction be used together.

Science can be defined as the art of the question. The bet-
ter the question, the better the science. Humane science — the
3Rs in practice — requires a very different set of questions. In
the US, the responsibility for posing the appropriate questions
is shared between the investigator and the Institutional Animal
Care and Use Committee (IACUC). The investigator has the re-
sponsibility to ask whether the experiment will answer the ques-
tion asked, whether the species selected is the best choice, and
whether the experimental design, including the number of ani-
mals, is planned so as to maximize the benefits of the question.
The TACUC, by law, does not look at the science. Its role is to
examine whether the above identified parameters are fulfilled. It
asks such questions as: Are methods available that would make
these experiments more humane? Are non-invasive methods
available? Are they being used? Have humane endpoints been
considered? Is this the best approach to answer the question be-
ing addressed?

In The Principles, Bill and Rex hypothesize that humane sci-
ence is the best science. Over the last 50 years, the scientific

ALTEX 27, Special Issue 2010

community has proven their hypotheses to be true. The title of
this talk: The Principles of Humane Experimental Technique: Is
It Relevant Today?

The answer: A resounding yes.
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Calling on Science:

Making “Alternatives” the New Gold Standard’

Melvin E. Andersen

The Hamner Institutes for Health Sciences, Research Triangle Park, NC, USA

Summary

All of life’s great journeys start with a goal in mind! The 2007 NAS report, Toxicity Testing in the 21*

Century — A Vision and A Strategy, has proposed a clear goal. This report envisions a not-so-distant future
where all routine toxicity testing for environmental agents will be conducted in human cells in vitro evaluat-
ing perturbations of cellular responses in a suite of toxicity pathway assays. Dose response modeling would

utilize computational systems biology models of the circuitry underlying each toxicity pathway; in vitro to
in vivo extrapolations would use pharmacokinetic models, ideally physiologically based pharmacokinetic
models, to predict human blood and tissue concentrations under specific exposure conditions. Results from
these toxicity pathway assays and associated dose response modeling tools rather than those from high
dose studies in animals would represent the new gold standard for chemical risk assessment. This talk
focuses on some of the scientific challenges required to make this vision a reality, including characteristics
of assay design, prospects for mapping and modeling toxicity pathways, assay validation, and biokinetic
modeling. All of these tools necessary for this transformation of toxicity testing to an in vitro platform are
either available or in advanced development. Science must lead the transformation. The scientific com-
munity, animal alternatives groups, regulatory agencies, and funding organizations will also have to muster

the resolve to work together to make this vision a reality.

Keywords: gold standard, toxicity pathways, in vitro biology, computational systems biology, toxicity testing

transformation

1 Introduction

This year marks the 50" anniversary of the publication of The
Principles of Humane Experimental Technique by William Rus-
sell and Rex Burch. Their contribution focused attention on the
3Rs —replacement, reduction, and refinement. In toxicity testing,
the primary initiative with the 3Rs in the intervening decades
has arguably focused on reduction of animal usage while holding
firm the belief that results from animal studies provide a “Gold
Standard” for making decisions about possible human health
risks of compounds. The very wording, “alternatives”, has often
been regarded by many in toxicology as those test methods that
will reduce animal usage even though the result from the tests
are not necessarily optimal for risk assessment decision-making.
A second challenge in reduction of animal use through mecha-
nistically-based testing arises from the idea of validating “alter-

natives”. The process of validation with alternatives, in general,
focuses on the ability of a test or a series of tests to give results
consistent with those that would be obtained through testing in
animals. In this context, all alternatives will fall short of the mark
of complete concordance with in vivo outcomes. Are all efforts
to reduce animal use significantly doomed to disaster as they are
dashed against the “gold standard” barrier?

The recommendations of a recent report (NRC, 2007) from the
US National Academy of Sciences, Toxicity Testing in the 215
Century: A Vision and A Strategy argues that it is time to redefine
the toxicity testing paradigm, moving away from high dose stud-
ies in animals to in vitro assays assessing perturbations of toxicity
pathways by environmental agents. In essence, the report sup-
ports a sweeping redefinition of our “gold standard.” The author
of this present paper was a member of the NAS toxicity testing
committee. Since the publication of the NAS report in June 2007,

1 Several of the ideas in the introductory portion of this paper reflect those from two previous contributions (Krewski et al., 2009;
Andersen and Krewski, 2009). The interested reader should also consult these two papers.
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several of the NAS committee members have presented aspects of
the report at more than 40 venues in North America and Europe.
These presentations and the lively debate engendered on these oc-
casions have sharpened ideas about the use of results from in vitro
toxicity pathway assays in risk or safety assessments. The NAS
report, although published in 2007, was essentially completed in
fall 2006. Advances in several key technologies in the past three
years — especially stem cell biology, computational systems biol-
ogy, and pathway mapping and modeling — appear likely to be
key catalysts for moving the vision forward. Finally, the transfor-
mation from current, traditional approaches to new in vitro meth-
ods based on human biology will not come easily. Who will step
up to assist in the transformation to a new approach to testing and
risk assessment? Several initiatives within the United States, both
in federal government research organizations and in the private
sector, look likely to accelerate implementation. These topics —
(1) the recommendations from the NAS report, (2) the manner
in which the in vitro toxicity pathway data can be organized for
risk/safety assessments, (3) the call to the alternatives community
to embrace 21% century computational and bioinformatics meth-
odologies in designing and interpreting in vitro results, and (4)
the institutional opportunities to accelerate implementation of the
NAS vision — are discussed in turn in this current paper.

2 Toxicity Testing in the 215t Century:
a Vision and a Strategy

The US Environmental Protection Agency and the US National
Institute of Environmental Health Sciences asked the US National
Research Council (NRC) to provide guidance on new directions
in toxicity testing, incorporating emerging technologies such as
genomics and computational systems biology into a new vision
for toxicity testing. In 2004, the NRC convened a 22 person com-
mittee for this purpose (Tab. 1). The committee produced two
reports. The committee’s interim report (NRC, 2006) provided
an overview of testing methods and approaches that could incre-
mentally improve traditional toxicity testing. This report noted
that health protection agencies and the public had experienced
increasing frustration with the failure of current approaches to
toxicity testing to provide timely, relevant information to sup-
port informed regulation of environmental agents. These toxicity
testing strategies relied primarily on the observation of adverse
health responses in laboratory animals treated with high doses
of these agents. Estimating risks to human populations based
on high dose animal studies require difficult extrapolations, first
from high doses to environmental levels that are usually orders-
of-magnitude lower than those used in the animal studies, and
then from animals to humans. These traditional toxicity testing
approaches and methods for their interpretation date back some
30 to 60 years, and were developed at a time when knowledge
of biology — and of the manner in which chemical exposures
perturbed biological processes — was primitive. While there
have been steady, incremental improvements in toxicity testing
over the years, there has been no comprehensive evaluation of
the manner in which advances in cellular and molecular biology
might improve toxicity testing practices.
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The final report of the toxicity testing committee (NRC, 2007)
outlined design criteria that needed to be considered in any
revisions of practices for toxicity testing. In choosing among
various toxicity testing options, four criteria are important: (1)
achieving broad coverage of chemicals, chemical mixtures, out-
comes, and life stages, (2) reducing the cost and time required
for toxicity testing, (3) developing a better scientific basis for
assessing human health effects of environmental chemicals,
including knowledge of modes of action, and (4) minimizing
use of animals in testing. The consideration of how these crite-
ria should guide a modern approach to toxicity testing led the
committee to propose a new framework for toxicity testing that
would entail a major overhaul of current practice.

Toxicity testing and targeted in life studies

The NAS committee vision consisted of several key technology
areas (Fig. 1). While also including in silico methods for assess-
ing structure activity relationships and population assessments,
the transformative parts of their new toxicity testing paradigm
was the types of toxicity testing and the manner in which results
from these tests could be organized to support human health
risk assessment. This vision centers on defining dose-response
relationships for toxicity pathway perturbations that would be

Tab. 1: The Roster of the NRC Toxicity Testing Committee

Daniel Krewski (Chair), University of Ottawa, Ottawa, ON

Daniel Acosta, Jr., University of Cincinnati, Cincinnati, OH

Melvin Andersen, The Hamner Institutes for Health Sciences,
Research Triangle Park, NC

Henry Anderson, Wisconsin Division of Public Health, Madison, WI

John Bailar lll, University of Chicago, Chicago, IL

Kim Boekelheide, Brown University, Providence, Rl

Robert Brent, Thomas Jefferson University, Wilmington, DE

Gail Charnley, HealthRisk Strategies, Washington, DC

Vivian Cheung, University of Pennsylvania, Philadelphia, PA

Sidney Green, Howard University, Washington, DC

Karl Kelsey, Harvard University, Boston, MA

Nancy Kerkvliet, Oregon State University, Corvallis, OR

Abby Li, Exponent, Inc., San Francisco, CA

Lawrence McCray, Massachusetts Institute of Technology,
Cambridge MA

Otto Meyer, Danish Institute for Food and Veterinary Research,
Soborg, Denmark

D. Reid Patterson, Reid Patterson Consulting, Inc., Grayslake, IL

William Pennie, Pfizer, Inc., Groton, CT

Robert Scala, Exxon Biomedical Sciences (Ret.), Tucson, AZ

Gina Solomon, Natural Resources Defense Council,
San Francisco, CA

Martin Stephens, The Humane Society of the United States,
Washington, DC

James Yager, Jr., Johns Hopkins University, Baltimore, MD

Lauren Zeise, California Environmental Protection Agency,
Oakland, CA
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Fig. 1: Components of the vision for Toxicity Testing in the
21st Century (NRC, 2007).

The key elements in this proposal are related to Toxicity Testing,
which includes the types of in vitro tests and short term

in vivo tests to evaluate perturbations on toxicity pathways, and
Dose-Response and Extrapolation Modeling, which provides
the requisite tools for interpreting toxicity testing results for
assessing human health risk assessment. Reproduced from
the NRC report (NRC, 2007) with permission.

expected to lead to adverse health outcomes if the perturbations
were maintained in vivo at a sufficient level of intensity and for a
sufficient duration of exposure. The key component of the vision
is assaying perturbations of toxicity pathways, which are simply
normal biological signalling pathways that may be perturbed by
chemical exposures. Toxicity pathway testing would require a
suite of in vitro tests that could identify the range of significant
perturbations of human pathways that might occur as a result of
chemical exposure (Fig. 2). Biologic responses are viewed as re-

sults of an intersection of exposure and biologic function. The
intersection results in perturbation of biologic pathways. The cir-
cuitry affected by the chemical is expected to determine shapes of
dose response relationships for these perturbations. Ideally, these
assays would be conducted in human cells, cell lines or in en-
gineered human tissues. The committee believed that the use of
a comprehensive array of in vitro tests with human cells would
markedly reduce the need for whole animal testing, and provide
much stronger, mechanistically-based tools for human health
safety assessment. It was recognized that the conversion to an in
vitro basis had challenges and the committee also suggested that
targeted in vitro testing was also likely to continue for some time
where such studies could provide information about metabolism,
possible metabolite toxicity, toxicity pathways, etc. Metabolism
has been recognized as a particular challenge for developing in
vitro testing alternatives (Coecke et al., 2006).

Dose-response and extrapolation modeling

How will results from a comprehensive suite of toxicity path-
ways inform quantitative risk/safety assessments for environ-
mental agents? In this new toxicity testing strategy, in vitro
concentration response curve would cover multiple orders of
magnitude (Inglese et al., 2006, 2007) and evaluate responses
in cells/tissues from humans, the species of primary interest.
The broad range of concentrations permit the definition of dose
ranges resulting, or not resulting, in significant alterations of
normal biological function. While low dose and interspecies ex-
trapolations are not as problematic, new challenges arise in un-
derstanding the mechanistic bases for dose-response behaviors
of the toxicity pathway assays, in calibrating expected blood/
tissue concentrations in humans against the vitro concentrations
used in the toxicity pathway assays, and in understanding the
linkages of early perturbations to adverse responses expected in
exposed people. The report identified key technologies that will
assist dose response and in vitro-in vivo extrapolations, includ-
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Fig. 2: The progressive activation of toxicity pathways from perturbation of initial targets, through activation of stress
controlling pathways, to overtly toxic responses (apical endpoints).

Adapted from Andersen et al. (2005).
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ing (1) empirical dose-response models based on results from
the in vitro, mechanistically based toxicity pathway assays, (2)
mechanistic dose-response models based on knowledge of tox-
icity pathway circuitry and dynamics of pathway function, and
(3) physiologically based pharmacokinetic (PBPK) models to
equate tissue-media concentrations with tissue dose in exposed
people. Two recent perspectives on the NAS report provide
good overviews of the report and directions for implementation
(Krewski et al., 2009; Andersen and Krewski, 2009).

3 The new gold standard in practice

Over the past three years, there has been continuing discussions
about the NAS report with diverse stakeholder audiences. Dur-
ing these discussions, many questions were directed at the man-
ner in which the pieces of the new test paradigm would integrate
together to provide quantitative approaches for risk or safety
assessment. The NAS report did outline two hypothetical cases
of “assessments” that might arise from a battery of in vitro test
using examples of a reactive gas and of a compound with estro-
genic activity. These examples were cursorily developed, but
indicated how various parts of the testing and analysis would
likely contribute to health assessments. It is possible today to
provide a more complete picture of how these pieces might be
integrated (Fig. 3).

The core component of the testing will be the suite of toxicity
pathway assays (Fig. 3; section i). These assays would be devel-
oped for human cells, human cells in culture, or human three-di-

&

mensional tissue surrogates. The toxicity test assays themselves
need to be capable of evaluating the progression from initial
activation of the pathway on through degrees of perturbation
that would be considered sufficiently large to be associated with
likely toxicity if maintained over a period of time in an intact or-
ganism. For most, if not all assays, concentrations are expected
to range from sub-threshold through those causing initial path-
way activation, on to regions of adaptation, and finally to those
causing adverse cellular consequences. To cover these various
degrees of response, each assay would likely provide different
levels of biological readout as a function of concentration and
duration of treatment.

Each pathway assay is expected to have specific dose re-
sponse characteristics depending on the organization of the cir-
cuitry that determines the action of compounds on the toxicity
pathway. The dose response behaviors should arise from the
underlying biology of the circuitry. These core signaling proc-
esses include the initial signal recognition and then the larger
scale network through which the initial perturbation progresses
to generate toxicity in the test system. Computational systems
biology (Alon, 2006, 2007) provides the tools for describing
these circuits and the differential behavior of the circuits with
increasing degrees of perturbation.

The process of validating toxicity pathway assays would be to
study its behavior for positive control compounds and to extract
the network structure and network dynamics that determine
dose response. The sequential passage from sub-threshold, to
adaptive, to toxic conditions represents dose-dependent transi-
tions in modes of action in an in vitro system. Dose-dependent

Organizing Information for Risk/Safety Assessment

Coverage of endpoints by
diverse toxicity pathway
assays

i. in vitr%;nechanistically based toxicity pathway
tests (Zn'='1' ) to select biological targets and active
concentrations

Validation of circuit design
and dose response for each
pathway assay

Il. Computational systems biology description of
pathway circuitry for dose response modeling to
include thresholds, linear processes, feedback
control, etc.

Understanding difference
between initial activation of

IIl. Dose dependent transition studies for
sequential pathway activation to understand
linkage from perturbations to toxicity

pathway and perturbations

likely to be adverse

Extrapolation from in vitro to
in vivo situations

IV. PBPK Modules — Compound specific or class
specific for in vitro- in vivo extrapolation, interpreting
biomonitoring studies, inferring relationship of
expected use patterns and doses to human
populations, integrating exposure assessment

Fig. 3: The progressive activation of toxicity pathways from perturbation of initial targets, through activation of stress
controlling pathways, to overtly toxic responses (apical endpoints).

Adapted from Andersen et al. (2005).
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transitions in in vivo toxicology studies are well known (Slikker
et al.,2004a,2004b). This type of response cascade has been de-
scribed in vitro by Xiao et al. (2003) and by Nel et al. (2006) in
work on hierarchical oxidative stress. Feedback process control
and dose response have also been examined more theoretically
for anti-stress gene regulatory networks (Zhang and Andersen,
2007). Alon (2007) has provided a good overview of network
motifs in signaling pathways and in what were termed “devel-
opmental” networks. In practice, toxicity pathway characteri-
zation would optimally include standard operating procedures
(SOPs) for preparing cells, conducting specific assays, generat-
ing read-outs, and the detailed process by which the pathway
structure, circuit, and dynamics had been evaluated to support
dose-response modeling. The detailed pathway characterization
(essentially the process of validation of the pathway behavior)
would be the mainstay of dose response analyses. For the safety
assessment, primary attention would focus on pathways affected
at the lowest concentration (Fig. 3; sections ii and iii).

How do we relate concentrations affecting cells in vitro with
exposures in human populations likely to cause similar respons-
es in an intact individual? Human biomonitoring for chemicals
in blood and excreta is becoming more widespread. In some
instances, concentrations of exogenous compounds in humans
may be available. Comparisons could be made between those
concentrations seen in exposed populations and those affect-
ing cells in the toxicity pathways assays in order to estimate a
“margin of safety” or “margin of exposure.” This comparison
is unlikely to be possible with very many compounds. A more
general methodology would be development of biokinetic mod-
els (DeJongh et al., 1999) to determine the human exposure sit-
uations expected to give cell and tissue concentrations similar to
those affecting the human cells in the in vitro pathway assay test
(Fig. 3; iv). These approaches are extensions of the physiologi-
cally based pharmacokinetic types of models that have been of
interest both with toxic substances and pharmaceuticals (Reddy
et al., 2005; Bouvier d’Yvoire et al., 2007). A coordinated effort
is required to develop a larger suite of PBPK models and to en-
hance efforts in reverse dosimetry, i.e., estimating the exposure
levels in a human population that produce specific blood/tissue
concentrations (Clewell et al., 2008). Current efforts to improve
dosimetry methods are also advancing in vitro-in vivo extrapo-
lation tools (Gulden and Seibert, 2003; Heringa et al., 2004).

The risk assessment process would entail running the suite of
assays for a compound to see the pattern of activation of path-
ways and the concentrations at which effects were noted in vari-
ous pathway assays. The most sensitive hits from the suite of
assays would then be organized to support both dose response
modeling and in vitro-in vivo extrapolation. The pattern of ac-
tivity across the suite of assays could also provide signatures to
indicate the types of toxic endpoints that might be observed in
vivo (Dix et al., 2007). For example, specific signatures might
indicate a high likelihood of reproductive toxicity or of hepatic
toxicity in a qualitative manner.

Risk assessments completed based on results from these tox-
icity pathway assays are likely to be quite different from those
arising from current approaches. Today, we see effects in ani-
mals, usually at fairly high doses, and estimate the likely inci-
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dence of response at lower doses in exposed populations. For
cancer, we might try to estimate the expected concentration
estimated to give a 1/1,000,000 level of population risk. This
process has two less than desirable outcomes — first, labeling
compounds based on high dose hazard studies and (2) provid-
ing a false sense of precision regarding our ability to extrap-
olate across doses and species. For instance, if Compound A
causes cancer, at a maximally tolerated dose, it becomes labeled
as carcinogen regardless of considerations of exposure levels.
Secondly, the public is led to believe that the estimates of the
low dose extrapolations are scientifically valid without any ap-
preciation of the uncertainties about these estimates. In contrast,
the assessments based on the in vitro toxicity pathway assays
would be more directed at safety assessment, estimating regions
of exposure where no appreciable perturbations are expected in
human cells or human tissues in culture.

4 Calling on 215t century science

The NAS committee discussed a variety of key technology
areas for toxicity testing in the 21 century. While the broad
suite of new tools are likely to influence many areas of toxi-
cology research and to greatly improve understanding of cell
signaling pathways, it is important to ask more narrowly how
specific technologies and advances will contribute to the four
components noted in Fig. 3. The three areas most likely to ben-
efit immediately are in assay design, using stem cell technology,
pathway mapping and modeling, and computational systems bi-
ology for assessing expected dose response behaviors.

Assay design

A frequently voiced concern after publication of the report was
the difficulty in obtaining and working with primary human cells
and the caveats associated with use of human cell lines. The past
few years have provided optimism in the ability to obtain tissue-
specific human and rodent stem cells from which more mature
cell types can be generated (Alonso and Fuchs, 2003). The stem
cells can be stored and grown as needed for assays and will
likely become available for a wider and wider suite of tissues
(Reya and Clever, 2005; Gaudio et al., 2009). Embryonic and
fetal amniotic fluid stem cells can be used and differentiated
through frequently tedious, multi-step processes to multiple cell
types (DeCoppi et al., 2007). With tissue-specific stem cells, the
route to mature cells is shorter and requires less manipulation
(Wang et al., 2009).

In addition to availability of tissue specific stem cells, other
advances bringing biomedical and small-scale manufacturing
processes offer opportunities to utilize human 3-dimensional
tissue in higher throughput contexts. For instance, Khetani and
Bhatia (2008) discuss the application of semiconductor manu-
facturing microtechnology for fabrication of microscale tissues.
A miniaturized, multiwall culture system for human liver cells
with optimized microscale architecture maintained phenotypic
functions or several weeks. These organotypic cultures could be
useful in insuring better correspondence between in vitro tests
and expected behaviors in vivo.
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A major emphasis is required to produce appropriate assays
with the right level of detail and an ability to provide appropri-
ate read-outs across different responses levels. For risk/safety
assessments with a single compound, rapid, in vitro testing for
the suite of pathways is essential. High throughput and high da-
ta content methods were emphasized in the NAS report. In this
usage, high throughput assays allow evaluation of hundreds or
thousands of compounds across multi-point dose response in a
period of just a few days. Some assays such as the organotypic
liver assay above may not be amenable to high throughput.
For toxicity testing, it is useful to distinguish the need for high
throughput methods for testing large numbers of compounds
from efficient in vitro tests that can be done over the course of
days but may not be easily scalable to the ultra-high through-
put. For evaluating the chemical space active for a particular
pathway, high throughput permits evaluation pathway pertur-
bations for large compound libraries, leading to better in silico
modeling of structure activity relationships.

Mapping and modeling toxicity pathways

Assay outputs can be diverse as clearly evident from the US
EPA ToxCast group of assays (Dix et al., 2007). Nonetheless,
the area where the diverse array of new technologies has the
greatest possible for contribution is in mapping and modeling
the underlying signaling networks for specific toxicity path-
ways. The vast majority of perturbations are associated with
networks that affect transcriptional control. Such a conclusion
is obvious for so-called receptor-mediated toxicants, such as
dioxin and the aryl hydrocarbon receptor, but is equally valid
for stress response pathways. Antioxidant response signaling
starts with oxidants reacting with cellular sensors — primarily
Keapl. The modification of Keapl leads to its dissociation
from a complex with Nrf2, allowing Nrf2 and other partner-
ing proteins to form a promotional complex altering expres-
sion of genes controlling cellular anti-oxidants (Motohashi and
Yamamoto, 2004).

As toxicity pathway circuitry becomes better understood over
time, it will be possible to create computational systems biolo-
gy models for expected dose-response relationships for each of
the assays used for toxicity testing following similar principles.
Over the past decade, tools for mapping and modeling have
blossomed. In a recent paper, Bromberg et al. (2008) described
the network by which cannabinoid receptor (CB1R) controls
neurite outgrowth. Activation of several hundred transcription
factors within the nucleus after cell stimulation was measured
to understand the logic of the signaling network. Bioinformatic
methodologies connected CB1R to 23 activated transcription
factors. Experiments with pharmacological inhibitors of kinas-
es revealed a network organization of partial “OR” gates regu-
lating kinases stacked above AND gates that control transcrip-
tion factors. As in most instances of current research in systems
pharmacology and network modeling, the goal of these stud-
ies was not dose-response as would be a primary interest for
toxicity pathway analyses. This example provided a glimpse
of the structure of the network without attempting a quantita-
tive computational model. The epidermal growth factor (EGF)
signaling network is particularly well studied. Amit and col-
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leagues (2007) used a suite of experimental and bioinformatic
tools to determine the forward signaling and feedback proc-
esses controlling the EGF network. The network was dissected
by transcriptional profiling coupled with reverse phase protein
lysate assays that assessed phosphorylation states of proteins
within the EGF pathway. The analysis provided the structure of
the logic of the circuitry for the early, immediate and later stage
portions of the network.

Computational systems biology

It appears likely that a major contribution of 21% century sci-
ence will be the application of an array of technologies to elu-
cidation, mapping and modeling the behavior of the test sys-
tems for assessing toxicity pathway dynamics. The tools would
include mRNA, transcription factor and phospho-protein time
course profiling, coupled with bioinformatic technologies to
extract network structure. The outcome would provide dynam-
ics of the signaling networks and the dose-and time depend-
ence of expected consequences of perturbations by test com-
pounds, including positive controls for each of the pathways.
Dynamic behavior of signaling networks have been described
quantitatively using computational systems approaches focus-
ing on models of transcriptional control (Alon, 2007; Aldridge
et al., 2006). Theoretical descriptions of networks leading to
better understanding of modular design elements in biologi-
cal circuits have refined our vocabulary — concepts of ultrasen-
sitivity, bistability, network gain, feedback and feed forward
motifs, noise, stochasticity, and sequential levels of early,
mid-term and late gene expression — to allow discussion of net-
work behaviors with some commonality of terminology. These
concepts are more extensively elaborated in a course text on
“Computational Systems Biology and Dose Response” avail-
able at the Hamner Institutes web-site (http://www.thehamner.
org/education-and-training/drm_workshop.html).

5 Creating the transformational mindset

In a Figure (5-1) in Chapter 5, the NAS report discussed a
strategy for implementation, including ballpark estimates of
the time (1 to 2 decades) and costs ($ 1-2 billion) for transition-
ing from current animal intensive toxicity testing to a toxicity
pathway based approach. The report stressed the need for an
organization to have the lead responsibility for overseeing the
technology development to support the transition — a role that
could eventually be played by an appropriate laboratory within
the US National Institutes of Health. The overall timeline was
shown in the report in a linear fashion leading to a transition to
new approaches after completion of technology development
for assays and achieving some confidence that the suite of as-
says would provide adequate coverage of possible pathway
perturbations. In the current global economic climate and with
a variety of competing interests for biomedical research, is it
reasonable to expect federal agencies or the private sector to
support such a long-term, expensive initiative?

Some aspects of the NAS vision are embedded in other pro-
grams. Three federal US agencies with responsibilities for
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health-related research — the Environmental Protection Agency
(EPA), the National Institute of Environmental Health Scienc-
es’ National Toxicology Program (NTP), and the National In-
stitutes of Health Chemical Genomics Center (NCGC) — have a
memorandum of understanding to conduct research necessary
to advance the NRC committee vision for the future of tox-
icity testing. Collaboration among these organizations in the
US will be essential in establishing a national commitment to
develop the scientific foundation of the vision. This collabora-
tion (Collins et al., 2008) focuses on research (1) to develop
high throughput test methods, (2) to identify toxicity pathways,
(3) to pursue targeted testing in short-term in vitro tests, and
(4) to develop dose-response and extrapolation models. New
approaches for in vitro toxicity testing and toxicity profiling
are key parts of several federal programs in the US (Dix et
al., 2007; National Toxicology Program, 2004). The US EPA
ToxCast program (Dix et al., 2007) is using a variety of high
throughput tests and computational methods to enhance priori-
tization of compounds for targeted testing in animals. A pro-
fessed goal of the new interagency collaboration is predicting
high dose results in animals. Prioritization and predicting high
dose results are not part of the NAS vision. Nonetheless, the
tools and approaches being developed in this collaboration will
be important for achieving the long-term vision for transform-
ing toxicity testing. Other tools will mature from efforts that
are today primarily focused on animal alternatives (e.g., Spiel-
mann et al., 2000).

In the past year, the Humane Society of the United States
(HSUS) and its affiliates, the Humane Society Legislative Fund
(HSLF) and Humane Society International (HIS) have taken

steps to enlist partners to a stakeholder consortium — The Hu-
man Toxicology Project Consortium. The goal of this group is
to facilitate the global shift to a cell response pathway para-
digm for chemical safety assessments. This shift, in the words
of the consortium, holds great promise for more rapid predic-
tions of human health outcomes while superseding traditional
animal testing for environmental agents and pharmaceuticals.

The goals of this consortium is to (1) promote dialogue, infor-

mation sharing and establishment of a research and develop-

ment roadmap, (2) lobby for, coordinate and provide resources
to support transatlantic efforts necessary to fulfill NAS vision,

(3) engage in collaborative outreach to legislative, regulatory,

corporate, academic and public interest audiences, and (4) to

urgently develop a targeted research program to jump-start the
transformation.

This targeted research plan, focusing on proof of concept ef-
forts, would first focus on prototype compounds and provide
examples of the application of results from toxicity pathway as-
says for risk/safety assessments sequentially rather than waiting
10 to 20 years to bring a totally new risk assessment paradigm
on line. The proposed research over a 5 to 10 year period would
provide examples with ten to fifteen pathway assays and gener-
ate opportunities for diverse stakeholders to gain experience in
collecting and using these results for safety assessments. The
outline of steps for this more targeted research program includes
several components.

— Select about 10 prototypes compounds/pathway. These com-
pounds would be chosen based on the breadth of information
about animal toxicity and of the expected toxicity pathway
targets, serving as a test bed for examining relationships be-
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tween in vitro toxicity test assays and historical information
regarding in vivo results.

— Design appropriate cell-based toxicity assays. For these pro-
totype compounds, test assay systems would focus on both
rodent and a human assay, preferentially using stem cells or
mature cells derived from these stem cells. With one or more
of the prototypes, 3-dimensional tissue systems could be used
for the assays.

— Develop the next generation quantitative risk assessment
tools. These assays would be subjected to mapping and mod-
eling analysis to uncover pathway circuitry, the dynamics of
pathway responses to positive controls, and the dose response
behaviors expected from different levels of perturbation.

— Examine relationships between perturbations and toxicity
for prototypes. The assay design would require consideration
of cascades that contain initial target activation, adaptive re-
sponses, and adverse responses with prolonged levels of per-
turbation.

— Integrate results from studies to provide representative health
risk/safety assessments. The outcome of each of the proto-
types would be risk/safety assessments that would be com-
pared to more conventional approaches from animal toxicity
data sets.

— Within the first 3-5 years expand from the first 10-prototypes
to a larger suite of pathways/compounds. This transition
should also allow some mid-course correction in the strat-
egy, stemming from a continuing evaluation of successes and
challenges in applying the new science in assisting human
health safety assessment.

— With success in getting the program jump-started through the
consortium, other partners, including toxicity testing organi-
zations, regulatory agencies, and federal research organiza-
tions, could be enlisted as partners in moving forward with
the transformation.

Regardless of which organization seizes leadership for the ef-

forts to create the technology base for shifting to a new “Gold

Standard,” the central question is whether such an initiative is a

good public health investment. From the point-of-view of spar-

ing animal use and a more humane infrastructure for testing the
answer has to be yes. Is it also likely to be a good investment
in terms of its likely scientific value? The answer here is also

a resounding yes! Our primary investment in toxicity testing

today is simply box-checking, becoming a bit more mechanis-

tically oriented for high value chemicals that show responses
in animal toxicity tests. The in vitro, human biology approach,
elaborated here and arising from the NAS vision, has a much
reduced emphasis on rote testing and much increased emphasis
on generating detailed understanding of the signaling pathways
affected by chemicals and how perturbations/modulations in
these pathways affect biological outcome. These tools and ap-
proaches will be just as valuable in drug safety/drug develop-
ment, in evaluation of safety of food and consumer products,
and in ecotoxicology (Watanabe et al., in press). In addition to
the broader applicability for human health outcomes for modu-
lation of these pathways (Fig. 4), the organization of informa-
tion on pathway structure and function is a natural post-genome
program that could provide a better understanding of health, dis-
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ease and susceptibility within the human population — a much
preferred investment compared to today’s approach of in vivo
testing and the cataloging of testing results.

6 Conclusions

Toxicity testing and much of the discipline of toxicology have
reached a tipping point. Old practices focusing primarily on high
dose studies to evaluate end-organ toxicity in animals are giving
way to modern practices that assess how chemicals are likely to
affect human biology and the concentrations under which these
effects might be expected in exposed humans. This change will
not occur easily. Even though the current toxicity testing is far
from optimal, it is difficult to move away from entrenched tra-
ditional practices to a new footing. Change of this magnitude
is discomfiting for most everyone. There are, of course, serious
challenges to consider in such a transformation. They should
not be dismissed or diminished. Chemical toxicity may relate
to metabolism. How will the in vitro tests adequately assess
metabolites with new compounds undergoing in vitro screen-
ing? Which of the observed perturbations will be considered
appropriate for the safety assessment — will it be target activa-
tion, adaptive responses, or only some clear definition of overt
toxicity in the cells? Will it be possible to describe circuitry for
most toxicity pathways in enough detail to be confident in ex-
pected dose response behaviors? Finally, where will we find the
scientists and regulators with the training and background to be
comfortable with new practices? These issues are all important,
legitimate questions that need to be considered. Yet, they should
not divert us from the goal — to move toward a redefinition of
the toxicity testing gold standard that focuses on human biology
and perturbations of human toxicity pathways in vitro. We must
bear in mind all the challenges, but push relentlessly toward the
goal of a modern approach to human safety assessment.
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Foundation Animalfree Research: 33 Years of Commitment
to Alternatives to Animal Experiments
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Animalfree Research, Switzerland

Summary

This article describes the beginnings and the history of our foundation, some of the main projects of the past,

its current activities as well as the foci of the future.

Keywords: Animal welfare, 3Rs, animal experimentation

1 Introduction

The foundation Animalfree Research recently celebrated its
33" birthday. During all these years, it has dedicated itself ex-
clusively to the abolishment of animal experimentation via the
development and implementation of alternative methods that
replace or at least reduce the numbers of experimental animals,
informing the public and influencing political opinion. From the
first moment this approach was regarded as the only viable way
to achieve sustained success in the abrogation of in vivo experi-
mentation.

2 The founding of Animalfree Research (Fonds fir
versuchstierfreie Forschung, FFVFF)

In the 1970s, when hair-raising stories and pictures of animal
experiments rattled people all over the world, one of the later
founders of Animalfree Research, Irene Hagmann, then edi-
tor of the Zurich animal welfare organisation (ZTierschutzbund
Ziirich), came upon an insert in an Italian newspaper on ani-
mal experimentation. Horrified by this report, she established
contact with a journalist, Susi Goll, who had recently writ-
ten an article on dolphins used as living explosive devices
by the US Military. She too had seen a brochure on animal
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experiments distributed at a booth of the Zurich animal wel-
fare organization (Tierschutzbund Ziirich). The two women
joined forces and, with a sum of CHF 5,000, established the
independent “Fonds fiir versuchstierfreie Forschung”, an or-
ganisation dedicated exclusively to the support of research
methods without the use of animals. To this day, the financing
relies entirely on private donations and contributions of other
welfare organisations.

3 Aims and objectives

Animalfree Research was founded to actively replace and re-
duce animal experimentation, to sensitise public and political
opinion makers to animal welfare issues and to impress on
people their duties and responsibilities towards experimental
animals. Inspired by documents of FRAME, the collaboration
with science, politics and the public was a major focus from
the very beginning. Likewise, close networking with other ani-
mal welfare organisations and participation in expert groups
and commissions was the order of the day.

The range of activities, accordingly, was and still is very
broad. Partial or complete financing of research projects, meta-
analyses, the organisation of workshops, and the development
of an argumentary against the use of animals, be it from an ethi-
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cal, scientific or legal point of view, as well as participation in
political debates, constitutes the work of our foundation. Fur-
thermore, we are currently working on establishing ourselves
as a counselling centre for the public and the media, and for
researchers who are interested in implementing in vitro tech-
niques in their projects.

4 Examples of activities and projects

The very first project was a literature study about the question-
able scientific value of the single dose oral acute LDsy test,
performed by Prof. Dr. Gerhard Zbinden, at that time Director
of the Toxicological Institute in Zurich (Zbinden and Flury-
Roversi, 1981). Among other things the study demonstrated
that the test is without any relevance for substances with a
very low acute toxicity and yields variable results depending
on species and strain, age, sex, procedures, etc. The study had
great impact in the scientific world and marked the beginning
of the end of a scientific experiment that had until then been
regarded as indispensable. The OECD Council adopted the de-
cision to delete the respective OECD Guideline TG 401 on 17
December 2002.

From the beginning, the importance of distributing scientific
results in the field of the 3Rs was clear. In 1984, a small jour-
nal named “Alternativen zu Tierexperimenten” was published
for the first time, edited and financed by the FFVFF. One of
the, if not the, most important project of our foundation, the
journal later came to be known as ALTEX. In 1999, the annual
awarding of the ALTEX prize for the best and most relevant
article in ALTEX was made an institution.

The development and distribution of the PharmaTutor by
Daniel Keller at the Institute of Pharmacology, University of
Zurich, proved another milestone success. The Tutor was made
freely available and turned out to become, in its time, the most
widely used simulation programme for education worldwide.

The project “Serumfree”, which was co-financed by FFVFF
and two other animal welfare organisations, with Prof. René
Fischer of Zurich aimed at stopping a development which
had started to impair the successes of the 3Rs with concern to
animal welfare: the continuing shift to cell and organ culture
methods instead of in vivo experimentation led to an ever-in-
creasing demand for fetal calf serum. In 1995, the consump-
tion was estimated to be around half a million litres per year
(Hodgson et al., 1995), corresponding to around 1 million
unborn calves. A PhD study further elucidated questionable
practices in obtaining and marketing these materials, shed-
ding light on the varying composition and quality of differ-
ent lots of serum (Jochems, 1997). The development of cell
culture methods that do not require calf serum for growth and
maintenance and a procedure for cryopreservation of cells in
serum-free media could be reported (Gonzalez Hernandez and
Fischer, 2007).
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5 Current projects

In 2009, Animalfree Research began to finance a follow-up
project, which uses the results of the previous year’s study
on the impending rise of animal experiments in the field of
nanotechnology and the possible in vitro alternatives (Sauer,
2008). Throughout Europe, governments have established ac-
tion plans and workshops in order to assess risks and health
concerns of nanoparticles. In this project, the responsible
project leaders are approached and persuaded to focus on non-
animal methods and animal welfare issues in their safety and
toxicity assessment.

With its contribution, Animalfree Research helps to develop
an exposition system for the controlled deposition of substanc-
es on cells at the air-liquid interface, which focuses on lung
epithelial cells. This project optimises a standardised inhala-
tion chamber for diverse possible applications: e.g. animal-
free development of inhalable drugs, screening for toxicity of
soluble and non-soluble substances, and biological effects of
nanoparticles. The final goal is the establishment of a cost-
effective, relevant and easy to use system, which is suitable for
widespread application, dosimetrically exact and capable of
imitating the in vivo situation in the lung as closely as possible.
Once developed, the chamber can be adapted to other research
fields which involve substance-cell interactions.

In a joint effort, Animalfree Research and the Doerenkamp-
Zbinden Foundation support a project which establishes an
animal-free method for the safety testing of tetanus vaccines.
After inactivation, these vaccines have to be tested for residual
toxoid activity in guinea pigs, which are then examined for
symptoms of tetanus. At the Paul-Ehrlich Institute, an in vitro
system that can measure active Tetanus neurotoxin is being
developed (Behrensdorf-Nicol et al., 2008).

In October 2009, Animalfree Research hosted a public dis-
cussion forum dedicated to the memory of Prof. G. M. Teut-
sch, focussing on the concept of the animal’s dignity, which
was introduced into Swiss legislation in September 2008, and
its practical implications on authorisation procedures and re-
search in Switzerland. It focused on primate use and the pres-
ervation of the animals’ dignity from the viewpoint of research
and animal welfare. The forum aimed to illuminate obstacles
and difficulties in maintaining respect for the animal in the
routines of research and to demonstrate possible improve-
ments and solutions.

6 Outlook

In the next years, Animalfree Research aims to work on a stop
to severely distressing animal experiments, which we consider
irreconcilable with the concept of the animal’s dignity intro-
duced into Swiss legislation in 2008. In the same vein, we will
focus on the abolishment of primate experimentation, since the
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welfare issues of neither the experiments themselves nor the as-
sociated stress, e.g. with capturing and housing, can outweigh
the possible uses of the research results. The outcome of the
Federal Court’s decision on the ban of specific primate experi-
mentation will strongly influence the speed and efficiency with
which these experiments can be phased out.

In addition, we will continue to broach the issues of transgen-
ic animals, a topic with steadily increasing urgency as animal
numbers continue to rocket.
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CAAT: A 3Rs Center for the 215t Century

Carol J. Howard
The Johns Hopkins Center for Alternatives to Animal Testing (CAAT), Baltimore, Maryland, USA

Summary

The Johns Hopkins Center for Alternatives to Animal Testing (CAAT), founded in 1981, is one of the oldest
of the 3Rs Centers. For 28 years, CAAT’s innovative programs have served to promote the creation, devel-
opment, validation, and use of alternatives to animals in research, product safety testing, and education.
CAAT also is, in many ways, one of the newest of the 3Rs Centers, with a new director — former Head of
ECVAM Thomas Hartung — and an ever-expanding array of new programs and projects.

CAAT’s diverse activities and resources range from our long-standing research grants program, workshops
and symposia, and awards to such new developments as a Transatlantic Think Tank for Toxicology (14); the
union of Altweb and the journal ALTEX (now in English), a new 3Rs Centers website, policy and outreach
programs, implementation of the report, Toxicity Testing and Assessment in the Twenty-first Century: A Vi-

sion and a Strategy, and more.

Keywords: CAAT, alternatives, 3Rs, toxicology, Altweb, ALTEX

1 Introduction

For nearly 30 years, the Johns Hopkins Center for Alternatives
to Animal Testing (CAAT) has been working to promote the
creation, development, validation, and use of alternatives to
animals in research, product safety testing, and education.

In 1993, CAAT hosted the first World Congress on Alternatives
and Animal Use in the Life Sciences, held in Baltimore, USA.
Planning for that Congress started in 1990 at CAAT’s 7th an-
nual symposium, where 33 leaders in the field from 13 countries
shaped the vision that led, 19 years later, to WC7 in Rome, Italy.

2 What is CAAT?

CAAT is an academic, science-based center within the Johns

Hopkins Bloomberg School of Public Health. Established in

1981 with a grant from the Cosmetic, Toiletry and Fragrance

Association (now the PCPC), the Center is dedicated to the

proposition that humane science is the best science.

CAAT’s mission is to:

— Promote and support research in the development of in vitro
and other alternative techniques

— Serve as a forum to foster discussion among diverse groups
leading to creative approaches to facilitate acceptance and
implementation of alternatives
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— Provide reliable information on the science, philosophy, and
public policy of alternatives to academia, government, indus-
try, and the general public

— Educate and train in the application of alternatives

CAAT’s research grants program serves to provide critical
seed money for scientists interested in developing alternative
methods. To date, the Center has funded 300-plus grants for a
total of more than $ 6 million. CAAT grants are available to
researchers world-wide.

Since its founding, CAAT has held more than 20 major work-
shops and symposia, bringing together diverse stakeholders to
find common ground and devise ways to make research and test-
ing as effective and humane as possible. The Center currently is
organizing a workshop for the American Chemistry Council, to
be held in Baltimore in July 2010.

CAAT faculty members are involved in teaching about alter-
natives, both at Hopkins and elsewhere, and have developed a
free online course to make this information more broadly avail-
able. In 2007, CAAT launched a new program in public policy,
education, and outreach. The Center also spearheaded the de-
velopment of a certificate program in Humane Sciences and
Toxicology Policy, offered through the Bloomberg School of
Public Health.

CAAT’s information program produces a variety of 3Rs-re-
lated materials, in both print and electronic media. Print pub-
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lications include brochures, posters, flyers, reports, editorials,
and letters to the editor. CAAT also created and maintains two
websites: the CAAT Website (http://caat.jhsph.edu) and Alt-
web, the Alternatives to Animal Testing Website (http://altweb.
jhsph.edu).
The CAAT site is devoted to the Center’s programs, activities,
and publications. Resources available on this site include:
— Information about CAAT grants
— Proceedings and technical reports from CAAT workshops and
symposia
— Alternatives books and articles by CAAT staff
— Free online course: Enhancing Humane Science / Improving
Animal Research
— Information about the Hopkins certificate program in Humane
Sciences and Toxicology

Altweb, the Alternatives to Animal Testing Website, was created
to serve as a gateway to alternatives resources, information, and
news — on the Web and beyond. The site came about as result
of a 1997 ECVAM report (Janusch et al., 1997) that called for
“a central reference point” for alternatives information. CAAT
took on that challenge, launching Altweb on October 1, 1997.
The site is continually updated and expanded, including a rede-
sign and reorganization in 2009.

CAAT manages Altweb on behalf of an international project
team, which helps provide guidance, direction, and feedback for
the site. The Project Team has grown from 10 member organi-
zations in 1997 to 26 in 2007, representing academia, industry,
animal welfare, and government regulatory organizations. The
site is truly international in scope, drawing visitors from more
than 130 countries.

Altweb serves a broad range of audiences, including:

— Biomedical researchers

— Industry

— The international regulatory community

— IACUC:s, Ethics Committees, and others who review animal
protocols

— Veterinarians, lab technicians, and others who work with lab-
oratory animals

— Educators

— Students

— The animal welfare community

— The international alternatives community

— The general public

Altweb offers a broad array of resources, including:

— Alternatives news

— Meetings calendar

— Journal abstracts (ALTEX, ATLA, In Vitro Animal, Labora-
tory Animals, Toxicolgy in Vitro, and more)

— Proceedings

— Technical reports

— Books

— Fact sheets

— Databases
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— Regulations information from around the world
— Links to many other relevant resources

The Altweb homepage provides the latest in alternatives news,
as well as information on upcoming meetings in the field. The
Frequently Asked Questions (FAQs) section, available in both
English and Spanish, is one of the site’s most frequently visited
pages. It covers basic introductory information and is particu-
larly useful for students and the general public.

Special Features of Altweb:

— Full text of Russell and Burch’s Principles of Humane Ex-
perimental Technique, the classic book that launched the field
of alternatives

— Guide to searching for alternatives

— Alternatives in education: an introduction and overview

— Spanish content (FAQs, glossary, links to other resources en
Espafiol)

— Special section on monoclonal antibodies

— Special section on refinement

The “Search for Alternatives” guide is a particularly valuable
resource, providing a step-by-step approach to the search proc-
ess, with detailed information on relevant databases, policies
and regulations in various countries, sample searches, and more.
The section on databases describes each database and the topics
covered, as well as indicating whether a database is free, propri-
etary, or government/regulatory, and which may be most useful
for research, for teaching, or for testing.

The special section on monoclonal antibodies (MABs) was
developed with the goal of organizing and synthesizing infor-
mation on this complex subject. It consists of an introductory
text explaining key topics in non-technical language, accom-
panied by a set of links to relevant databases, websites, books,
articles, abstracts, etc. The questions and concepts addressed in
the MABs section include:

— What are monoclonal antibodies? Definition, description,
uses, history, issues

— Ascites method versus in vitro methods: cost, effectiveness,
pain and distress

— MAB production: description of methods

— Policies, regulations, guidelines, recommendations

— Where to get in vitro MABs: academic core centers and com-
mercial facilities

— Reports and proceedings

The special section on refinement is modeled after the Altweb
section on monoclonal antibodies, providing introductory text
plus links to key resources on the following concerns:

— What is pain and distress? Definitions, biology, and physiology

— Recognition and assessment of pain and distress

— Alleviation and prevention of pain in animals

— Humane endpoints

— Euthanasia

— Enrichment
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3 New at CAAT

New CAAT Director

— Thomas Hartung, MD, PhD

— Former Director of the European Centre for the Validation of
Alternative Methods (ECVAM)

— Alan Goldberg, founding director of CAAT, now serves as
chairman of the CAAT Advisory Board

New: Doerenkamp-Zbinden Professor & Chair for Evidence-

based Toxicology (EBT)

— Thomas Hartung installed in May 2009 as inaugural Doer-
enkamp-Zbinden Professor & Chair for EBT

— EBT is modeled on the “Cochrane Collaboration” of evi-
dence-based medicine (EBM)

— EBM works to provide valid & accepted consensus informa-
tion on clinical trials & methodologies

— Will apply a similar approach to toxicology

New: Implementation of the NAS report: Toxicity Testing in the

21% Century: A Vision and a Strategy

— In 2007, U.S. National Academy of Sciences (NAS) re-
leased the report: Toxicity Testing in the 21*" Century: A
Vision and a Strategy

— Advocates sweeping & transformative changes in regula-
tory toxicity testing

— Shift from current whole-animal methods to testing in vitro
methods, human cells in culture, and mechanisms of toxic-
ity as understood through systems biology

— Will change the way toxicology is practiced in the future

New: Transatlantic Think Tank for Toxicology (t4)

— Think tank aimed at implementing the NAS report

— Collaborative effort between CAAT and Doerenkamp-Zbind-
en Foundation

— Four leaders in EBT to serve as “ambassadors” of t4

— Marcel Leist (University of Konstanz); Bas Blaauboer
(Utrecht), Thomas Hartung & Alan Goldberg (Johns Hop-
kins)

— High quality analyses of toxicological problems, workshops,
reports & scientific papers

New: Research Lab: Developmental Neurotoxicity (DNT)

— Thomas Hartung is establishing a lab at Johns Hopkins to de-
velop alternative methods

— Initial focus will be on developmental neurotoxicity (DNT)

New: Altweb + ALTEX Collaboration

— Altweb has joined forces with the journal ALTEX

— Formerly published in a mixture of German and English,
ALTEX is now all in English

— ALTEX articles will be freely available on Altweb

— ALTEX includes regular “Food for Thought” column by Tho-
mas Hartung
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New: 3Rs Centers Website

— To be launched at WC7: website designed to serve as infor-
mation hub for 3Rs & alternatives organizations around the
world

— Searchable using keywords, tags & a global map

— Grew out of discussion at 3Rs centers meeting at WC6 in
Tokyo

New: CAAT Information Days: Working with Industry

— Day-long workshops focusing on a specific issue facing in-
dustry

— Brings together stakeholders, experts, and solution-providers

— First information day held 8th July focused on the 7" Amend-
ment of the EU Cosmetics Directive

— November 2009 information day addressed issues faced by
US industry members in complying with REACH legisla-
tion.

New: EU Center of Excellence

— CAAT is now part of the American Consortium on Euro-
pean Studies (ACES), an EU Center of Excellence based at
the Johns Hopkins School of Advanced International Studies
(SAIS)

— CAAT established a Humane Sciences and In Vitro Alterna-
tives component

— CAAT held its first ACES-sponsored Congressional briefing
on Capital Hill in June

New: CAAT Europe

— In December 2009, CAAT announced the formation of the
Johns Hopkins Center for Alternatives to Animal Testing-
Europe (CAAT-EU)

— A collaboration between the Johns Hopkins School of Pub-
lic Health (US) & the University of Konstanz Department of
Biology (Germany)

— To coordinate transatlantic activities to promote humane sci-
ence

— To be housed at the University of Konstanz

5 CAAT online

For more information, please visit:

— Altweb + ALTEX http://altweb.jhsph.edu

— CAAT website: http://caat.jhsph.edu

— 3Rs Centers website: http://caat.jhsph.edu/international_al-
ternatives

— A Boundless Ethic (CAAT blog) http://aboundlessethic.com
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A Proposal to Establish a Brazilian Center for Validation
of Alternative Methods (BraCVAM)
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Summary

Brazil recently approved law number 11.794/2008, which regulates the use of animals for scientific purposes.
Many products on the Brazilian market are still required to be controlled by animal testing. In Brazil,

there is no improved mechanism for funding collaborative studies, and there is no institution responsible for
managing and coordinating such studies. Oswaldo Cruz Foundation (FIOCRUZ) assembles all the
conditions to be the headquarter of the Brazilian Center for Validation of Alternative Methods (BraCVAM),
since it is an internationally recognised scientific institution uniting a large number of scientific fields,
including basic and applied research, drug and vaccine production, quality control, teaching, hospitals, etc.
The multidisciplinary scientific infrastructure of FIOCRUZ could be used to establish a network in

different fields of knowledge. The creation of BraCVAM would facilitate the development and validation of
tests, not only in Brazil but also in South America and the Caribbean.

Keywords: BraCVAM, alternative methods, validation, regulatory acceptance

1 Introduction

The Brazilian Government approved law 11.794 in October
2008. This law, known as “Lei Arouca” (Arouca’s Law) in hom-
age to the physician that first proposed it, regulates the use of
animals in research and teaching (Brazil, 2008). Before this law,
some other legislation touched upon this subject, i.e. laws that
regulate environmental crime, veterinarian professionals, etc.
Law 11.794 is specifically focused on the use of animals in ex-
perimentation and teaching, but not for agronomical purposes.

Law 11.794 creates the National Council of Animal Ex-
perimentation (CONCEA) that includes in its responsibilities
monitoring of and evaluating the introduction of alternative
techniques that replace the use of animals in teaching and ex-
perimentation (Marques et al., 2009). However, the law does not
state that whenever an alternative method exists, animals may
no longer be used (Machado et al., 2009). CONCEA is com-
posed of members of related Ministries and scientific societies,
including representatives of animal protection societies (Brazil,
2008). However, CONCEA lacks technical support.

Therefore, the creation of a Brazilian Center comparable to
ECVAM, ICCVAM and JaCVAM would be an important step
for such studies, which could then be coordinated in an efficient
manner. In addition, the Center would be invaluable for con-
tact and interaction with similar organisations in other countries
throughout the world.
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2 State of the art in Brazil

There are many animal rights protection groups in Brazil, some
of them representatives of groups from other countries. Al-
though this movement is not as intense as it is for example in
Europe, the need to validate and establish alternative methods
according to the 3Rs has compelled a large number of laborato-
ries to perform studies in this field.

Currently about 15 to 20 groups are working on alternative
methods. These groups are at official laboratories, universities,
industry and private laboratories. Most of them are trying to val-
idate alternative methods to replace animals in assays such as
skin and eye irritation, pyrogen test and vaccine potency, while
some others are studying alternatives in education, nutrition and
environmental enrichment.

Brazil does not have an organisation that is responsible for the
coordination of validation studies. The current research in this
field is due to particular initiatives of the above mentioned insti-
tutions, which, motivated by precedents in other countries, have
started working on the development of alternative methods.

Brazilian Decree Number 4725, dated 9™ June 2003, dictates
that one of the activities of the National Institute of Quality
Control in Health (INCQS) is to establish the quality control
rules and procedures for the health laboratory network (Brazil,
2003a). However, except when methods are already internation-
ally validated, it is impossible to comply with this ruling without
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conducting a collaborative study to harmonise the procedures
and to define the parameters for the interpretation of the results
they provide. Even when methods are already validated, some
may need to be adapted for specific local needs since Brazil con-
trols final products instead of raw material and some products
are specific to the country and are not the object of international
validation, etc.

Although Brazilian Resolution No. 899, dated 20th May 2003,
published the Guideline for the Validation of Analytical and
Bioanalytical Methods (Brazil,2003b), the whole process is not
defined, nor is the role of each entity during the various steps
established, as was done in the EU initiative which established
ECVAM (Anonymous, 1991) and subsequently in the OECD
guidance on validation (OECD, 2005).

3 Backgrounds

It took a long time for Brazilian meetings to introduce a special
session on alternative methods. Although there are no docu-
ments on it, it probably started to occur around 2000. Before
this time, studies on alternative methods were presented at con-
gresses and similar events as poster presentations in different
sessions, i.e. only related to the specific subject (e.g. toxicology,
animal welfare, etc.).

In 2005, INCQS organised the Brazilian Meeting on Alterna-
tive Methods to Animal Use for Regulatory Purposes (EMALT)
where problems related to financial support for research in the
alternative area and problems in validating assays were dis-
cussed (Presgrave and Boghal, 2005). That was the first time
that the need of establishing a Brazilian Center for validating al-
ternative methods was declared during the discussion of mecha-
nisms of the validation process.

In 2007, at the XV Brazilian Congress of Toxicology, Prof.
Dr. Thomas Hartung and Prof. Octavio Presgrave both present-
ed the need for creating the Brazilian Center for Validation on
Alternative Methods (BraCVAM) in their speeches. The BraC-
VAM proposal was first published in a recent article (Presgrave,
2008).

4 Validation centres around the world

Many institutions in the world work on development and valida-
tion of alternative methods and animal welfare based on the 3Rs
principle. The BraCVAM idea was based upon some of them.

European Centre for the Validation of Alternative Methods
(ECVAM)

ECVAM was created in 1991, as part of the European Com-
mission’s Joint Research Centre (JRC), in order to fulfil the re-
quirements outlined in Article 23 of EU Directive 86/609/EEC,
which aimed to stimulate the development and validation of
alternative methods which would be able to supply at least the
same level of information given by existing animal assays, but
which would use fewer animals, or significantly reduce their
suffering, or replace their use altogether (Anonymous, 1991).
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ECVAM’s role in achieving these aims is mainly via the coordi-
nation of the validation of these alternative methods.

ECVAM was located in the JRC in Ispra, Italy, since the JRC
is a multilingual establishment, with a history of acting in the
promotion of international scientific cooperation. This factor fa-
cilitated the design of the correct technical structure needed for
ECVAM’s work, besides providing a basis for expanding the
role of the JRC in research (Anonymous, 1991).

Interagency Coordinating Committee on the Validation of
Alternative Methods (ICCVAM)

ICCVAM was founded in September 1994 as an ad hoc com-
mittee for presenting a report to support the requirements of the
1993 NIH Revitalization Act. In this Act, the National Institute
of Environmental Health Sciences (NIEHS) was required to
establish criteria for the validation and regulatory acceptance
of toxicological alternative methods (ICCVAM, 2008). This
committee became permanent in December 2000 and nowadays
comprises representatives from 15 US federal regulatory and
research agencies.

At present, ICCVAM receives scientific support from Nation-
al Toxicology Program (NTP) Interagency Center for the Evalu-
ation of Alternative Toxicological Methods NICEATM), which
is part of NIEHS, located at Research Triangle Park, NC, USA.
ICCVAM’s mission is to promote the development, validation
and regulatory acceptance of alternative methods, emphasising
the 3Rs principles, while scientific quality and human, animal
and environmental health are upheld and promoted (ICCVAM,
2008).

Japanese Centre for the Validation of Alternative Methods
(JaCVAM)

JaCVAM was established in November 2005 and is affiliated
to the Japanese National Centre for Biological Safety and Re-
search (NCBSR) of the National Institute of Health Sciences
(NIHS) (Ohno, 2005a; Kojima, 2007).

The mission of JaCVAM is to propose and improve the vali-
dation of alternatives and to establish international cooperation
besides developing new alternative methods (Ohno, 2005b; Ko-
jima, 2007).

Centre for Documentation and Evaluation of Alternatives to
Animal Experiments (ZEBET)

ZEBET was established in 1989 and its aim is to bring about
the replacement of legally prescribed animal experiments with
alternative test methods, to reduce the number of test animals to
the absolutely necessary level and to alleviate the pain and suf-
fering of animals used in experiments. ZEBET is also responsi-
ble for documenting alternatives to animal experiments. By this
mode of action, ZEBET is the information office for alternatives
to animal experiments for the federal authorities.

ZEBET also coordinate experimental validation of methods
not involving animal experiments in order to include them in of-
ficial safety toxicological test directives. ZEBET has the advan-
tage of undertaking its own research and has a separate budget
to promote specific projects on the development of alternative
methods (ZEBET, 2008).
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5 The Brazilian Centre for the Validation of
Alternative Methods (BraCVAM)

Since Brazil does not have an institution that coordinates alter-
native studies and these studies are important for the develop-
ment of research, it is imperative to create BraCVAM (Pres-
grave, 2008).

Oswaldo Cruz Foundation (FIOCRUZ) possesses all of the
necessary attributes for it to become the headquarters of BraC-
VAM, since it is an internationally-recognised scientific insti-
tution that unites a vast range of scientific and medical fields,
including basic and applied research, drug and vaccine produc-
tion, quality control and teaching. This is an important aspect,
since the multidisciplinary scientific infrastructure of FIOCRUZ
could be used to form a working platform with a wide range of
available knowledge on many relevant subjects.

Between 2001 and 2007, FIOCRUZ published 6,359 articles
in Brazilian and international journals. In 2007, the ratio of pub-
lished articles in the biomedical area was about 60% of the total
articles (Teixeira et al., 2009).

INCQS, and some other groups in FIOCRUZ, have been
studying alternative methods for a long time. Since INCQS is
the official laboratory of the Brazilian Ministry of Health, it
has to perform assays to guarantee that products that are on the
market are sufficiently safe. For this purpose, INCQS routinely
performs animal toxicological tests and, since 1989, has tested
most of these products with alternative methods, for compar-
ing results and evaluating correlations between animal and non-

INCQS has frequently participated in several Brazilian and
international congresses, including the World Congress on Al-
ternatives and Animal Use in the Life Sciences. It comprises a
group of approximately 20 professionals and students working
on alternative methods, mainly for the replacement of animals
in testing for skin, eye and mucous irritation, and in sensitisa-
tion and pyrogen testing, as well as in vaccine control. During
this period, a range of activities, such as poster presentations,
lectures, organisation of meetings and round tables, paper pub-
lications, and post-graduate studies, have been undertaken.

BraCVAM action should not be restricted to the experimental
area but must encompass studies on alternatives in education,
environmental enrichment, etc. The Center must act in the de-
velopment of alternative research in every area in which it is
possible to apply the 3Rs concept. Of course these structures
should be constructed step by step. Integration with similar in-
stitutions is very important in order to start establishing mecha-
nisms of validation studies.

The BraCVAM structure should present a coordination division
and divisions that reflect areas of action as recently proposed by
Eskes and coworkers (2009, see Fig. 1). The scope of these areas
may be as following:

a) Promotion and Networking

— Creation and maintenance of a centralised website & data-

base on alternative methods

— Monitoring and creation of a network of interested parties on

alternative methods in Brazil

— Organisation of seminars and specialised workshops

animal data. — Publications
. ‘ N
National
Committee on
OECD :
‘ Alternative
ICATM y- \ M
/[ T q etnoas
[ Brazilian Centre on Alternative
Test Methods 4
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Fig. 1: Proposed organogram for BraCVAM and relationship with some external committees and institutions.
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b) Training and education
— Training on the 3Rs principles
— Practical courses on validated alternative methods
— Training on the internationally agreed principles of
validation

¢) 3Rs and alternatives
— Identification of current regulatory, industrial and academic
needs

— Identification of available alternatives

— Creation of platforms of excellence on specific fields of exper-
tise
— Identification of most appropriate alternatives for specific
applications

d) Validation of alternative methods for regulatory purposes
— Coordinating studies on the development of alternative
methods to animal testing
— Coordinating validation studies of alternative methods to
animal testing
— Proposing and evaluating test protocols
— Participation in international validation studies
— Publication of reports about the progress of studies

Once established, the activities of BraCVAM shall include:

— the development of new methods;

— the coordination of studies on the development of alternative
methods;

— the coordination of the validation of alternative methods;

— the proposal and evaluation of test protocols;

— the analysis and evaluation of results obtained from studies;

— participation in international cooperation;

— the creation, maintenance and management of databases of
technical procedures, substances, raw materials, finished prod-
ucts and any other aspects relevant to alternative methods;

— the promotion of meetings, congresses, workshops or any oth-
er route of disseminating scientific information to regulatory
organisations, industries, academia and any other institutions
related to alternatives;

— the publication of reports about the progress of studies; and

— the improvement of any procedure that could help in the
development of alternative methods.

6 Conclusion

The creation of a Brazilian Centre for the Validation of Alter-
native Methods (BraCVAM) would be very important, not only
for, but for the whole of Latin America, since there is no similar
institution in this part of the world.

Once established, BraCVAM should determine its structure,
take all necessary steps to become officially viable, and deter-
mine the start-up period for its activities.
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Summary

The Mahatma Gandhi-Doerenkamp Center for Alternatives to the Use of Animals in Life Science
Education (MGDC) has been established as a national centre for alternatives in India at Bharathidasan
University, Tiruchirappalli, Tamil Nadu, a renowned university under the University Grants Commission
of the Government of India. The mandate of the centre is to introduce the Gandhian Philosophy of
‘Ahimsa’ or ‘non-violence’ into the teaching /research of life sciences. The centre was established with the
generous financial support of the Doerenkamp-Zbinden Foundation, Switzerland, in conjunction with the
establishment of the ‘Gandhi-Gruber-Doerenkamp Chair’ for Alternatives in Biomedical Science Education
and in vitro Toxicology. The centre was established in the knowledge that promoting humane science is

an imperative scientific, legal, psycho-social, ecological and economic need of the hour.

The MGDC will strive to create a strong positive presence of alternatives to the use of animals, thereby
promoting quality and excellence in life science education, research and testing by way of continuous
training programmes, an alternatives knowledge bank, library and certificate / diploma / post-graduate
diploma programmes in animal alternatives and in vitro toxicology testing. The MGDC will also bring
together stakeholders in the 3Rs — academia, scientific community, industry, government and animal
welfare personnel from national / international levels — to raise the awareness / facilitate the exchange of
information / ideas on alternatives to translate the vision of 3Rs into policy and curricular changes in India
as relevant to education and research. The MGDC will help by way of funding research and development
of environmentally friendly pedagogical tools and in vitro alternative methods for life science teaching
and research. The approach will be to encourage the use of e-tools, help establish virtual learning centres,
and to establish an in-house state-of-the-art cell culture laboratory for training in non-animal methods

of research and product testing. The centre will be essentially a service provider in respect to non-animal
methods in learning, research and testing. It is a joint venture of the Doerenkamp Zbinden Foundation,
Bharathidasan University and People for Animals (Chennai), India.

Keywords: Mahatma Gandhi, life science, biomedical education, India, alternative methods, e-learning,

Ahimsa

1 History

Very few men have done so much good for their fellow crea-
tures, be it human kind or animal kind or enriching philosophy,
as did Mohandas Karamchand Gandhi, who has been called the
“Mahatma” (meaning the “great soul”) in India. His greatest
philosophy was that of “Ahimsa” or “non-violence”. He said
“non-violence is not a cloistered virtue to be practiced by the in-
dividual for his peace and final salvation, but it is a rule of con-
duct for society if it is to live consistently with human dignity
and make progress towards the attainment of peace for which it
has been yearning for ages past”. He went on to say, “We should
not inflict cruelty on even the meanest of creatures. I also will
have to answer for this in the court of the Almighty.”
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Only few single persons have contributed so much wealth to
the protection of animals as Hildegard Doerenkamp from Ger-
many. Ms. Doerenkamp, together with the late Gerhard Zbind-
en, founded the Doerenkamp-Zbinden Foundation.

To honour their greatness, the Mahatma Gandhi-Doerenkamp
Center (MGDC) carries the names of these two towering person-
alities in order to propagate the message “do not kill animals” in
education, research and testing. The centre has been established
at the Bharathidasan University, Tiruchirappalli, India, which is
named after the great revolutionary Indian poet, Bharathidasan,
who vowed “to create a brave new world”. The university’s af-
fairs are now guided by M. Ponnavaikko, the vice-chancellor,
according to whom “God is an invisible distributed energy; he
resides in every human being, plant and animal; the human be-
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ings are endowed with the sixth sense, which should be used in
realising God; you will realise God only when you love, respect
and care for His creations”.

It was a red letter day in the history of the University and
the Doerenkamp-Zbinden Foundation, Switzerland, when these
two parties entered into a Memorandum of Understanding to
establish the “Mahatma Gandhi-Doerenkamp Center for Alter-
natives to Use of Animals in Life Science Education”, on 13®
July 2009. The centre was launched on 15" July, 2009.

If William Russell and Rex Burch were the ones to revo-
lutionise the approach to animal experiments with their book
The Principles of Humane Experimental Technique, published
in 1959, wherein they demanded a humane approach to animal
experimentation and introduced the 3Rs concept (replacement,
reduction and refinement), which has come to be known as the
concept of “alternatives”, it was Jennifer Graham, a brave 15-
year-old girl from California, who in 1987 refused to dissect an
animal and sued her school district seeking an alternative study
option, whereupon the state of California, USA, granted that
right to all high school students, to be followed by other States
in the US and later other countries as well, who revolutionised
animal dissection and vivisection.

While a humane approach to animals in education, research
and testing has been taken up seriously in the developed coun-
tries, the developing countries are yet to fall in line, although
they were also signatories of the Three Rs Declaration of Bo-
logna, which was adopted in 1999 by the Third World Con-
gress on Alternatives and Animal Use in the Life Sciences and
strongly endorsed and reaffirmed the principles of the 3Rs. The
situation in India, the country with the second largest population
in the world, has been dismal.

In 1996, both the Central Board of Secondary Education and
the Indian Council of Secondary Education stopped the use of
animals in teaching life sciences in secondary schools in India.
However, with regard to higher education and research there
was an awakening only after the turn of the century when or-
ganisations like People for Animals, India (PFA), I-CARE and
the CPCSEA (Committee For The Purpose Of Control And Su-
pervision Of Experiments On Animals, Govt. of India), began
a campaign for non-animal methods of teaching and learning in
life sciences.

In February 2003, the CPCSEA sensitised the teaching and
scientific community by conducting a 3-day national sympo-
sium on alternatives in New Delhi, India. Over 300 participants
attended the same and renowned scientists from across the
world were invited to speak. For the first time, the science of al-
ternatives was officially introduced to the Indian scientific com-
munity. International speakers from Johns Hopkins University,
USA, the Netherlands Center for Alternatives, FRAME, UK,
HSUS, USA, InterNICHE and the Doerenkamp-Zbinden Foun-
dation were invited. Their efforts came to be rewarded, since
these organisations also enlisted in the service of academics and
universities across India, including the first author, M. C. Sathy-
anarayana from AVC College, Mannampandal, Mayiladuthurai,
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a college affiliated to Bharathidasan University, Ramakrishna,
Professor of Veterinary Science from Chennai, R. Raveendran,
a pharmacologist from JIPMER, Pondicherry, Dr. Syed Ziaur
Rahman, another pharmacologist from Aligarh Muslim Univer-
sity, and others.

More importantly, they targeted the teachers, those who are
the key role players in the academic curricular decisions, to
bring about change. A workshop was conducted on the 25" Sep
2001 at AVC College, Mannampandal, Mayiladuthurai, Tamil
Nadu, organised by M. C. Sathyanarayana, where the first au-
thor delivered the key note address. The participants, all col-
lege teachers, were introduced to the non-animal methods of
teaching and learning anatomy in zoology class. From then on,
many programs were conducted in different places throughout
the country, but they were all piece meal basis, without a clear-
cut direction.

In 2004, PFA in collaboration with InterNICHE and WSPA,
UK organised one-day workshops in alternatives in education in
9 cities across India. The ‘First Indian Congress On Alternatives
To The Use Of Animals In Research, Education and Testing’
was a national congress also conducted in Chennai by I-CARE
in 2007, which attracted over 400 participants and the best in-
ternational platforms of alternatives to India. In 2006, on the
initiative of I-CARE and supported by the first author and the
model curriculum of Bharathidasan University and the Univer-
sity Grants Commission, New Delhi, the Regulatory Authority
of Higher Education in India, an epoch-making letter was sent
to all universities in India, directing them to use alternatives and
requiring the curtailment of use of animals in zoology teach-
ing and learning. But little was done thereafter, since the efforts
were made only by unorganised sectors and free-lancers.

The first author and his team approached the change from a
different perspective as well. As senior teachers and research-
ers of zoology, they were members of the Curriculum Boards
of several universities. Taking advantage of this position, they
endeavoured to change the zoology curriculum such that animal
dissection as an aspect of animal anatomy laboratory exercise
was greatly reduced and even dropped in some universities /
programmes.

The most exciting outcome was from Bharathidasan Univer-
sity, where all major dissections were dropped from the curricu-
lum for undergraduate as well as post-graduate programmes,
and in their place learning of animal anatomy using CD-Roms
was introduced for the first time in the country. This came to be
called the “Bharathidasan University Model” (Akbarsha, 2007).
In 2003, CPCSEA again worked with the Pharmacy Council
of India and brought about the decision that where alternative
methods for pharmacological testing are available, in vivo test-
ing protocols need not be practiced. Thus, the roles of I-CARE,
People for Animals, Peta India, and InterNICHE are commend-
able. Yet, the vastness of the country, the variety in the higher
education and the heterogeneity of the religious, linguistic and
cultural heritage of the people made the task enormous and dif-
ficult for these organisations to handle.
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2 The Mahatma Gandhi-Doerenkamp Center

At this time, there was an initiative from the Chennai chapter
of PFA to upscale the campaign for non-animal methods in life
science and biomedical science education in India. Since Bhar-
athidasan University had already made its mark, spearheaded by
the first author and M. C. Sathyanarayana, it was proposed that a
National Center for Alternatives be established at this university,
with the first author at the helm of affairs. Before funding agen-
cies in India could be approached, the Doerenkamp-Zbinden
Foundation (DZF) heard of the campaign and offered to partici-
pate in the venture, deciding for the first time to expand its ac-
tivities outside Europe and the USA. It was proposed that a Na-
tional Center for India be established in a tripartite collaboration
between the DZF, Bharathidasan University, and PFA, Chennai,
wherein the DZF bears the entire cost, including an academic
chair and a building proposed in a budget, PFA renders moral
and counselling support and Bharathidasan University houses
and runs the MGDC. This initiative culminated in the signing of
the Memorandum of Understanding on July 13%, 2009.

The centre is named after Mahatma Gandhi and Ms. Hilde-
gard Doerenkamp. Mahatma Gandhi was the great leader of
India during the most gruesome period of Indian history. Cen-
tral to Mahatma Gandhi's vision was an impassioned convic-
tion that at the heart of all life there is ‘Truth’ which sustains
all creation; a “Truth’ which demands a personal response from
each individual. He saw ‘Truth’ as a truth present in every per-
son. In particular, he held non-violence as a basic tenet of this
‘truth’, a positive force that can bring about fundamental change
at all levels. For Gandhi ‘non-violence’ was the discovery of a
new kind of power. It is a well known fact that Gandhi not only
played a major role in India achieving its independence but also
taught a philosophy which has universal applicability. The core
of that philosophy is the search for truth through non-violence —
“Ahimsa”. Gandhi taught respect for animals as well as humans,
a non-exploitative relationship with the environment, the elimi-
nation of poverty, the limitation of personal wealth and posses-
sions, and non-violence applied at all levels of relationships, be
it man to man, man to animal or man to environment. According
to him, "The greatness of a nation and its moral progress can be
judged by the way its animals are treated”. He said “I hold that
the more helpless a creature, the more entitled it is to protection
by man from the cruelty of man”, and “I abhor vivisection with
my whole soul. All the scientific discoveries stained with inno-
cent blood I count as of no consequence.”

Ms. Hildegard Doerenkamp dedicated her entire wealth to-
wards the cause of animal protection, and, together with Ger-
hard Zbinden, founded the DZF. This foundation began by ex-
tending support to the discovery of alternatives and conferring
awards for outstanding work on alternatives. Later, it started to
establish academic chairs for alternative methods. It has Chairs
at Johns Hopkins University, USA, University of Geneva, Swit-
zerland, University of Konstanz and University of Erlangen,
Germany, and Utrecht University, The Netherlands. The Foun-
dation is also member and main sponsor of the society ALTEX
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Edition, which publishes the journal on alternatives to animal
experimentation and testing, ALTEX.

Mohammad A. Akbarsha, a teacher of zoology and animal
science for more than three decades and a scientist who uses in
vitro tools, has been declared Director of the MGDC and also
holder of the Gandhi-Gruber-Doerenkamp Chair for Alterna-
tives in Life Science and In Vitro Toxicology.

The mandates of the MGDC are:

1. The MGDC will endeavour to advance the concept of “hu-
mane science” and implement the concept of the 3Rs in
education, research and testing in accordance with Indian
legislation, the international ‘Declaration of Bologna’ and
international advances in the science of alternatives.

2. The MGDC will work to create a strong and positive pres-
ence for alternatives to the use of animals in experimentation
/ testing in India and pro-actively work to blend life science
education with the Gandhian philosophy of non-violence.

3. The MGDC will evolve a national programme for humane
education in teaching and research.

The MGDC will work to:

1. Develop a national humane education programme for all uni-
versities/ colleges/ national research institutes as part of their
life science curriculum/ research, which will seek to blend
the Gandhian philosophy of non-violence with life science
education/ research

2. Develop a strategy for the implementation of the 3Rs in aca-
demic and research/testing laboratories

3. Conduct courses on Humane Science and Alternatives in the
Use of Animals in Education and Research in affiliation with
other renowned universities like the Oxford University Cen-
tre of Animal Ethics, UK and CAAT, Johns Hopkins Univer-
sity, USA, etc., for both Indian and international students

4. Support by way of funds and expertise high-quality research
that advances the 3Rs for development of pedagogic tools,
computer modelling for teaching, drug development, basic
bio-medical research, product testing, etc.

5. Provide expertise and guidance on the 3Rs and laboratory
animal welfare to the teaching/ scientific community by de-
veloping a range of resources, including guidelines and train-
ing material (e.g. CDs), organising working groups, work-
shops, symposia, etc.

6. Liaise with national education councils, like MCI, VCI, PCI,
UGC, AICTE, etc., and state education departments for cur-
ricular developments to promote the use and knowledge of
alternatives

7. Liaise with regulatory bodies for the acceptance of alterna-
tive methods in product testing

8. Establish a state-of-the-art tissue culture laboratory and li-
brary of alternatives to help train scientists in the use of alter-
natives. The former could also help generate revenue for the
MGDC by way of product testing on a payment basis
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9.

Help create virtual learning centres at universities

10. Organise national level training workshops, seminars, na-

tional congresses, etc., to propagate in vitro/in silico meth-
ods and other alternatives with international expertise /
collaboration and to train Institutional Ethics Committee
members.

Following are the mission goals:

B W =

9}

. To establish a library of alternatives

. To provide for lending of alternatives

. To offer training in use of alternatives

. Thus, to motivate the teachers, not only to introduce alterna-

tives in teaching and research but to work on the Curriculum
Boards to change the course content so as to replace animals
in dissection, experiments and testing with appropriate alter-
native modalities

. To conduct research to develop new alternatives
. To work for application of alternatives in life science and

biomedical science research

. To conduct teaching programmes in “Ahimsa and Alterna-

tives” and “In Vitro Toxicology”

&

The following facilities are being built:

® A repository of dissection CDs, videos, mannekins, models,
etc.

® A state-of-the-art computational lab

® An in vitro testing facility and a cell line bank

® Bio-informatics tools such as predictive toxicology (Q)SAR,
Read Alone, ebTrack, etc., for in silico analysis

To reach these goals the MGDC intends to:

® conduct workshops at identified places to train university and
college teachers to use dissection alternatives;

® Jend dissection alternatives to institutions to encourage
change to the newer pedagogy of teaching animal anatomy;

® train teachers and researchers in in vitro and in silico alterna-
tives;

® organise national and international seminars and conferences
to popularise the concept of alternatives.
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The task is enormous. As already said, India is a vast country
with a huge population.

Area: 3.3 million sq km

Number of States: 28

Number of Union Territories: 7

Population: 1,186.2 million

Ethnic Groups: Indo-Aryan 72 %,
Dravidian 25 %
Mongoloid and others 3 %

Number of languages spoken: about 40

Number of Central Universities: 39

Number of State Universities: 131
Number of Deemed Universities: 127
Number of Colleges: 6.289
Number of Science Colleges: 1.868
Number of Medical Colleges: 274

Yet, the MGDC is optimistic. The goal of non-animal methods
in teaching, research and testing as a national policy and prac-
tice is expected to be reached soon.

With means of the DZF the MGDC will be built in the next
month. The first step is fully paid by DZF, and for the second
step additional sponsors are sought (see fig. 1 and fig. 2).

3 The MGDC Board

To better fulfil its obligations to bring modern teaching meth-
ods to Indian bio-medical education a governing council and an
advisory board have been elected by the chancellor of the Bhar-
athidasan University. The members meet at least once a year
and give the director strategic impulses for his way forward.
One of the outstanding board members is David Dewhurst, Pro-
fessor for e-learning methods at the University of Edinburgh,
UK, well known as a specialist in modern biomedical education
(Dewhurst, 2004; Gruber and Dewhurst, 2004).

Governing council:

1. H’ble Vice-Chancellor, Bharathidasan University,
Tiruchirappalli —Chairman

2. Registrar, Bharathidasan University, Tiruchirappalli
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3. Director, Mahatma Gandhi-Doerenkamp Center & Gandhi-
Gruber-Doerenkamp Chair, Bharathidasan University,
Tiruchirappalli — Secretary.

4. Dr. David Dewhurst, Professor of e-Learning, Director of

Educational Information Services, College of Medicine &

Veterinary Medicine, University of Edinburgh, UK — (DZF

Nominee).

Dr. (Mrs). Shiranee Pereira, Chennai - Nominee of PFA

6. Dr. N. Tajuddin, Bioscientist Member in Syndicate,
Bharathidasan University, Tiruchirappalli-

7. Dr. T. Madhan Mohan, Director, Department of
Biotechnology, Govt. of India, New Delhi — Member.

8. Dr.R.S. Sharma, Deputy Director General, [CMR, New
Delhi

9. Dr. B. Manivannan, Asst General Manager, Regulatory
Office, A-27/B1 Extn, Mohan Corporative Industrial
Estate, Madhura Road, New Delhi

10. Dr. Oommen V. Oommen, Professor of Zoology
& Coordinator, UGC-SAP, University of Kerala,
Thiruvananthapuram

11. Dr. S. Vincent, Member Secretary, Tamil Nadu State
Council for Science and Technology, Chennai

9}

Advisory Board:

1. H’ble Vice-Chancellor, Bharathidasan University,
Tiruchirappalli — Chairman

2. Registrar, Bharathidasan University, Tiruchirappalli

3. Director, Mahatma Gandhi-Doerenkamp Center & Gandhi-
Gruber-Doerenkamp Chair, Bharathidasan University,
Tiruchirappalli — 620 024 - Secretary.

4. Dr. David Dewhurst, Professor of e-Learning, Director of

Educational Information Services. College of Medicine &

Veterinary Medicine, University of Edinburgh, UK — (DZF

Nominee).

Dr. (Mrs). Shiranee Pereira, Chennai, Nominee of PFA,

6. Dr. Massimo Tettamanti, [-CARE, 33, Athivakkam Village,
Red Hills, Chennai

7. Dr. R. Raveendran, Professor, Dept. of Pharmacology,
JIPMER, Pondicherry

8. Dr. Zia-ur-Rahuman, Reader in Pharmacology, Aligarh
Muslim University, Aligarh

9. Dr. Oommen. V. Oommen, Professor of Zoology
& Coordinator, UGC-SAP, University of Kerala,
Thiruvananthapuram

10. Dr. V. R. Muthukarruppan, Aravind Eye Hospital, Madurai

W
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11. Dr. Michael Aruldhas, Professor & Head, Dept of
Endocrinology, ALPGIBMS, Chennai

12. Dr. K. Dharmalingam, Professor & Head, School of
Biotechnology, Madurai Kamaraj University, Madurai

13. Dr. Gopinath Ganapathy, Professor & Head, Dept
of Computer Science, Bharathidasan University,
Tiruchirappalli

14. Dr. M. Krishnan, Professor & Head, Dept of
Environmental Biotechnology, Bharathidasan University,
Tiruchirappalli

15. Dr. S. Parthasarathy, Reader & Head, Dept. of
Bioinformatics, Bharathidasan University, Tiruchirappalli

16. Dr. P. Ilango, Professor & Head, Dept of Social Work,
Bharathidasan University, Tiruchirappalli — 620 024

17. Dr. (Mrs).Radha Chellappan , Emeritus Professor,
Bharathidasan University, Tiruchirappalli

18. Dr. T. Thirunalasundari, Coordinator, sixth year M. Tech
Courses, Bharathidasan University, Tiruchirappalli

19. Dr. B. Kadalmani, Lecturer, Dept. of Animal Science,
Bharathidasan University, Tiruchirappalli
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MS6: Associations

CELLTOX: The Italian Association for In Vitro Toxicology

Isabella De Angelis!, Simonetta Gemma! and Francesca Caloni?

1Department of Environmental and Primary Prevention, Istituto Superiore di Sanita, Rome, Italy; 2Department of Veterinary
Sciences and Technologies for Food Safety, Faculty of Veterinary Medicine, Universita degli Studi di Milano, Italy

Summary

The principal aim of CELLTOX, the Italian Association for in vitro Toxicology founded in 1991, is

the dissemination of alternative methods in toxicology. The activity is focused on the promotion

of in vitro models and alternative methodologies, collaborations with private and public institutions,
creation of networks with researchers from different disciplines and organisation of conferences,
courses, meetings and workshops geared at spreading the 3R principles and philosophy in the scientific
community. The support young scientists with fellowships and grants is one of the main goals of

this association. CELLTOX has worked in collaboration with IPAM, Italian Platform for Alternative
Methods, and other Italian and European organisations and is an affiliate of the European Society

of Toxicology In Vitro (ESTIV).

Keywords: Celltox, Italian Association, in vitro methods, toxicology

The Italian Association for in vitro Toxicology, CELLTOX, was
founded in 1991 and has its roots in a pre-existing but informal
and enthusiastic group of scientists.

From the beginning, the Association was considered the na-
tional point of reference for researchers and public and private
institutions interested and involved in the application of in vitro
methods in toxicology. It has thus been frequently contacted to
provide technical support for certain government projects and
recently has worked actively with IPAM (Italian Platform for
Alternative Methods) for the implementation of alternative
methods in Italian legislation.

Moreover, it is closely linked to analogous European socie-
ties and affiliated with the European Society for Toxicology In
Vitro (ESTIV).

Its activities and goals, still valid at present, are well described
in its statutes. Its main aims are as follows:

a) to promote the use of in vitro experimental models and alter-
native methodologies in the pharmacological and toxicologi-
cal field;

b) to investigate mechanisms of toxicity at the cellular and mo-
lecular level, with a special interest in cell culture models;
¢) to facilitate the exchange of information and collaboration
among research groups from different public and private in-

stitutions;

d) to create an information network about the ethical and practi-
cal aspects of the reduction of animal use by propagating the
3R principles and philosophy in the scientific community.

ALTEX 27, Special Issue 2010

CELLTOX is managed by a board composed of eight members
(and the former president). Board members, elected every three
years from the group of general members, are mainly selected
with the purpose of bringing in the greatest professional experi-
ence in the different fields of application of in vitro methods.

The current composition of the board, which represents scien-
tists from different institutions and research groups, is reported
in Table 1.

The members of the Association are mainly from the north
(44%) and central parts of Italy (46%), while the south (10%) is
still poorly represented. The members are quite homogeneously
distributed, coming from research institutes (35%), the indus-
trial sector (27%) and universities (15%). Students, including
undergraduates, PhD students and post-docs with a reduced
membership fee, represent 23% of the total members. This is
an important feature of the association, as the training of young
scientists has always been one of its main objectives.

In this respect, CELLTOX contributes to the diffusion of
3R concepts by helping young researchers remain updated on
scientific issues by giving them the opportunity to attend in-
ternational conferences and national courses with grants cov-
ering registration fees and/or travel expenses. In recent years,
CELLTOX has sponsored seven grants for the participation
of young members in several international meetings (AICC-
CELLTOX joint meeting, 2008 ESTIV meeting) and eleven
grants for the participation of young members in CELLTOX
courses.
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Tab. 1: CELLTOX Board

President
Isabella De Angelis (ISS1)

Vice —President
Yula Sambuy (INRANZ2)

Treasurer
Francesca Caloni (University of Milan)

Secretary
Simonetta Gemma (ISS1)

Councillors

Lucia Golzio( MerckSerono RBM)

Marisa Meloni (Vitroscreen)

Maria Pilar-Prieto (ECVAMS3)

Chiara Urani (University of Milan Bicocca)
Anna Zaghini (University of Bologna)

Past President
Annalaura Stammati (ISS1)

11SS - Istituto Superiore di Sanita

2 INRAN - Istituto di Ricerca per gli Alimenti e la Nutrizione;

3 ECVAM - European Centre for the Validation of Alternative Me-
thods

Association activities include regularly organised meetings,
practical courses and symposia which cover the principal aspects
of in vitro toxicology research and disseminate the 3R concept.

CELLTOX has organised a cycle of workshops to focus on
state-of-the-art teaching in Italian universities using alternative
methods and the 3R principle, involving speakers from different
institutions and associations to underline the importance of pro-
moting alternative methods in education and providing counsel
on how to integrate them into teaching. Whereas the 3R concept
in research is very well known and largely applied, the use of
alternative methods in education is at times limited either due
to lack of information or knowledge of pedagogical advantages.
The meeting has been held since 2005, starting at the University
of Milan and then subsequently moving to the University of Na-
ples, University of Bologna and University of Milan Bicocca,
with the next to be held at the University of Bari.

International conferences have also been organised by the As-
sociation. Three international joint meetings were held with the
Italian Association of Cell Culture (AICC) on “In Vitro Cytotox-
icity Mechanisms” in which relevant issues on in vitro toxicology

B

were presented and discussed by the participants. At the last one
held in Verona in 2006, about 120 scientists and 96 contributors
from several European countries attended the whole meeting, pro-
ducing an excellent network for a productive exchange of ideas.

CELLTOX has organised symposia on relevant emerging
topics: the first Italian symposium on nanotoxicology in col-
laboration with Insubria University in 2007, a round table on
“Alternative methods: new prospects” in the framework of the
XV National Congress of the Italian Society of Toxicology and
the Satellite Symposium during the 7" World Congress on Al-
ternatives & Animal Use in the Life Sciences “From tissue engi-
neering to alternatives: research, discovery and development”,
in collaboration with ESTIV, in 2009.

Several national practical courses to introduce basic informa-
tion on tissue culture and the application of toxicology have also
been organised by our society recently:

1) Course on Episkin: the in vitro alternative model for skin ir-
ritation testing

2) Course on molecular biology techniques in the pharmaceuti-
cal industry

3) Course on cell culture in toxicology: basic techniques

All of these courses, which are included in the national
training program for health workers, were attended by a large
number of participants and were very well appreciated. New
editions will be planned for the future.

Finally, the CELLTOX website (www.celltox.it) has, in re-
cent years, become one of the most important tools in advertis-
ing the activities of the association and informing others about
what is happening in the world of in vitro toxicology. It has
been updated recently to make it more efficient, and a continual
increase in the number of national and international contacts has
been noticed.

Our hope is to further expand the Association in terms of
membership and activities in the future and we expect to con-
tinue our efforts in collaboration with additional national and
international entities involved in the field of alternative methods
in toxicology.

Correspondence to

Isabella De Angelis MD

Istituto Superiore di Sanita

Environment and Primary Prevention Dept.
Viale Regina Elena 299

00161 Rome, Italy

e-mail: isabella.deangelis@iss.it

Tab. 2: Visits to CELLTOX website during a three month period (January-March 2009).

Visits from total visits average visits historically Change percents of visits
North America 478 532 -108 67.14
Europe 192 210 +1 26.97
Asia 41 26 +11 5.76
South America 1 - +1 0.14
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Assuring Safety without Animal Testing:
Unilever’s Ongoing Research Programme to Deliver
Novel Ways to Assure Consumer Safety

Carl Westmoreland, Paul Carmichael, Matt Dent, Julia Fentem, Cameron MacKay, Gavin Maxwell,

Camilla Pease and Fiona Reynolds

Safety & Environmental Assurance Centre (SEAC), Unilever, Bedford, UK

Summary

Assuring consumer safety without the generation of new animal data is currently a considerable challenge.
However, through the application of new technologies and the further development of risk-based approaches
for safety assessment, we remain confident it is ultimately achievable. For many complex, multi-organ
consumer safety endpoints, the development, evaluation and application of new, non-animal approaches is
hampered by a lack of biological understanding of the underlying mechanistic processes involved. The

enormity of this scientific challenge should not be underestimated.

To tackle this challenge a substantial research programme was initiated by Unilever in 2004 to critically
evaluate the feasibility of a new conceptual approach based upon the following key components:

1.Developing new, exposure-driven risk assessment approaches

2. Developing new biological (in vitro) and computer-based (in silico) predictive models
3. Evaluating the applicability of new technologies for generating data (e.g. “omics”, informatics) and

Sor integrating new types of data (e.g. systems approaches) for risk-based safety assessment
Our research efforts are focussed in the priority areas of skin allergy, cancer and general toxicity (including
inhaled toxicity). In all of these areas, a long-term investment is essential to increase the scientific
understanding of the underlying biology and molecular mechanisms that we believe will ultimately form

a sound basis for novel risk assessment approaches.

Our research programme in these priority areas consists of in-house research as well as Unilever-sponsored
academic research, involvement in EU-funded projects (e.g. Sens-it-iv, Carcinogenomics), participation in
cross-industry collaborative research (e.g. Colipa, EPAA) and ongoing involvement with other scientific
initiatives on non-animal approaches to risk assessment (e.g. UK NC3Rs, US “Human Toxicology Project”

consortium).

Keywords: risk assessment, skin allergy, cancer, Colipa, NC3Rs, European Commission, EPAA

1 Introduction

Unilever’s commitment to eliminating animal testing has been un-
derpinned by our scientific research programme since the 1980’s
in developing and using alternatives to animal tests. Since 2004,
we have invested an additional € 3 million a year towards the de-
velopment of novel non-animal approaches to assure consumer
safety. Unilever’s conceptual framework for safety assurance is
risk-based rather then hazard-based, meaning all available data on
anew ingredient (including predicted levels of consumer exposure
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during product use) are analysed using a weight-of-evidence ap-
proach to judge the level of risk prior to generating any new data to
further characterise the hazard.

Our research efforts are currently focussed on the develop-
ment and evaluation of new risk assessment approaches for as-
suring consumer safety in the areas of skin allergy (Maxwell
et al., 2008) and cancer, and consideration of how risk-based
approaches and the application of new models and technologies
could be applied in the area of general toxicity (where we have
used inhaled toxicity as a specific case study).
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The scientific and technical challenges associated with
assuring consumer safety without any animal testing in the ar-
eas outlined above are enormous and it is clear that no single
research group or company will achieve these goals alone. For
this reason, in order to develop alternative approaches for con-
sumer safety, Unilever has its own in-house research programme
and in addition works in partnership with a number of external
groups. These partnerships include sponsoring research with
academic institutions, investigating new approaches with con-
tract research organisations, initiating bespoke research with
biotechnology companies, and consultancies with key experts.
In addition to our internal research programme we are also in-
volved in EU-funded projects, e.g. Sens-it-iv, Carcinogenom-
ics, we participate in cross-industry collaborative research, e.g.
The European Cosmetics Association (Colipa) and the Euro-
pean Partnership on Alternative Approaches to Animal Testing
(EPAA), and have ongoing involvement with other scientific
initiatives on non-animal approaches to risk assessment, e.g. UK
National Centre for the Replacement, Refinement and Reduc-
tion of Animals in Research (NC3Rs), US “Human Toxicology
Project” consortium looking to follow up the 2007 report from
the US National Research Council (NRC, 2007).

2 Skin allergy

Following the principles of the conceptual framework (Fentem
et al., 2004), we have been exploring the feasibility of deliver-
ing consumer safety risk assessment decisions for skin allergy
that do not rely on data generated in animals (Maxwell et al.,
2008). A key element of this work is to improve our current
estimates of dermal exposure to ingredients for which we have
detailed information on both formulation effects and consumer
habits and use patterns. A new experimental approach based
on ex vivo human skin has been investigated to determine skin
compartmental concentrations and the delivery kinetics of a
chemical in vitro (Pendlington et al., 2008). Techniques like this
aim to establish a relationship between the exposure on the skin
and the chemical bioavailability at the target site assumed to
be the epidermis and dermis. However, the true bioavailability
of free chemical in the skin tissue is also influenced by other
parameters (e.g. skin metabolism, tissue adsorption and clear-
ance mechanisms) and consequently ongoing research in these
areas should ultimately provide more valuable information for
novel risk assessments.

To determine whether a chemical has the potential to induce
skin sensitisation many groups are currently working on non-
animal predictive models to encompass the events which are
considered to be key to the induction of skin sensitisation (in-
cluding large programmes of work at Colipa (Aeby et al., 2008)
and within Sens-it-iv). To test and explore the relative contri-
butions of individual biological pathways thought to be key to
the induction of skin sensitisation, we developed an in silico
mathematical model (the “Skin Sensitisation PhysioLab®”
[SSP] platform; Maxwell and MacKay, 2008) in collaboration
with Entelos® Inc. The aim of this project was to determine the
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key biological pathways that drive the sensitisation response by
mechanistic modelling of the biology that has been reported as
relevant in the scientific literature. The technique provided a
systematic approach for the identification of key pathways as
well as the identification of knowledge gaps. This information
has been used to focus our in vitro assay development on the
pathways of importance (e.g. inflammatory signals in the epi-
dermis) and has motivated some of our fundamental research
studies, in particular, investigation of functional proteomics of
skin proteins modified by sensitising chemicals.

Jowsey et al. (2006) hypothesised that no single non-animal
approach could be envisaged to generate sensitiser potency in-
formation and proposed that multiple forms of non-animal data
would be required for this purpose. Based on this hypothesis and
our evaluation of the published skin sensitisation literature (by
using the SSP platform), our current hypothesis is that the inte-
gration of some or all of the following categories of non-animal
information, in the context of human exposure, should yield a
new measure of skin sensitiser potency: Chemical reactivity; epi-
dermal disposition (or bioavailability); epidermal inflammation;
dendritic cell activation; T-cell proliferation. For example, it is
generally understood that any chemical (or metabolite derived
from it) must form a stable (covalent) adduct with protein in the
skin in order to stimulate an immune response (Divkovic et al.,
2005). Consequently, the covalent modification of a protein by
a reactive chemical (haptenation) is considered to be a key step
in the induction of skin sensitisation. Several in chemico assays
for measuring the extent and nature of chemical reactions with
model peptides are being developed, underpinned by this hypo-
thesis (e.g. Aeby et al., 2008; Gerberick et al., 2007; Natsch et al.,
2007; Kato et al., 2003). For the purposes of deriving the maxi-
mum qualitative and quantitative information on the reactivity
of a chemical with peptides for a non-animal skin allergy RA
framework, we have developed an in chemico peptide reactiv-
ity profiling assay, which uses a panel of six single-nucleophile
peptides (generic sequence AcCFAAXAA, where X = Cys, Lys,
Tyr, His or Arg, with H;N-FAAAAA representing the N-terminal
nucleophile) with the aim of determining the reactivity profile of
a chemical with a high level of confidence. We have now stand-
ardised this approach and tested 36 chemicals; varied patterns of
reactivity reaction mechanisms which are not always theoreti-
cally foreseen have been observed (Aleksic et al., 2009).

Due to the increasing complexity of datasets from this and
other in vitro approaches, statistical tools (including principle
component analysis, partial least squares and generalised lin-
ear models) are being used to analyse data and establish the
predictive capacity of each assay alone and in combination. A
network approach is also being used to integrate the data in a
probabilistic and biologically relevant manner by drawing on the
pathway structure modelled in the SSP. The aim is to determine
the feasibility of such approaches for providing hazard data for
risk assessment. Currently animal data such as local lymph node
assay data is used to evaluate non-animal approaches. However,
such approaches will need to be evaluated within a risk assess-
ment and consequently more emphasis will need to be placed
on human clinical experience of skin sensitisation to ensure that
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any extrapolation of data from non-animal predictive models is
appropriate. By maintaining the emphasis of new approaches on
the human relevance we can move beyond animal replacement
and towards better risk assessment methods in skin allergy.

3 Cancer

Like skin allergy, the prevention of cancer from the use of con-
sumer products represents an extremely important safety end-
point. Past strategies have relied heavily on results from in vitro
tests (genetic toxicology tests) being confirmed by “definitive”
animal studies (genetic toxicology and carcinogenicity tests).
We believe that a new non-animal strategy can be developed
that is more informative and ensures safety to the consumer.

Since March 2009, as a consequence of the 7% Amendment
to the EU Cosmetics Directive (EC, 2003) there has been a
ban on the genetic toxicology-based animal testing of chemical
ingredients intended for use in cosmetic products in Europe. In
practical terms this has meant the cessation of several genetic
toxicology tests, including the widely used bone marrow micro-
nucleus assay in rodents.

In vitro-only genetic toxicology assay strategies have a high
irrelevant positive rate (i.e. positive results will be obtained for
chemicals that are not carcinogenic (Kirkland et al., 2005)), and
many common food-based biochemicals can be erroneously
rejected (e.g. flavonoids) if in vitro regulatory tests are em-
ployed alone. This is because of the inherent nature of the current
assays, and much on-going research is focussed on identifying
approaches to increase the specificity of currently available in vitro
genetic toxicology tests (e.g. a large research programme at Coli-
pa). Because these tests are used purely in a hazard identification
mode — the label of “genotoxicity” indicated by the current tests
necessitates the rejection of that chemical if no follow-up testing
is conducted. However, greater evidence and wider acceptance of
the existence of thresholds for genotoxic events, determined in in
vitro systems, is emerging (Carmichael et al., 2009). We believe
this may provide a way forward for the risk assessment of new
chemicals and we are utilising high-throughput methodologies,
such as automated micronucleus scoring (Diaz et al., 2007), to
provide the data necessary for low dose determinations of thresh-
olds, in standard and newly engineered cell lines.

The characterisation of a material as “low-dose thresholded”
will, however, require adequate understanding of the molecu-
lar mechanism of action of carcinogens. “Omics” technologies
offer real hope in this regard. Successes with transcriptomics and
metabolomics have shown discrimination between chemicals
with probable thresholded characteristics, based on mechanis-
tic understandings (e.g. the activation of DNA repair pathways,
changes in the cell cycle and oxidative/metabolic stress). Major
programmes of research, in the EU and US (e.g. Carcinogenom-
ics and ILSI-HESI programme) will continue this trend.

Novel insights are being generated that will be capable of in-
forming a risk-based approach and, through collaborative work,
we are investigating several other new technologies to increase
our understanding of the complex interactions that occur in
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biological systems in response to carcinogenic ingredients. For
example, technology from the field of biophysics (i.e. infra-red
micro-spectroscopy is proving to be valuable in mapping and
understanding the transformation of Syrian Hamster Embryo
cells in culture, in response to chemical carcinogen exposure
(Walsh et al., 2009)). Furthermore, work at MIT, Boston is pro-
viding new ways to interpret the complex pathways and interac-
tions involved in eukaryotic responses to carcinogenic chemi-
cals using specific gene-deleted libraries teamed with systems
biology tools such as Cytoscape.

The challenge ahead will be to integrate these data to allow
risk assessment to be performed for new chemicals in consumer
products under the conditions of use. The application of sys-
tems biology approaches to anchor the in vitro measurements to
relevant biomarkers and pathology pathways will be key in this
regard and we are conducting research with partners at Barts
and The London School of Medicine, UK in order to provide the
much needed, greater molecular understanding of the processes
that lead to human skin tumours.

4 General toxicity

The assurance of consumer safety for novel ingredients without
the generation of new animal data still remains a considerable
scientific challenge, but in light of the progress described above
towards new risk assessment frameworks for skin allergy and
cancer we remain convinced that this is ultimately achievable.
A major challenge for the future is how risk assessments for
systemic toxicity may ultimately be performed in the absence of
animal testing. We are currently working on understanding the
work necessary in each of the following areas:
— Developing new, exposure-driven risk assessment approaches
— Developing new biological (in vitro) and computer-based (in
silico) predictive models
— Evaluating the applicability of new technologies for generat-
ing data (e.g. “omics”, informatics) and for integrating new
types of data (e.g. systems approaches) for risk-based safety
assessment.
Key to progressing the development of new risk assessment
strategies is the identification of the adverse health effects (and
underlying mechanistic understanding of these health effects)
that we are aiming to prevent in our consumers (a fundamental
reason for the current progress that is being made in the areas of
skin allergy and cancer). We have used a case study of inhala-
tion toxicology to begin to understand how non-animal based
approaches may be integrated for risk assessment purposes.
This research includes (i) the development of a new exposure-
based waiving approach for certain chemical classes (Carthew
et al., 2009), (ii) exploration of the molecular understanding
of mechanistic divergence between adverse and non-adverse
effects (e.g. Carthew et al., 2006) and (iii) development of cel-
lular models that will allow adverse lung effects to be predicted
(e.g. Grainger et al., 2009)
New technologies are rapidly emerging that could offer the
potential for ground-breaking opportunities in developing novel
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ways to assess consumer safety (Fentem and Westmoreland,
2007). Advances in new technologies, particularly during the
past decade, have opened up new avenues to the possibility that
non-animal approaches could be achievable at some point in
the future for human adverse effects more complex than local
skin and eye irritation. For example, we have begun to explore
potentially relevant new technologies in the areas of human tis-
sue engineering (e.g. artificial lymph nodes), relevant cell-based
approaches, “omics” technologies (transcriptomics, proteomics
and metabolomics (which we have investigated in the con-
text of skin inflammation), bioinformatics, advanced analyti-
cal methods, computer modelling (including systems biology)
and new data interpretation/integration algorithms. Combined
application of these tools and technologies in complementary
and integrated ways should provide an enhanced scientific
and increasingly more mechanistic basis for consumer safety
assessment as well as enabling us to move away from animal
testing to more human relevant analyses. The management and
analysis of the vast amounts of data generated from “omics” ex-
periments represents a major logistical and technical informat-
ics challenge. Analysis can be extremely time-consuming and
requires specialist bioinformatics capabilities. We developed
a new informatics platform to support the analysis and inter-
pretation of these experimental data in an integrated manner.
Working with the European Bioinformatics Institute, in-house
databases have been built and federated to Web-based databases
for adding further information about the biomolecules identified
in our experiments. Working with the University of California
San Diego, the open-source software Cytoscape (Shannon et
al., 2003) has been applied to integrate the data generated with
human biological network and pathway data.

A wider vision and a shared strategic view of incorporating
data from new models and technologies into potential novel
frameworks for human safety testing has been articulated in a
2007 report from the US National Research Council (NRC),
commissioned by the US Environmental Protection Agency. In
its summary, the report states that: “Advances in toxicogenom-
ics, bioinformatics, systems biology, epigenetics, and computa-
tional toxicology could transform toxicity testing from a system
based on whole-animal testing to one founded primarily on in
vitro methods that evaluate changes in biologic processes using
cells, cell lines, or cellular components, preferably of human
origin” (NRC, 2007). Recently, the US “Human Toxicology
Project” Consortium has been established to facilitate the global
implementation of this NRC vision on toxicity testing for the
218 century.

Likewise within Europe, the EPAA have considered what
approaches may be needed to address repeat-dose toxicity with-
out animals, and a recent report in 2008 concluded “The time is
right to harness more effectively the very substantial achieve-
ments that have been witnessed in biology and chemistry during
the last 10 years. Many seminal discoveries and technological
advances have the potential to impact substantially on the de-
velopment of alternative approaches. Funding at the nexus of
the disciplines of toxicology, biology chemistry and mathemat-
ics was recommended” (Anon, 2008). In 2009, the European
Commission launched a Call for Proposals including funding
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from Colipa for the development of a strategy towards alterna-
tives to safety tests using animals in the area of repeat dose sys-
temic toxicity. This includes research in the areas of advanced
organ-simulating devices, novel methods to achieve functional
differentiation of human-based target cells in vitro, optimisation
of computational modelling and estimation techniques and inte-
grated data analysis (EC, 2009).

A key area of new technology beginning to be investigated
in the context of human safety is biological tissue engineered
models derived from human primary cells, cell lines and stem
cells (Westmoreland and Holmes, 2009). Organotypic models
are very much in their infancy of development and, before any
study of more complex human adverse effects in relation to
chemical insult can begin, we must understand for what steps
of human biological adversity we are trying to build the models.
It may be possible to deconstruct and model some aspects of
key multi-component pathways of complex adverse effects, e.g.
using similar principles most commonly found in other areas
of engineering. The analogy of mechanical engineering, how-
ever, is built upon an existing understanding of the component
parts of the machine and its mechanism. However, we have a
conundrum in human safety in that the first complex problem
is identifying what the key pathways or components are for any
interpretable adverse effect in order to be able to model it in
a systems approach. We know the organs of the human body,
but we do not often know the mechanisms of adversity in re-
sponse to chemical insult. We cannot use randomly selected
in vitro models to begin generating data as they may not be
at all relevant to human effect. This aligns well with the NRC
vision, which calls for a shift to a toxicity pathway-based para-
digm for chemical risk assessment that holds great promise to
be quicker and more predictive of human outcomes, including
dose response modelling utilising computational systems biol-
ogy models of the circuitry underlying each toxicity pathway
(Andersen and Krewski, 2009).

The results from our research programme to date confirm
our belief that an essential aspect of future success will be to
involve multidisciplinary teams from all aspects of relevant new
technology early in defining the strategy for addressing the best
practical ways forward for exploring novel ways to assure con-
sumer safety for complex safety endpoints.
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Summary

The area of animal testing and its alternatives attracts considerable attention in the media and public
opinion, and it involves a spectrum of aspects including the sciences, policy, legislation, health and safety,
ethics, and philosophy. Yet, in remarkable contrast, analyses of its economic aspects are rare. We investigate
and critically review animal testing with special focus on the economics. The economic implications of
animal testing are colossal with sales value of regulated products in Europe alone reaching 1.7 trillion

€ per year (5.6 t€ worldwide). Within this context alone the reader should be able to grasp the enormity
and massive effects on manpower, investments, and animal numbers related to animal testing. Indeed, the
classical toxicology of chemical substances on animals costs 620 m€ in the EU (2-2.5 b€ worldwide), all
animal experimentation directly employs 15,000 people (worldwide 73,000), and involves about 60,000
experimenters (300,000 worldwide). In terms of animals, 23.3% of the 12.1 million animals used in the EU

2005 were for regulatory tests plus 31% for industrial R&D!

For the sake of brevity, and also because of the limited availability of reliable data resources, the analysis
discussed here focuses on Europe; where possible and necessary, a global perspective is given as well,

since the effects of globalization cannot be ignored. We also tackle some of the more technical aspects, such
as the role of animal testing in the product life cycle and the economic drivers that work for or against an
improvement (radical or incremental) in animal testing. The economic consequences of the shortcomings of
animal tests are considered, and an attempt is made to realize the true societal consequences of such tests.
As globalization advances, it will have an impact on the whole concept of consumer product safety, as well as

on animal testing, its alternatives, and related industries.

Keywords: animal experimentation, toxicology, econometry, statistics

1 Introduction

In industrialized countries, few topics are more controversial
than the use of animals in science and industry: on one side,
militant animal activists threaten the lives of researchers and
release animals from laboratories; on the other side, industry
and regulators insist that consumer safety and product quality
depend on progress made with animal tests. The discussions
center on the ethical justification, the safety of citizens, the sci-
entific feasibility of alternative approaches, and the efficiency
of regulation (Fig. 1). An important component is largely absent
from these discussions, however: economics. The discussion
immediately takes on a whole new spin when viewed in an eco-
nomic context (Fig. 2).

Most animal testing for regulatory purposes occurs for safety
assessment, i.e. toxicology and vaccine testing. Toxicology is in
a crisis — especially regulatory toxicology; modern, mechanistic
toxicology is indistinguishable from other sciences in its meth-
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odology and scope. Major limitations in the science of risk as-
sessment have been summarized elsewhere (Hartung and Leist,
2008; Griesinger et al., 2009).

The economies relying on animal testing can be analyzed on a
national, European, or global level. The national level is highly
dependent upon the respective European legislation. For imple-
mentation of European directives, however, it is worth noting
the particular national attitude toward the subject of interest. For
example, Italians are very passionate about animals: the number
of indoor-housed cats and dogs has increased an estimated
200% over the last decade in Italy. On a scale of 1 to 10, Italians
rate the importance of animal welfare at 7.8 (Eurobarometer,
2007). Independent of socio-demographic background, 51% of
Italians consider animal welfare when buying food (EU only
43%). About 900,000 animals are used in Italian laboratories
per year. Only 40% of Italians agree to animal experiments to
advance human health (EU 45%), and 34% disagree; in the age
range 15-24, only 35% agree while 46% disagree. More than
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half (53%) of Italians feel that animal welfare does not receive
enough political attention (Eurobarometer, 2007; with 29,000
European citizens).

As the home of some of the world’s biggest names in fash-
ion, Italy has built a reputation for high-end and luxury cosmet-
ics and fragrances. Clothing designers such as Gucci, Dolce &
Cabanna, Giorgio Armani, and Benetton all have successfully
expanded their branding into the international arena. The annual
turnover in the Italian cosmetic industry is about 8 billion €,
with current growth rates around 2.5% per year (personal com-
munication). In the last 20 years, the Italian chemical industry
(130,000 directly employed, 275,000 indirectly employed, 57
billion € production, 2% annual growth) has changed greatly.
The larger chemical industries have disappeared, breaking up
into numerous smaller enterprises with fewer than 100 employ-
ees, according to the Italian trade association; only 40 compa-
nies have more than 200 million € turnover. As part of this shift
from the large-scale production of chemical products, these
smaller Italian chemical enterprises have concentrated more on
the specialization of “niche products”; the latter refer to special-
ized products that target a specific market segment where there
is very little competition (Kim and Maurborgne, 2002). This
strategy has enabled the Italian chemical industry to emerge,
over the years, as one of the world leaders in chemical produc-
tion. Nonetheless, it is precisely this small and medium-sized
structure that could expose the Italian chemical industry to the
greatest risks in the process of conforming to the REACH provi-
sions. Currently, the Italian pharmaceutical industry (324 com-
panies) directly employs 67,000 people and makes 22 billion €
turnover. Export amounts to 12 billion €.

These few numbers characterize one of the 27 EU countries,
but it shows that EU politics in this area is deeply anchored in
the feelings of the citizens and the importance of some indus-
tries regulated by animal testing.

&

2 Methodology

This study uses open source research based on the internet, al-
so employing various scientific databases (MedLine/PubMed,
Knowledgefinder, Google-Scholar), as well as Internet-based
research and direct contact with peers in the field. For details
see Bottini and Hartung (2009). The authors attended a series
of conferences to complete the picture and also drew upon their
professional experiences and work contacts at the European
Centre for the Validation of Alternative Methods (ECVAM,
2004-2007 and 2002-2008, respectively).

3 Analysis of the economics of animal testing

3.1 The “regulated communities” relying

upon animal testing

The first step in understanding the economic mechanisms of
animal testing is to analyze which industrial sectors use animal
testing and to what extent. This excludes animal experimen-
tation for basic research, or 33% of all animal use (European
Commission, 2007). Basic research, however, will follow in-
dustrial needs and priorities to some extent, primarily via re-
search funding. We have discussed elsewhere some opportuni-
ties to improve this (Gruber and Hartung, 2004). Thus, we will
focus mainly on regulatory testing, which accounts for 23.3%
of all animal use (European Commission, 2007). Of these ani-
mals, 8% are used for toxicology and safety assessments and
15.3% for veterinary and human medical product safety. This
represents the requested testing of substances and products to
comply with legal restrictions promulgated by government au-
thorities, along with animal-based research for innovation of
industrial products (31% of all animal use; European Commis-
sion, 2007). Table 1 summarizes the size of the different indus-

Current discussion about animal testing

Ethics  Safety

N\
Regula-
tion

Science

Taking an economical viewpoint

Fig. 1: The four major current areas of the animal testing
debate
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tries in Europe, their share of the world market, and estimated
new substances introduced per year, as well as animal use.

Figure 3 (below) shows the relative markets in Europe, while
Figure 4 shows the situation worldwide. Details and sources can
be found in Bottini and Hartung (2009).

3.2 Globalization

Taylor and coworkers recently completed a very interesting
analysis of animal use in different countries (Taylor et al., 2008).
GDP, the gross domestic product, is “the market value of all the
goods and services produced by labor and property located in a
given region, usually a country.” When plotting their estimates
per country against gross domestic product, i.e. the most com-
mon measure of national income and output for a given coun-
try’s economy, we see (Bottini and Hartung, 2009) an almost

perfect correlation (r2 = 0.99), which, however, is strongly in-
fluenced by the extreme values, still above r2 = 0.82 for the raw
values. The message is simple: economy needs animals — quite
exactly one animal per million $ GDP — and there are no major
deviations for the major economies. Europe has about 30% of
world GDP, and we can use this to translate the European data
to other economies.

What does regulatory safety testing of synthetic substances
cost? Fleischer (Fleischer, 2007) has carried out a survey on
costs and capacities of laboratories running safety assessments
in nine countries. Since this is a competitive market with a sta-
ble situation of demand and offer of test capacities (which might
change soon in the context of REACH, see below), the average
prices also can be used as a solid estimate of test costs for in-
house tests in some companies. Applying these costs and the

® Pharma 28%

u Cosmetics 4%

= Food 35%

® Chemicals 33%

u Plant Protection Products 0.5%

Fig. 3: Markets of animal testing regulated industries in Europe (Total = 1.7 trillion €)

¥ Pharma 31%

u Cosmetics 2%

= Food 37%

® Chemicals 29%

¥ Plant Protection Products
0.5%

Fig. 4: World markets of animal testing regulated indutries (Total = 5.6 trillion €)
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animal numbers per test to the EU statistics on animal use in  sessments in Europe cost 620 m€ per year. Interestingly, this
2005 allows us to estimate testing costs (Bottini and Hartung,  estimate would suggest that most resources are spent on (sub-)
2009), shown graphically in Figure 5, i.e. the contribution of  chronic testing (332 m€), (sub-)acute testing (127 m€), and
different types of tests to the costs of toxicity testing in Europe.  carcinogenicity testing (82 m€). Extrapolating these data to a
This rough estimate would suggest that toxicity and safety as-  global scale, a factor 3-4 based on overall animal numbers and

Tab. 1: summarizes the size of the different industries in Europe and their share of the world market, estimated
new substances introduced per year as well as animal use

® |n vivo skin irritation

H |n vivo eye irritation

= Skin sensitisation

H Further mutagenicity

= Acute oral tox

= Acute inhalation tox

= Acute dermal tox

® Short-term repeated dose
= Sub-chronic tox

® | ong-term repeated tox

u Developm. Tox screening
= Developm. Tox study

= Two-generation reprotox
= Carcinogenicity
 Short-term fish

= Long-term fish tox

“ BioAccumulation (fish)

Fig. 5: Contribution of different toxicological hazards to testing costs in Europe

Animal use number for 2005 (European Commission, 2007) were interpreted by applying costs and animal numbers of guideline tests.
Some tests are grouped in the 2005 animal use statistics; the following rough assumptions were used to split: acute and subacute tests
(Acute oral tox 55%, Acute inhalation tox 5%, Acute dermal tox 10%, Short-term repeated dose 30%); subchronic and chronic tests (Sub-
chronic tox 50%, Long-term repeated tox 50%), developmental toxicity (Developm. Tox screening 20%, Developm. Tox study 80%) and
toxicity to aquatic vertebrates (Short-term fish 80%, Long-term fish tox 5% and BioAccumulation (fish) 5%).

~
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share of world market of industries seems realistic, suggesting
2-2.5 b€ spent for toxicological testing per year.

The number of people working with animals or in the industry
serving testing is difficult to determine. A UK report (Lantra,
2006) indicates that 14,000 personal license holders for animal
experimentation (mainly scientists) carried out experiments on
2.72 million animals in 2003. There is no reason to assume that
in other countries significantly fewer or more personnel are re-
quired for the conduct of animal experimentation. Thus, more
than 60,000 people might be involved in animal experimenta-
tion in Europe, or about 300,000 worldwide. Similarly, the 3,400
professionals working in the UK on animals for experimental
purposes can be extrapolated to 14,600 in the EU and 73,000
worldwide. Contract research laboratories, which represent an
industry with 4.1 b€ total sales, form an important part of the
animal testing market. In conclusion, animal experimentation
represents a relevant industrial branch on its own.

3.3 The extent of animal-test-based regulation
differs for different industrial sectors

In 2005, with 25 member states of the EU (EU-25) at that time,
12.1 million animals were used in experiments (European
Commission, 2007). In EU-15, the total number of animals
used increased in 2005 by 339,279 compared to the previous
report from 2002, an increase of 3.1%. The number of animals
used for toxicological and other safety evaluation dropped
from about 9.9% (2002 data) to 8% of all animal use in Eu-
rope in 2005. The decrease, however, is minor in total numbers,
dropping from 1,066,047 to 1,026,286 animals, and this is due
mainly to some increase in total numbers with the inclusion of
the 10 new Member States.

Table 1 allows comparisons of the different industries with
regard to the extent of animal use for regulation of the sec-
tor, also based on the regulatory testing per new substance or
per billion of turnover of the industrial sector (ranging from
90 for cosmetics to 10,000 for PPP). In conclusion, the search
for pharmaceuticals is most animal-intensive (40,000 per new
substance for safety and 350,000 for R&D), obviously because
of the many substances tested and abandoned along the way.
Chemicals require little testing; most receive just the base-set
of testing (“six-pack”: skin and eye irritation, skin corrosion,
mutagenicity, sensitization, acute toxicity testing). Food addi-
tives and PPP require considerably more animals, because of
both higher testing demands and the many substances that nev-
er make it to the market (Hartung and Koéter, 2008). Hartung
(2008b) explains why little animal testing is carried out for
cosmetics: This European industry represents 2,000 relatively
profitable companies with 60 billion € turnover. The sector is
characterized by quick product exchange (5,000 new products
in Europe and 22,000 world-wide per year, 25% of turnover
with products released within the last 6 months). Market leader
L’Oréal, for example, releases 3,000 new products per year
and, out of 500 patents, about 100 are patents on substances. It
can be assumed that several hundred new substances are intro-
duced into cosmetics every year. Given a total of about 8,000
cosmetic ingredients in use, this number represents a reason-
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able assumption of turnover. This might be compared with only
eight, on average, new active substances entering the pharma-
ceutical world-market per year. Although safety must be as-
sured for products we put on our skin, into our eyes, and into
our mouth, testing cosmetic products on animals is now rare
to negligible. This is possible because the cosmetic industry is
not producing its chemical ingredients; ingredients are tested as
chemicals, and many food ingredients, as well as natural prod-
ucts, are used.

3.4 Different functions of animal testing in the
product life cycle

Agent discovery refers mainly to the biologically active agents,
i.e. drugs and PPP. Animal testing has lost a lot of its importance
for agent discovery. Search strategies with higher through-put
typically are employed, which makes good sense given the fig-
ures on the number of substances that must be tested to identify
a lead compound. The overall reduction by probably two-thirds
in the number of animals used over the last three decades largely
reflects this change (along with the reduction of duplicate test-
ing). Today, molecular understanding of pathophysiology and
desired mode of action, in general, allow non-animal method
use — with late stage confirmatory testing in a disease model in
the case of drug development.

Safety evaluations typically are defined by the regulatory re-
quirements. This is somewhat telling: Shouldn’t every product
have a certain profile of reasonable test requirements that ad-
dress, e.g. the “excess pharmacology” of the agent and chemi-
cal class-specific concerns? Shouldn’t the company spending a
billion on the development of a drug know very well to choose
the right set of tests? As in other areas, however, a tick-box ap-
proach is still followed wher a standard “laundry list” of tests is
run. This has several advantages for the notifier as well as the
regulator:

— astandard set of information means fewer difficulties in inter-
pretation (comfort zone of the regulator);

— omitting a certain test might imply responsibility if later ef-
fects are found;

— the production of the dataset can be easily timed because a
standard battery is run;

— defense against liability claims is easy, since the state of the
art has been applied.

Animal use might be considerably reduced, however, if infor-
mation requirements must be justified towards the regulator and
liability stays with the producer. REACH is heading in exactly
this direction by requesting a testing plan to be approved by the
agency for higher tonnage-level chemicals and turning the bur-
den of proof (liability) to the industry. It will be most interesting
to see whether this new approach works out and can be adapted
to other sectors.

The success of Body Shop with their aggressive “not tested
on animals” strategy is the key example for marketing with ani-
mal welfare (Wikipedia website, Bodyshop). Signage posted in
Body Shop locations reads, “Our products are not tested on ani-
mals, never have been and never will be.” However, the Body
Shop website expands this to acknowledge, “the fact is that
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almost all cosmetics ingredients have been animal tested by
somebody at some time for someone. So no cosmetics com-
pany can claim that its ingredients have never been animal
tested.” It is not clear what the actual value of this statement
is (McSpotlight website): According to market leader L’Oréal,
no cosmetic has been tested on animals in Europe since 1989,
but all (most probably including Body Shop) make use of in-
gredients tested on animals by others, especially the supply in-
dustry. The Body Shop represents a role model for a marketing
strategy, however, which has put competitors under pressure.
The Body Shop experienced rapid growth, expanding at a rate
of 50% per year. The success of the brand (which has been part
of L’Oréal since 2006) demonstrates the value consumers place
on animal welfare, a finding in line with results of recent Euro-
pean surveys showing the extremely high importance citizens
accord to animal welfare issues. A 2005 EUROBAROMETER
survey (Eurobarometer, 2007) reported that 82% of EU citizens
believe we have a duty “to protect the rights of animals what-
ever the cost.” The EU Commission survey showed that 93%
of respondents believe that more should be done to improve the
welfare/protection of experimental animals. It might be appro-
priate to think about a protected “not tested on animals” label
with the respective standards.

Different safety testing standards also are barriers to free
trade. We discussed earlier the important role of OECD test
guidelines in harmonizing test requirements (Bottini et al.,
2007). However, we must not forget that there are important
markets outside OECD. Brazil, China, Russia, and other such
countries with an increasing upper class and high-tech industry
represent not only exporters but also importers of European
products. Thus, reliance on traditional methods there presents
an obstacle for the introduction of any novel approach —even if
accepted in the OECD. The only possible solution is the insist-
ence on the novel method (e.g. by deleting the traditional one
from the catalogue of test guidelines, which so far has been
done only for the classical LDsq test, OECD TG 401), and the
international collaboration and harmonization with all major
(emerging) markets. Since we represent for them far more in-
teresting export markets, chances are good to actually export
our standards (see below).

3.5 Alternatives methods as a market

We demonstrated earlier that animal testing is a multi-billion
€ market. Alternatives evidently have a similar potential to be-
come a very profitable market. In fact, some alternative methods,
such as pregnancy tests or pyrogenicity testing (Limulus test),
have reached three-digit m€ sales. REACH raises hopes that
certain novel methodologies will find a market, allowing their
standardization and commercialization. This, in turn, improves
their availability and international use. To some extent, the al-
ternatives market is also expanding due to the silent substitution
of services by contract research laboratories (mutagenicity, skin
and eye corrosion/irritation, fish egg test etc.). Still, develop-
ment, validation, and regulatory acceptance take too long (more
than 10 years) to suit the needs of biotech companies for return
of investment. There is room for improvement.
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3.6 The limitations of animal tests have

economic consequences

Using a technology with limitations carries a price. There are
mechanisms at work to deny the limitations as well as its price.
We shall offer here some estimates as to the latter.

The impact of prevalence on toxicity testing has been dis-
cussed earlier (Hoffmann and Hartung, 2005). The concept is
easy: when looking for a hazard, we need to consider whether it
is a frequent or a rare one. If it is frequent, even methods with a
large uncertainty give a fair bet, but if we are looking for some-
thing rare, the error rate becomes relevant even for reasonably
good methods. This precautionary approach might be accept-
able for new substances without established economic value,
but when REACH is now applying the same strategy to the most
valuable substances, the sacrifice might be more than substan-
tial (Hartung, 2009). The precautionary principle goes back to
the German concept of a “Vorsorge-Prinzip” (cautionary prin-
ciple). In general, it means, in case of uncertainty, assume the
worst and make decisions on that basis. In toxicology, the con-
cept is inherent in the creation of over-sensitive test models,
which minimize false-negatives (missed toxicants) by accept-
ing false-positives (wrong allegations of toxicity). High doses,
most sensitive species, testing in several species, and sensitive
endpoints (low thresholds for toxicity categories) are the typical
tools employed to render a test sensitive. This follows the same
pre-cautionary logic.

If taken to an extreme, the precautionary principle may in-
deed inhibit economic development (Gollier and Treich, 2003).
One key problem is the “opportunity cost of precautionary
measures” (Majone, 2002). The attempt to control poorly un-
derstood, low-level risks necessarily uses up resources that in
many cases could be directed more effectively to the reduction
of well-known, large-scale risks. But there is also a further type
of opportunity cost to consider: abandoning a certain substance
or restricting a technology impairs opportunities for business
and for serving societal needs. An evident example is a therapy
that does not make it to the market/patient because the precau-
tionary tests suggest a toxicity problem. It is difficult to esti-
mate this effect. We have tried elsewhere to estimate the false-
positive rate of prominent toxicity tests (Hartung, 2009). To
identify estimated 5% carcinogenic chemicals, for example, the
cancer bioassay is employed, which finds 53% of all substances
test positive; to identify 2-3% reproductive toxicants, the two-
generation test in two species is employed, which finds about
60% of substances positive. If these were independent tests, the
test battery of both tests would let only 19% of substances pass
without assigning them a carcinogenic or reproductive toxicant
label, a sure k.o. for further development. But the toxicological
toolbox is much larger...

Lichtenberg (Lichtenberg, 2005a) has calculated the impact
of the launch of New Chemical Entities (NCE), i.e. structur-
ally new drugs, on the steady increase in longevity. He showed
that launches of NCEs have a strong positive impact on the
probability of survival. Between 1986 and 2000, the overall
population gained 1.96 years of life expectancy and, accord-
ing to these estimates, NCE launches account for 40% or 0.79
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years. He calculated that the average annual increase of the
entire population resulting from one NCE launch is 0.056 years
(2.93 weeks). It is tempting to speculate now what the impact
will be of five times more substances moving ahead in clinical
development, because the false-positive results of the cancer
bioassay and the two-generation reproductive toxicity study
could be avoided.

Lichtenberg has confirmed his data with a study of differ-
ences in drug launches in different federal states of the US (Li-
chtenberg, 2007), where he found even a 63% contribution to
increase in life expectancy of new drugs (2.43 years from 1982
to 2004). In another study (Lichtenberg, 2005b), he showed the
impact of prescription of old (pre-1970) to new drugs on mortal-
ity in 800,000 people of the Medicaid program in the first half
of 2000. He calculated that the actual mortality rate of 3.5% for
the following two years would have been 4.4% if all received
pre-1970 drugs.

This argument shows that a precautionary test approach
resulting in an unnecessary reduction of drug candidates or
pressure to change to lead compounds with a less favorable
pharmacological profile will directly affect society, not just the
prosperity of the individual company. Similar calculations for
other areas of regulation are not available, but the true costs of
precautionary chemicals regulation have been predicted (Du-
rodie, 2003).

The question we have to address is, can products of the early
21% century be regulated with methods of the early 20th cen-
tury? Sure, some things never change because they are basic
and meet the needs, such as measuring length with a meter.
But even this required negotiation, such as the international
agreement on a gold standard. The purpose of animal tests,
however, is complex and changeable, and we are far from inter-
national gold standards. The closest we come are international
test guidelines, with known and unknown limitations (Hartung,
2008a).

We commented earlier on the problem of freezing these in-
ternational guidelines (Bottini et al., 2007): it takes a decade
not only to generate one but also to make significant changes.
At the same time, regulated products are changing at an ever
accelerated pace. Recent examples include cellular therapies,
gene technologies, and nanotechnologies. These force us to
regularly review the way we are doing things, to allow the
evolution of toxicology (Hartung and Leist, 2008; Leist et al.,
2008). However, we lack the mechanism for change. We might
argue that the validation of alternative approaches represents
exactly this, a means to introduce innovative methods to re-
place the current ones. The key problem, however, is that as
long as we consider the status quo as a gold standard without
limitations, we cannot really move ahead and improve; the best
will be an approximation with a perceived compromise, be-
cause 100% identical results are usually not achieved. We have
therefore proposed (Hoffmann and Hartung, 2006) a mecha-
nism to systematically review the status quo on the basis of the
best evidence available at the time with the most objective and
transparent processes. Borrowing from the clinical medicine
field and their evidence-based medicine movement, the sug-
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gestion was put forward to create an evidence-based toxicol-
ogy. It is remarkable that, in less than three years, the idea has
flourished, with the proceedings of the first international forum
from 2007 now available (Griesinger et al., 2009; Evidence-
based toxicology website), a symposium at the last EuroTox
in 2008, and a special issue of Toxicology, in preparation. It is
worth noting that the first chair for evidence-based toxicology
was created at the beginning of 2009 (Doerenkamp-Zbinden
chair for evidence-based toxicology in the Bloomberg School
of Public Health at Johns Hopkins University, Baltimore, US).
Since this university also hosts the Cochrane center for evi-
dence-based medicine for the US, an optimal synergy with the
far more established EBM (Evidence Based Medicine) move-
ment can be hoped for.

3.7 Economic forces to improve the situation

The common European market was the driver for the progres-
sive European animal welfare legislation. A regulation is a leg-
islative act of the European Union, which becomes immediately
enforceable as law in all member states simultaneously. Regu-
lations can be distinguished from directives, which, at least in
principle, need to be transposed into national law. Under the
European Constitution regulations would have become known
as “European laws,” but this proposal has since been dropped.

EU regulation has a general scope and is obligatory in all its
elements; it is directly applicable in all Member States of the
European Union. Any local laws contrary to the regulation are
overruled, as EU Law has supremacy over the laws of Mem-
ber States. New legislation enacted by Member States must
be consistent with the requirements of EU regulations. Thus,
regulations constitute the most powerful or influential of the EU
legislative acts.

In principle, the EU had no mandate for animal welfare in
1986. It is remarkable that the Directive 86/609/EEC on the
welfare of laboratory animals was only created by considering
different animal welfare standards unfair conditions to enter
the common market in different Member States. In principle,
the legislation does not cover basic research, but most Member
States, when translating it into national law, have updated this
in one act.

But it is not political will and the forces of the common mar-
ket alone that have helped raise awareness of animal welfare.
We are seeing a more general increase in attention to the ethical
aspects of business. Ethical treatment of employees, sensitivity
to different cultures, marketing with ethical arguments, and also
social responsibility as an asset increasingly form an integral
part of the culture of individual companies.

In an earlier article (Bottini et al., 2007), we discussed the
probable impact of globalization on the international spread of
alternative approaches. Here, we would like to reflect only on
the similarity between our arguments and those made by David
Vogel with regard to environmental standards (Vogel, 1995).
Vogel argues that, although trade liberalization has undermined
national regulatory sovereignty, it also globalizes regulatory
policy-making by exporting standards as well as goods. The
primary challenge concerns whether a country should be al-
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lowed to restrict the sale of a product on the basis of how it was
produced outside its legal jurisdiction. In the case of environ-
mental legislation, the classic dispute concerned the US ban
on tuna from Mexico because it did not fulfill the US standards
for dolphin protection. In 1991, the GATT (General Agreement
on Tariffs and Trade from 1947), the predecessor of the World

Trade Association (WTO), created in 1995, ruled against the

higher protective standards of the US. It will be extremely im-

portant to see whether the animal protection standards of the

7™ amendment will lead to a similar WTO ruling. This could
have happened already; since September 2004, end-product
testing of cosmetics should lead to a marketing ban in Europe,
as should the use of ingredients tested on animals after alterna-
tives became available. Products that have conflicting regula-
tions continue to be made available in world markets, however,
without any known legal challenge. It will be most interesting

to see whether this changes after the deadline of March 2009.

This is likely to depend more on animal welfare NGOs chal-

lenging companies (as we have seen in the field of environ-

ment legislation) than on national prosecution.

Independent of any cost/benefit analysis, the attractive exam-
ple of the European cosmetics market has led many countries
into a discussion of the convergence of legislation. If Europe
can demonstrate the feasibility of its novel approach, others are
likely to follow. This would follow the argument of Vogel, who
does not see free trade impairing higher national standards but
instead favoring their export, for the following reasons:

— producers who operate in many markets have a strong interest
in making national product standards more similar in order to
reduce their production costs;

— the compatibility between trade expansion and protective
regulation has to do with the structure and authority of inter-
national institutions;

— the increase in regulation has not been more disruptive to
trade (due to the link) with increasing international treaties
and agreements.

We will see whether this is wishful thinking or, in fact, will lead

to the globalization of animal protection standards.

The life sciences are one of the fastest growing disciplines:
knowledge is said to double every five to seven years. The key
technologies of alternative approaches, i.e. cell culture and com-
puter-based models, have undergone especially dramatic devel-
opments, a trend often referred to as the informatics and biotech
revolution. Science aims to stay cutting-edge, with such mecha-
nisms as peer-review forcing researchers to stay up to date. The
backlog of renewal of methods in regulatory toxicology is most
remarkable, since hardly any scientific field is continuing to use
experimental set-ups developed 40 to 60 years ago. This reflects
the absence of scientific control mechanisms such as publica-
tion, peer-review, repeat experiments, and competitive funding.

However, the development of (bio-)informatics and biotech-
nologies also creates momentum due to the commercialization
of these technologies. Companies trying to develop their mar-
kets challenge established approaches. They aim to take a share
of the agent discovery area (most open to innovation) and basic
research, as well as the regulatory testing market (most resist-
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ant to change). If our earlier estimates hold true, we are talking
about markets of several billion € per year in Europe. Many
start-ups have targeted new therapies first but then discovered
that alternative testing may be quicker or generate additional
revenue. Prominent examples include artificial skin, originally
developed for burn patients, stem cell technologies that origi-
nally targeted transplant indications, or novel liver cells often
developed for liver failure patients. With fresh ideas, profes-
sional solutions, and the punch to bring their methods to suc-
cess, small/medium enterprises have been especially effective
in changing the field of alternative approaches over the last
few years.

Animal welfare standards are continuously rising — and not
because of animal welfare considerations alone. Increasingly,
researchers recognize that maintaining high standards of ani-
mal welfare also improves the quality of results. This starts
with a clear definition of the experimental animal (defined in-
bred and outbred strains), exclusion of confounding factors,
ranging from latent infections (specified pathogen-free, SPF)
to sufficiently large and enriched cage environments. The
positive effect on experimental design and outcome has been
documented on numerous occasions. Various professional
organizations, funding bodies, and journals now request that
certain standards be explicitly referred to in publications,
which has greatly strengthened the effort to implement and
further develop these standards. Last but not least, the ani-
mal welfare legislation 86/609/EEC has been instrumental in
improving and harmonizing animal welfare standards in the
EU; expectations are high that the current revision will further
augment this.

The animal welfare field, like the environmental field, is
characterized by large activist groups that are aligned interna-
tionally and are increasingly accepted as stakeholders in legis-
lative and regulatory processes. Such groups play an important
role in promoting animal welfare standards and legislation, not
only by creating awareness and shaping public opinion but also
by lobbying politicians and serving as watch-dogs for the im-
plementation of these standards. It is likely that these organiza-
tions will further influence the interpretation and application of
legislative standards via court cases, especially the European
Court of Justice, as was the case in the environmental field.
This is especially important since the EU has no executive forc-
es for the implementation and monitoring of legal provisions.

The treaty of Amsterdam, which went into effect May 1,
1999, establishes new ground rules for the actions of the Euro-
pean Union (EU) regarding animal welfare in a special “Pro-
tocol on the Protection and Welfare of Animals.” In this sense,
it recognizes that animals are sentient beings, and it obliges
European institutions to pay full attention to the welfare re-
quirements of animals when formulating and implementing
Community legislation. This has been reinforced in the Lisbon
treaty of December 2009.

Europe has taken the role of pacemaker for legislative stand-
ards aimed at protecting the environment. Recent initiatives
give evidence of a similar role in the chemicals, food, and plant
protection product area. For animal welfare standards, the lead-
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ing role of EU legislation is obvious from the 1986 legislation
binding all Member States and as a horizontal legislation with
an impact on various other political frameworks. In contrast,
the US animal welfare legislation, which dates back to 1967, is
in desperate need of an update.

The two key legislations affecting the development of alter-
native methods, i.e. REACH and the 7" amendment of the cos-
metics directive, have already been discussed here extensively.
The credibility of such legislation depends strongly on the ac-
companying measures, such as the provision of research fund-
ing and the creation of institutions and agencies to carry out the
validation and implementation of novel approaches. European
funding (with about 25 m€ by the EU and 19 m€ by member
state organizations) is not matched in other economic regions.
Seeing the market opportunities, as well as the regulatory needs
summarized earlier, this appears to be a good investment — a
rather small investment, actually, given turn-over in this field
and the enormous potential for improved regulation.

Porter (1990), most prominently, has put forward the hy-
pothesis that regulations stimulate innovation (Porter, 1990).
The concept has been challenged for chemical industry and
REACH (Frohwein and Hansjurgens, 2005), but only with
regard to the substitution of substances. A principal goal of
REACH (article 1), however, is the development of new alter-
native methods as well; here, the Porter effect might come into
action, as we have seen the positive impact of the 7! amend-
ment to the cosmetics directive (Hartung, 2008a). REACH fo-
cuses its information demands on exactly the complementary
toxicological endpoints to those of the 7" amendment, or more
precisely those required only for the later deadline in 2013,
which are — with the notable exception of repeated dose toxic-
ity — less often required for cosmetic ingredients. Together, the
two legislations thus create a pressure toward innovation over
the entire spectrum of toxicological endpoints.

3.8 PESTEL model approach

The PEST/PESTEL analysis approach will be used to summa-
rize the findings. PEST stands for “Political, Economic, Social,
and Technological analysis,” describing a framework of mac-
ro-environmental factors used in the environmental scanning
component of strategic management. PESTEL extends this to
environmental and legal factors.

Political factors are represented mainly by European legisla-
tions, i.e. the currently revised animal welfare legislation, the
7t amendment of the cosmetics legislation, the chemical legis-
lation, REACH, the common food legislation, and the ongoing
revision of the PPP regulation. Among these, the horizontal ani-
mal welfare legislation, which for 24 years now has established
the highest welfare standards worldwide, as well as the cosmet-
ics and chemicals legislation, are most remarkable. Implemen-
tation of the latter two will require methods not yet available;
they also affect global industries, since they ask that these stand-
ards be met by trade partners. These political decisions greatly
influenced the health, education/science, and infrastructure of
Europe.

Economic factors are represented first of all by the costs of
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the regulation, market access opportunities, which affect the
costs of exporting goods, and the supply and price of imported
goods. However, a very complex picture of the animal testing
industry emerges on its own.

Social factors play a key role here: both the increasing risk
avoidance and animal welfare attitudes have an impact on the
political process and, via marketing, on companies’ strategies
and images. These trends in social factors affect the demand for
a company's products and how that company operates.

Technological factors play a major role in a science-based
area. They have been addressed only briefly, but it is evident
that the lack of translation of technological progress into current
regulatory testing procedures is an important characteristic of
this field. The market opportunities for biotech and informatics
products in this area also represent key drivers. These techno-
logical shifts affect costs and quality of testing, and they lead to
innovation.

Environmental factors do not apply here, with the notable ex-
ception that environmental hazards represent an animal testing
need, creating a sub-market.

Legal factors are represented by the legislations cited above,
which were the result of highly political discussion processes.
These factors now determine a company’s operation, its costs,
and the demand for its products.

4 Conclusions

Coordination and harmonization of legislation is an important
step towards reducing the number of regulatory animal tests.
Companies would benefit from clarity and uniformity of the
regulatory requirements for the registration and release of sub-
stances and products in the different market segments.

Governments would benefit from uniform regulations that
would not require business to comply with a different set of
rules for every market or market.

The concept of the 4Cs (Bottini et al., 2008), developed in
a workshop on “Optimization of the Post-Validation Process,”
will be a useful approach to improving communication among
the various stakeholders.

4Cs of Communication:

Consultation

Collaboration

Coordination

Convergence
Enhanced communication at the European level, and even
at a broader level, including, for example, the other member
countries of the OECD, could facilitate the harmonization of
legislation and regulations as a key requirement for reducing
regulatory animal testing.

It is necessary to identify the regulatory key players and re-
sponsible persons in each toxicological and substance/product
area. This will serve as a basis for networking and will improve
communication among the stakeholders, including industry
and animal welfare groups.
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The effort to view animal testing in terms not of scientific or
ethical concerns but of business considerations demonstrates
the degree to which many stakeholders with significant com-
mercial interests are affected by the ethical and scientific dis-
cussions. Although it was difficult to produce a precise rep-
resentation, since many figures are not freely available, an
interesting picture has already emerged on the basis of esti-
mates and extra- and interpolations. This picture shows that
major industries, trade, and workforces are intimately linked
to regulation based on animal testing. Clearly, this is more than
simply production costs or barriers imposed; rather, the prob-
lematical quality of current testing also has an impact on deci-
sion making and the regulation of products. This understand-
ing might help stakeholders to consider more critical current
procedures, the first step toward opening up to the prospect of
change. Businesses are bringing animal welfare standards to
the fore at this point because the delays and costs involved in
animal testing impair the economy to a sometimes surprising
extent. The somewhat premature calculation that precaution-
ary testing may slow down medical progress and thereby re-
duce gain in life expectancy suggests that we are talking about
relevant societal effects, not just impaired business opportuni-
ties for individual companies.

It appears that the field merits a more in-depth analysis of its
economic drivers. With access to the privileged information of
regulators and private companies and business intelligence, a
more detailed picture of the multi-faceted economics of animal
use could be generated. This promises to inform the political
decision- making process and might allow real cost/benefit
analysis of the current use of animals. Some of the larger po-
litical programs (REACH, PPP revision, cosmetics amend-
ment), especially, might require this assessment. The analysis
is also very much restricted by the European focus (due to the
availability of animal use data), while the global character of
the described phenomena is well acknowledged (Bottini et al.,
2007). In some areas, the discussion on animal use currently is
entirely scientific, ethical, or legal; it might be worthwhile to
add the economic dimension to broaden perspectives.

To close, this study represents only a first sketch of an anal-
ysis of the economic aspects of animal testing. Some trends
perceived might need to be revised, but it is comforting that
economists also see their approaches, in general, as somewhat
limited. To cite Laurence J. Peter (1919-1988): “An economist
is an expert who will know tomorrow why the things he pre-
dicted yesterday didn’t happen today.”
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Summary

The use of the nematode Caenorhabditis elegans as an alternative model organism in medium-throughput
chemical screening is being assessed. A high degree of evolutionary conservation exists between C. elegans
and higher organisms for many signal transduction and stress-response pathways. In addition, homologues
for many of the genes induced in response to toxicant exposure in vertebrates have been identified in C. ele-
gans. For these reasons, it is likely that responses elicited in C. elegans will be applicable to understanding
similar processes in humans. Methods have been developed to rapidly measure sub-lethal toxicity endpoints
including growth, reproduction, feeding, and movement. These assays utilize COPAS Biosort flow cytometry
and automated microscopic observation. In addition, new mathematical and statistical models have been
developed to quantitatively measure the effects of chemicals on the nematode. Using medium-throughput
technologies and statistical modeling, several chemical libraries have been tested including the NTP 1408

and the ToxCast 320.

Keywords: C. elegans, toxicity testing, growth, feeding, reproduction

1 Introduction

The Environmental Protection Agency (EPA) estimates that
at least 10,000 chemicals are in need of prioritization (Dix et
al., 2007). Due to the large number of chemicals that require
toxicity testing, high- and medium-throughput assays are be-
ing developed as one option to prioritize testing for mammalian
organisms. The National Toxicology Program (NTP) along with
the EPA and the National Institutes of Health Chemical Genom-
ics Center (NCGC) are currently investigating methods to rap-
idly screen the large number of chemicals using cell-based and
biochemical assays. In addition, in vivo toxicological assays are
being developed that could reduce the number of higher animals
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used by utilizing simpler organisms (e.g. invertebrates or micro-
organisms) (Collins et al., 2008). The results from these alterna-
tive assays will ultimately be used to inform the prioritization of
further testing in traditional bioassays. While it is not possible
to completely eliminate the use of higher organisms, using re-
placement strategies to prioritize chemicals prior to mammalian
toxicological testing can be used to decrease the number of ani-
mals used, thus reducing the expense and time associated with
toxicological testing.

The nematode Caenorhabditis elegans is a simple model
organism that is being assessed for toxicological testing. C.
elegans are small (1.5 mm) and easily cultured in the labora-
tory; thousands of individuals can be maintained on a single
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agar-filled petri dish. Under standard culturing conditions, C.
elegans populations consist mainly of self-fertilizing her-
maphrodites, which allows for the maintenance of genetically-
identical populations. An adult hermaphrodite is made up of
959 somatic cells, and the complete cell lineage has been mapped
from the oocyte to adult. C. elegans develop from fertilized
embryo to gravid adult through four larval stages, termed L1-L4
(Byerly et al., 1976). At 20°C, nematodes mature from embry-
os to adults in approximately 3 days, but can be cultured from
15-25°C to manipulate the length of the life cycle (Wood, 1988).
C. elegans has been extensively used in biological research; it is
one of the most thoroughly characterized multi-cellular organ-
isms. For example, its genome has been fully sequenced (The
C. elegans Sequencing Consortium, 1998) and databases
describing gene function, cell lineage, and neuronal connectivi-
ties are readily available (Harris et al., 2004).

Several characteristics of C. elegans biology have shown that
it can serve as a model organism in studies of human disease and
toxicology. First, there is a high degree of evolutionary conser-
vation between C. elegans and higher organisms. Homologues
for many stress response proteins and regulatory pathways have
been identified in C. elegans (Weston et al., 1989; Heschl and
Baillie, 1990; Stringham et al., 1992; Freedman et al., 1993;
Giglio et al., 1994; Wolf et al., 2008). In addition, homologues
for many of the genes induced in response to toxicant exposure
in vertebrates have been identified in C. elegans. Because of this
homology, it is likely that responses elicited in C. elegans will
be applicable to understanding similar processes in humans. As
a result of the technical advantages associated with using C.
elegans as a test organism and its conserved biology, several
medium-throughput assays have been developed.

2 Assays

The rate-limiting step for most C. elegans toxicological studies
has been the time required to accurately dispense exact num-
bers of C. elegans at specific developmental stages to exposure
plates and then to quantitatively measure the responses of those
nematodes after exposure. Automation of nematode handling
and analyses provides the opportunity to rapidly screen large
numbers of chemicals and endpoints. The COPAS Biosort flow
cytometer system allows users to dispense specific numbers and
stages of nematodes into individual wells of a 96 well plate while
collecting data on the size and fluorescence characteristics of in-
dividual nematodes (Pulak, 2006). The Biosort detectors record
two size characteristics of each animal: time of flight (TOF),
which is the length of time a nematode takes to pass in front of a
laser and is related to the length of the nematode; and extinction
(EXT), which is the total amount of light blocked over the TOF
and is related to the optical density of a nematode.

Figure 1 presents plots of typical C. elegans data acquired
using the Biosort. The upper panel presents a scatter-plot of size
data (TOF versus EXT) collected every 24 h for 72 h of an un-
treated population of C. elegans. At the start of the experiment
(t = 0 h), first larval stage (L1) nematodes (black dots), which

80

&

have relatively low TOF and EXT values, were added to me-
dia containing a sufficient supply of food. As the nematodes
developed, length (TOF) and optical density (EXT) increased
until 72 h, at which time gravid adults (high TOF/EXT) and
offspring (low TOF/EXT) were observed (blue dots). An alter-
native method of presenting the same data is with frequency
histograms (lower panel). In this case, a single measurement
(i.e., EXT) is plotted versus the number of nematodes with spe-
cific EXT values.

Assays for three Biosort-based, medium-throughput end-
points — growth, reproduction, and feeding — have been devel-
oped. In the medium-throughput assays, each endpoint was de-
signed to measure toxicity at specific developmental stages and
after various exposure times and was previously shown to be
affected by toxicants in low-throughput experiments (Anderson
et al., 2001; Boyd et al., 2003). Using the Biosort, nematodes
are dispensed into 96-well plates containing food (E. coli) and
varying concentrations of the chemical of interest. Following

50 100 500 1000
LongOF

300
>
[&]
5

S 200
o
o
2
[0}
he)
o

T 100
€
[
zZ

04

3 4 5 6 7
LogwEXT

Fig. 1: C. elegans growth from L1 to adult

Untreated L1 nematodes were incubated at 20°C and sampled at
0 h (black), 24 h (red), 48 h (green), and 72 h (blue). Upper panel,
scatter-plot of optical density (log(EXT)) versus length (log(TOF)).
Each point corresponds to an individual nematode. Lower panel,
frequency distributions of log(EXT) versus numbers of nematodes.
At 72 h, adult nematodes (high EXT, TOF) and their offspring (low
EXT, TOF) were observed.
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the appropriate incubation times, nematodes are aspirated from
the wells using the Biosort, which simultaneously records TOF,
EXT, and fluorescence levels of individual nematodes. Brief de-
scriptions of the assays are presented below:

Feeding

C. elegans feed via coordinated contractions of two pharyngeal
bulbs that push bacterial suspension to the back of the pharynx,
concentrate the bacteria and pump it into the intestine, and then
expel excess liquid out through the mouth (Avery and Shtonda,
2003). These rhythmic contractions are controlled by a self-
contained nervous system that can be affected by environmental
conditions such as food availability and toxicant exposure (Av-
ery and Horvitz, 1990; Boyd et al., 2003). Although pharyn-
geal pumping rates of nematodes can easily be observed with
a dissecting microscope, each animal must be monitored indi-
vidually (Avery, 1993). A feeding assay that uses the Biosort to
quantify food ingestion by thousands of nematodes in minutes
has been developed (Boyd et al., 2007). Adult nematodes are
exposed to toxicants for 24 h and then to red fluorescent micro-
spheres for 15 min. Nematode size-corrected red fluorescence
as measured by the Biosort is used to calculate feeding activity:
the greater the fluorescence the faster the feeding rate. Figure 2
illustrates how varying concentrations of cocaine base decrease
feeding activity.

Reproduction

C. elegans egg-laying rates and embryonic survival are
commonly observed phenotypes that may be affected by
environmental conditions including salt concentration and

chemical exposures (Horvitz et al., 1982; Dhawan et al.,
1999; Kim et al., 2001). Sexual development in C. elegans
hermaphrodites begins with sperm production in L4 larvae
followed by oocyte production and fertilization in adults
(Wood, 1988). Egg-laying occurs via the vulva and the sur-
rounding neuromuscular system (Trent et al., 1983). In low-
throughput fashion, the number of laid embryos and their
survival from a few adults can be measured on agar plates
using a dissecting microscope. This process requires several
hours of microscope observation to complete a few plates.
In addition, it can be difficult to control chemical expo-
sures using solid media. The medium-throughput reproduc-
tion assay uses the Biosort to load L4 animals into 96-well
plates. The nematodes are then exposed to toxicants for 48
h, which yields a population of adults, embryos, and L1-L2
larvae. The Biosort aspirates and measures the number of
adults and their offspring in several minutes; total nematode
counts are plotted against chemical concentration. The effects
of methyl mercury on reproduction are presented in Figure 3.

Growth

C. elegans develop from fertilized embryo through four distinct
larval stages, growing in burst between stages, before matur-
ing to adult in about 3 days. Thus it is possible to test for the
effects of chemicals on growth and development in a relatively
short time period. In the medium-throughput assay, L1 larvae
are loaded into 96-well plates and exposed to varying concen-
trations of chemical for 48 h. At the end of this incubation time,
untreated animals have reached the L4 stage (Boyd et al., 2009).
Exposure time is limited to 48 h to avoid offspring, which have
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Fig. 2: Effects of cocaine base on C. elegans feeding

For each of three replicate experiments (shown as blue, red, and
green), groups of 25 adult C. elegans were exposed to cocaine
(0, 3, 10, 30, 100, 300 pM) for 24 h. Medians of log(fluorescence)/
log(TOF) values are plotted and the data fit to the Hill equation.
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Fig. 3: Effects of methyl mercury on C. elegans reproduction
For each of three replicate experiments (shown as blue, red,

and green), groups of five L4 nematodes were exposed to

methyl mercury (0, 0.3, 1, 3, 10, 30 yM) for 48 h. The numbers of
observations (larvae and embryos) were fit to the Hill equation.
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been observed after incubation times of 60 h or longer. After
exposure, the size distribution of the nematodes in the sample
is measured using the Biosort. Log(EXT) or log (TOF) values
are then used to calculate growth rates of the nematode size
distributions (Smith et al., 2009). The concentration-dependent
effect of chlorpyrifos on C. elegans growth and development is
presented in Figure 4.

The 48-h growth assay is a promising method for high-
throughput screening of chemical libraries using C. elegans.
Through collaboration with the U. S. EPA’s ToxCast program
(http://www.epa.gov/NCCT/dsstox/sdf_toxcst.html), a library
of over 300 compounds has been screened using the growth as-
say. Statistical analysis tools have been developed to summarize
the results of these experiments. Preliminary results indicate
that a large number of the compounds, which are mainly pes-
ticide active ingredients, significantly affect C. elegans growth

&

and development. In the future, the results from this screen will
be compared to the results from other alternative tests including
in vitro systems and zebrafish.

Motion tracking

C. elegans move in sinusoidal waves across solid surfaces, or
thrash from side-to-side in liquid culture (Bargmann, 1993; Mill-
er et al., 1996). Both phenotypes were shown to be affected by
exposure to anthelminthic chemicals known to cause decreased
feeding and paralysis (Bull et al., 2007). Several systems exist
for tracking individual C. elegans on agar surfaces (Feng et al.,
2004; Cronin et al., 2005; Hoshi and Shingai, 2006) or in liquid
(Buckingham and Sattelle, 2009). Using lower magnification,
the centroids of hundreds of nematodes can be tracked real-time
using a video camera interfaced with a computer tracking sys-
tem (Williams and Dusenbery, 1990).
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Fig. 4: Effects of chlorpyrifos on C. elegans growth

For each of three replicate experiments (shown as blue, red,

and green), groups of 50 L1 nematodes were exposed to
chlorpyrifos (0, 0.1, 0.3, 1.0, 3.0, and 10 yM) for 48 h. Upper panel,
observations measured and estimated means fit to Hill equation.
Lower panel, modeled frequency histograms showing the effects
of different concentrations of chlorpyrifos on nematode size
distributions (log(EXT)) for one of the replicates.
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Fig. 5: Effects of chlorpyrifos on C. elegans movement

For each of three replicate experiments, groups of 40 L4
nematodes were tracked after exposure to chlorpyrifos (0.1, 0.3,
1, 3, 10 uM) for 4 h. Upper panel, average velocity of C. elegans
motion, mean + s.e. Lower panel, computer generated tracks for
control nematodes (top) and those exposed to 3 yM chlorpyrifos
(bottom).
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No Cadmium
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Fig. 6: Effect of cadmium-exposure on mtl-1: GFP transgenic
C. elegans

Transgenic nematode expressing GFP under the control of the

C. elegans metallothionein promoter (mt/-1) were grown in the
absence (upper panel) or presence (lower panel) of 100 uM
cadmium for 24 h. Constitutive mtl-1 transcription is observed in
the pharynx of the nematodes, whole metal-inducible transcription
occurs in the nematode intestine.

Our motion tracking assay uses a similar computer tracking
system, which consists of an inverted fluorescence microscope,
a CCD video camera, and an automated stage. Using a transgen-
ic reporter strain in which the pharynx is fluorescently-labeled
(Fay et al., 2003), head movements of approximately 40 L4s
are simultaneously tracked following 4-h chemical exposures.
The effects of chemicals on C. elegans motion are quantitatively
assessed using motion tracking software originally developed
to study sperm motility. Concentration-dependent effects were
observed on velocity and track shapes after exposure to chlo-
rpyrifos (Fig. 5).

Reporter gene expression
Currently the ability to visually monitor changes in tran-
scription in C. elegans using transgenic nematodes is being
explored as a method to rapidly measure toxicant-induced
changes in gene expression. Microinjection of DNA into the C.
elegans gonad allows for germline transformation generating
transgenic lines that carry fluorescent reporter genes fused to
the promoter region of a gene of interest (Chalfie et al., 1994;
Mello and Fire, 1995; Boulin et al., 2006). Because C. elegans
are transparent, spatial and temporal expression of fluorescent
reporter transgenes can be observed in vivo. The Profiler II,
a module of the COPAS Biosort, measures three channels of
fluorescence and EXT in optical slices along the length of indi-
vidual nematodes (Dupuy et al., 2007). Profiles are generated
that depict the level of fluorescence and EXT across the length
of nematodes.

To develop assays that can be used to rapidly and quantita-
tively measure the effects of toxicants on transcription, green
fluorescent protein (GFP) based transgenic C. elegans strains
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are being generated. The transgenic strains fall into two catego-
ries. The first includes promoter fusions of genes that have been
shown to be stress responsive in previous studies. By focus-
ing on well-conserved signaling pathways (National Research
Council, 2000), the responses of nematode genes to chemicals
can be investigated in vivo. Figure 6 illustrates the effects of
metal exposure on metallothionein transcription in transgenic
C. elegans. The second category includes transgenic strains in
which specific groups of neurons are labeled with GFP. Cur-
rently, two strains that label the dopaminergic (dat-1::GFP)
(Nass, 2002) and the GABAergic (unc-25::GFP) (Eastman et
al., 1999) neurons are being tested. For both groups of trans-
genic nematodes, green fluorescence profiles generated using
the Biosort will be used to monitor the effects of chemicals in
specific tissues and at various developmental stages.

3 Conclusion

Several medium- and high-throughput assays have been devel-
oped using C. elegans as an alternative toxicological test or-
ganism. However, the need to define the relationship between
the results obtained from any high-throughput screen to human
health and safety remains. The US EPA’s ToxCast program is in-
vestigating this link by screening a defined set of three hundred
compounds with available whole animal toxicity data, using
mainly in vitro cell systems and, to a lesser extent, alternative
whole organism models. Comparison of the C. elegans growth
assay results with these systems is a critical next step in the
evaluation of the usefulness of C. elegans in the prioritization
of further chemical testing.

References

Anderson, G. L., Boyd, W. A. and Williams, P. L. (2001). As-
sessment of sublethal endpoints for toxicity testing with the
nematode Caenorhabditis elegans. Environ. Toxicol. Chem.
20, 833-838.

Avery, L. and Shtonda, B. B. (2003). Food transport in the C.
elegans pharynx. J. Exp. Biol. 206, 2441-2457.

Avery, L. (1993). The genetics of feeding in Caenorhabditis
elegans. Genetics 133,897-917.

Avery, L. and Horvitz, H. R. (1990). Effects of starvation and
neuroactive drugs on feeding in Caenorhabditis elegans. J.
Exp. Zool. 253,263-270.

Bargmann, C. I. (1993). Genetic and cellular analysis of be-
havior in C. elegans. Annual review of neuroscience 16,477-
71.

Boulin, T., Etchberger, J. F. and Hobert, O. (2006). Reporter
gene fusions. WormBook, 1-23.

Boyd, W. A., Smith, M. V., Kissling, G. E. et al. (2009). Ap-
plication of a mathematical model to describe the effects
of chlorpyrifos on Caenorhabditis elegans development.
PL0S-ONE. 4,¢7024.

Boyd, W. A., McBride, S. J. and Freedman, J. H. (2007).
Effects of genetic mutations and chemical exposures on

83



NON-VERTEBRATE MODELS — BOYD AND FREEDMAN

Caenorhabditis elegans feeding: evaluation of a novel,
high-throughput screening assay. PLoS ONE. 2,e1259.

Boyd, W. A., Cole, R. D., Anderson, G. L. et al. (2003). The
effects of metals and food availability on the behavior of
Caenorhabditis elegans. Environ. Toxico.l Chem. 22, 3049-
3055.

Buckingham, S. D. and Sattelle, D. B. (2009). Fast, automated
measurement of nematode swimming (thrashing) without
morphometry. BMC Neurosci. 10, 84.

Bull, K., Cook, A., Hopper, N. A. et al. (2007). Effects of the
novel anthelmintic emodepside on the locomotion, egg-lay-
ing behaviour and development of Caenorhabditis elegans.
Int. J. Parasitol. 37, 627-636.

Byerly, L., Cassada, R. C. and Russell, R. L. (1976). The life
cycle of the nematode Caenorhabditis elegans. I. Wild-type
growth and reproduction. Dev. Biol. 51,23-33.

Chalfie, M., Tu, Y., Euskirchen, G. et al. (1994). Green fluo-
rescent protein as a marker for gene expression. Science
263, 802-805.

Collins, F. S., Gray, G. M. and Bucher, J. R. (2008). Toxicolo-
gy. Transforming environmental health protection. Science
319,906-907.

Cronin, C. J., Mendel, J. E., Mukhtar, S. et al. (2005). An
automated system for measuring parameters of nematode
sinusoidal movement. BMC Genet. 6, 5.

Dhawan, R., Dusenbery, D. B. and Williams, P. L. (1999).
Comparison of lethality, reproduction, and behavior as
toxicological endpoints in the nematode Caenorhabditis el-
egans. J. Toxicol. Environ. Health A. 58, 451-462.

Dix, D.J.,Houck, K. A., Martin, M. T. et al. (2007). The Tox-
Cast program for prioritizing toxicity testing of environ-
mental chemicals. Toxicol. Sci. 95, 5-12.

Dupuy, D., Bertin, N., Hidalgo, C. A. et al. (2007). Genome-
scale analysis of in vivo spatiotemporal promoter activity in
Caenorhabditis elegans. Nat Biotechnol. 25, 663-668.

Eastman, C., Horvitz, H. R. and Jin, Y. (1999). Coordinated
transcriptional regulation of the unc-25 glutamic acid de-
carboxylase and the unc-47 GABA vesicular transporter by
the Caenorhabditis elegans UNC-30 homeodomain protein.
J. Neurosci. 19, 6225-6234.

Fay, D. S., Large, E., Han, M. et al. (2003). lin-35/Rb and
ubc-18, an E2 ubiquitin-conjugating enzyme, function re-
dundantly to control pharyngeal morphogenesis in C. el-
egans. Development. 130, 3319-3330.

Feng, Z., Cronin, C. J., Wittig, J. H., Jr. et al. (2004). An im-
aging system for standardized quantitative analysis of C.
elegans behavior. BMC Bioinformatics 5, 115.

Freedman, J. H., Slice, L. W., Dixon, D. et al. (1993). The
novel metallothionein genes of Caenorhabditis elegans.
Structural organization and inducible, cell-specific expres-
sion. J. Biol. Chem. 268, 2554-2564.

Giglio, A. M., Hunter, T., Bannister, J. V. et al. (1994). The
copper/zinc superoxide dismutase gene of Caenorhabditis
elegans. Biochem. Mol. Biol. Int. 33,41-44.

Harris, T. W., Chen, N., Cunningham, F. et al. (2004). Worm-

84

&

Base: a multi-species resource for nematode biology and
genomics. Nucleic Acids Res. 32 Database issue, D411-
417.

Heschl, M. F. and Baillie, D. L. (1990). The HSP70 multigene
family of Caenorhabditis elegans. Comp. Biochem. Physiol.
[B]. 96, 633-637.

Horvitz, H. R., Chalfie, M., Trent, C. et al. (1982). Serotonin
and octopamine in the nematode Caenorhabditis elegans.
Science 216,1012-1014.

Hoshi, K. and Shingai, R. (2006). Computer-driven automatic
identification of locomotion states in Caenorhabditis el-
egans. J. Neurosci. Methods 157, 355-363.

Kim, J., Poole, D. S., Waggoner, L. E. et al. (2001). Genes
affecting the activity of nicotinic receptors involved in
Caenorhabditis elegans egg-laying behavior. Genetics 157,
1599-1610.

Mello, C. and Fire, A. (1995). DNA transformation. Methods
Cell Biol. 48,451-482.

Miller, K. G., Alfonso, A., Nguyen, M. et al. (1996). A genetic
selection for Caenorhabditis elegans synaptic transmission
mutants. Proc. Natl. Acad. Sci. USA 93, 12593-12598.

Nass, R., Hall, D. H., Miller, D. M., 3rd et al. (2002). Neu-
rotoxin-induced degeneration of dopamine neurons in
Caenorhabditis elegans. Proc. Natl. Acad. Sci. USA 99,
3264-3269.

National Research Council (2000). Appendix C: Signaling
Pathways. In BoESaT Committee on Developmental Toxi-
cology, Commission on Life Sciences, and National Re-
search Council, eds., Scientific Frontiers in Developmental
Toxicology and Risk Assessment (296-308). Washington,
DC: National Academy Press.

Pulak, R. (2006). Techniques for analysis, sorting, and dis-
pensing of C. elegans on the COPAS flow-sorting system.
Methods Mol. Biol. 351, 275-286.

Smith, M. V., Boyd, W. A_, Kissling, G. E. et al. (2009). A
discrete time model for the analysis of medium-throughput
C. elegans growth data. PLoOSONE. 4,¢e7018.

Stringham, E. G., Jones, D. and Candido, E. P. (1992). Ex-
pression of the polyubiquitin-encoding gene (ubg-1) in
transgenic Caenorhabditis elegans. Gene 113, 165-173.

The C. elegans Sequencing Consortium (1998). Genome se-
quence of the nematode C. elegans: a platform for investi-
gating biology. Science 282, 2012-2028.

Trent, C., Tsuing, N. and Horvitz, H. R. (1983). Egg-laying
defective mutants of the nematode Caenorhabditis elegans.
Genetics 104,619-647.

Weston, K., Yochem, J. and Greenwald, I. (1989). A
Caenorhabditis elegans cDNA that encodes a product re-
sembling the rat glutathione S-transferase P subunit. Nu-
cleic Acids Res. 17,2138.

Williams, P. L. and Dusenbery, D. B. (1990). A promising
indicator of neurobehavioral toxicity using the nematode
Caenorhabditis elegans and computer tracking. Toxicol.
Ind. Health 6,425-440.

Wolf, M., Nunes, F., Henkel, A. et al. (2008). The MAP kinase

ALTEX 27, Special Issue 2010



NON-VERTEBRATE MODELS — BOYD AND FREEDMAN

&

JNK-1 of Caenorhabditis elegans: location, activation, and
influences over temperature-dependent insulin-like signal-
ing, stress responses, and fitness. J. Cell Physiol. 214, 721-
729.

Wood, W. B. (1988). Introduction to C. elegans Biology. In
W. B. Wood (ed.), The Nematode Caenorhabditis elegans.
(1-16). N.Y.: Cold Spring Harbor Laboratory.

Acknowledgments

The authors would like to thank Marjolein Smith and Grace
Kissling for analysis of the Biosort and motion tracking experi-
ments, respectively. We thank Julie Rice, Daniel Snyder and
Brooke Tvermoes for technical assistance in generating the data
presented in this manuscript. This work was supported, in part,
by the Intramural Research Program of the NIH, National Insti-
tute of Environmental Health Sciences (Z01ES102045), and the
National Toxicology Program (ZO1ES102046).

Correspondence to

Jonathan H. Freedman

Laboratory of Toxicology, and Pharmacology
National Institute of Environmental Health Sciences,
Mail Drop E1-05, P.O. Box 12233,

111 T.W. Alexander Drive

Research Triangle Park,

NC, 27709 USA

e-mail: freedmal @niehs.nih.gov

ALTEX 27, Special Issue 2010

85



&

Session BS10: Current and evolving concepts for the validation
of safety assessment methods

Validation of Innovative Technologies and Strategies
for Regulatory Safety Assessment Methods:

Challenges and Opportunities
William S. Stokes! and Marilyn Wind?

National Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological Methods, National Institute
of Environmental Health Sciences, National Institutes of Health, Department of Health and Human Services, Research Triangle
Park, North Carolina, USA; 2US Consumer Product Safety Commission, Bethesda, MD, USA NC, USA

Summary

Advances in science and innovative technologies are providing new opportunities to develop test methods
and strategies that may improve safety assessments and reduce animal use for safety testing. These include
high throughput screening and other approaches that can rapidly measure or predict various molecular,
genetic, and cellular perturbations caused by test substances. Integrated testing and decision strategies that
consider multiple types of information and data are also being developed. Prior to their use for regulatory
decision-making, new methods and strategies must undergo appropriate validation studies to determine

the extent that their use can provide equivalent or improved protection compared to existing methods and

to determine the extent that reproducible results can be obtained in different laboratories. Comprehensive
and optimal validation study designs are expected to expedite the validation and regulatory acceptance of
new test methods and strategies that will support improved safety assessments and reduced animal use for

regulatory testing.

Keywords: validation, safety testing, integrated testing strategies, integrated decision strategies

1 Introduction

Safety assessment methods are necessary to determine if new
chemicals and products are safe or if they may adversely affect
the health of people, animals, and the environment. Advances in
science and innovative technologies are providing new oppor-
tunities to develop test methods and strategies that may improve
safety assessments and reduce animal use for safety testing. Re-
search continues to improve our understanding of the molecular
and cellular alterations by which chemical exposures can cause
or contribute to injury or disease. High throughput screening,
toxicogenomics, and other approaches can now be used to rap-
idly measure many of the molecular, genetic, and cellular per-
turbations caused by chemicals. Robot operated laboratories
can rapidly generate vast amounts of in vitro data for thousands
of chemicals (Michael et al., 2008). Analysis of this data is ex-
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pected to help identify panels of in vitro biomarkers that can be
used to help assess chemical toxicity. Integrated testing strate-
gies that consider information and data from such assays and
various test methods are also being developed (Stokes, 2007).
Prior to their use for regulatory decision-making, new meth-
ods and strategies must undergo appropriate validation studies
to determine if they can provide equivalent or improved protec-
tion compared to existing methods and to determine if reproduc-
ible results can be obtained in different laboratories ICCVAM,
1997,2003; OECD, 2005). Validation studies must be carefully
designed to optimize test methods and to ensure that they gener-
ate adequate data for decisions on their regulatory acceptability
(ICCVAM, 1997; OECD, 2005; Stokes and Schechtman, 2007).
Adequate validation will expedite the acceptance and use of
new test methods and strategies that support improved safety
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assessments and contribute to reduced animal use for regulatory
testing. This paper will discuss emerging innovative technolo-
gies, concepts, and approaches applicable to regulatory safety
assessments, and opportunities and challenges for their scien-
tific validation.

2 Changing the paradigm of toxicity testing

Two recent reports have proposed using advances in science and
technology to change the current paradigm of toxicity testing.
These include the 2004 National Toxicology Program Roadmap,
and the 2007 National Research Council (NCR) publication,
Toxicology in the 215" Century, A Vision and a Strategy (NTP,
2004; NRC, 2007a). The NTP Roadmap envisions moving from
toxicology studies that depend on observing the actual adverse
outcome from chemical exposures, such as cancer and birth de-
fects in animal models, to one based on understanding and de-
tecting cellular and molecular perturbations in simpler models
such as cell cultures and lower organisms that are predictive of
these eventual adverse outcomes. To implement this vision, the
NTP plan is to develop and validate improved testing methods
and to ensure, where feasible, that such methods provide for the
reduction, refinement, and replacement of animals.

The NTP report emphasizes that activities and assays devel-
oped under the NTP Roadmap will be done in cooperation and
consultation with the Interagency Coordinating Committee on
the Validation of Alternative Methods (ICCVAM) to maximize
their value to regulatory agencies (NTP, 2004). ICCVAM is a
U.S. interagency committee composed of 15 research and reg-
ulatory agencies that is charged with evaluating the scientific
validity of new, revised, and alternative test methods proposed
for regulatory testing (ICCVAM, 2003; Stokes and Schechtman,
2007).

The 2007 NRC report similarly envisions future testing based
on an understanding of key toxicity pathways at the cellular and
molecular levels and using predictive high throughput assays
to detect the potential for chemicals to sufficiently alter these
pathways to cause injuries or disease. The report states that the
use of a comprehensive array of in vitro tests to identify relevant
biological perturbations based on human biology could even-
tually eliminate the need for whole-animal testing and provide
a stronger mechanistically based approach for environmental
decision-making. However, a 2009 NRC report states that the
realization of the promise of this vision is at least a decade away
(NRC, 2009).

3 Emerging science and technology

New scientific advances and innovative technologies are now
available to help develop future testing methods and strate-
gies outlined in the NRC and NTP reports. These include high
throughput screening, toxicogenomics, and computational mod-
eling approaches.

High throughput screening involves the use of computerized
robots to conduct the laboratory procedures necessary to study
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hundreds of compounds per day in multiple in vitro assays. The
National Chemical Genomics Center at the National Human
Genome Research Institute has a laboratory where such studies
are conducted (Michael et al., 2008). In collaboration with the
NTP and EPA, the lab is now conducting quantitative HT'S using
fifteen concentrations of each chemical (Collins et al., 2008).
The lab uses 1536-well plates, which have a net testing capabil-
ity of 1504 individual chemicals. Over 100,000 concentration
response profiles can be generated per week. These profiles are
then evaluated to determine if in vitro biomarker alterations are
associated with known adverse health effects. Bioinformatics
techniques will be used to identify complex relationships be-
tween different types of biological responses that may provide
insights into critical toxic pathways (Schmidt, 2009).

Another NRC report published in 2007 addressed the applica-
tion of toxicogenomic technologies to predictive toxicology and
risk assessment (NRC, 2007b). Toxicogenomics is defined as
the application of genomic technologies to study the adverse ef-
fects of environmental and pharmaceutical chemicals on human
health and the environment. These technologies include genet-
ics, genome sequence analysis, gene expression profiling, pro-
teomics, metabolomics, and other related approaches. These are
used to measure chemical-specific perturbations on expression
patterns of genes, proteins, and metabolites in cells, tissues, and
organisms. Such technologies are being investigated for their
potential to improve the prediction of safety or potential hazards
of chemicals to human health.

Computational modeling is being applied to estimate the ab-
sorption, distribution, metabolism, and excretion of chemicals
(ADME) (NRC, 2007a). These models seek to estimate the re-
lationship between the dose or amount of chemical exposure
via oral, dermal, or inhalation routes, and the concentration of
chemical that reaches individual cell types in various critical
organs and tissues. These estimates will be essential for non-an-
imal estimates of exposure levels that are safe and those that are
likely to be associated with toxic effects. It is also important that
data used to construct computational models is of high quality
and derived from adequately designed studies.

4 Application of new science and technology to
regulatory decision-making

As emerging scientific advances provide insights into the
pathways and mechanisms of chemical toxicity, the National
Toxicology Program and other public health agencies seek to
apply this information so that it can be used to improve pub-
lic health. Several recent and planned activities and initiatives
have and will continue to investigate potential applications for
public health decision-making. For example, at the request of
the National Institute of Environmental Health Sciences, the
National Academies recently formed a Standing Committee on
the Use of Emerging Science for Environmental Health Deci-
sions (NAS, 2009). The committee is charged with facilitating
communication among government, industry, environmental
groups, and the academic community about scientific advanc-
es that may be used in the identification, quantification, and
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control of environmental impacts on human health. The top-
ics covered will build on recent NRC reports on toxicity test-
ing and toxicogenomics and will explore new developments
in toxicology, molecular biology, bioinformatics, and related
fields (NRC, 2007a, 2007b). Three workshops have been or
will be held in the near future. (Fig. 1)

Mechanistic toxicity data from animal studies and humans are
necessary to link in vitro pathway data to adverse health effects.
To address this need, the National Toxicology Program Intera-
gency Center for the Evaluation of Alternative Toxicological
Methods (NICEATM) and the Interagency Coordinating Com-
mittee on the Validation of Alternative Toxicological Methods
(ICCVAM) recently convened an International Workshop on
Acute Chemical Safety Testing — Advancing In Vitro Approach-
es and Humane Endpoints for Systemic Toxicity Evaluations
(NICEATM, 2008). The primary goals of the workshop were to
identify approaches for collecting additional mechanistic data
from current in vivo testing that would support the development
of predictive mechanism-based in vitro alternative models and
that could also be used to identify earlier more humane end-
points.

5 Validation and acceptance of test methods
based on new science and technology

In the United States, Federal laws require that new safety assess-
ment methods proposed for regulatory safety assessment deci-
sions must be determined to be sufficiently valid and acceptable
for their proposed use (USC, 2000). National and internationally
harmonized principles for validation and regulatory acceptance
are available ICCVAM, 1997; OECD, 2005). Determination of
validity involves assessing the accuracy and reliability of the
test method for a specific proposed purpose (ICCVAM, 1997;
OECD, 2005; Stokes and Schechtman, 2007). Accuracy assess-
ments typically characterize sensitivity, specificity, and false
positive and negative rates compared to existing reference data.
Regulatory acceptance decisions involve reviewing the valida-
tion database to determine if the proposed use of the method

for decision-making will provide equivalent or improved pro-
tection compared to existing methods (USC, 2000). Reliability
assessments determine if reproducible results can be obtained in
different laboratories when using the proposed standardized test
method protocol.

National and International authorities have agreed on valida-
tion and regulatory acceptance criteria for new, revised, and al-
ternative test methods (ICCVAM, 1997; OECD, 2005). These
are general criteria that should be appropriately addressed when
considering the validity of test methods. The published criteria
emphasize that flexibility is essential in interpreting and apply-
ing the criteria and that the extent that they will need to be ad-
dressed will depend on the intended purpose and nature of the
proposed test ICCVAM, 1997; OECD, 2005).

6 Validation of new science and technologies:
challenges

New test methods based on scientific advances and technolo-
gies are likely to initially have limitations. Early definition
of a test method’s limitations can contribute to more efficient
validation for the initial proposed uses and aid in identifying
directed research to discover ways to address defined limita-
tions. In some cases, test methods may be limited in terms of
the physical and chemical properties of substances that can be
tested. For example, the current NCGC HTS protocol is only
capable of testing substances soluble in DMSO, so those that
are not soluble cannot be adequately evaluated in this test sys-
tem. The highest concentration that can be achieved in a test
system may be limited by solubility in the required vehicle,
which may not be sufficient for regulatory testing purposes. A
significant limitation of most current in vitro testing methods
is their inability to determine if there is metabolic activation of
the substance to a more toxic or less toxic moiety. Additionally,
there are still challenges in accurately estimating the toxicoki-
netics associated with specific exposures by various routes and
the concentrations that will result in various critical target tis-
sues. These limitations present challenges that will need to be

2009 Workshops:
National Academies’ Standing Committee on Use of Emerging Science
for Environmental Health Decisions

Developmental Basis for Disease, July 30-31, 2009.
http://dels.nas.edu/envirohealth/epigenetic.shtml

http://dels.nas.edu/envirohealth/comptox.shtml

e Use of Emerging Science and Technologies to Explore Epigenetic Mechanisms Underlying the

e Computational Toxicology: From Data to Analyses to Applications, September 21-22, 2009.

® The Exposome: A Powerful Approach for Evaluating Environmental Effects on Chronic Diseases,
February 25-26. 2010. http://dels-old.nas.edu/envirohealth/exposome.shtmi

Fig. 1: 2009 Workshops: National academies’ standing committee on use of emerging science for environmental health

decisions
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addressed in order to fully move away from the use of intact
living organisms for safety assessments.

Another significant challenge for evaluating the validity of
new testing methods and strategies for human health safety as-
sessments is the availability of high quality reference data from
humans. For ethical reasons, most existing reference data is from
animal studies. However, for some toxicity endpoints such as
allergic contact dermatitis (ACD), there is considerable human
testing data and experience from occupational and consumer
exposures (ICCVAM, 1999; Basketter et al., 2007). These hu-
man data supported the validity of a new animal model for ACD
testing that has many scientific and animal welfare advantages
compared to the traditional animal tests for ACD. Improved
ways of obtaining data regarding the health effects from human
exposures and ways to more accurately extrapolate exposures
and effects from animal models to humans are needed to help
validate new test methods.

7 Validation of new science and technologies:
opportunities

Early consideration of the potential application of new technol-
ogies for regulatory testing during research and development
stages provides an important opportunity to incorporate efforts
that will support the validation of eventual test methods. Early
standardization and use of harmonized technology platforms for
approaches such as toxicogenomics and HTS will allow for data
from different studies to be compared and combined for data
analyses. This will also help minimize experimental variables,
aid in achieving more reproducible results across labs, and con-
tribute to achieving a high signal to noise ratio. For example,
a recent workshop developed recommendations for the stand-
ardization and validation of toxicogenomic-based platforms that
will be evaluated for their potential use for safety assessments
(Corvi et al., 2006).

There is also an opportunity to develop data during research
and development that may contribute to the validation database
supporting the validity of proposed test methods and approach-
es. Several critical factors should be considered during research,
development, translation, and validation stages for new tech-
nologies. These include selection of reference substances, dose/
concentration selection procedures, defining the test method
purpose and potential regulatory use, and phased validation
studies to develop an optimized test method protocol.

Reference Substances: Reference substances selected for evalu-
ation of the new technology should have high quality data
available from existing reference test methods or the species of
interest for the toxicity endpoint under evaluation (ICCVAM,
2003; Stokes and Schechtman, 2007). Selection of reference
data should generally address established selection criteria for
reference substances (Stokes and Schechtman, 2007), which in-
clude:
— Represent the dynamic range of responses possible for the
toxicity endpoint of interest and the range of potential re-
sponses that can be measured in the test system
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— Represent the range of physical and chemical properties
of substances for which the test system is proposed to
be capable of testing (e.g., physical form, water solubility,
pH, volatility)

— Represent the range of relevant biologic properties, as appro-
priate (e.g. peptide reactivity, mutagenicity)

— Represent the range of chemistry of substances proposed for
evaluation in the new test method (i.e., chemical classes)

— Represent the range of known or suspected modes or mecha-
nisms of action for the toxicity measured or predicted by the
test method

— Supported by existing high quality data from the currently
accepted test method, and where possible, data and/or experi-
ence in the species of interest (e.g. for humans, ethical test
data or accidental exposures information)

— Readily available from commercial sources

— Avoidance of chemicals with excessive occupational or envi-
ronmental hazard, if feasible.

Dose or concentration-setting procedures: The basis and proce-
dures for determining the highest dose or concentration that will
be tested should be clearly stated. For animal-based tests this is
normally based on the highest minimally toxic dose (MTD) or a
defined upper limit dose. For in vitro tests, this is normally the
highest soluble concentration, the highest non-cytotoxic con-
centration, or a defined upper concentration based on the high-
est potential exposure that might occur (Stokes, 2006).

Test method purpose and regulatory applicability: The specific
proposed purpose of the test method and the proposed or po-
tential use for regulatory decision-making in the context of cur-
rent or anticipated regulatory requirements should be clearly
defined (ICCVAM, 1997; OECD, 2005; Stokes and Schecht-
man, 2007). Proposed uses may range from serving as a com-
plete replacement for a current existing test method to provid-
ing adjunct mechanistic data for weight-of-evidence decisions.
For test methods proposed for use in chemical screening, the
specific decisions that can be made with each possible test re-
sult must be clearly defined. For example, a positive result in a
screening method might be used as the basis for hazard classifi-
cation and labeling, while negative results associated with suf-
ficient uncertainty may require further testing. Screening tests
may also be proposed for prioritization decisions on whether
further testing will or should be conducted. In such casest the
uncertainty of the prediction of potential hazard or safety for a
specific toxic endpoint should be characterized and transparent
for the prioritization decision.

Phased validation studies: optimizing the test method protocol:
Recent in vitro validation studies managed by NICEATM have
shown that a validation study design consisting of several se-
quential progressive phases with coded chemicals was an ef-
ficient means of optimizing the test method protocol and mini-
mizing intra- and inter-laboratory variation (Fig. 2) ICCVAM,
1997; OECD, 2005; Paris et al., 2006; Stokes et al., 2007; Stokes
and Schechtman, 2007). The initial laboratory evaluation phase
involves a series of multiple testing with positive and vehicle
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controls, with cycles of protocol modifications until all labs are
able to obtain sufficiently reproducible results. Two stages of
the second phase each test a small number of chemicals repre-
sentative of the potential range of responses and vehicle solu-
bility. After each phase, excessive experimental variation and
discordance are stage and appropriate modifications made to the
protocol. Retesting is conducted where substantive modifica-
tions are deemed necessary to confirm the effectiveness of these
changes for obtaining consistent results. The last phase uses the
final optimized protocol to generate data to assess accuracy and
reliability.

8 Validation of integrated testing strategies

Integrated testing strategies involve considering all available
information and data to determine if decisions can be made
about the safety or hazard of substances in a stepwise or tiered
manner. These are usually designed to minimize or avoid the
use of animals. If there is not sufficient information and data
for a decision at the initial level or tier, then testing proceeds

to the next tier where a decision is made as to what is the most
appropriate additional testing to conduct that might provide
sufficient information for hazard classification decisions. Gen-
erally the stepwise testing proceeds from existing information
and data to in vitro tests, followed by limited in vivo testing,
and then to a full traditional in vivo test as the final tier, if
necessary.

Normally, validation of testing strategies can be made using
existing data, provided that there is sufficient data on the same
substances for all of the test methods proposed for the test strat-
egy. In designing prospective studies for testing strategies, it is
important to ensure that all test substances are tested in all of
the proposed test components proposed for the testing strategy.
Each test method is assessed individually to determine which
results can be useful for a hazard classification decision either
alone or in combination with the various potential outcomes of
each of the other test methods in the strategy. This involves de-
termining the sensitivity and specificity for each of these pos-
sible combinations of test outcomes and assessing which ones
can provide equivalent or improved predictions compared to the
current existing test method.

« Refine protocols as necessary

A

PHASE 1: LABORATORY EVALUATION PHASE

* Demonstrate initial lab proficiency and develop historical database
e Establish acceptance criteria for positive control for future assays

* Demonstrate lab proficiency

e Example: 4 coded chemicals, 3 replicate tests

PHASE 2a: LABORATORY QUALIFICATION PHASE

» Refine protocols and repeat, if necessary, until reproducible results

reproducibility
* Finalize optimized protocol for Phase 3

| PHASE 2b: LABORATORY QUALIFICATION PHASE

e Further refine protocols and re-test if necessary to achieve acceptable

¢ Example: 8 coded chemicals, 3 replicate tests

PHASE 3: LABORATORY TESTING PHASE

¢ Complete interlaboratory studies in 3 labs using optimized protocol
e Example: 41 coded chemicals, 1-3 replicates

Fig. 2: Validation study approach using sequential progressive phases
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9 Integrated decision strategies

With some test methods, initially proposed single decision
criteria may not provide sufficient certainty with regard to the
predicted outcome for some specific results, while the remain-
ing results may have sufficient certainty in terms of sensitiv-
ity and/or specificity. For example, a test method may have a
false negative rate for a certain range of responses that is not
considered adequately protective compared to the reference test

&

method. Conversely, a test method may have a false positive
rate for a certain range of responses that is sufficiently high so
as to not be considered acceptable. In these situations, multiple
decision criteria may be necessary, where each individual deci-
sion criteria provide sufficient certainty for responses within a
specified range of test results. There may also be one or more
decision criteria that identify a range of responses that are as-
sociated with an unacceptable level of uncertainty, and therefore
should not be used for hazard or safety decisions. In this later
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Fig. 3: Potential sources of data and information for integrated decision strategies
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