The three Rs: A supplementary selection of

references

Replacement
Michael Balls

Anon. (2000) The Three Rs Declaration of Bologna.
Alternatives to Laboratory Animals 28, 1-5

Archer G, Balls M, Bruner LH et al. (1997) The
validation of toxicological prediction models.
Alternatives to Laboratory Animals 25, 505-16

Balls M (1998) Why is it proving to be so difficult to
replace animal tests? Lab Animal 27 (5), 44-7

Balls M (1998) Mechanistic approaches and the
development of alternative toxicity test methods.
Environmental Health Perspectives 106 (suppl 2),
453-7

Balls M, Fentem JH (1997) Progress toward the
validation of alternative tests. Alternatives to
Laboratory Animals 25, 33-43

Balls M, Fentem JH (1999) The validation and
acceptance of alternatives to animal testing. Tox-
icology in Vitro 13, 837-46

Balls M, Blaauboer BJ, Fentem JH et al. (1995)
Practical aspects of the validation of toxicity test
procedures. Alternatives to Laboratory Animals
23, 129-47

Balls M, Botham PA, Bruner LH, Spielmann H (1995)
The EC/HO international validation study on
alternatives to the Draize eye irritation test.
Toxicology in Vitro 9, 871-929

Balls M, Goldberg AM, Fentem JH et al. (1995) The
Three Rs: the way forward. Alternatives to
Laboratory Animals 23, 838-66

Barratt MD, Castell JV, Chamberlain M et al. (1995)
The integrated use of alternative approaches for
predicting toxic hazard. Alternatives to Laboratory
Animals 23, 410-29

Benford DJ, Hanley AB, Botttrill K et al. (2000)
Biomarkers as predictive tools in toxicity testing.
Alternatives to Laboratory Animals 28, 119-31

Botham PA, Earl LK, Fentem JH et al. (1998)
Alternative methods for skin irritation testing.
Alternatives to Laboratory Animals 26, 195-211.

Bottrill K (1998) The use of biomerkers as alternatives
to current animal tests on food chemicals. Alter-
natives to Laboratory Animals 26, 421-80

Coecke S, Rogier V, Bayliiss M et al. (1999) The use of
long-term hepatocyte cultures for detecting induc-
tion of drug metabolising enzymes: the curren-
tstatus. Alternatives to Laboratory Animals 27,
579-638

Combes R (2000) Endocrine disruptors: a critical
review of in vitro and in vivo testing strategies

for assessing their toxic hazard to humans.
Alternatives to Laboratory Animals 28,
81-118

Combes R, Balls M, Curren R et al. (1999) Cell
transformation assays as predictors of human
carcinogenicity. Alternatives to Laboratory Ani-
mals 27, 745-67

Cooper-Hannan R, Harbell J, Coecke S et al. (1999)
The Principles of Good Laboratory Practice: appli-
cation to in vitro toxicology. Alternatives to
Laboratory Animals 27, 539-77

Curren RD, Southee JA, Spielmann H et al. (1995) The
role of prevalidation in the development, validation
and acceptance of alternative methods. Alterna-
tives to Laboratory Animals 23, 211-17

Fentem JH, Archer GEB, Balls M et al. (1998) The
ECVAM validation study on in vitro tests for skin
corrosivity. 2. Results and evaluation by the
management team. Toxicology in Vitro 12, 483-524

Garber P (1998) In vitro models of the blood-brain
barrier. Alternatives to Laboratory Animals 26,
821-47

Gribaldo L, Bueren J, Deldar A et al. (1996) The use of
in vitro systems for evaluating haematotoxicity.
Alternatives to Laboratory Animals 24, 211-31

Hendriksen C, Spieser J-M, Akkermans A et al. (1998)
Validation of alternative methods for the potency
testing of vaccines. Alternatives to Laboratory
Animals 26, 747-61

Holzhiitter HG, Archer G, Dami N et al. (1996)
Recommendations for the application of biostatis-
tical methods during the development and valida-
tion of toxicological methods. Alternatives to
Laboratory Animals 24, 511-30

ICCVAM (1997) Validation and Regulatory Accep-
tance of Toxicological Test Methods. A Report of
the ad hoc Interagency Coordinating Committee on
the Validation of Alternative Methods. Research
Triangle Park, NC: NIEHS, 105pp

Janusch A, van der Kamp MDO, Bottrill K et al. (1997)
Current status and future development of databases
on alternative methods. Alternatives to Laboratory
Animals 25, 411-22

Mepham TB, Combes RD, Balls M et al. (1998) The
use of transgenic animals in the European Union.
Alternatives to Laboratory Animals 26, 21-43

OECD (1996) Final Report of the OECD Workshop on
Harmonization of Validation and Acceptance
Criteria. Paris: OECD, 62 pp

Russell WMS (1999) The progress of humane experi-
mental technique. Alternatives to Laboratory
Animals 27, 915-22

© Laboratory Animals Ltd



The three Rs: A supplementary selection of references

Seibert H, Balls M, Fentem JH et al. (1996) Acute
toxicity testing in vitro and the classification and
labelling of chemicals. Alternatives to Laboratory
Animals 24, 499-510

Spielmann H, Balls M, Dupuis J et al. (1998) The
international EU/COLIPA in vitro phototoxicity
validation study: results of Phase II (Blind Trial).
Part 1: The 3T3 NRU phototoxicity test. Toxicol-
ogy in Vitro 12, 305-27

Spielmann H, Balls M, Dupuis J et al. (1998) A study
on UV filter chemicals from Annex VII of the
European Union Directive 76/768/EEC, in the in
vitro 3T3 NRU phototoxicity test. Alternatives to
Laboratory Animals 26, 679-708

Tichias K, Fentem J, Basketter D et al. (1998) Progress
in toxicological testing: reduction and refinement
issues. Alternatives to Laboratory Animals 26,
619-27

Walker CH (1998) Alternative approaches and tests in
ecotoxicology. Alternatives to Laboratory Animals
26, 649-77

Worth AP, Barratt MD, Houston JB (1998) The
validation of computational prediction techniques.
Alternatives to Laboratory Animals 26, 241-7

Worth AP, Fentem JH (1999) A general approach to
evaluating stepwise testing strategies. Alternatives
to Laboratory Animals 27, 161-77

van Zutphen LFM, Balls M, eds. (1997) Animal
Alternatives, Welfare and Ethics. Proceedings of
the 2nd World Congress on Alternatives and
Animal Use in the Life Sciences, Utrecht, The
Netherlands, 20-24 October 1996. Amsterdam:
Elsevier, 1260 pp

Reduction

Michael F. W. Festing

The theme of the paper on ‘Reduction’ is that the
number of animals used in biomedical research could
be substantially reduced by better experimental
design. This involves understanding the causes of
variation in the experimental material, and ways in
which this variation can be controlled. One important
way of controlling variation is to use isogenic ani-
mals, which are like immortal clones of genetically
identical individuals. Although such animals are
usually more uniform than genetically heterogeneous
outbred stocks, and their use should result in more
powerful experiments, this comes at a cost. A single
isogenic strain may not be representative of the spe-
cies as a whole (a fact which is also true for a single
genetically heterogeneous stock), so it may be neces-
sary to use more than one strain. This can usually be
done without increasing the total number of animals
using factorial experimental designs. This theme, as
well as other aspects of good experimental design and
statistics, is discussed in some of the papers listed
below, published after 1994.

Festing MFW (1995) Reduction in animal use 35 years
after Russell & Burch’s Principles of Humane
Experimental Technique. ATLA (Alternatives to
Laboratory Animals) 23, 51-60

Festing MFW (1995) Reduction of animal use and
experimetnal design. In: World Congress on Alter-
natives and Animal use in the Life Science:
Education, Research, Testing (Goldberg AM, van
Zutphen LFM, eds, Vol 11). Larchmont, NY: Mary
Ann Liebert, Inc, 43-49

Festing MFW (1995) Use of a multi-strain assay could
improve the NTP carcinogenesis bioassay program.
Environmental Health Perspectives 103, 44-52

Festing MFW (1996) Are animal experiments in
toxicological research the “right” size? In: Statis-
tics in Toxicology (Morgan BJT, ed). Oxford:
Clarendon Press, 3-11

Festing MFW (1996) Understanding variation. Scan-
dinavian Journal of Laboratory Animal Science 23,
19-25

Festing MFW (1997) Experimental design and hus-
bandry. Experimental Gerontology 32, 39-47

Festing MFW (1997) Fat rats and carcinogen screening.
Nature 388, 321-2

Festing MFW (1997) Inbred strains of mice: a vital
resource for biomedical research. Mouse Genome
95, 845-55

Festing MFW (1997) Teaching statistics can save
animals. In: Animal Alternatives, Welfare and
Ethics (van Zutphen LFM, Balls M, eds). Amster-
dam, Lausanne, New York: Elsevier Science,
431-9

Festing MFW (1997) Variation and its implications
for the design of experiments in toxicological
research. Comparative Haematology International
7,202-7

Festing MFW. Inbred strains of mice and rats. http://
www.informatics.jax.org

Festing MFW (1999) Introduction to laboratory animal
genetics. In: The UFAW Handbook on the care and
use of laboratory animals (Poole T, ed, Vol 1
Terrestrial vertebrates). Harlow: Longman Scienti-
fic and Technical, 61-94

Festing MFW (1999) Warning: the use of genetically
heterogeneous mice may seriously damage your
research. Neurobiology of Aging 20, 237-44

Festing MFW, Lovell DP (1995) The need for statis-
tical analysis of rodent micronucleus test data:
comment on the paper by Ashby and Tinwell.
Mutation Research 329, 221-4

Festing MFW, Lovell DP (1996) Reducing the use of
laboratory animals in toxicological research and
testing by better experimental design. Journal of
the Royal Statistical Society 58, 127-40

Festing MFW, Lovell DP (1996) Reducing the use of
laboratory-animals in toxicological research and
testing by better experimental-design. Journal of
the Royal Statistical Society Series B-Methodolo-
gical 58, 127-40



The three Rs: A supplementary selection of references

Festing MFW, Baumans V, Combes RD, Halder M,
Hendriksen CFM, Howard BR, Lovell DP, Moore
GJ, Overend P, Wilson MS (1998) Reducing the use
of laboratory animals in biomedical research:
problems and possible solutions. ATLA (Alterna-
tives to Laboratory Animals) 26, 283-301

Porter AMW (1999) Misuse of correlation and regres-
sion in three medical journals. Journal of the Royal
Society of Medicine 92, 123-8

Refinement
P. A. Flecknell

Danbury TC, Weeks CA, Chambers JP, Waterman-
Pearson AE, Kestin SC (2000) Self-selection of the
analgesic drug carprofen by lame broiler chickens.
Veterinary Record 146, 307-11

Dohoo SE, Dohoo IR (1996) Factors influencing the
postoperative use of analgesics in dogs and cats by
Canadian veterinarians. Canadian Veterinary
Journal 37, 552-6

Firth AM, Haldane SL (1999) Development of a scale
to evaluate pain in dogs. Journal of the American
Veterinary Medicine Association 214(5), 651-9

Flecknell PA, Waterman-Pearson A, eds (2000) Pain
Management in Animals. London: Harcourt-Brace
Jovanovich

Graham MJ, Kent JE, Molony V (1997) Effects of four
analgesic treatments on the behavioural and corti-
sol responses of 3-week-old lambs to tail docking.
The Veterinary Journal 153(1), 87-97

Hellebrekers L, ed (2000) Animal Pain. Utrecht,
Netherlands: Van Der Wees

Hendrix PK, Raffe MR, Robinson EP, Felice L],
Randall DA (1996) Epidural administration of
bupivacaine, morphine, or their combination for
postoperative analgesia in dogs. Journal of the
American Veterinary Medical Association 209,
598-607

Holton LL, Scott EM, Nolan AM, Reid ], Welsh E,
Flaherty D (1998) Comparison of three methods used
for assessment of pain in dogs. Journal of the
American Veterinary Medical Association 212, 61-6

Lascelles BDX, Capner CA, Waterman-Pearson AE
(2000) Current British veterinary attitudes to
perioperative analgesia for cats and small mam-
mals. Veterinary Record 145, 601-4

Mathews KA (2000) Management of Pain. Veterinary
Clinics of North America, Small Animal Practice,
vol 30, July

McGeown D, Danbury TC, Waterman-Pearson AE,
Kestin SC (1999) Effect of carprofen on lameness in
broiler chickens. Veterinary Record 144, 668-71

Molony V, Kent JE, Robertson IS (1995). Assessment
of acute and chronic pain after different methods of
castration of calves. Applied Animal Behaviour
Science 46, 33-48

Pascoe PJ, Dyson DH (1993) Analgesia after lateral
thoracotomy in dogs, Epidural morphine vs. inter-
costal bupivacaine. Veterinary Surgery 22, 141-7

Pibarot P, Dupuis J, Grisneaux E, Cuvelliez S, Plante J,
Beauregard G, Bonneau NH, Bouffard J, Blais D
(1997) Comparison of ketoprofen, oxymorphone
hydrochloride, and butorphanol in the treatment of
postoperative pain in dogs. Journal of the American
Veterinary Medical Association 211, 438-44

Thornton PD, Waterman-Pearson AE (1999) Quanti-
fication of the pain and distress repsonses to
castration in young lambs. Research in Veterinary
Science 66, 107-18






