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Summary
Although the introduction of GM animal models at first was
viewed as a potent way to enhance experimental biology in the
name of the 3Rs by its proponents, over the years, the number
of animals used has greatly increased and concerns about the
suffering of these animals have emerged in the debate. The pur-
pose of this contribution is to show the need and the urgency for
a systematic evaluation of genetically modified laboratory an i-
mals (GM animals) according to the 3Rs principle. This evalu-
ation presents various difficulties due to the special features of
the genetic modifications of animals, the variety of scientific
purposes connected with the use of these animals, the lack of
coherent statistical data about this use and the difficulties re-
lated to the welfare assessment of these animals. In this article
I discuss the significance of the procedures involving GM ani-
mals for eacli of the 3R principles. On this basis, I offer an an-
swer to the question ofwhether these procedures are compati-
ble with the spirit of the 3Rs.

Zusammenfassung: Genetisch modifizierte Versuchstiere im
Namen der 3R Prinzipien?
Obwohl die Einführung von GM Tiermodellen anfangs durch ihre
Befürworter als ein bedeutender Weg zur Weiterentwicklung der
experimentellen Biologie im Einklang mit den 3R Prinzipien
angepriesen wurde, hat die Zahl der so genutzten Tiere in den
letzten Jahren stark zugenommen, und Bedenken über das Leiden
dieser Tiere wurden geäußert. Dieser Beitrag hat zum Ziel, die
Notwendigkeit und die Dringlichkeit zur Durchführung einer
systematischen Beurteilung der Nutzung genetisch modifizierter
Versuchstiere (GM-Tiere) hinsichtlich der 3R Prinzipien
darzustellen. Eine solche Beurteilung birgt vielfältige
Schwierigkeiten durch die speziellen Eigenschaften, die die
genetischen Veränderungen den Tieren verleihen, durch die ver-
schiedenen wissenschaftlichen Fragestellungen, die für die GM-
Tiere verwendet werden, durch den Mangel an kohärenten statis-
tischen Daten zur Nutzung und durch die Schwierigkeiten
hinsichtlich der Einschätzung des Leidens der Tiere. Im vor-
liegenden Aufsatz diskutiere ich für jedes der 3R Prinzipien die
Bedeutung der Verfahren, für die GM-Tiere verwendet werden.
Auf dieser Basis schlage ich eine Antwort auf die Frage vor, ob
diese Verfahren mit dem Geiste der 3Rs kompatibel sind.
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1 Introduction

The genetic engineering of animals can be
defined as the deliberate incorporation of
exogenous DNA into an animal's genome
with the goal of changing the characteris-
tics of its phenotype (FELASA, 1992, re-
vised 1995). The term "transgenic" was
coined by Gordon and Ruddle (1981),
who established the method of pronucle-
ar 1 microinjection, applied first to mice
and subsequently to many other animal
species, such as rabbits, cows, pigs, birds
and fishes", The photo of the first trans-
genic animal - a mouse provided with a
gene for rat growth hormone in its
genome - next to a considerably smaller
conventional mouse on the cover of Na-

ture in December 1982 marked a sensa-
tional discovery in the history of experi-
mental biology and very much impressed
the public (Palmiter et al., 1982). Shortly
thereafter, the other main technique for
the genetic modification of animals was
established, that of embryonie stern cell
mediated gene transfer (Goessler et al.,
1986), through which gene targeting ' be-
came possible. Another big success in the
application of biotechnological proce-
dures to animals was the cloning of the
first mammal from an adult cell, the sheep
Dolly, in 1996, through the method called
somatic cell nuclear transfer" (Wilmut et
al., 1997).
Since the beginning of the nineties,

GM animals have been widely used in
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various fields of animal experimentation,
such as in basic research - in particular
for the biology of gene regulation - and
as models for human diseases, toxicolog-
ical and immunological reactions. AI-
ready in 1995 Wagner and his colleagues
reported that since their first applica-
tions, GM procedures have served to link
molecular biology with whole-anima1
physiology and that at the time they were
writing, GM animal models were being
used in almost every field of experimen-
tal research (Wagner et al. , 1995). Fur-
thermore, genetic engineering in
biomedicine has made possible new uses
of animals: xenotransplantation (in
which organs, tissues and cells from GM
animals aim to be used for transplants in
human beings) and the so-called field of
gene-pharming (in which farm animals
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are genetically modified so that they pro-
duce protein-based drugs in their body
fluids).

Originally, its proponents had seen GM
laboratory animals as the way to enhance
experimental biology, because they ex-
pected that thr~gh them fewer animals
would be needed for each experiment,
thus obtaining more accurate results. Ad-
ditionally, they had expected that it would
be possible to substitute mice for monkeys
or "simpler" or "lower" animals like fruit
flies and earthworms for rodents (see for
example Royal Society, 2001). For these
reasons, GM-animals were also intro-
duced as potent tools for the improvement
of animal experimentation in the sense of
the 3Rs. In some cases, the expression "al-
ternatives" was even used for these animal
models (Gordon, 1997).

Despite the optimism, as soon as the
first reports about the effects of genetic
modification on the welfare of the ani-
mals were published (Balls, 1995; Balls,
1999; Jenkins and Combes, 1999;
Mepham, 1994; Mepham and Crilly,
1999; van der Meer et al., 1999; van der
Meer, 2001; Salomon et al. , 2001;
ANZCCART, 2002; Delpire et al. 2000;
see also Moore and Mepham, 1995),
many authors began to focus their atten-
tion on the increase in the number of GM
animals used, on the enormous number
of anima1s needed in the creation and
breeding of GM anima1s as well as on
special concerns regarding the intensity
and the length of suffering of these ani-
mals. Furthermore, concerns emerged in
the ethical debate about the profound im-
plications of interventions in the genome
and of crossing species barriers (Rollin,
1986, 1995; Ferrari, 2005; Sandee and
Holtug, 1993; Sandee et al., 1996; Ver-
hoog, 1992; Vorstenbosch, 1993).

So far, in many countries specific guide-
lines about the use of GM animals in ex-
periments do not yet exist. Pioneering ex-
ceptions are the guidelines formulated by
the Canadian Council of Animal Care in
1997 (CAAC, 1997, see also Buy, 1997)
and by the Animal Welfare Comrnittee at
the Monash University in Australia in
1999 (MUAWC, 1999, see also ANZC-
CART, 2001). In Europe, ECVAM organ-
ised a workshop on transgenic animals in
1997 (Mepham et al., 1998). However, it
does not seem to have been widely con-
sidered by regulatory authorities in their
decision-making process. Despite the cur-
rent worldwide acceptance of the 3Rs as a
legally and ethically important standard
and despite the increasing prominence of
GM animals in biological research, a sys-
tematic analysis of the 3Rs implications of
the creation and use of these animals has
been lacking for a long time in the discus-
sion. Recent attempts focusing on the re-
finement and reduction of experiments
and on the specific management of re-
search with GM animals (Robins et al.,
2003; Australian Government, 2005; GA
mouse welfare assessment group, 2006)
show the re1evance of as weil as an urgent
need for strict regulations in this field, in
order to ensure that every effort for the
avoidance or minimisation of suffering of
these animals is undertaken. However,
these documents, trying to give sugges-
tions for the avoidance of unnecessary
creation of animals and infliction of pain,
sometimes show an attitude of acceptance
regarding the status qua of present re-
search, which is clearly oriented toward
an increase in the use of these animals.
The current discussion still lacks an anal-
ysis of the deeper implications of the im-
pact of the genetic engineering of labora-
tory animals on the reduction, refinement

1 The pronucleus is one of the two haploid nuclei of the gametes prior to the fusion in the fertilised egg.
2 More precisely, the possibility of pronuclear microinjection in mouse embryos was first reported in
1980 by Gordon et al. (See Gordon et al., 1980). The term "transgene" was however introduced only
thereatter.
3 Gene targeting is the insertion of DNA into specific sites or genes within the genome of selected cells
in order to alter gene expression.
4 The Cloning of non-mammals was first accomplished in 1952. However major difficulties stood in the
way of the cloning of mammals; and only in 1996 Campbell and Wilmut successfully obtained 2 sheep
clones called Megan and Morag from embryonic cells grown in culture (Campbell et al., 1996). One
year later the birth of the sheep Dolly was announced: it was the first mammal cloned from an adult
Gell.
5 See the homepage of the German Ministry of Nutrition, Agriculture and Consumers' protection at
http://www.bmbwk.gv.at/medienpool/13640/tvstatistik_2005.pdf. Also see the Report on animal welfare
2005 (Tierschutzbericht) at: http://www.bmelv.de/nn_753004/DE/07-
SchutzderTlerelTlerschutzITierschutzbenchtelTlerschutzbericht2005.html nnnetrue

ALTEX 23, 4/06

and replacement in the use of animals and
an appraisal of the compatibility of these
procedures with the general "spirit" of the
3Rs.

2 Reasons for the difficulties
in the 3R evaluation
of GM laboratory animals

The insufficiency in analysis of the im-
plications of the use of GM animals for
the 3Rs is a complex matter; three main
reasons can be offered as explanation.

First of all, and banally, the 3Rs were
formulated in a time when GM animals
did not exist and were not even imagin-
able. From the general definition of the
princip1es offered by Russell and Burch
(1959/1992) it is not possible to derive
immediate consequences for the intro-
duction of genetic engineering, because
this practice is new in experimental biol-
ogy and poses unexpected challenges to
the research praxis. Therefore, if on the
one hand the significance of GM animals
is to be interpreted on the light of the
3Rs, on the other hand also the 3Rs need
to be reconsidered in the light of these
technological changes to a certain extent
(Vorstenbosch,2005).

Secondly, great deficiencies exist in the
collection and statistical evaluation of da-
ta relating to the general number of GM
animals used in experiments as well as to
the number of animals invo1ved in the cre-
ation and breeding of GM lines. A sepa-
rate classification for GM animals is not
foreseen in the standard format of the
Council of Europe for the collection of da-
ta on anima1 experimentation (Council of
the European Union, 2005), with the re-
sult that in the statistics of only very few
European countries GM animals are
counted separately. Moreover, among the
countries that separately classify GM ani-
mals, there are many discrepancies in the
statistical methods used, with the result
that the comparison turns out to be diffi-
cult in a number of cases. For example,
the official German statistics provide the
overall number of transgenic animals used
in scientific procedures, but do not pro-
vide any data on the number of animals
involved in the creation and breeding of
GM lines". On the other hand, Switzer-
land in its statistics also gives information
on the number of animals involved in the
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creation of a GM model, but not on those
animals needed for the breeding of a
transgenic line6 (Bundesamt für Veterinär-
wesen, 2004). On the contrary, in the UK
statistics the number of animals involved
in the creation of GM animals is counted
separately, from those involved in the
breeding of a transgenic line (Horne Of-
fice, 2002). Furthermore, as a unique fea-
ture, in the Netherlands' statistics, labora-
tory animals that are killed without
experimental procedure are also counted
as animal experiments, so that only here is
it possible to count the GM animals ki11ed
but not used in the experiments (Voedsel
en Waren Autoriteit, 2003l Therefore, in
order to become able to rea11yunderstand
the significance of GM animals in experi-
mentallife sciences, the introduction of a
precise differentiation of the animals used
both in the creation and in the breeding of
transgenic lines is urgently needed and it
should be uniform for a11countries.
Thirdly, the generation and use of GM

animals has literally spread into a variety
of contexts of experimentation. Conse-
quently, in order to assess the 3Rs' impli-
cations for GM animals, a differentiated
and punctual analysis is needed, i.e. a
case-by-case-evaluation (Gruber, 1998).
The current worldwide use of GM ani-
mals as disease models for a vast multi-
tude of different human diseases pro-
vides an idea of the various seenarios of
application of these models". Further-
more, refinement measures to improve
the welfare of a so-ca11edGM model for
Alzheimer, for example, can differ a lot
from those necessary for GM pigs used
in experimental xenotransplantation.
However, a more general analysis of the

3Rs' implications should not be deterred by
the need for a case-by-case-evaluation.
Nevertheless, it is possible to consider gen-
eral characteristics related to the techniques
of the genetic modification of animals, and
to their effects on the creation, breeding,
husbandry and use of these animals.

3 Relevant aspects of the 3Rs
in the creation, breeding
and genotyping of GM animals

Concerns arise from the fact that both the
creation and the breeding of GM lines
are very wasteful processes involving a
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large number of animals and from the
negative impacts on the welfare of the
animals involved.
One relevant difference to the conven-

tional breeding of laboratory animals is
the fact that in the creation of GM ani-
mals other animals are involved and suf-
fer invasive procedures (Buehr et a1.,
2003). These animals are often called
"waste animals" because they are only
used for the creation of GM animals, no
experiments are performed on them, and
they are usually killed at the end of the
procedure (see Salomon et a1., 2001).
The first step in the creation of GM an-

imals is obtaining the zygotes. In order to
produce fertilised eggs, female mice are
hormonally induced to superovulate'' and
mated with vasectomised 10 or sterile
males. Superovulation can cause discom-
fort due to the stress from handling, the
pain from injection, the potential for hor-
monal side effects and the potential stress
and damage to young and/or small fe-
males during their subsequent mating (Sa-
lomon et al., 2001; Lane and Jennings,
2004). In addition, the process of embryo
transfer, performed by surgery under gen-
eral anaesthesia, is also painful and stress-
ful for the females. The method used to
vasectomise male mice to induce pseudo-
pregnancy in female recipients can cause
discomfort due to the anaesthesia, and al-
so in the post-operative phase (Lane and
Jennings, 2004; Hawkins et a1., 2006).
Recently it has been suggested to move

from the ventral laparotomy to the inci-
sion of the scrotal sac in order to access
the vas deferens. Thereby suffering could
be reduced because the abdominal organs
do not need to be manipulated (reducing
the risk of infection) and because the scro-
tal incision does not affect the muscles
that support the weight of the gut
(Hawkins et a1.,2006)11.
Although GM animals can be generated

using various methods 12,I will focus my
attention on those two that are currently in
main use and that are well documented:
pronuclear rnicroinjection and gene-target-
ing using embryonie stern ce11s. In the
method of pronuclear rnicroinjection, a
transgene+' is injected into the pronucleus
of an embryo in vitro and then the embryo
is transferred into a recipient mouse. The
mechanism of integration of the transgene
in the genome remains unknown and un-
controllable by this method, which results
in a very low efficiency, both at the level of
the survival rate of the rnicroinjected em-
bryos and of the expression of the trans-
gene. In the mouse, 15-20% of the trans-
ferred embryos develop up until birth and
ofthese only 4-5% carry the transgene (see
for example van der Meer, 200 I). The effi-
ciency is even lower with farm anirnals
(this is particularly important because mi-
croinjection is the principal method used
on farm animals): 0.2% for pigs and 0.7%
for sheep, goats and calves (Dove, 2000;
van Reenen et al., 2001). Moreover, a sig-
nificant proportion (about 30%) ofthe GM

6 As a matter of fact, in accordance with the Swiss Animal protection Act, the breeding of a line (both
transgenic and non-transgenic) does not have to be approved by the authorities, and animals resulting
from such breeding do not have to be counted in the statistics.
7 The number of GM animals killed without experimental procedure is registered in the Dutch national
statistics but not in the European Statistics, because according to the European standard format for
the collection of data the killing of animals on wh ich no experimental procedure has been performed
doesn't count as animal experiment. This generates confusion: The total number of animals used in
experimental procedure in Netherlands for the year 2003 amounted to 620,875 according to the Dutch
statistics and to 542,331 according to the European Statistics. See Tab. 7, Voedsel en Waren Autoriteit,
2003, p.27.
8 In order to obtain an impression of the multitude of these models, it is sufficient to go on the website
of the world's major laboratories specialized in the creation and breeding of GM laboratory animals -
especially mice - such as the Charles River Laboratory (www.criver.com) and the Jackson Laboratory
(www.jax.org).
9 The superovulation consists of the administration of gonadothropins to female animals in order to
increase the number of ovulated eggs.
10Vasectomised males are animals in which, through surgical interventions, the vas deferens has been
removed (a sterilisation measure).
11The scrotal incision can present, however, some disadvantages: it can, for example, lead to swelling
and pain, so that Hawkins et al. (2006) nevertheless recommend applying specific adequate
medication.
12Other methods of creating GM animals include: sperm mediated DNA transfer, nuclear transfer
cloning, integration of proviral DNA into germline cells, lentiviral vectors and transposons. Furthermore,
the so called conditional transgenic technologies (such as the Cre/loxP and Flp/frt recombination
systems) also exist which are applied under specific conditions.
13 The term "transgene" refers to the integrated sequences of exogenous DNA.
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pups, which are mosaic'", are not able to
transmit the mutation to the next genera-
tion, and only in the seeond generation
(F2)l5 is it possible to obtain transgenic
homozygous'" animals (about 25% of the
animals born are of this generation). These
transgenic homozygous animals are essen-
tial for the establishment of a GM line,
which is necessary in almost all research
programmes'". De Cock Buning counts
that the use of 300 to 4000 animals in a
four-year PhD project is common (de
Cock Buning, 2004, p. 462).
The method of gene targeting using

embryonie stern cells (also called ES-cell
mediated gene transfer)" enables the di-
rect insertion of the transgene into the
ES-eells, i.e. the homologous recombina-
tion'", so that it presents a higher efficien-
cy eompared to the pronuclear microin-
jection. However, this method is currently
only possible in the mouse. About 25% of
the pups obtained are chimeric'", i.e. they
contain the transgene (van der Meer,
2001), but many of them are required in
order to select a few founders to generate
the correctly targeted mutation. Here
again it is only possible to obtain ho-

mozygous animals for the targeted gene
(25% of the entire number of animals) in
the second generation (F2)21.
Many animals are genetically modified

to some extent both in the course of the
creation and breeding of a GM line, but
are nevertheless only "stages" necessary
to reach the final goal of obtaining the
"right" GM model, i.e. the one carrying
the mutation and expressing it22. These
animals, involved in the genetic modifi-
cation but not usable in the experiment
and/or for the breeding of a line, are nor-
mally killed. They represent the "forgot-
ten parts" of animal experimentation,
since they are not normally counted in
the statistics (with the exeeption of the
Statisties of the British Home Office).
Another technical step that is essential

to the use of GM animals is the proeess of
genotyping, i.e. of testing that the animal
actuaily possesses the specified genetic
modification. During this step some inva-
sive procedures are also required, such as
the identification of the newbom, tail biop-
sy and, in some cases, toe-clipping in ro-
dents. In particular, the tail biopsy has the
potential to cause aeute and ehronie pain at
the time of, and following, the cutting. Due

14 A mosaic animal is an individual that presents cells of two or more genotypes. A mosaic animal
differs from a chimeric animal - the one obtained by the method using ES-cells - because the cells of
different genotypes emerge from the same zygote.
15 The animals obtained by the recipient, into which the injected embryo (modified) has been
transferred, belong to the generation 0 (FO). The one in wh ich the transgene has been reported (about
25%) are then called lounder transgenics and are hemizygote, i.e. they posses the exogenous DNA in
only one copy in a diploid cell, The founder transgenes are then bred with wild-type animals to produce
the next generation (F1). Homozygous transgenic animals can be obtained in the second generation
(F2).
16 Homozygous indicates the state of having two identical alleles of a particular gene.
17 The establishment of a transgenic line is not required to obtain the so-called transient transgenics, in
which the embryos derived by genetic engineering methods are collected from the recipient at a
delined point of gestation and analysed for transgene expression. See Robinson et al. (2003).
18 By this method, embryonic stem cells are first obtained, then they are modified in vitro (by adding
rnodified, highly specific DNA sequences) and injected into the blastacysts. The modified blastocysts
are then transferred into pseudopregnant recipients.
19 The homologous recombination is the process by which one DNA segment can replace another DNA
segment that has a similar sequence. Embryonic stem cells (ES cells) of the mouse are used both to
eliminate gene expression (the so called "knock-out") and to introduce mutant alleles in a precise locus
of the genome ("knock-in").
20 A chimera is an animal that presents more than one genetically distinct population of cells derived
from more than one zygote (that is from different embryonic sources).
21 The lounder chimeric mice, that belong to generation 0 (FO), are then mated with wild-type mice.
Since most embryonic stem cells are derived from the male, chimeras are usually male. Mice 01 the first
generation (F1) are then screened lor the presence 01 the modified gene. Homozygous transgenic mice
- about 25% - are then obtained in the second generation (F2).
22 Although in common practice the terms "transgenic" and "GM" are used synonymously, there is an
important difference between them: properly a transgenic animal is the only genetically engineered
animal that shows a stable incorporation of the external DNA in its genome, i.e. one wh ich can transmit
the artificial modification to the next generation. The other modilied animals are "merely" genetically
modified animals. The use of these terms as synonyms is due, on the one hand, to the need for
simplification and also because the gene construct inserted is defined as "transgene", and, on the
other hand, to the fact that true transgenic animals (and not "sirnply" GM animals) are used as
experimental models and are needed in order to establish a transgenic line. Nevertheless, an
understanding of the details 01 the different procedures in the creation of GM animals is important in
order to obtain an impression of the total amount of animals involved in these procedures.
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to the special adverse potential of identifi-
cation methods in neonatal rodents it has
been suggested to use a temporary identi-
fication initially and to postpone the per-
manent one until after the weaning phase
(Australian Government, 2005, p.12), or to
move from tail-clipping to ear notehing
(Hawkins et al., 2006).
To recapitulate, a great number of ani-

mals are involved in the process of obtain-
ing a useful GM model, both at the stage
of creation (as animals are involved in ob-
taining the zygotes, and rnany genetically
modified embryos fail to develop), at the
stage of breeding the genetic modification
into the desired genetic background and at
the stage of maintaining the GM line.

3 Relevant aspects of the 3Rs
in the phenotyping, husbandry
and use of GM animals

Phenotyping, or phenotype screening,
can be defined as the analysis of visible
or measurable characteristics of an ani-
mal that result from the genotype and its
interaction with the environment (Brown
and Murray, 2006). Although recent
studies conclude that being genetically
modified does not necessarily affect the
welfare of an animal (GA mouse welfare
assessment group, 2006; Wells et al.,
2006; Buehr et al., 2003), other studies
clearly show that the genetic modifica-
tion is linked to a higher oceurrence of
pathologies. Van der Meer (2001), for ex-
ample, affirms that the genetic modifica-
tion inftuences both the survival rate of
the pups as weil as their body weight.
Moreover, a study in Denmark indicates
that welfare was affected in approximate-
ly 30% of GM strains (Thon et al., 2002;
see also van der Meer, 1997 and Costa,
2000,2001). In any case, all studies con-
clude that genetic modification has the
potential to compromise animal welfare,
so that careful monitoring is needed.
In particular, the random integration of

the transgene (which occurs in all meth-
ods except that of gene targeting with ES
cells) means a higher risk for the animal
to present unintended alterations of its
morphology, physiology and behaviour,
whieh in many cases are not related to
the experiment. Furthermore, unexpeeted
effects of the genetic modification can al-
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so oeeur in the gene targeting with ES
cells: Van der Meer (2001) has noted a
higher mortality among the modified em-
bryos and the death of many pups soon
after birth as a result of this method.

In consequence, it can generally be said
that GM aIJ.imals have a higher risk of suf-
fering and distress than conventional ani-
mals precisely because of the genetic mod-
ification.

In addition, it may weil be that damaging
mutations only arise in homozygous and
not in heterozygous stages or even only in
later generations. Therefore the overall un-
predictability of the techniques makes it
extremely difficult, or impossible, to reli-
ably anticipate ill effects and to be able to
prevent them by ameliorating extemal con-
ditions.

Although consistent differences in the
behaviour of GM or conventional animals
have not been reported (except obviously
for those models which are expressly ge-
netically modified in order to showaltered
traits in their behaviour) (van Reenen and
Blokhuis, 1993), the unpredictability ofthe
phenotype can sometimes lead to each in-
dividual animal showing unique character-
istics. Therefore the application of welfare
measures in the breeding of these animals
can require complicated steps. Moreover,
in many cases phenotypic aspects that
compromise the welfare of animals, but
which do not have an impact on the disease
process, oftentimes are not reported or are
disregarded by researchers, which also cir-
cumvents the protection of the animals'
welfare (Brown and Murray, 2006).

Furthermore. both the scarcity of in-
quiries about the effect of genetie modifi-
cation on the welfare specific to each mod-
el, and the great variety of GM models
created, represent hurdles for the applica-
tion of refinement measures that are used in
conventional animal research, such as en-
richment or humane end-points. For exam-
ple, after the first experiments and a careful
welfare assessment it has been possible to
observe that mouse models of cystic fibro-
sis lacking CFTR function need a liquid di-
et, for otherwise they die shortly after
weaning due to intestinal obstruction
(Grubb and Boucher, 1999). Some GM
mice present facial or maxillary rnalforma-
tions and therefore also need a special diet
(Robinson et al., 2003). It has to be ques-
tioned whether and in which consistency a
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careful monitoring of the welfare is thor-
oughly carried out in the everyday research
practice.

In most cases, GM models present se-
vere welfare problerns, also because a large
number of them are used to create disease
models and models with harmful mutations
(Falkner et al., 1997). However, it is not
possible to make a general judgement of
these models, sinee in many cases disease
models do not mimic all the phenomena of
the human pathology, and since each mod-
el presents unique characteristics that can
be assessed accurately only as the model is
generated and the phenotype analysed.

Moreover, in order both to prevent es-
cape and to guarantee the maximum level
of sterility, GM anirnals are very often bred
in isolation and under pathogen-free condi-
tions (mainly GM pigs for xenotransplanta-
tion and disease and toxieity models),
which obviously can make it impossible to
apply refinement measures at all (Robinson
et al., 2003). In particular, due to the sterile
conditions required, animal staff does not
come into direet contact with the animals
through handling very frequently, so that
many abnormalities are not recognised dur-
ing the earliest possible stages.

Last but not least, GM anirnals are often
transferred between establishments, be-
cause many laboratories do not possess the
necessary technology to create these ani-
mals, with the result that big centres world-
wide have come to specialise in these tech-
niques. GM animals are often very
sensitive, so that not only their transport but
also changes in their environment can af-
fect their welfare. Recently, the GA mouse
welfare assessment group (2006) has sug-
gested creating a standard "mouse passport
system", which includes the welfare profile
for a particular mouse line and which con-
tains an indication of the steps that should
be taken to reduee adverse effects, in order
to improve animal welfare aspects and the
knowledge about that particular GM mod-
el (GA mouse welfare assessment group,
2006, p. 14 andAnnex 5, p. 23-24).

4 Relevant aspects of the 3Rs
in the cloning of animals
via somatic cell nuclear transfer

Although cloning is not a form of genetic
modification, in the sense that DNA has
been added into the animal's genome
from another strain or another species ",
the teehnique of cloning via somatic cell
nuclear transfer is widely used in labora-
tory praetices precisely in connection with
GM procedures, because it permits target-
ed genetic changes in many species (it
should be kept in mind that gene-targeting
using embryonie stem cells is only possi-
ble in the mouse!). Furthermore, since ob-
taining the "right" GM animal model is
such a difficult and long enterprise, once
these models are created they are very of-
ten cloned, in order to become available
for other experiments. Some authors even
argue that in applied medicine there cur-
rently seems to be no alternative to
cloning via somatie cell nuclear transfer
(Revermann and Hennen, 2000, p. 86).
The creation of GM animals with tech-
niques including a cloning step raises ad-
ditional welfare concerns in comparison
to the rnieroinjeetion technique, There-
fore, an estimation of the implications of
the ereation of cloned animals (via somat-
ie cell nuclear transfer) for the 3Rs should
be seen as a neeessary step in the 3R as-
sessment of GM procedures.

Here again, the efficieney of this proce-
dure is very low: the average proportion of
transferred embryos that develop to birth
is between 1 and 10% (National Aeademy
of Science, 2002; Tian, 2003; Nationaler
Ethikrat, 2004; 2006), depending on the
species and on the stage of embryo 24con-
sidered. For example, Clausen (2006) has
calculated an average efficiency of 0.83%
when perforrning nuclear transfer using
adult eells (and an efficiency of 0.74% us-
ing embryonie or fetal eells) (see tables 1
and 2 in Clausen 2006, pp. 50 and 51)25.
This low effieiency is due mostly to the
high rate of foetal los ses after embryo

23 For example, the British Home Office has introduced a new term - genetically altered (GA) - which
includes all GM animals, mutants (both natural and artificially induced), and animals resulting from
nuclear transfer. See Lane and Jennings (2004).
24 For example, the efficiency of the technique is higher when the embryos have developed into
blastocysts. See Nationaler Ethikrat (2004).
25 In order to clone Dolly, 277 fertilized eggs were used, collected from 40 different donors, with an
overall efficiency quote of 0,36%. For further information, see National Academy 01 Sciences, 2002,
tables on pp. 114-118, and Clausen (2006).
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transfer and implantation (National
Academy of Science, 2002).

It has been shown that pregnancies in-
volving cloned foetuses present a higher
rate of abnormalities, including abnormal
placentation and an excessive fluid accu-
mulation in the uterus often associated
with foetus ab1lormality (hydroallantois)
(HilI et al., 2001; Yong and Yuqiang,
1998; Shiga et al., 1999). Increased ma-
ternal morbidity and mortality have been
seen most prorninently in studies with cat-
tle and sheep. Additionally, the National
Academy of Science (2002) reports a per-
sonal communication from Tim King and
Ian Wilmut who noted that "hydroallan-
tois can affect up to 5% of established
sheep pregnancies involving cloned off-
spring, although this condition is 'ex-
tremely rare' in normal pregnancies" (Na-
tional Academy of Science, 2002, p. 42).
In particular, the greater frequency of
oversize foetuses seems to lead to obesity
problems in later stages of life and causes
discornfort for the surrogate females,
which often need caesarean sections.
Moreover, many cases have been reported
showing a connection between animal
cloning and a wide range of abnormali-
ties, such as immune system deficiencies,
respiratory problems and developmental
defects in the cardiovascular and nervous
systems (see van Wagtendonk-de Leeuw
et al., 2000; National Academy of Sei-
ence, 2002; Clausen, 2006).

Some authors try to deny the opinion
that most cloned animals develop abnor-
mally and are affected by many patholo-
gies (Wilmut, 2002), such as for example
Cibelli et al. (2002), pioneers in the field of
cloning. However, when they discuss the
possible application of this technique to
human beings, apart from ethical con-
cerns ", they recommend not applying it
until nuclear transfer is better understood,
revealing that they judge the apparent "ob-

jective" question concerning the efficiency
of the technique by two different standards
when considering laboratory animals or
human beings 27, respectively.

5 Towards a 3R assessment
of GM animals: a contribution to
reduction?

The increasing use of GM animals is
considered to be a major cause for the
persistent rise in the number of animal
procedures in the European Union (with
particular evidence for the UK and the
Netherlands) and in Australia (and pre-
sumably worldwide) (Home Office,
2002; Australian Government, 2005;
Council of European Union, 2005;
Grindon and Boghal, 2005).

Hudson and Boghal (2004), explicitly
indicating GM procedures to be the largest
factor contributing to the continuous in-
crease in the total number of laboratory an-
imal procedures reported during the last
couple of years, anticipate that there is a
great probability that this trend will further
increase, with the total number of labora-
tory animals used exceeding the levels of
the rnid 1970s within the next few years. It
is remarkable that in 1995 in the UK there
were 215,293 the procedures with GM an-
imals, whereas in 2003 the number has
reached 764,095 (Home Office, 2002).
Mepham and Balls (2000) counted an in-
crease of procedures on GM animals in the
UK of approximately 900% from 1990 to
1998. In their study comrnissioned by the
Dutch Foundation Sophia Vereeniging to-
gether with the Netherlands Centre for Al-
ternatives in Animal Use (NCA), airning at
a monitoring of trends and developments
in laboratory animal use, Boumans and
Hendriksen (2006) find clear evidence that
the increasing trend in animal use is due to
animal experiments with GM animals.

26 The question of cloning in human beings (both for reproductive and for therapeutical purposes) is a
very controversial and interesting issue but its discussion would exceed the topic of the present article.
See for example Nationaler Ethikrat (2004) and Clausen (2006).
27 This sort of double standard in judging the efficiency of the procedures is very common in the
general discussion of human cloning.
28 The European Union is a major sponsor of mouse functional genomics research: Since 2002, fifteen
ongoing European collaborative projects received altogether €135 million from the EU's Fifth and Sixth
Framework Programmes.
29 The EUMORPHIA project is called "Understanding human disease through mouse genetics". See
http://www.eumorphia.org/
30 FunGenES is the project for the investigation of functional genomics in mouse embryonic stem cells.
See http://www.fungenes.org
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Both Sauer et al. (2005 and 2006) and
Gärtner (2006) indicate that GM animals
are the main cause for the increase in the
number of laboratory animals used in Ger-
many as weIl.

Furthermore, it is likely that this trend
will be intensified by ongoing projects
related to mapping the genome of various
animals and to creating mouse models
for the investigation of the functions of
key genes involved in biological process-
es 28 such as for example in physiology
(EUMORPHIA 29) and for embryonie
stern cell differentiation (FunGenES30).
The International Mouse Mutagenesis
Consortium has been established with
the goals to produce a mouse model for
at least one heritable mutation in every
gene in the genome, to identify every
gene that affects key traits of biomedical
interest and to develop the infrastructure
for distributing mutant cells and mice
(Nadeau et al., 2001).

Although some authors argue that the
number of animals needed to establish a
line by conventional breeding is greater
then the number of animals required for a
transgenic line (Buehr et al, 2003, p.
324), from the statistical analysis on ani-
mal experimentation in the UK, it is pos-
sible to argue that the large number of
"waste animals" involved in GM proce-
dures exceeds the number of animals re-
quired for conventional breeding proce-
dures. In the UK statistics it is reported
that 96% of the total number of animals
used in experimental procedures for
breeding purposes are involved in the cre-
ation or maintenance of GM lines and, as
a consequence, only 4% are needed in
conventional breeding procedures (Home
Office 2002, Tab. 3, p. 31-33 and Tab. 3.3,
p. 37). In consequence, the Joint Group
on Refinement has recently proposed us-
ing these animals also as source of tissue
samples instead of simply killing them
(Robinson et al., 2003, p.lO).

The enormous number of "waste ani-
mals" alone should suffice to lead to the
conclusion that intrinsically GM tech-
nologies cannot bring ab out areduction
of the total number of animals used for
scientific purposes. In addition, the num-
ber of transgenic lines currently being
produced outweighs the number of re-
combinant inbred lines being established
(Buehr et al., 2003).
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Even if it has become clear over the
years that, in the case of GM animals, a re-
duction in the total number of animals in-
volved cannot be obtained, some authors
try to defend the contribution of these ani-
mals to reduction arguing that, due to the
irnproved efficiency of GM models, more
results (or a greater knowledge) are ex-
pected to be gained from one single mod-
el, in comparison to conventional models
(Gordon, 1997). Moreover, although
recognising that these procedures both
lead to an increase in animal suffering as
well as to the current and likely future in-
crease in the number of procedures with
animals performed, they argue that this
kind of conftict is not at all typical for pro-
cedures with GM animals, but that it also
arises due to procedures with inbred ani-
mals and mutants (Buehr et al., 2003).
From an epistemological point of view,

the argument that more knowledge can
be gained with a GM model in compari-
son to a conventional one is problematic.
Even though it rnight be true that GM
models have offered new research possi-
bilities, which has effectively lead to an
increase in the number of scientific ques-
tions that can be addressed, this was the
case precisely because the questions at
stake were thought and planned to be
searchable only in animal models. Ad-
mitting that GM procedures are "induc-
ing investigators to turn to animal re-
search for the first time in order to obtain
solutions to their problems" (Gordon,
1997, p.105), supporters of GM proce-
dures also state that "if increased use of
GM animals can answer more important
questions, this need not to be viewed as a
problem" (Buehr et al. 2003, p.333). The
real question, however, regarding the
contribution of GM animal procedures to
the 3Rs seems to me to rely not on the in-
trinsic value of the rise in the number of
investigable questions, but rather on the
fact that the kinds of questions that be-
come addressable through GM models
are only addressable through animal
models, so that they perpetuate the logic
of animal experimentation.
The confusion about the topic at stake

also leads to a misunderstanding of the is-
sues connected with GM animals and re-
duction. When this topic is discussed,
strategies to reduce the excessive number
of unwanted GM animals and of animals
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involved in the creation and breeding of
GM lines are often mentioned (Robinson
et al., 2003; Nuffield Council of
Bioethics, 2005), rather than discussing
the general role played by GM procedures
in reducing the overall number of research
animals, which is precisely a negative one.
In other words, when the problem of GM
animals and reduction is discussed, ways
to improve the production of GM animals
are often mentioned, rather than question-
ing whether their use can contribute to an
overall reduction in the number of animals
used in the first place.

6 Towards a 3R assessment
of GM animals:
a way to refinement?

One argument that GM technologies are
compatible with the 3Rs refers to the fact
that these technologies perrnit the reali-
sation of more efficient and precise mod-
els (Buehr et al., 2003).
For example, Wolf (1997) argues that

GM disease models represent a form of
refinement because through them it is
possible to exarnine diseases at earlier
stages, i.e. in stages where the animal
does not show a great degree of suffer-
ing. This would be an example of gen-
uine refinement. In this context, however,
it must be kept in rnind that in most
cases the observation of the pathologic
changes in the phenotype, i.e. of the out-
break of the disease, is a very important
part of the research protocol, for example
in the search for new drugs for the dis-
ease in question.
Moreover, in order to objectively as-

sess the contribution of GM animals to
refinement, it is important to consider the
difficulties related to the welfare assess-
ment of GM animals, which can present
unique characteristics (van Reenen,
2001). It seems particularly difficult, for
example, to determine humane endpoints
for GM animals because of the unantici-
pated outcomes stemming from the ge-
netic modification (Dennis, 2000; Toth,
2000). To overcome this problem, it

would be necessary to observe several
generations of the same GM model. For
instance, for some time it has been ob-
served that the p53-knockout mouse
model develops tumours very early - dif-
ferently from other non-genetically mod-
ified mouse strains - and also that the an-
imals die after approximately the tenth
month of life; thus it has been possible to
establish a humane endpoint for this
mouse model (Roths et al., 1999). How-
ever, this is a time-consuming and ex-
pensive practice, which unfortunately is
not performed in every case.
Furthermore, the phenotypes of identi-

cal GM laboratory animals can vary de-
pending on their physical, social and mi-
crobiological environment. Therefore
careful monitoring of their welfare under
each particular condition is required, also
taking into account the fact that GM ani-
mals are often moved from one establish-
ment to another, both nationally and in-
ternationally. For example, there have
been observations of significant differ-
ences in behaviour between different lab-
oratories (Crabbe et al., 1999).
Doubts about the GM animals' contri-

bution to the refinement criterion come
from special concerns about the welfare of
these animals and consequently from the
special requirements that are necessary in
order to protect them, especially when
they are used as disease models. The Aus-
trian study on the 3Rs relevance of the in-
troduction of genetic engineering into an-
imal experimentation (Falkner et al.,
1997) clearly reveals that the majority of
animal experiments with GM animals
have a negative impact on the welfare of
the animals, particularly in the case of
GM disease models". The study by Sauer
et al. (2005; 2006) - a very useful analy-
sis of the current status of research with
GM animals in Germany based upon a lit-
erature survey of 577 scientific publica-
tions - also provides evidence for a nega-
tive impact of GM procedures on the
welfare of the animals. Moreover, the ma-
jority of toxicological GM models also do
not seem to present a form of refinement
for the welfare of the animals. On the con-

31 The study 01 Falkner et al. (1997) represents the only one until now that systematically evaluates
concrete experiments on GM animals on the basis 01 the 3Rs, providing a particularly uselul case-by-
case analysis on the basis 01 a detailed literature research.
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trary, these models have been genetically
modified to an extent that they are more
sensitive to reactions, and in some cases
they even carry more than one modifica-
tion (famous examples are Big Blue and
Muta Mouse); the purpose of which is to
ensure that many different reactions can

I
be tested on one smgle model (Falkner et
al. , 1997; Vogel, 2001).

Taking into consideration these prob-
lems leads to the question which sort of
refinement can effectively be possible for
the majority of experiments on GM mod-
els. It seems to me that most procedures
with GM animal models can indeed lead
to a refinement of the scientific proce-
dures, yet this does not ever correspond
with any refinement in the treatment of
the animals, which is precisely the gen-
uine sense of refinement promoted by
Russell and Burch. This kind of amelio-
ration of the experiments is not in the in-
terests of the animal, but aims at a better
constructed experiment, from which a
greater knowledge is to be gained (re-
gardless of the consequences for the ani-
mals), This misunderstanding is similar
to the question of the GM animals' con-
tribution to reduction.

In addition to these difficulties, one
has to take into account that sometimes
attempts to refine GM models and reduce
their suffering conftict with attempts to
reduce their number. As I stated before,
sometimes pathological characteristics
only occur in the homozygous transgenic
form and not in the heterozygous one, so
that in this case a refinement would be to
maintain the GM model in the heterozy-
gous form. However, more animals
would be required for the breeding of a
heterozygous transgenic line in compari-
son to the corresponding homozygous
line, so that such a situation would lead
to a clear conftict between attempts at re-
duction and at refinement (Australian
Government, 2005).

Another example for such a dilemma
arises due to the special features of GM
phenotypes, which require careful analy-

sis. Taking into account that GM animals
can present unique characteristics, control
groups are indispensable for welfare as-
sessment. This means that extra animals
presenting the same genetic modification
are required as controls, and both groups
should be housed in the same manner.
This represents achallenge to the princi-
ple of reduction, however is necessary for
refinement purposes. As a consequence,
the Australian Animal Welfare Committee
has tried to find a compromise between
both aims, stressing the careful choice of
control animals (Australian Govemrnent,
2005, p.8) and the Joint Group in Refine-
me nt has recently proposed using some of
the so called "waste animals" as controls
(Robinson et al., 2003, p.lO). Such diffi-
cult situations are caused by the confiict
between the principles of reduction and of
refinement, which, although typical for
the 3Rs in general (Anirn.Al.See, 2004),
is particularly acute in the case of GM
technologies.

7 GM insentient animals as
replacement?

The genetic modification of animals im-
plies the use of animals; therefore, it is
logically impossible for these techniques
to serve as alternatives in the purest sense,
that is, in the sense of replacement. Fol-
lowing the definition offered by Russell
and Burch (1959/1992)32, any attempts to
substitute the use of "conscious living
vertebrates" with "non sentient material"
should be considered as a form of re-
placement. With the new tools offered by
genetic rnodification, the idea of knock-
ing-out sentience in animals has been for-
mulated and it has been asked whether
such animals could be seen as a form of
replacement (Macer, 1989; Rollin, 1995;
Reiss and Straughan, 1996; Appleby,
1999; de Cock Buning, 2004).
The idea of creating GM insentient an-

imals leads to many different concerns,
which are very complex and would there-

32 The term 'replacement technique' should be used "for any scientific method employing non-sentient
material which may in the history of experimentation replace methods which use conscious living
vertebrates" (Russeli, Bureh, 1959, p. 69).
33 See "sentience" in the Oxford Dictionary on line (www.askoxford.com ) and in the Wordnet
Dictionary on line (www.wordnet-online.com).
34For this debate see for example Nagel (1974); Griffin (1992); Rollin (1989); Bekoff et al. (2002); Perl er
and Wild (2005).
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fore require aseparate article to be dis-
cussed appropriately. However, since this
possibility has been formulated in the
course of the debate, particularly in rela-
tion to the topic of replacement of the use
of animals for scientific purposes, I think
that it should be mentioned and briefty
discussed in this article.

When we consider the idea of insentient
GM animals, the first question to be dealt
with relates to its feasibility: Can it really
be possible to knock out sentience in ani-
mals? In order to appropriately answer
this question, it is not only necessary to
have a broad and competent knowledge
about GM technologies, but first and fore-
most, to know what sentience is, and
where it is located at the genomic level.

In various dictionaries, "sentience" is
defined as the general faculty through
which the external world is apprehended,
as astate of elementary and undifferenti-
ated consciousness or the readiness to
perceive sensations 33. An ongoing and
very interesting discussion on tbe philos-
ophy of mind considers the question of if,
and to what extent, animals have con-
sciousness 34. Sentience, on the other
hand, is described as something more el-
ementary than consciousness, such as the
organism's capacity for embodied sensa-
tion. Precisely, this more basic character-
istic of sentience - which has to be seen
as a sort of vital experience - renders it a
vague feature, constituting a problem for
the planning of any experiment that aims
at turning off sentience in animals.

In order to create GM insentient ani-
mals, it would indeed be necessary to
identify the mechanisms underlying sen-
tience. Does sentience depend on having
certain cognitive capacities, such as con-
sciousness, togetber with certain neuro-
logical traits (such as, for example, a
neural cortex), or does sentience result
from the complex combination of specif-
ic characteristics of an animal?

Broadly speaking, we face two options
for defining the sentience of animals: a
narrow one and a broader one. In accor-
dance witb the definition put forward by
cognitive ethologists and philosophers of
mind, the narrow view identifies sentience
as phenomenally conscious sentience,
which presupposes that the animal has
passed some basic threshold of degrees of
overall psycbological, neurobiological,
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and behavioural organisation into a cen-
tred form of sentience 35. In the broader
view, sentience is seen to be the expression
of the complex biological and behavioural
characteristics of an animal, a sort of "feel-
ing of life" or "vital experience", indepen-
dent of whet~er the animal has a subjective
point of view or not. In the rest of this
paragraph, I will try to show that working
with either the narrow or the broader defi-
nition of sentience, the question of
whether GM insentient animals can be
seen as a form of replacement or not, is the
wrong question, because there is some-
thing intrinsically wrong with the- predi-
cate "GM insentient animals". Further-
more, I will show that apart from these
difficulties there are serious ethical con-
cems connected with these experiments.

In the narrow view of sentience, identi-
fied solelyon the grounds of conscious-
ness, only vertebrates are sentientlcon-
scious animals, in the sense that they are
able to have proper conscious sensations
because they have of the relevant biologi-
cal traits, such as nociceptive nerves and
an organised nervous systerrr", and pos-
sess certain psychological and be-
havioural characteristics ". Such con-
scious beings are also aware of their
suffering and pain, which is precisely
what raises ethical concems about animal
experimentation. If we follow the narrow
view of sentiencefconsciousness, we have
to consider the goal of creating GM in sen-
tient animals as a modification of verte-
brate animals aiming at transforming
them in some way into "painless" inverte-
brates. However, in order to accomplish
this, we also have to admit that there are
gene or gene sequences responsible for
these phenomena, that is we need a genet-
ic conception of pain and suffering/phe-
nomenal consciousness. In other words,
we have to be sure on the one hand, that
by genetic modification we can turn off
the part of the brain system that makes the
difference between vertebrates and inver-
tebrates, and that, on the other hand, we
can maintain their bodily and biological
characteristics of being vertebrates (other-
wise it would suffice to merely use inver-
tebrates).

Attempts to create somewhat less con-
scious animals are currently being made
in neurological research, particularly in
research dealing with the neural corre-
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lates of consciousness, for which certain
GM mouse models called zombie-mice "
are created (Koch, 2004a; 2004b; Moss,
2005). Unfortunately, the characteristics
of these models have not yet been de-
scribed, so that their detailed discussion
is not yet possible ". However, the re-
search of Koch and his team is based on a
particular model for consciousness,
which is very controversial in this debate,
because it involves reducing conscious-
ness to particular parts of the brain (Crick
and Koch, 1997; Koch 2004a, 2004b).

If we want to speak of "insentient"f
"non conscious" GM animals properly,
we have to switch off not only their abili-
ty to feel physical pain, but also their abil-
ity to express their discornfort and stress,
that is their emotional capacities. In fact,
proposing GM insentient animals as a
form of replacement, at least would re-
quire going beyond what it is being
achieved by refinement measures aimed at
reducing their suffering: we also have to
modify the characteristics that determine
their welfare. Investigations into animal
welfare indeed confirm that there are oth-
er states apart from pain that negatively
affect the welfare of an animal. It is the
common and current opinion among
ethologists that the welfare of animals is
not merely reducible to units of pain, but
rather consists of positive states and feel-
ings, as well (Stafleu et al., 1996; Broom,
1998a; 1998b; 1999). Positive states and
feelings are profoundly determined by the

biological characteristics of each animal,
and these characteristics are the product of
the evolution and adaptation to particular
environmental conditions. As a result, GM
insentient animals would also have a dif-
ferent kind of self-perception, a different
ability to cope with the external environ-
ment and other species-specific needs (i.e.
the activities characteristic of its species)
in comparison to non-modified animals of
their species.

It seems to me that the narrow view of
sentiencefconsciousness turns out not to
be adequate as a standard for the creation
of GM insentient animals as a form of re-
placement. Even if we pretend for a mo-
ment that we can genetically switch off
the emotional capacities of animals, if we
want to aim for insentient animals prop-
erly, we have to abandon this narrow
view and to take the broader one, be-
cause the phenomenon of consciousness
is closely interrelated with the other bio-
logical characteristics of animals, and to
a certain extent forms them. If we take
the broader view and identify sentience
as "the general feeling of life" of the an-
imal, we have to interfere with so many
complex mechanisms when striving for
insentient animals that the creature that
would remain in the end would be some-
thing that could hardly be defined as an
animal at all. In other words, we would
have to make profound changes to the
entire structure of the animal. Would
such an enterprise really lead to useful

35 In the philosophy of mind there is a further distinction between phenomenal consciousness and
access consciousness, which is the state of being conscious of something in relation to abstract
concepts. This notion was introduced by Block in 1995 to capture the sense in which mental
representations may be poised for use in rational control of action or speech. Block believes that many
animals possess access consciousness. His position is opposed to the one of Donald Davidson, who
denies that animals can have intentional states. See for example: Block, N. (1995). On A Confusion
About a Function of Consciousness?, Behavioral and Brain Sciences 18: 227-47; Davidson, D. (1975).
Thought and talk, In S. Guttenplan (ed.), Mind and Language. Oxford: Oxford University Press.
36 All vertebrates possess the areas of the brain to process nociceptive information, namely the
medulla, thalamus and limbic system.
37 The discussion on pain in animals is a very fascinating and complicated topic. For an interesting
reconstruction of the difficulties connected to this problem from a philosophical and scientific point of
view, see Galert (2005).
38 Zombies are beings that have no conscious experiences. In the philosophy of mind, there is a large
debate on the conceivability and possibility of zombies. See for example: Cottrell, A., (1999). Sniffing
the Camembert: on the Conceivability of Zombies. Journal of Consciousness Studies, 6: 4-12; Dennet,
D. C. (1995). The Unimagined Preposterousness of Zombies', Journal ofConsciousness Studies, 2: 322-
6. Furthermore, discussions are also ongoing about the implications of the possibility of zombies for
the evolutionary theory. See also: Flanagan 0., T. Polger (1995) 'Zombies and the Function of
Consciousness', Journal of Consciousness Studies, 2: 313-321.
39 In this context, it is interesting to note, that Koch and his team (2004a) openly point to the potential
of their research for the cause of animal rights, while they admit that studying the evolutionary basis of
consciousness could yield to new knowledge about animal capabilities, and that this could affect our
attitude towards animals. However, this thought does not seem to let them understand that they are
trying to "scientifically" assess the abilities of animals in order to demonstrate their right to be
protected by performing very stressful and painful experiments on them.

ALTEX 23, 4/06



m-.. LINZ 2006 - FERRARI--~--------------------------

models for experiments, which aim at in-
vestigating disease phenomena and toxi-
cological reactions? As a matter of fact,
one of the principal arguments that sup-
ports animal experimentation refers to
the advantages of performing experi-
ments in vivo, ~specially on vertebrates,
exactly because of their complexity. The
problems addressed here would require a
more in-depth analysis, which cannot be
discussed in this article.

What about the ethical acceptability of
such procedures? Although the creation
of GM insentient animals up until now is
far from becoming concrete research
projects, the idea of such models is con-
nected to particular views about animals
and to the possibilities offered by
biotechnologies, which have ethical im-
plications as weil. The British Animal
Procedures Committee (APC) has also
briefly discussed this hypothesis in its
Report on Biotechnology (2001), judg-
ing it as unacceptable (see Recommenda-
tion 4, p. 18)40 (APC, 2001).

First of all , in the light of the hypothesis
of this type of research, laboratory ani-
mals are seen as modifiable and deter-
minable tools at the disposal of human be-
ings for any need conceivab1e - in this
case the desire to clear their bad con-
science resulting from the performance of
animal experiments. In consequence, the
idea of GM insentient animals c1early
supports an instrumental view of animals.
As Vorstenbosch (2005) pointed out, this
idea confronts us with the realisation that
"it is not only the pains and pangs that oc-
cur in the animal as part of the experiment
that worry us, but also that there is a living
subject, with a Iife and standing of its
own, that experiences these pains and
pangs" (Vorstenbosch, 2005, p.340)41.

Second, the creation of insentient ani-
mals, if it were possible, could paradoxi-
cally result in a very risky practice for the

animals in terms of suffering and dis-
tress. To eliminate sentience, it is neces-
sary to profoundly change the character-
istics of the animals without exactly
knowing the effects that this would have
on these beings. Actually, we change
wh at we understand as sentience, but we
simply do not know if there are other
ways of understanding sentience (at least
with the current state ofknow1edge ab out
pain, suffering and stress in animals).

Third, we also have to consider the nec-
essary steps involved in the creation of
such animals. In this article, I have shown
that genetic modification is a wasteful
process in terms of the number of animals
involved in the procedures, and this has to
be taken into account when assessing the
ethical acceptability of attempts to create
GM insentient models.

Fourth, the idea of GM insentient ani-
mals relies on an absolute faith in the
power of biotechnology - genetic engi-
neering can achieve anything by arbitrar-
ily adding to or knocking out every char-
acteristic of a living being - which is
problematic both from an epistemologi-
cal and ethical point of view.

And last but not least, supporting GM
insentient models as a form of replace-
ment could in practice serve to maintain
the status quo of animal research, by
forming new arguments to gain accep-
tance for the use of animals, which
would take away precious resources from
the research into alternatives.

For these reasons, I strongly propose
refusing any attempts to create GM in-
sentient animals.

8 Conclusion

Assessing the 3Rs' implications of GM
procedures means evaluating whether the
actual use of these procedures is compati-

40 The Committee mentions the following arguments against creating insentient animals: the concern
for the violation of the species-integrity and the repugnance to the very notion of producing creatures
without a recognisable species-nature. See APC, 2001, pp. 17-18.
41 In the current debate on animal ethics, an interesting main issue deals with the analysis of the
relationship between pathocentric considerations based on the capability of experiencing negative
states (such as suffering and pain) and of animal related and ethical considerations regarding the
optimal conditions for living for animals, by also referring to notions such as naturalness, integrity and
flourishing. See tor example Rollin (1995), Dol et al. (1997).
42 However, Russell and Burch's book did not have great success at first, and it remained a matter for
scientists. Only in the 1970s did the topic of the 3Rs reach the larger public, particularly after the
publication of David Smyth's book Alternatives 10 animal experiments in 1978, where the attempts
offered by the 3Rs were incorporated into the definition of 'alternative' (Srnyth, 1978).
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ble with the spirit of the 3Rs or not. But
what exactly is the spirit of the 3Rs? In my
introduction, I have stated that, notwith-
standing recent attempts to stress the im-
portance of reduction and refinement
measures in procedures with GM animals
(Australian Government 2005, GA mouse
welfare assessment group 2006; Wells et
al., 2006a and 2006b), these reports seem
oriented at improving the situation of the
animals within the existing scientific order
and not at encouraging a further criticism
of these practices as such. In his examina-
tion of the ethics of the 3Rs, Vorstenbosch
(2005) emphasises that this tendency to-
wards ameliorating the status quo, with-
out deeply criticising it, results from a nar-
row interpretation of the 3Rs, which is,
however, not the only possible one. We do
need to remember that the 3Rs concept
constitutes the basis for alternative meth-
ods (see Gruber and Spielmann, 1996)
and that there are historical grounds for
this ". In order to understand the spirit of
the 3Rs, I think that we should reason
from the perspective of implementing re-
search based on alternative methods, i.e.
to support every effort made in the direc-
tion of the alternatives, at all levels of re-
duction, of replacement and of refine-
ment. If we want to speak of GM anirnals
in the light of the 3Rs properly, we have to
discuss which contribution these animals
make to the 3Rs, and not just apply the
3Rs to current research which uses GM
animals.

The current state of research shows that
the creation and use of GM-animals have
contributed to an increase in the total
number of research animals, so that cur-
rently, and presumably in the near future,
these anirnals will not make any contribu-
tion to a reduction of animal use in exper-
imental procedures. The possibilities for
the long term future remain unclear, but
the expanding fields of genomic research
and the fact that GM technologies intrinsi-
cally require a great number of waste ani-
mals do not leave any hopes for a reduc-
tion in the long term, either. Therefore, the
use of GM anirnals acts contrary to the
principle of reduction.

Altematively, it could be argued that
our society needs to reflect upon the
choice between giving the priority to the
principle of reduction - and thus to re-
nounce or to restriet the use of GM tech-
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nologies - or to the principle of refine-
ment, that is to implement their use be-
cause these technologies serve to obtain
better and more efficient models. Howev-
er, my analysis has revealed, that the re-
finement in question is not a refinement in
treating the animals more humanely in
compariso~ to conventionally bred ani-
mals (in some cases even the opposite
happens), but that it is a refinement of the
scientific procedures, i.e. a refining of the
animal model as such. Nevertheless, the
question of obtaining better models (not
addressing the scientific problem of
whether they really are better) is not real-
ly an option in the sense of the 3Rs. Ac-
cording to the definition offered by Rus-
seIl and Burch, refinement means "any
decrease in the incidence or severity of in-
humane procedures applied to those ani-
mals which still have to be used" (Russell,
Burch, 1992, p.64). However, can GM
models be viewed as animals that still
have to be used in research? Obviously
not, since they are new animals, created
for addressing new questions.

Since the goals of any particular exper-
imental research are closely interwoven
with the scientific procedures chosen
(Vorstenbosch 2005, p.343), GM models
allow an increase in the number of ques-
tions that can be scientifically investigat-
ed only on animal models (more precise-
lyon GM animal models). Therefore they
are strongly oriented towards the use of
animals and act contrary to the search for
alternatives. In most cases (maybe with
the exception of toxicology), the question
of alternatives is not reducible to the
problem of whether one single experi-
ment on an animal can be replaced by an
alternative method, but rather it involves
reflections about the research strategies
chosen in order to achieve specific goals.
GM animals represent the consummation
of laboratory animal research strategy,
and therefore they cannot serve as a start-
ing point for the application of the 3Rs. In
other words, the problem is that in many
cases this kind of research does not aIlow
a one-to-one replacement of experiments
with GM models by non-animal methods,
because the kind of question formulated
is thinkable only in such kinds of models.
ParadoxicaIly, this happens at a moment
when the field of alternative methods is
growing and fiourishing, despite all diffi-
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culties. In arecent article, the scientific
journalist Edgar Gärtner, analysing the
German statistics on animal experimenta-
tion, points out that GM animal models
are now essential and indispensable tools
for the pharmaceutical industry and for
basic research, with the consequence that,
for a long time now in these fields, there
has been no interest in developing alter-
native methods (Gärtner, 2006).

In summary, the fundamental orienta-
tion of research with GM laboratory ani-
mals towards supporting animal experi-
mentation, together with the fact that,
since the beginning, these methods have
caused a huge increase in animal experi-
ments and the use of laboratory animals,
and in many cases are connected to high-
er risks of suffering and distress of the
animals involved, render these technolo-
gies incompatible with a broad interpre-
tation of the spirit of the 3Rs. Even the
idea of creating GM insentient animals -
an extremely complicated enterprise,
which could only be achieved by apply-
ing a problematic view of sentience in
animals and its biological foundation -
as a form of replacement serves to per-
petuate the view of the inevitability of
animal experimentation.

I suggest that this incompatibility
should be carefully taken into account in
regulating the experimental practice us-
ing GM models, which is now very dif-
fuse and destined to increase. In particu-
lar, it should be deliberated whether
special restrictions on the creation of GM
laboratory animals should be introduced,
together with an increased financial sup-
port for alternative methods.
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