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Animal testing in toxicology:
Does it work?



Promoting
for 29 years
alternatives
to animal
testing
where they
are not fit
for purpose
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CAAT – the information and
communication hub

• Global clearinghouse; 26 member project team
• 5.000 individual visitors per month, 8.000 fans on

facebook
• Workshops, info days, stakeholder networks
• Lecture and courses, open source
• ALTEX, CAATfeed, CAATwalk
• Funding program ($7.1 million, 350 grants),

awards



Creation of CAAT- Europe in 2010
• CAAT is the only

transatlantic
competence
center for 3Rs

• EU excellence
center

• US/EU dialogue



You too can be a
toxicologist in two
easy lessons,
each of ten years.

Arnold F. Lehman, FDA



$3 trillion $3 trillion

$3 trillion$200 billion

Animal testing
at $3 billion per year



Regulatory
Toxicology
desperately
needs to
renew its
toolbox



Some
limitations
of toxicology

• Species differences
• Predictive capacity: false negatives

and false positives (precautionary)
• Through-put
• Animal use
• High-dose to low-dose extrapolation
• Poor statistics
• Traditions - little adaptation to

scientific progress, not knowledge-
and hypothesis-driven

• Not applicable to new products
• Costs
• Lack of scientific control mechanisms



R22 harmful if swallowed
(LD50 = 150-200mg/kg in rats)
R 36 irritant to eyes
R 37 respiratory irritant
R 38 irritant to skin
Not carcinogenic,
but co-carcinogen (promotor)
Unclear mutagenicity
Embryonic malformations in
cat, dog, rat, mice, rabbit,
monkey

Unlikely to be brought to the 
market today



Actual use of aspirin
• > one million billion doses

taken
• 50,000 tons produced and

35,000 tons consumed per year
• >23,000 scientific papers on aspirin
• 74 percent of the US population regards Aspirin as

the eighth wonder of the world
• 840 million $ sales per year (35-40% in US)
• Britons: average 70 per person per year
• Even used for pre-eclampsia in pregnancy



There is some
good reason
for regulating new
products….



Some chemicals produce
unknown health effects
the problem:
• 70 million chemicals
synthesized
• 100.000 chemicals in
consumer products and
environment
• 2-3.000 chemicals
extensively tested
• mixtures?
• natural substances?



picture
© ChemSec

State of the play 12’08:
- > 2,7 million pre-

registrations by
about 65.000 companies

- 144.000 substances

Originally expected:
- 180.000 pre-registrations

by about 27.000
companies

- 30.000 substances

Forerunner
REACH

Hartung&Rovida, Nature 2009
- 68.000+ chemicals
- > 54 mill. animals
- > 9 bill. €



Toxic Substance Control Act
(1976, no major amendments; regulates
manufacture of chemicals in commerce)

• Screening of existing chemicals
• Burden of proof with EPA
• Original TSCA inventory

– 55,000 ‘old’ chemicals
• Today’s TSCA inventory

– 88,000 chemicals
• Pre-marketing notification for new chemicals

–Only 15% contain toxicology data
–24,000 received only for 200 EPA required more
testing



Contergan© 
Thalidomide children



Interspecies prediction of reproductive toxicity

Correlation 50-60%

Interspecies prediction of cancer

Correlation 57%



Animal test Cancer Reprotox
18-24 months 8 months
$1-1.5 million $0.6 million/chemical
600 animals 3,200 animals/chemical
53% positive* 64% positive**

Estimate human 5-20% positive 2-3% positive
*Ames&Gold Mut.Res 2000 **Hartung Nature 2009



Diagnosis: toxic!  - Trying to apply approaches of clinical
diagnostics and prevalence in toxicology considerations

–
(Tox Sci 85, 422-428, 2005)

Thought starter:
Healthy European without HIV risk

factors: Prevalence of infection is
1:10.000

The result of 99.9% accurate test is
positive

Testing 10.000 people with this test
will result in 1 real-positive but 10
false-positive

Probability of HIV infection: 1/11 = 9%



Example reprotox study in two species to find 
“black sheep” among chemicals 
Test substances 60% 1st species 60% 2nd species



The real situation:
black sheep
are rare



1st 
Species
Two-gen
positive
results

2-3%
reproductive
toxicants
among
chemicals



64%
false positive

Plus 2nd  
Species
One gen

Pos.
results

84
%

Hartung T. Nature 2009, 460:208-212. 



Learning from experience may
be nothing more than learning
to make the same mistakes with
increasing confidence.

Petr Skrabanek, James McCormick
Follies and Fallacies in Medicine
Tarragon Press, Glasgow, 1989

We forget the compromises made 
when introducing tests over time 



From a presentation
by G. Daston, P&G, 2009





Outdated technologies when
safety is at stake?

20ies: LD50 for acute toxicity
30ies: chronic toxicity

40ies: eye and skin irritation
60ies: reproductive tox.

70ies: cancer



Projected Growth in Chemicals
Production ($), World Gross Domestic
Product (GDP), and World Population
Source: Organization for Economic
Cooperation and Development

Experimental data on humans or
epidemiology would be ideal, but…

• It took us 50 years to show that
smoking produces lung cancer

• Other exposures much less clear
• Delay of exposure and effect
• Not everybody affected
• Tox-testing on humans not ethical

• Species
differences

• “identical
twins”

• mall groups
• High dose
• Short treatment
• Still costly

Cancer in the US (male)



Cancer bioassay
results

[Ames & Gold
2000]

Proportion % pos

Chem. tested in
rats and mice

350 / 590 59 %

‐ natural 79 / 139 57 %

‐ synthetic 271 /451 60 %

Chem. tested in
rat or mice

702 / 1348 52 %

‐ Natural
pesticides

37 / 71 52 %

‐ Chem. in coffee 21 / 30 70 %

‐ Mold toxins 14 / 23 61 %

Drugs (PDR) 117 / 241 49 %

Drugs (FDA) 125 / 282 44 %



Despite various
carcinogens,
coffee drinking is
actually reducing
liver cancer



Animal testing doses

Human Exposure vs. Test Doses

Exposure data from http://cerhr.niehs.nih.gov/index.html
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From E. Carney,
Dow, 2010



Grass GM and Sinko PJ. Adv Drug Delivery Rev 2002, 43:433-
451

How can we do quantitative risk assessment,
 if already oral bioavailability differs dramatically?



Testing multiple statistical hypotheses resulted in spurious associations:
a study of astrological signs and health

PC Austin et al., J. Clin. Epid. 59, 964-969, 2006

In toxicology: 28d study  40 endpoints,  cancer bioassay     60 endpoints
two-generation study    80 endpoints  



We can not model all known
human carcinogens in animals:
• no animal model of cigarette
smoke induced lung cancer,
• no rodent leukemia by benzene,
and
• no genetic mutations in animals
by arsenic

[Silbergeld, 2004]



Problems of
the cancer
assay

• Maximum tolerated dose (up to 10% of
animals die from direct toxicity)
= necrosis = inflammation = promotion

• Multiple testing: >60 endpoints
• Cost and through-put:

Europe: in 30 years 14 of 4.500 new
chemicals tested

• 57% concordance of different protocols
• Variability:

200 instead of 50 animals, would mean
92% instead of 53% of substances
positive  [Gaylor 2004]

• A chemical which is not positive has
not been tested long enough.



Regulatory “over-kill”?

• TCDD (human carcinogenicity
unclear)
regulated on high-dose animal data at
6fg/day “reference dose” (formerly
”acceptable dose limit”)
comparison to alcohol:

one beer in 345 years

[Ames et al., 1990]



Chemophobia?

Chemicals are
estimated to be
cause of 2% of
cancer cases

The dose
makes the
poison



The evolution
of toxicology:

patchwork
• Every scandal gives one patch.
• Many patches are 50-80 years old.
• No way to remove a patch.
• Difficult to integrate new technologies.
• Every patch is of its own appearance and

workmanship.



A man is looking for his keys 
under the street light in the night.

“Did you lose them here?”

“No, but here I have light!”




