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Foreword
As a wildlife presenter for the BBC, I have been privileged to observe the
behaviour of non human primates in their natural habitat. I have watched
from really close up how they develop long-term bonds of affection and
show emotions of happiness, fear and even jealousy. They most certainly
have a sense of self and there is now documented evidence to show that
non human primates grieve when members of their social group die.
I have never filmed inside a primate laboratory, nor would I want to.
However I have seen undercover footage of monkey breeding farms and
macaques undergoing invasive test procedures filmed inside laboratories –
and I was shocked by those images. It is difficult to imagine the emotional
and psychological trauma that these animals endure when they are
separated from their family groups, transported in tiny cages to far away
destinations, to be used as living test tubes.
We are told that toxicity tests are performed on non human primates to
safeguard human health, because of their similarity to us. However, by
the same token we have a duty and an obligation to afford them special
protection. Given that modern science has the means to obtain the required
safety data without the use of animals, we must act immediately and
decisively to end those animal experiments.
Those of us who recognise our responsibility and stewardship towards primates
should be their voice. The human mind is capable of great scientific innovation.
Now is the time to combine that quality with the quality of compassion, to
make this a better world for all – humans and non humans alike.
Dr Charlotte Uhlenbroek PhD
BBC Wildlife Presenter
September 2010
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1. Introduction

© IPPL

We live today in an era of the human
genome and computational biology.
What was unthinkable even ten years
ago is now fast becoming reality. Great
strides have been made, and continue
to be made, in the sphere of molecular
biology and personalised medicine.
Why is it then that we continue to rely
on 19th century science in the form of
animal toxicity tests when it comes to
human risk assessment of chemicals?
This question is intended first and
foremost for the regulatory authorities,
whose primary responsibility is the
protection of public health and the
establishment of common guidelines
with respect to toxicity testing.
Advances in toxicogenomics,
bioinformatics, systems biology,
epigenetics, and computational
toxicology could transform toxicity
testing from a system based on wholeanimal 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. (National
Research Council [NRC], 2007, p. 1)
Indeed the gene sequencing of the
human genome is no longer a vision
but a reality. We now understand
for example, why some individuals
require significantly larger—or
smaller—therapeutic doses of a drug or
chemical than other individuals, based
on their metabolic genetic profile. This
has promoted the modern concept of
personalised medicine, which although
still developing, contrasts sharply
with the traditional, but increasingly
outdated concept of comparative
medicine, which dates back to the
19th century. As a result, our regulatory
system is in a state of transition
somewhere between the two.
We are currently faced with a striking
paradox, in which a group of scientists
in one laboratory carefully records
specific gene behaviour in human
cells in response to a chemical, while
another group of scientists in a different
laboratory forcibly restrains a monkey
fitted with a breathing mask and later
kills the monkey, in order to study the
fate of the same chemical—in humans.
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The regulatory authorities, together with
industry, are in a unique position to
translate the NRC vision into action and
to revolutionise our toxicity testing
paradigm—from one based largely on
animal data to one that is suited to the
species in question—namely human
beings. We need to examine whether it
is political, rather than scientific, inertia
that is the stumbling block to the progress
of regulatory animal replacement. For
example, Directive 2003/63/EC on the
community code relating to medicinal
products for human use makes the
submission of animal data a legal
requirement, whilst the submission of
data obtained from human cell studies
(e.g. pharmacogenomics) remains
voluntary (US Food & Drug
Administration [FDA] & European
Medicines Agency [EMA], 2006).
We also need to question whether it is
disingenuous for regulatory authorities
to justify their continued requirement
of animal tests based on the claim that
there is insufficient human data. If there
is no regulatory mechanism in place to
enforce the collection of human data,
there can be no informed comparison
between animal and human data. We
are now witness to a scientific culture
that has neglected to systematically
and diligently collate valuable human
findings. Rather than pursuing animal
studies, our policy makers need to invest
resources into the expansion of existing
human databases. The establishment
of an integrated human toxicology
program, together with data sharing
should become a priority. Formaldehyde
was discovered in 1859, yet it has taken
the US health authorities 150 years to
finally propose that this commonly used
laboratory chemical be classified as a
known human carcinogen (Department
of Health and Human Services, 2009).
The development of sophisticated
and modern non-animal methods of
research and testing means that animal
experiments have lost their credibility as
the most scientifically tenable method
available. This is already evident in the
cosmetics industry, where a testing ban
on the use of animals in the EU came
into effect in March 2009, with a far
wider-reaching marketing ban due to
follow in 2013 (The European Parliament
& The Council of the European Union,
2003). Significantly, many of the newly
developed methods now used to test
cosmetic products are likely to have
applications in the pharmaceutical
industry as well (Germain, 2009).
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TABLE 1. Primates used in scientific procedures in Great Britain in 2008 (Home Office, 2009).
Species

Primary purpose of the procedure
Fundamental biological
research

Applied studies – human
medicine or dentistry

Protection of man,
animals or environment

Total

82

180

–

262

122

2,630

340

3,092

Marmoset, tamarin
Macaque

There are also encouraging developments
within the pharmaceutical industry
itself. As an example, the rabbit
pyrogenicity (fever) test is finally being
replaced by a more accurate test method
that utilises donated human white
blood cells (Montag et al, 2007). The
rabbit test was never formally validated
to establish its reliability or relevance to
humans and among the well-documented
drawbacks, marked species and strain
differences in sensitivity were noted
(Hartung et al, 2001).

On the grounds of predictivity
to humans, replacing outdated
animal tests is as much a public
health imperative as it is an animal
welfare issue.

Forty eight percent of the world’s
primates are currently threatened with
extinction (IUCN, 2009) and though not
the only cause, the trade in primates
for use by pharmaceutical companies
and research institutions, has had its
part to play in the decimation of wild
populations.
Worldwide, it is estimated that between
100,000 and 200,000 primates are used
in research and testing each year, mostly
in Europe, Japan and North America
(Hau & Schapiro, 2006). The most
commonly used species are baboons
(Papio spp.), crab eating macaques
(Macaca fascicularis), rhesus macaques
(Macaca mulatta) and vervet monkeys
(Chlorocebus aethiops) (Carlsson et al.,
2004).
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2. Why are primates used in research and testing?
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According to the European
Commission’s Scientific Committee on
Health and Environmental Risks (SCHER),
primates are needed chiefly in:
• the safety testing of pharmaceutical
products
• research on infectious diseases
• studies of the human brain
• research on organ transplants
In the UK, almost all (95%) primate use
is related to legislative requirements,
primarily for toxicological purposes
in pharmaceutical safety and efficacy
evaluation studies.

The two main primate species used
in the UK in 2008 were macaques and
marmosets. Out of a total figure of
3,354 monkeys, macaques accounted
for 3,092 or 92% (Home Office, 2009).
Thus the macaque is currently the
primate of choice to fulfil the need
for a second, or “higher”, mammalian
species, after safety testing on rodents
(usually rats) has been completed.
The UK, France and Germany together
accounted for almost all of the 10,000
primates used within the EU in 2008.

3. Current UK and EU legal requirements
The use of animals in regulatory
toxicology is indicated in national as well
as European legislation and guidelines,
in the Chemical Testing Guidelines
published by the OECD (2009) and
Directive 2003/63/EC respectively. In its
broadest sense, regulatory toxicology
refers to the study of adverse effects of
chemicals on living organisms. In the
case of humans and animals, adverse
effects may be categorised in several
different ways. For example, chemicals
may affect different target organs (e.g.
skin, eye, liver, kidney). In addition, these
effects may range in severity from mild
irritation to irreversible tissue damage.
A “time component” is also included in
these studies to account for short-term
(acute) and longer-term (chronic) toxic
effects. Such animal tests are currently
part of the regulatory requirements for
pharmaceutical products intended for
human use (e.g. Directive 2001/83/EC).
Different regulatory requirements apply
to industrial (i.e. non pharmaceutical)
chemicals (e.g. REACH regulation
1907/2006).
The use of primates in research and
testing remains a highly controversial
issue. Concern has been expressed at
many levels, including the European
Parliament and EU member states. In the
UK, the following recommendation was
put forward by the Animal Procedures
Committee in 2002, on their use in
regulatory toxicology:
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The use of primates in the safety
assessment of pharmaceuticals can
clearly only be justified under current UK
legislation if the data obtained are both
valid (relevant for humans) and necessary
in order for a safety assessment to be
made. Validity and necessity should be
continuously monitored by retrospective
comparison of test data with clinical
experience, and the need for studies
specifically on primates should be critically
assessed before tests are carried out. The
international pharmaceutical industry, in
collaboration with regulatory authorities,
has the major responsibility and the
necessary access to data, to make these
crucial assessments. (Animal Procedures
Committee, 2002 p. 6)
As clearly stated in the Weatherall
Report, The use of non-human primates
in research, there is no mandatory
requirement for the use of primates
in pharmaceutical safety testing
(Weatherall, 2006). Rather, these animals
are selected out of caution of the risk
that choosing another species may later
prove unacceptable to the regulators,
and thus result in costly delays in
bringing a new medicine to market
(Boyd & Smith, 2002).
The Weatherall report continues:
“Ultimately, the decision to use nonhuman primates for regulatory toxicology
studies rests with the company developing
the product.” (Weatherall, 2006, p. 93)
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4. Toxicity studies
Historically, the first toxicity test
performed was the acute toxicity
study (Klaassen & Watkins, 1999). This
test dates back to 1927, when it was
originally used for the standardisation of
potent and potentially toxic substances
such as insulin, digitalis extracts, and
diphtheria toxins (Hayes, 2008). In the
absence of modern analytical chemistry,
animals were used as crude living test
tubes to calibrate the dose in question.
These tests comprised single dose
poisoning, in which 50 per cent of the
test animals would die (Lethal Dose
50, or LD50). During acute poisoning,
animals typically experience a rapid
onset of toxicity and a short, but severe
course of symptoms leading to death.
Although the classical LD50 test has
been replaced to a large extent by

studies requiring fewer animals, acute
toxicity is still employed, where death
may be the endpoint of the experiment
(OECD testing guidelines).
As far back as 1981, the highly respected
toxicologists Gerhard Zbinden and
Marilena Flury-Roversi compared lethal
dose values from animal tests with those
discovered in cases of accidental human
poisoning, and concluded that the
LD50 in animals “is of very little value”
(Zbinden & Flury-Roversi, 1981). The
significance of this statement becomes
apparent in Table 2, which clearly
illustrates the lack of concordance
between oral lethal dose values in
rodents compared with oral lethal doses
in humans. A large study organized
by the Commission of the European

TABLE 2. A comparison of some oral LD50 doses for rats and mice, and mean oral lethal doses for humans reveals
a substantial disconnect between lethality in humans versus rodents when exposed to different compounds
(National Institutes of Health, 2001).

Rat
LD50 dose
mg/kg

Mouse
LD50 dose
mg/kg

Average
human
dose
mg/kg

2404

338

271.4

Acetylsalicylic acid

200

232

385.7

Diazepam

352

45

71.4

28

18

0.1

Methanol

5619

7289

1569

Ethanol

7057

3448

4712.2

290

190

742.8

Nicotine

50

3

0.7

Warfarin

2

3

107.1

Lindane

76

44

242.9

Chloroform

908

36

999.8

Altropine sulfate

585

456

1.7

2598

1499

285.5

Chemical
Paracetamol

Digoxin

Malathion

Potassium chloride
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4. Toxicity studies continued

This is based on data obtained from
accidental and deliberate human
poisoning and overdose.
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Significantly, the UK
National Poisons
Information Service
contains no LD50 data,
but data relevant only
to humans (Prof. A. Vale,
personal communication,
11 September, 2009).

Communities involving 65 toxicological
laboratories testing five substances in
male rats produced same-species LD50s
that varied by 20 to 40% (Hunter et al.,
1979). Although modified, acute toxicity
tests currently in use (as an alternative
to the classical LD50) have also been
criticised as not having been formally
validated (Balls, 1991). These include the
Fixed Dose Procedure, the Acute Toxic
Class and the Up-and-Down Procedure,
as well as the LD50 (dermal) and LC50
(inhalation) methods (OECD, 2009).
Acute toxicity studies for pharmaceutical
development usually involve the
administration of a single dose of test

compound to two different mammalian
species (typically a rodent species such
as a rat, and a non rodent species, such
as a dog or a monkey) often by two
different routes. The animal is then
observed for a period of up to 14 days
for any clinical signs of toxicity, which
may include changes in behaviour
and body weight (NC3Rs, 2007).
Pharmaceutical studies generally also
require animals to undergo longer term
tests such as the sub-acute toxicity
program of 28 days, and the chronic
test of 90 days. The longer term studies
involve repeated exposure to the test
compound.

TABLE 3. Toxicological procedures involving monkeys in 2008 in the UK.
Taken from the Home Office report, Statistics of Scientific Procedures on
Living Animals 2008.

Type of toxicological test or procedure
Acute non-lethal clinical sign
Subacute limit-setting or dose ranging
Subacute toxicity
Subchronic and chronic
Toxicokinetics
Immunotoxicology
Other toxicology
Total

New world
monkey

Old world
monkey

–

34

30

324

9

1,181

24

778

–

493

70

1

–

705

133

3,516

Note: the discrepancy between the number of macaques used (3,092) and the number of
procedures in which these animals were used (3,516) is due to the fact that some animals
underwent more than one procedure.
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5. Conservation issues
Having examined the subject of toxicity
testing from a regulatory perspective
it is worth considering the animals
themselves. Among macaques, the
species most commonly used for
toxicity testing was previously the
rhesus macaque (Macaca mulatta).
In the 1960s and 1970s, researchers
documented a drastic decline in wild
rhesus macaques as they were being
captured in huge numbers for export
to Western laboratories (Malik, 1992;
Southwick and Siddiqi, 2001). The Indian
government subsequently banned
primate exports in 1978, a ban upheld
to this day. The resulting decline in
available rhesus macaques has led to
an increase in use of the crab-eating
macaque (Macaca fascicularis). This is
now the species most regularly used
in toxicology testing (Gad, 2007) and
forms the overwhelming majority of
primate imports to the UK (Department
for Environment, Food and Rural Affairs
[DEFRA], 2009, Response to Freedom of

Information Request from IPPL) and to
the USA (US Fish and Wildlife Service,
Reponse to Freedom of Information
Request from IPPL, 2010).
The IUCN Red List categorises this
species as “least concern” because of
its wide distribution and presumed
large population. However, key data on
numbers, distribution and population
trends are lacking, and the threat that
this increasing exploitation poses is now
causing alarm among conservationists:

The alleged “laundering” can be difficult
to prove because there is no distinctive
gut flora; nevertheless, there is evidence
that these concerns are well-founded.
In 1997, a US importer was fined for
its role in shipping monkeys that were
purportedly “born in captivity” when it
was proved that the monkeys had been
born before the exporter established its
facility (McGreal, S., 2010).

The greatest threat from the trade is
in the Indochinese region, especially
Cambodia where in 2003–2004 macaques
began to be harvested from the wild,
ostensibly for captive breeding for export
to China and to the USA and elsewhere.
The lucrative operations, however,
may serve to “launder” wild-caught
monkeys and appear to have resulted in
their disappearance even from legally
protected areas. (Eudey, 2008, p. 129).

6. Welfare concerns
There are disturbing ethical problems
involved with the use of these intelligent
primates in laboratories.
Firstly, transportation involves being
packed singly in crates, before being
shipped to countries half way around
the globe. It is not uncommon for
travel times to last up to 58 hours
(Honess et al, 2004) and for some of the
animals to die before, during, or after
transportation to their destination.

laboratory cages exhibit stereotypical
behaviour (Erwin & Deni, 1979). These
can include more ‘moderate’ activities
such as rocking, head-twisting and
pacing back and forth, to more extreme
behaviours, including self-biting,
eye-poking, body-throwing and headbanging. A number of documented
cases have led to wounds so severe that
medical treatment was required (Pond
& Rush, 1983; Reinhardt & Rossell, 2001).

Secondly, those that do survive this
ordeal and reach the laboratory, or are
actually bred in the country in which
they will be used, then face an existence
of incarceration in small steel cages,
devoid of the environmental enrichment
and rich social interaction for which they
have evolved.

In addition, monkeys undergoing
tests – such as those required for the
purposes of regulatory toxicology –
are also continually under immense
physiological and psychological stress
due to the chemical testing regimen
that is imposed upon them. Physical
restraint often involves what is known
as a primate chair, the use of which
has been linked to a number of severe
health problems including inguinal
hernia and rectal prolapse as well as
acute stress (Reinhardt et al, 1995).
Violent dosing methods are also
involved, such as nasogastric intubation
or forced inhalation through a mask.

Macaques are extremely intelligent
primates who naturally live in complex
societies and form strong social bonds.
Thus, it should be no great surprise
that, in the isolated and unstimulating
environment of the laboratory,
macaques show signs of severe distress.
Many macaques kept in standard

It is now well established that even
routine laboratory procedures produce
stress in macaques, which can lead to
significant changes in physiological
parameters correlated with stress
(e.g., serum or plasma concentrations
of corticosteroids, glucose, heart rate,
blood pressure) (Balcombe et al., 2004).
In light of such confounding factors,
the impact of such variables on results
obtained from these studies should be
questioned by the regulatory authorities
in terms of their human applicability.
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7. The chimpanzee as an animal model in toxicology
A discussion concerning the validity of
monkeys as a model for human toxicity
testing should be seen in the wider
context of “higher” primates. In terms
of evolutionary proximity to humans,
the chimpanzee is our closest living
relative, with whom we share about
98% of our DNA. The United States is
the only country in the world to still use
chimpanzees in biomedical research on
a large scale, although the numbers
are in decline with 1,600 animals used
in 2000 (Strandberg, 2000) compared
with 1,000 in 2009.

TABLE 4. Comparative in vitro metabolism of indinavir in primates
(Chiba et al., 2000).
Species

Metabolite formation rate
(mean figures in pmol/min/mg)

Rhesus macaque

74.5

Crab-eating macaque

84

Chimpanzee

26.7

Human

20.4

Note: Indinavir is an HIV protease inhibitor that shows marked species differences in metabolism
in primates, including humans. Table 4 demonstrates that macaque monkeys are unique in
their ability to metabolise this compound and therefore not predictive as models for humans
(Chiba et al., 2000).

TABLE 5. Chromosome numbers.
Species

Chromosome number
(per body cell)

Human

46

Chimpanzee

48

Macaque

42

Marmoset

46

Note: Table 5 illustrates chromosome numbers for various primate species. Chromosome
numbers do not necessarily correlate with chromosome content as is illustrated by the fact
that although humans and marmosets share the same chromosome number, they differ
significantly in gross cellular anatomy from each other. Similarly, rhesus macaques and crabeating macaques share the same number of chromosomes and yet possess species-specific
polymorphisms, which in turn confer different levels of immunity against certain diseases
(Flynn, 2009).
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An ardent proponent of chimpanzee
research once said that the chimpanzee
is the “best possible model to predict
the fate and effects of foreign chemicals
in man” (Coulston, 1985, p. 182).
However, that view is not universally
shared by all scientists:
It has been obvious for some time that
there is generally no evolutionary basis
behind the particular-metabolizing ability
of a particular species. Indeed, among
rodents and primates, zoologically closely
related species exhibit markedly different
patterns of metabolism. (Caldwell, 1992,
p. 106).
Despite our close evolutionary proximity
to chimpanzees, even small genetic
differences have critical implications for
using the chimpanzee as a predictive
model for the study of human disease.
For example, at least twenty genes
implicated in human cancers are
significantly different in chimpanzees.
(Puente et al., 2006, Calarco et al., 2007).
In other words, when dealing with
complex biological systems, small
differences can have significant
nonlinear effects so that two animals
exhibiting a high degree of quantitative
similarity can nevertheless show very
different effects when identically
stimulated (Shanks & Greek, 2009).
Given that rapid genetic evolution
has occurred in some parts of the
human genome since its divergence
from the last common ancestor with
chimpanzees, it is not surprising
that there is evidence to support the
contention that chimpanzees are not
good models for the study of important
human diseases. While chimpanzees
have been used extensively in the
past by the pharmaceutical industry
to test drugs, chemicals, and medical
devices, their use as human surrogates
yields a surprisingly poor track record.
Chimpanzees are essentially immune to
AIDS, hepatitis B and common malaria –
three diseases that kill millions of people
every year. A recent comprehensive
literature analysis has revealed that
chimpanzee studies have not been
essential in the field of human cancer,
or in the development of therapeutic
monoclonal antibodies (Bailey, 2009).
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SUMMARY
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Despite all of the scientific evidence
to the contrary, proponents of the
chimpanzee within the biomedical
research community still consider this
animal species to be the best animal
model available. And yet this nonhuman primate has been spared by
the regulators. This is partly based on
their high cost of maintenance as well
as their intelligence, physical strength
and aggression, which requires skilled
handling. It should also be noted that
regulators rely on industry scientists to
provide relevant safety data for their
products. When it comes to selecting
an animal species for drug testing,
it is the drug manufacturer and not
the regulator, who decides which will
be the species of choice. The EU is an
explicit example where the chimpanzee
is not used in pharmaceutical drug
development and testing. Industry and
regulators have expediently “traded off”
their premier animal model for smaller
primates, such as macaques, baboons
and marmosets. The fact remains,
however, that the chimpanzee is a poor
predictor of human response (Knight,
2008a), (Shanks & Greek, 2009).

1. The genetic similarity between chimpanzees and humans
suggests (according to some researchers), that chimpanzees
are the most appropriate animal model for biomedical
research.
2. The available scientific literature indicates that the
chimpanzee is in fact a poor predictor of human response
for many important diseases.
3. The chimpanzee is not used for purposes of regulatory
toxicology in the EU.
4. The chimpanzee is not used in the EU for the development
and testing of pharmaceutical products.
5. If our closest relative is not a good predictor for humans
then, ipso facto, no other more distantly related primate
will be either.
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8. The macaque as an animal model in toxicology
Based on evolutionary biology, humans
and chimpanzees are estimated to
have diverged five to seven million
years ago. The divergence between
humans and old world monkeys (such
as macaques) goes back approximately
25 million years (Weatherall, 2006). From
an evolutionary standpoint, macaques
are clearly more distant cousins than
chimpanzees. The macaque genome
project has revealed that at least 200
genes evolved differently after humans
and macaques branched off from each
other (Gibbs et al., 2007). Other genes
exist in both species, but are expressed
differently. For example, humans and
macaques both possess the gene for
a tail. Macaques have tails, humans do
not. Another example of a gene shared
by both species is that associated with
the disease phenylketonuria (PKU),
which develops only in humans
(Shanks & Greek, 2009).
The immune response represents
another major difference between
macaques and humans: the
experimental monoclonal antibody
TGN1412 caused a nearly fatal reaction

in six healthy clinical trial participants in
March 2006, despite having been shown
safe in crab-eating macaques at a dose
500 times larger than that given to the
human subjects (Department of Health,
2006). Earlier research had already
shown that animal studies, including
those conducted in primates, have
limited predictive power for evoking an
immune response in humans (Bugelski
& Treacy, 2004). It has subsequently been
demonstrated that in vitro procedures
using donated human white blood cells
could have predicted the events seen
in the clinical trial and avoided this near
tragedy (Stebbings et al., 2007).
Humans and macaques have a diverse
genetic background as evidenced by
numerous genetic polymorphisms (Kita
et al., 2009). A genetic polymorphism is
a difference in DNA sequence between
individuals, groups or populations.
An illustration of this is the human
blood groups (A, B, O). Other genetic
polymorphisms explain why some
individuals require larger or smaller
doses of a drug than the average.
Macaques may vary genetically

according to their geographic origin.
Animals captured and bred in Vietnam,
for instance, may respond differently in
toxicological tests to those originating in
the Philippines (Yasuhiro et al., 2009).
Historically, crab-eating macaques have
been used in regulatory toxicology for
the past 25 years or so. The principal
reason for their selection by industry
has been the increasing difficulty in
obtaining the more traditional rhesus
macaque, due to the previously
mentioned primate export ban in India.
Therefore, in order to ensure a constant
supply, crab-eating macaques are
captured from the wild in such countries
as Cambodia and Laos (Eudey, 2008).

SUMMARY
1. The genetic similarity between macaques and humans
is significantly less than that between chimpanzees
and humans.
2. There are significant genetic differences between different
species and subspecies of macaque, based on geographic
origin.
3. There may also be a pharmacologically important genetic
variation within a population of a particular species or
subspecies of macaque.

© IPPL

4. There are serious welfare issues associated with the trapping,
transport, incarceration and experimental protocols to which
macaques are subjected.
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9. Prediction in toxicology
Toxicology is both a science and an art.
The science is the observational and
data-gathering phase, whereas the art
is the predictive phase of the discipline.
When we fail to distinguish the science
from the art, we confuse facts with
predictions and argue that they have
equal validity, which they do not (Gallo
& Doull, 1993).
Those who claim that primate models
are predictive must demonstrate that
this claim is correct and the burden
of proof lies with them. The fact that
animal tests yield data does not
necessarily imply that the data are
relevant or reliable with respect to
humans. Clearly, it is time for current
risk assessment policy to undergo a
paradigm shift with respect to human
health in an era of modern, evidence
based toxicology.
It could be argued that the field of
regulatory toxicology has unwittingly
fallen prey to confusing retrospective
analysis with prediction. The classic
study by Olson entitled “Concordance
of the Toxicity of Pharmaceuticals in
Humans and in Animals” is often used as
a poster to demonstrate the predictive
power of animal tests (Olson et al.,
2000). However, on closer inspection
it becomes apparent that what the
study evaluated was the concordance
between adverse events based on
clinical data with data generated
in animal experiments (preclinical
toxicology). According to Olson himself,
“this study did not attempt to assess the
predictability of preclinical experimental
data to humans” (Olson et al., 2000).
The Olson study is not without
its critics. Taking into account the
elements of sensitivity, specificity,
positive and negative predictive value
and concordance, Shanks and Greek
comment that “If all the Olson Study
measured was sensitivity, its conclusions
are largely irrelevant to the great
prediction debate” (Shanks & Greek,
2009).
It is apparent that the available scientific
evidence (e.g. systematic reviews) does
not support the thesis that the animal
model is predictive for the human
species (Horn et al., 2001, Knight, 2008b,
Perel et al., 2006, Pound et al., 2004,
Roberts et al., 2002).

“Toxicology, like medicine, is both a science and an art.
The science of toxicology is defined as the observational
and data-gathering phase, whereas the art of toxicology
is the predictive phase of the discipline. When we fail to
distinguish the science from the art, we confuse facts with
predictions and argue that they have equal validity, which
they clearly do not.”
(Gallo & Doull, 1993).
The significant failure rate of
pharmaceutical test compounds
supports this view. Ninety per cent of
test compounds that pass animal safety
tests fail to make it through clinical trials
in humans. Simply put, animal tests have
a predictive power of 10% or one in ten
(Shanks & Greek, 2009). Conversely, one
could argue that some experimental
compounds that might have had an
acceptable risk profile in humans may
be eliminated due to their toxicity in
animals (Sankar, 2005).
In an era of evidence-based medicine, it
is increasingly considered unethical to
conduct more animal or human research
while existing studies have not been
systematically evaluated.
In a presentation given by Sir Iain
Chalmers of the Scottish Wellcome Trust
Clinical Research Facility, he summed it
up as follows:
New research should not be designed
or implemented without first assessing
systematically what is known from
existing research. The failure to conduct
that assessment represents a lack of
scientific self-discipline which results in
an inexcusable waste of public resources.
In applied fields like health care, failure to
prepare scientifically defensible reviews of
relevant animal and human data results
not only in wasted resources but also in
unnecessary suffering and premature
death. All new research—whether basic or
applied—should be designed in the light
of scientifically defensible syntheses of
existing research evidence, and reported
setting the new research in the light of
the totality of the available evidence,
thus making clearer to readers what
contribution—if any—new studies have
made to knowledge. (2005)

The overwhelming majority of
systematic reviews that have been
conducted comparing treatment
outcomes in animals and people show
a huge discordance between the results
obtained in people and in animals (Lindl
et al., 2005).
The Medical Research Council (MRC) is
a major funding source of fundamental
research involving primates in the
UK. Following the publication of the
Weatherall Report, the MRC announced
that it was:
...committed to undertaking a systematic
review of the outcomes of such research
over the past decade, which will aim to
assess the overall efficiency and impact
of research of this kind. The MRC believes
firmly in commissioning research based
only on its quality and potential benefits,
and we are committed to conducting and
evaluating research as openly as possible.
(MRC, 2007)
Four years after the publication of
the Weatherall Report, the MRC is still
deliberating the feasibility of conducting
such a systematic review (H. Finch,
personal communication, MRC Head
Office, 13 January, 2010).
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10. Animal versus human data
“In terms of other types
of modelling, e.g.
physiologically-based
pharmacokinetic (PBPK)
models, real progress can
only be made when there
is a greater availability of
human in vivo data (PK,
efficacy, etc.) that are not
currently in the public
domain. These will be data
that have been generated in
clinical trials, many of which
will have resulted in drugs
not making it to the market
for a variety of reasons. This is
a potentially great resource
of in vivo human data.”
(Hewitt et al., 2009)

One of the major obstacles to
the development, adoption and
implementation of non-animal methods
is the insistence by animal researchers
and regulatory authorities that historical
animal data be used in comparison
with results obtained from modern
human-based research methods. This
is backward-looking, overcautious and
lacking in innovation in the face of so
many unsolved human conditions that
are of intense interest to the public,
such as neurodegenerative disease (e.g.
Alzheimer’s) and cancer. It is important
to note that, according to a former head
of the European Centre for the Validation
of Alternative Methods (ECVAM), many
currently accepted animal tests do not,
and never could meet the criteria of
scientifically validated test methods
because they are not sufficiently reliable
or relevant for a designated purpose
(Balls & Combes, 2005).
There is a glaring regulatory double
standard in research test evaluation
in Europe and the USA. Whereas any
non-animal method must comply
with strict validation criteria before it
can even be considered by regulatory
bodies, currently accepted animal
experiments have never been subjected
to any formal validation procedure. In
2004, Home Office Minister Caroline
Flint MP stated that “the Home Office
has not commissioned or evaluated
any formal research on the efficacy of
animal experiments … and has no plans
to do so” (Home Office, 2004). Across
the Atlantic, Anita O’Connor (Office
of Science, FDA) a few years earlier
made a similar admission: “most of
the animal tests we accept have never
been validated. They evolved over
the last twenty years, and the FDA is
comfortable with them” (Greek & Greek,
2000, p. 57).
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Much of this vital information has
not been made generally available
to the public at large. Moreover, raw
animal test data generated by the
drug companies—positive as well as
negative results—would provide some
much needed transparency into the
drug regulatory process. Unfortunately,
this type of information is generally
confidential on the basis of commercial
interest and intellectual property law.
However, in its recommendations
on the use of primates in research,
the Weatherall Report stated: “Steps
should be taken to make the results of
toxicological studies involving nonhuman primates publicly available, in
the same way as initiatives to register
and publish the results of all human
clinical trials.” (Weatherall, 2006, p. 9).
Another avenue is to examine
published scientific articles, some of
which do provide useful information.
One such article entitled “A
European pharmaceutical company
initiative challenging the regulatory
requirement for acute toxicity studies
in pharmaceutical drug development”
describes an initiative to scrap acute
toxicity testing since this category of
test is considered redundant. The view
that such tests have, in the eyes of their
users, such low scientific and predictive
credibility has apparently been held
since the 1970s (Robinson et al., 2008).
The lack of progress in replacing animals
in toxicity tests is not due to a shortage
of scientific innovation. On the contrary,
when industry scientists are instructed
by their companies to provide solutions
and to develop tests to replace animals,
progress is made. Although industry
has the necessary infrastructure and
resources to develop tests that could
replace living animals, the incentive to
do so is often lacking. This is due in part
to familiarity with submitting routine
animal data, with which industry and
regulators have become so accustomed.
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According to the Weatherall Report,
pharmaceutical companies and
regulators have chosen to use an
“imperfect model” rather than no model
at all. This is indeed a poor argument
and oversimplification, given the
wide range of advanced technologies
available today. It would be more
accurate to state that the choice today
is between incomplete human data that
is relevant to the species in question,
versus complete animal data that is
largely irrelevant to the species in
question (i.e. humans).
Companies claim, in addition, that most
new drug candidates fail toxicology
testing for “off-target” effects, which
cannot be predicted without a wholeanimal system. However, since those
“off-target” effects may well be species
specific, it is quite possible that some,
or even most, might not be relevant to
humans. By the same token, potentially
useful new drugs for humans may be
lost because they were considered
to have serious undesirable effects in
animal models. For example, a survey
of the US Environmental Protection
Agency’s (EPA) toxic chemicals database
revealed that, for a majority of the
chemicals of greatest public health
concern, animal carcinogenicity
data was inadequate to support
classifications of probable human
carcinogen or non-carcinogen
(Knight et al., 2006).
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Another issue is the cumbersome
process required to develop a new test
method, whose terms of reference will –
ever increasingly – be based on human
rather than animal data. On average,
the currently accepted process of
development, validation and regulatory
adoption of a single non-animal test
method will require about nine years to
complete (Hartung, 2009). This period
could be considerably reduced. For
example, there could be existing human
evidence of sufficient quantity and
quality (“weight of evidence”) to permit
an evaluation of the performance of
such a method for a particular purpose,
without the need for additional
laboratory work (Balls et al., 2006).

The NRC report clearly stresses the role
of human data:
“Human-exposure data may prove to
be pivotal as toxicity testing shifts from
the current apical end-point wholeanimal testing to cell-based testing.
Several types of information will be
useful. The first is information collected
by manufacturers, users, agencies, or
others on exposures of employees in the
workplace or on environmental exposures
of the population at large. Such exposure
information would be considered in the
setting of dose ranges for in vitro toxicity
testing and of doses for collecting
data in targeted pharmacokinetic studies
and in selecting concentrations to use in
human PBPK* models. Other valuable
information will come from biomonitoring
surveys of the population that measure
environmental agents or their metabolites
in blood, urine, or other tissues” (NRC,
2007, p. 79).

The most convincing line of evidence
for human risk is a well conducted
epidemiologic study in which a positive
association between exposure and
disease has been observed (NRC, 1983).
*In terms of other types of
modelling, e.g. physiologically-based
pharmacokinetic (PBPK) models, real
progress can only be made when there
is a greater availability of human in
vivo data (PK, efficacy, etc.) that are not
currently in the public domain. These
will be data that have been generated
in clinical trials, many of which will have
resulted in drugs not making it to the
market for a variety of reasons. This is
a potentially great resource of in vivo
human data (Hewitt et al., 2009).
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11. Replacement strategies
On one hand, testing on primates is ineffective and on the other, no single test is
going to be predictive for all humans. What is required therefore is a tiered testing
strategy, as has been proposed by the NRC in its document “Toxicity testing in the
21st century: a vision and a strategy”, which incorporates human biology and high
throughput screening.

1. Data sharing
Data sharing is a fundamentally
important principle. Publicly available
databases are providing an increasingly
important resource for researchers
and regulators alike (for example, the
Comparative Toxicogenomics Database
[ctd.mdibl.org] and the ChEMBLdb
database [www.ebi.ac.uk/chembldb]).
In the case of drug development, where
the sharing of clinical data is crucial,
measures can be put in place to protect
commercially sensitive information as
well as anonymising human biological
material and clinical results to protect
patient confidentiality (Thomas &
Walport, 2007).
2. PBPK modelling in vitro/in silico
Physiologically-based pharmacokinetic
modelling (PBPK) is a rapidly developing
field that provides state-of-the-art
modelling and simulation techniques to
assist in candidate selection, accelerate
drug development and improve clinical
trial design. It could also be applied to
regulatory toxicology for human risk
assessment with respect to industrial
chemicals (e.g REACH*).
3. Molecular epidemiology/
biomonitoring Although these
concepts are not completely novel,
such studies have been compromised
by the lack of individual exposure
assessment data that precisely quantify
internal dose. However, with advances
in analytical chemistry and molecular
biology, direct biological monitoring
of exposed populations is becoming
increasingly possible. Biomarkers
have been developed and validated
in exposed populations that quantify
individual exposure, susceptibility, and
early markers of health effects and can
be used to study relationships between
exposures and environmentally induced
diseases (Suk, 1996)

4. Human genomics database/data
mining
As genomics research moves from
an era of data acquisition to one of
both acquisition and interpretation,
new methods are being applied to
organising and prioritising the data. The
human genome has been extensively
annotated with Gene Ontology for
biological functions. The current
challenge is to associate gene function
with specific diseases, as illustrated
by the Comparative Toxicogenomics
Database initiative (Suk, 1996).
5. Microfluidic biochip
While a PBPK model mathematically
simulates the absorption, distribution,
metabolism and elimination (ADME)
processes of living systems, such a
model often requires parameters that
are difficult to estimate, particularly
those associated with kinetics of
metabolism and mechanisms of action.
A cell culture analogue system provides
a physical replica of the PBPK model
(Li, 2007).

16 Ending the use of non-human primates in toxicity testing

6. Application of “omics” using
human biological material
The voluntary submission of genomics
data is already encouraged by
regulatory bodies such as the US Food
and Drug Administration (FDA) and the
European Medicines Agency (EMA),
as a means to ensure that regulatory
authorities become familiar with the
issues arising from the integration
of pharmacogenomics in drug
development (EC, EMA & FDA in joint
public statement, 2006).
*REACH is the acronym for the European
Union chemicals testing programme
and stands for Registration, Evaluation,
Authorisation and restriction of
Chemicals (1907/2006/EC).
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12. The way forward
The replacement of primates in
regulatory toxicology is a responsibility
that must be shared equally between
industry scientists and regulators.
As mentioned above, the lack of
progress in replacing animals in
toxicity tests is not due to a shortage
of scientific innovation. The emphasis
is therefore on teamwork in order to
integrate 21st century toxicology into
existing regulatory frameworks. The
regulatory bodies at the forefront for
the replacement of primate testing
include the Committee for Medicinal
Products for Human Use (CHMP) at the
European Medicines Agency (EMA), the
European Directorate for the Quality of

Medicines (EDQM) and the International
Conference on Harmonisation of
Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH).
In terms of global harmonisation, the
role of the ICH is absolutely pivotal,
since it includes regulatory bodies from
the US, Japan and the EU.
On the website of the ICH, the
organisation’s purpose is defined as “to
increase international harmonisation
of technical requirements to ensure
that safe, effective, and high quality
medicines are developed and registered
in the most efficient and cost-effective
manner. These activities have been

undertaken to promote public health,
prevent unnecessary duplication of
clinical trials in humans, and minimize
the use of animal testing without
compromising safety and effectiveness
(ICH, 2010). Their goal is “to promote
international harmonisation by bringing
together representatives from the
three ICH regions (EU, Japan and USA)
to discuss and establish common
guidelines (ICH 2010).”

13. Conclusion
As stated earlier, there is no mandatory requirement for the use of primates
in pharmaceutical safety testing.
This position, when accompanied by
the science and ethics presented in
this report, provides a logical basis
from which to end the use of primates
in pharmaceutical drug development
and testing.

© Kevin Robinson

There are clear indications that
primates, including the chimpanzee,
have been a disappointment to the
biomedical research community, in
terms of failing to deliver much-needed
answers for human health problems.
Chimpanzees are not good models for
human infectious diseases and equally
poor as predictors of human response
to pharmaceutical drugs and other
chemicals. It is now only a question
of time before the last remaining
chimpanzees are finally removed from
the laboratory and with them a scientific
legacy that is out of step with modern
toxicology. If the chimpanzee represents
a failed animal model in our biomedical
arsenal, the implication is that all non
human primates should be replaced
with modern scientific methods.
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Ending the use of non-human primates in toxicity testing
This report addresses the use of non-human primates in
toxicity testing. There are clear indications that primates,
including the chimpanzee, have been a disappointment to
the biomedical research community, in terms of failing to
deliver much needed answers for human health problems.
Chimpanzees are not good models for human infectious
diseases and equally poor as predictors of human response
to pharmaceutical drugs and other chemicals.
It is now only a question of time before the last remaining
chimpanzees are finally removed from the laboratory
and with them a scientific legacy that is out of step with
modern toxicology.
If the chimpanzee represents a failed animal model in our
biomedical arsenal, the implication is that all non-human
primates should be replaced with modern scientific methods.
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