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Abstract

While it has the potential to deliver important human benefits, animal-based pain research raises ethical questions, because it involves
inducing pain in sentient beings. Ethical decision-making, connected with this variety of research, requires informed harm-benefit
analysis, and the aim of this paper is to provide information for such an analysis. We present an overview of the different models
and their consequences for animal welfare, showing that, of the many animal models available, most have a considerable welfare
impact on the animal. While the usual approach to pain control through administration of analgesic substances is usually unsuitable
in pain research, refinement remains an option, both within the experimental protocol and in general husbandry and handling.
Drawing on the overview, we develop a discussion of the ethical acceptability of animal-based pain research against the background

of the kinds of harm done to the animals involved, the potential for refinement, and the expected benefits of the research.
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Introduction

Pain is connected with a number of fundamental biological
processes in humans and other animals and probably
evolved to provoke an appropriate reaction by the animal in
various damaging or life-threatening situations. Although it
possesses evolutionary value, pain is an aversive experience
for the individual, especially when it is intense or
prolonged, and humans are prepared to go to great lengths
to avoid it. Therefore, there is, in our society, a demand for
greater understanding of pain and the medications which
relieve it. Most of the research answering this demand
involves laboratory animals — a practice which is, in itself,
controversial, and one that is frequently challenged by both
the general public and animal protection organisations.

Pain research on animals involves inducing pain in the
studied animals and, hence, the research can only take place
at some expense to animal welfare. Consequently, the
research poses an ethical dilemma: on the one hand, animals
are made to feel pain; on the other hand, the outcome of the
research may identify new ways to prevent or alleviate pain
in humans (and animals as well). In this dilemma, either
outcome will involve harm to at least some living beings:
the use of the animals means that harm is done to them, but
abolition of the research would place a burden on people
(and animals) suffering from medical conditions for which
a better treatment is desired. When compared with other
areas of animal-based research, pain research is likely to

present particular welfare problems. Firstly, pain is an expe-
rience to which the sufferer is strongly averse, especially
when it occurs beyond a certain level of intensity and/or
beyond a certain duration. Secondly, because the pain itself
is the object of study, typical refinement tools such as anal-
gesics and anaesthetics are only available in special cases.

In the present paper, we examine the use of animals in pain
research through a review of the various models and
research methods with a special focus on the impact on
animal welfare. Drawing on this review, we discuss the
ethical acceptability of such research against a background
of the harm to the involved animals, the potential for refine-
ment, and the expected benefits of the research.

Using animals in pain research — the ethical issue

Pain has been defined by the International Association for
the Study of Pain (IASP) Task Force on Taxonomy as “‘an
unpleasant sensory and emotional experience associated
with actual or potential tissue damage, or described in terms
of such damage” (IASP 1994). Pain that is not successfully
controlled causes significant loss of quality of life for
sufferers and also has socio-economically important conse-
quences (eg Smith et a/ 2001; Wenig et al 2008). With the
therapies available today, acute pain associated with trauma
or acute infection can generally be successfully controlled.
Effective pain control for chronic pain in conditions such as
cancer (Pacharinsak & Beitz 2008), chemotherapeutic-
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induced neuropathy (Tanner er a/ 1998; Pasharinsak &
Beitz 2008) and peripheral and central neural injuries
(Eaton 2003) is more problematic. In the search for better
pain control methods, the use of animals in research plays
an important role; however, it also raises ethical questions.

The issue of animal pain has been controversial among
scientists and philosophers. The main aspect of that contro-
versy has to do with the perceived difficulty of accessing the
subjective experience of animals. Nociception — that is, the
physiological response to noxious stimuli that cause or
potentially cause tissue damage — can be measured objec-
tively, but describing the subjectively-experienced unpleas-
antness of nociception is more difficult. In humans, the
assessment of felt pain mostly relies strongly on verbal self-
reporting, a tool which is unavailable where animals are
concerned. Nevertheless, evolutionary arguments support
the assumption that subjective experience in non-verbal
humans (Anand & Craig 1996) and, at least, vertebrate
animals (Rollin 1998) is similar to that in normal human
speakers. Seeking a more generally applicable definition
than that originally put forward by IASP, Molony (1997)
defined animal pain as “an aversive sensory and emotional
experience representing an awareness by the animal of
damage or threat to the integrity of its tissues. It changes the
animal’s physiology and behaviour to reduce or avoid the
damage, to reduce the likelihood of recurrence and to
promote recovery”. More than ten years later, there is still
no universally accepted scientific approach to assessing
pain in animals (Vifiuela-Fernandez et a/ 2007).

Animal pain is widely recognised as having ethical signif-
icance (Rollin 2003; Short 2003). Animal protection legis-
lation requires that animals are not subject to unnecessary
pain, and position papers and codes of conduct lay down
the duty of veterinarians to prevent, treat and alleviate
animal pain (eg AVMA 2003; RCVS 2008). Moreover,
specific guidelines and legislation on animal research
underline the importance of pain control: witness current
European regulations, where Article 8 of Directive
86/609/EEC states that “All experiments shall be carried
out under general or local anaesthesia”. (Of course, ensuing
sub-paragraphs introduce exceptions to that rule, but the
emphasis on pain control is nevertheless strong).

Pain research is not the only discipline in which laboratory
animals are subjected to painful experiences, but it appears
to be in a special area as the research normally requires pain
to be actively induced in animals. Prima facie, that require-
ment is ethically problematic, and the stronger the aversive
experience, the more troublesome the issue of animal pain
becomes from an ethical viewpoint. But pain is a complex
phenomenon. Depending on its nature, location, duration
and intensity, it ranges from a negligible nuisance to a
completely debilitating condition. Whether the animal can
control it, either fully by moving away from the painful
stimulus or partly by changing its behaviour (eg by not
placing weight on a painful joint), is also important. This
complex variability must always be borne in mind because,
as we will see later in the paper, the amount of pain animals
experience in pain research varies widely.

Ethical decision-making on research with animals is usually
guided by two principles. Firstly, there is the widely
accepted principle of the Three Rs, which requires that the
harm caused to animals is minimised through the use of
replacement alternatives wherever possible, a reduction in
the number of animals used to a minimum, and refinement
of the methods. Secondly, people also agree that ethical
decisions require an evaluation, or balancing, of the harm
done to animals and the benefits to be gained by humans (eg
Animal Procedures Committee 2003).

To apply the refinement element of the Three Rs principle,
and to assess the harm imposed on animals in pain research,
it is necessary to ask how different pain models affect the
animals involved. A leading aim of the present paper is that
of characterising the information that is relevant to this kind
of assessment. Therefore, below, we give a detailed
overview of pain models, focusing on issues associated with
harm. Furthermore, we try to make some suggestions about
the assessment of the benefits of pain research. However, it
is important to be aware that even where it is possible to
provide valid assessments of harm to animals and benefits
to humans, the ethical dilemma in pain research still
persists. The general dilemma is that pain is inflicted in
animals without any corresponding benefit for them. In
addition, specific cases might arise, for example, when we
seek to identify the animal model that causes the least pain.
Should long-lasting moderate pain be regarded as preferable
to acute but excruciating pain? Is it more acceptable to
inflict a large amount of pain on a small number of animals
or a small amount of pain on a large number of animals?

In the following, we present an overview of various animal
models and tests used in pain research and their impact on
animal welfare. This is followed by a critical discussion of
the applicability of the Three Rs principle and other relevant
ethical principles, and an examination of factors affecting
the potential benefits of animal-based research on pain. We
conclude with a discussion of the overall ethical accept-
ability of this type of research.

Models and methods used in pain research

In the study of the pathophysiology of pain, many animal
models have been designed over the years. Many more will
certainly follow. As pain is a complex, multifaceted
phenomenon, it has to be assessed by a range of approaches.
Acute, inflammatory, visceral or neuropathic forms of pain
differ in noxious stimulus and the nociceptors or neural
pathways involved. Therefore, their perception and evalua-
tion also differs. It is not feasible to design an animal model
capable of replicating the full range of pain mechanisms
that are of clinical interest.

Animal models of pain are developed to represent clinically-
relevant pathological conditions (Walker ef a/ 1999). Thus,
pain is artificially induced with traumatic, chemical, surgical
or other lesions designed to mimic actual human painful
diseases. The sensitivity of modelled animals to pain can then
be evaluated using algesiometric tests. Research protocols
help to ensure that there is a controlled and homogeneous
stimulus-response (eg Luo 2004; Crawley ef a/ 2007).
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There is, therefore, an important distinction between pain
(algesiometric) tests and pain models. The former
measure animal responses to an acute nociceptive
stimulus. They quantify the difference between the exper-
imental group and the control group. Their utility resides
in the opportunity they offer of measuring the effect of
anti-nociceptive drugs (eg NSAIDs) or of studying hyper-
sensitivity responses (allodynia and hyperalgesia) when
used in combination with other pain models. A pain
model, on the other hand, involves inducing pain and/or
nociception in an animal, usually through tissue damage
that results in a more persistent nociceptive activation
than happens in the transitory pain tests.

In Tables 1 and 2 we present a number of animal tests and
models of pain, with a focus on rats and mice. Most were
initially developed for rats (Rattus norvegicus). Many
models are simpler and more reliable to use in rats because
their larger body size allows greater surgical precision,
although mice (Mus musculus) are becoming more
important with the application of gene technology (Wilson
& Mogil 2001). Both tables give an overall picture of each
assay, including a short description, the first published
reference, the quality of the induction stimulus and its
correlation with human pain.

To obtain a more complete understanding of the way in
which the tests and models affect animal welfare, we have
considered three aspects of their impact: i) how invasive the
induction protocol is; ii) how severe the tissue damage is
and iii) how intense the pain is and how long it lasts. For
each of these aspects, we have assigned a severity scale of
3-5 degrees (see Table 3). Using a combination of the
severity attributed to different models and the description of
the histopathological and behavioural changes in relevant
literature, each test and model was classified in respect of
each of the three impact aspects (Tables 1 and 2).

A few observations can be made on the development of the
different scales. Information about the severity of tissue
damage is often difficult to find in descriptions of the
models; that severity will also depend on what endpoints are
applied in the actual experiment. For example, in a severe
progressive condition, pain may not reach its later, more
serious stages if animals are humanely killed at an earlier
time-point (eg Slart et al 1997; Shimoyama et al 2002).
Verbal self-report methods cannot be used with animals and,
therefore, the determination of animal pain relies on behav-
ioural information. Behavioural guidelines exist for this
purpose (Wang & Wang 2003). However, the current guide-
lines, despite good intentions, often fail to cover detection
of the onset of pain. They also give no reliable indication of
pain’s intensity (Roughan et al 2004). In 1985, Morton and
Griffiths proposed guidelines on the recognition of pain in
laboratory animals, but these proved to be difficult to follow
in practice because there was little difference between
affected animals and controls and the scoring system was
not sufficiently characterised (Beynen et al/ 1987; Flecknell
& Roughan 2004). Recognition, assessment and evaluation
of chronic pain in experiments still depend on algesiometric
tests of elicited acute nociception.
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We were unable to find universally accepted criteria
governing description of the persistence and intensity of
pain inflicted on the experimental animal. We therefore
developed our own categories. Following Kruger (1991)
one may refer to acute pain as lasting for as long as one
day and chronic pain as lasting for at least several days.
Below (see Table 3) we make use of a more fine-grained
distinction between pain of short (< 3 h), medium
(3 h-3 days) and long (> 3 days) duration. For compar-
ison, we have applied the human chronic pain classifica-
tion presented by von Korff et al (1992). This is a brief
and simple classification that measures the severity of
pain in terms of a combination of intensity (low or high)
and disability (low, moderate and severe) resulting in
four grades together with a no-pain grade. Although it
does not refer to the duration of pain, this grading could
be useful in assessing pain in animals.

Welfare impact and the potential for refinement

Pain research does not always require the animals to be
subjected to ethically problematic levels of pain. As can be
seen in Table 1, the various algesiometric tests pose few
ethical problems, partly because the pain inflicted in them is
usually of short duration and limited intensity (see also
Gebhart 1999), but also because the stimulus is induced in a
non-invasive way, the endpoints are well defined (and, in
several cases, even determined by the animal itself when its
behaviour allows it to withdraw from the nociceptive
stimulus) and the severity of damage ranges from none to
rapidly reversible inflammation. The exceptions are the
chemically-induced Formalin test and Writhing test, in which
the injection of irritating substances does indeed cause tissue
damage. The use of these tests also differs as they are long-
duration stimulus tests (that measure tonic pain) and not acute
phasic pain models (Eaton 2003; Mogil & Crager 2004).

By contrast, all of the pain models have a considerable
impact on the animals (Table 2). Here, pain induction
always implies that the animals are subject to relatively
invasive procedures, ranging from single injections to
multiple interventions, sometimes including surgery under
general anaesthesia (the exception being cancer pain in
animals genetically modified for spontaneous tumour devel-
opment). There is often considerable tissue damage, which
means that the pain will not be transitory but persist as long
as the damaged tissue has not healed (or until the animal is
humanely killed). How intense the pain is, will depend on
several factors in the experimental protocol — in particular,
the size of the pain-inducing stimulus (which agent is
chosen, how much is administered, how large the pain-
inflicting tumours are, etc). In most models, however, the
pain is considerable, qualifying for grades III or IV on the
von Korff scale of human chronic pain.

One type of pain model seems to be particularly controver-
sial and has been questioned on ethical grounds by
researchers in the field (Riopelle 1992): the type involving
denervation of a neural segment. The denervation may be
complete, as in the original Axotomy-autotomy model
(AXO) (Wall et al 1979), or partial, as in the Bennet and
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Table | List of common algesiometric tests used in pain research.
Pain Assay First Induction Short Utility Endpoint Invasive- Severity Level of von
measured description stimulus  description  (human- ness of of pain Korff
related induction = damages induced et al
pain) (1992)
Acute Hot-plate Woolfe & Thermal Enclosure on a Anti- Animal | None Short & -
test MacDonald radiant heated nociceptive and weak
(1944) surface assay operator
Paw-flick Hargreaves Focused beam Anti- Animal | None Short & -
test et al (1988) of radiant heat nociceptive moderate
on hind paw  assay
Tail-flick D’Amour & Focused beam Anti- Animal | None Short & -
test Smith of radiant heat nociceptive intense
(1941) on tail assay
Tail- Ben-Bassat Immersion of  Anti- Animal lto2 None Short & -
withdrawal et al (1959) the tail in nociceptive weak to
test hot/cold water assay moderate
Escape Mauderli Enclosure on a Anti- Animal | None Short & -
test et al (2000) hot/cold sur-  nociceptive weak
face with the  assay
possibility to
escape
Head Ren & Thermal, Several Anti- Animal 2 None Short & -
withdrawal Dubner chemical, nociceptive variable
test (1996) mechanical assay intensity
Paw Randall & Mechanical Device which  Anti- Operator 2 None Short & -
pressure Selitto applies increas- nociceptive intense
test (1957) ing pressure to assay
the paw
Tail-clip  Haffner Mechanical Placement ofa  Anti- Operator 2 None Short & -
test (1929) clamp at the nociceptive weak
base of the tail assay
von Frey von Frey = Mechanical Body surface  Anti- Animal | None Short & -
test (1922) stimulation nociceptive weak
using nylon assay
monofilaments
of increasing
stiffness
Flinch- Kimble Electrical Body surface  Anti- Animal | Mild Short & -
jump test  (1955) stimulation nociceptive intense
using electrical assay
shocks of
increasing
intensity
Eye-wiping Farazifard ~Chemical =~ NaCl eye drop Acute Cannot be 2 Mild Short & -
test et al (2005) trigeminal  ended moderate
nociception other than
by natural
resolution
Tooth Goetzl et al Electrical Electrode Acute Operator 4 None Short & Grade |
stimula-  (1943) implanted in trigeminal weak
tion tooth nociception
Tonic Formalin  Dubuisson Chemical  Intradermal or Hyper- Cannot be 3 Mildto Long & Grade lll
test & Dennis subcutaneous  sensitivity ended moderate moderate
(1977) injection of and other than
formalin analgesic by natural
assays resolution
Writhing  Vander Chemical ~ Abdominal con- Visceral =~ Cannot be 3 Mildto Long & Grade lll
test Wende & strictions after nociception ended moderate variable
Margolin injection of other than intensity
(1956) chemicals by natural
resolution
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Table 2(a) List of common animal models used in pain research.
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Pain Model First Induction Short Utility  Endpoint Invasiveness Severity Level of von
measured description stimulus description  (human- of induction of pain Korff
related damages induced et al
pain) (1992)
Inflammatory Formalin, Various Chemical Injection/topical Cutaneous, Undefined 3 to 4 Mild to Medium Grades
CFA, application of  sub- lethal tolong |-V
capsaicin, inflammatory  cutaneous, lasting &
carragheenan, agents joint, variable
turpentine, muscular, intensity
zimosan, orofacial
kaolin, injuries
mustard oil,
honeybee
venom,
acetic acid
Induced Houghton Mechanical Drilling a hole Bone Undefined 4 Moderate Medium Grade Il
bone injury et al (1997) through the lesions & weak
tibia or to
calcaneus moderate
Visceral  Endothelin,  Various Chemical Topical, via Visceral ~ Undefined 3 to 4 Mildto Long & Grades
bradykinin, ‘physiological’  pain severe;  variable [-IV
acetyle- pathways, possibly intensity
choline, intravascular, lethal
magnesium intra-abdominal,
sulphate, peritoneal injec-
hypertonic tion of irritants
saline,
iodinated
radiocontrast
agents,
cyclophos-
phamide,
phenyl-
quinone,
acetic acid
Artificial Giamber-  Surgical Surgical injec-  Visceral  Undefined 4 Severe to Long & Grade
kidney ardino et al tion of cement pain lethal moderate IV
stones (1990) into ureter
Distension  Various Mechanical Surgical or ret- Visceral =~ Undefined 4 Moderate Long &  Grades
of hollow rograde place- pain to lethal variable IlI-IV
organs ment of fluids or intensity
foreign bodies
Ischaemia Sutton &  Mechanical Surgical Visceral  Undefined 4 Severe to Long & Grade
Lueth occlusion of pain lethal intense IV
(1930) vasculature
Central Weight Allen Mechanical Contusion of  Spinal Undefined 4 Severe to Long & Grade
neuropathic drop- (1911) sciatic nerve by cord lethal moderate IV
contusion dropping weight injury to
(Allen intense
technique)
Photo- Watson Photo- Ischaemia Spinal Undefined 3 Lethal Long &  Grade
chemical et al (1986) chemical induced byiv  cord moderate [V
spinal cord injection of injury to
injury erythrosin B, intense
excited by
argon ion laser
Excitotoxic Larson &  Neuro- Intra-spinal or  Spinal Undefined 4 Severe to Long &  Grade
spinal cord  Wilcox chemical  intra-thecal cord lethal moderate IV
injury (ESCI) (1984) microinjection of injury to
neurochemicals intense

CFA: Freund’s Complete Adjuvant.
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Table 2(b) List of common animal models used in pain research.

Pain Model First Induction Short Utility  Endpoint Invasiveness Severity Level of von
measured description stimulus description (human- of induction of pain Korff
related damages induced et al
pain) (1992)
Peripheral Diabetic Sima (1980) Chemical Intra-peritoneal Peripheral Undefined Genetic = | Lethal Long&  Grade
Neuro- neuropathic or injection of neuro- Chemical = 3 weak to Il
pathic pain (DNP) genetic streptozotocin/  pathy moderate
transgenic induced
diabetic strains by disease
Post- Sadzot- Infectious  Latent varicella- Peripheral Undefined 3 Moderate Long&  Grade
herpetic Delvaux zoster virus neuro- weak to |-l
neuralgia et al (1990) infection pathy moderate
(PHN) induced
by disease
Axotomy-  Wall etal Mechanical Sciatic nerve Phantom Undefined 4 Lethal Long Grade
autotomy (1979) multiple pain lasting IV
model (AXO) transection and (anestesia unknown
(Neuroma) ligation dolorosa) intensity
Chronic Bennett & Mechanical Four loose Peripheral Undefined 4 Severe  Long&  Grade
constriction Xie (1988) ligatures on nerve moderate IV
injury (CClI sciatic nerve injury to intense
or Bennett
model)
Partial sciatic Seltzer et al Mechanical Partial tight Peripheral Undefined 4 Severe  Long & Grade
nerve (1990) ligature of nerve weak to IV
ligation (PSL sciatic nerve injury moderate
or Seltzer
model)
L5 or L5/L6 Kim & Mechanical Tight ligature of Peripheral Undefined 4 Severe Long & Grade
spinal nerve Chung L5 or L5 and L6 nerve weak to IV
ligation (SNL (1992) spinal nerves injury moderate
or Chung
model)
Sciatic Wagner Thermal  Freezing of Peripheral Undefined 4 Moderate Long &  Grade
cryoneur- et al (1993) sciatic nerve nerve to severe weak to -1V
olysis (SCN) injury moderate
Inferior Na et al Mechanical Unilateral Peripheral Undefined 4 Moderate Long &  Grade
caudal trunk (1994) resection of the nerve weak to Il
resection ICT between S3- injury moderate
(ICTR) $4 nerves
Sciatic Eliav et al  Neuro- Injection of Peripheral Undefined 4 Mild to  Medium Grade
inflammatory (1999) chemical  zymosan around nerve moderate & weak Il
(SIN) the sciatic nerve injury to
moderate
Spared Decosterd Mechanical Transection of Peripheral Undefined 4 Severe  Long& Grade
nerve injury & Woolf two of the nerve weak to IV
(SNI) (2000) three terminal  injury moderate

branches of
sciatic nerve

Chronic Vos etal  Mechanical Two loose Trigeminal Undefined 4 Severe  Long & Grade
constriction (1994) chromic nerve intense Il
injury to the ligatures of injury

infraorbital infraorbital

nerve nerve

Anti-GD2  Slartetal Immuno- Repeated anti- Auto- Undefined 5 Unknown Medium Grade
ganglioside  (1997) therapy body injections immune & weak I
antibody induced  via catheter disorders to

injection moderate
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Table 2(c) List of common animal models used in pain research.

Pain Model First Induction Shortdescription Utility = Endpoint Invasiveness Severity Level of von
measured description stimulus (human- of induction of pain Korff
related damages induced et al
pain) (1992)
Cancer Vincristine- Aley et al  Chemo- Repeated iv Chemo-  Undefined 5 Moderate Long&  Grade
induced (1996) therapy injections of therapy moderate Il
peripheral induced vincristine related
neuropathy peripheral
(VIPN) neuro-
pathy
Taxol- Cavaletti ~ Chemo- Repeated intra- Chemo-  Undefined 5 Moderate Long&  Grade
induced et al (1995) therapy peritoneal therapy moderate Il
peripheral induced injections of related to intense
neuropathy taxol peripheral
(TIPN) neuro-
pathy
Cisplatin- De Koning Chemo- Repeated intra- Chemo-  Undefined 5 Mildto Long&  Grade
induced et al (1987) therapy peritoneal therapy moderate moderate |-II
peripheral induced injections of related to
neuropathy cisplatin peripheral intense
(CIPN) neuro-
pathy
Cancer Shimoyama Cancer Implantation of Cancer  Undefined 4 Lethal long&  Grade
invasion et al (2002) invasion malignant cells  peripheral weakto IV
pain model around the neuro- moderate
(CIP) sciatic nerve pathy
Femur bone Schwei et al Bone Injection of Bone Undefined 4 Lethal Long&  Grade
cancer (1999) cancer fibrosarcoma  cancer moderate IV
(FBC) invasion cells into femur neuro- to intense
pathy
Pancreatic  Lindsay Spontaneous Transgenic Pancreatic Undefined | Lethal Long & Grade
cancer et al (2005) pancreatic  mouse model  cancer moderate IV
cancer with neuro- to intense
spontaneous pathy
pancreatic
cancer
development
Squamous Nagamine Cancer Injection of Orofacial Undefined 4 Lethal Long&  Grade
cell et al (2006) invasion squamous cancer moderate IV
carcinoma carcinoma cells neuro- to intense
(SCC) in sub-periostal pathy

tissue of lower
gingiva

Undefined: Cannot be ended other than by natural resolution if that occurs.

In addition to the original papers describing the different models, we used a number of review papers of animal models of pain (Ness
1999; Ren & Dubner 1999; Walker et al 1999; Le Bars 2001; Eaton 2003; Wang & Wang 2003; Pasharinsak & Beitz 2008) to provide the
information for this table.

Chung models, which are adaptations of the AXO/Neuroma
model (Ma 2007). In either case, denervation results in limb
deafferentation, which is often accompanied by autotomy
(self-mutilation). There has been considerable debate about
the real relevance of autotomy as a nociceptive response,
with some authors describing the eliciting stimulus as
chronic neuropathic pain (Mogil & Crager 2004) and others
considering the possibility of complete absence of pain

(Vierck et al 2008). In addition to the pain with which it is
allegedly associated, the process of self-damage involves
more than just “alarming aesthetics” (Mogil & Crager
2004), as an auto-mutilating animal is more prone to infec-
tions as well as other secondary pathologies such as dehy-
dration, hypovolaemia and additional neuropathies.

As happens in other types of animal experimentation, scien-
tists who carry out pain studies on animals should follow
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Table 3 Severity scales for the different aspects of impact on animals in pain research.

Category Definition

Invasiveness of induction

| Algesiometric test without restraint

2 Algesiometric test with brief restraint

3 Restraint and/or single injection of substance

4 As 3 plus one event of surgery under general anaesthesia

5 As 3 but repeated interventions

Severity of tissue damage
None

Mild

Moderate

Severe

Lethal

Pain, duration

<3h

3 h-3 days
> 3 days

Short
Medium
Long

Pain, intensity

I No damage in a healthy/control animal

2 Acute or sub-acute revertive inflammation or lesion

3 Inflammation or lesion that lasts several days but resolves completely

4 Severe and long-lasting injuries resulting in chronic disease but not necessarily death

5 Progressive disorder leading up to spontaneous death if no earlier endpoint is applied

Weak Weak intensity

Moderate Intermediate intensity

Intense Strong intensity

Pain according to von Korff et al (1992)*

Grade 0 No pain

Grade | Low disability-low intensity
Grade Il Low disability-high intensity
Grade llI High intensity-moderately limiting
Grade IV High intensity-severely limiting

* Chronic pain scale for human clinical use. Included in order to compare our own classification with one that was already used and
could be easily understood. As said, we were unable to find universally accepted criteria governing description of the persistence and

intensity of the pain inflicted on experimental animals.

the principle of the Three Rs. As a supplement to replace-
ment, reduction and refinement, Tannenbaum (1999) has
suggested several specific principles of pain research on
animals. First of all, Tannenbaum introduces the principle of
equality, meaning that it should be assumed that pain is
equally aversive for any animal, irrespective of species,
unless there is evidence that the specific type of animal (eg
invertebrates lacking a central nervous system) experiences
less pain. The principles of justification and value lay down
that no pain research may be carried out unless it can be
sufficiently justified in terms of expected gain, and that the
more pain is inflicted on the animals, the more important
must the gains be to justify the experiment. This is essen-
tially the same idea as the one underlying harm-benefit
analysis. The principle of minimisation is essentially the
same as that of reduction, aiming to reduce the number of

animals experiencing pain, but it is complemented by an
important additional principle of fairness to the individual
animal which establishes that it is not morally desirable to
reduce the number of animals if this leads to a situation
where the remaining animals are made to feel pain beyond
their capacity to adapt. IASP has laid down ethical guide-
lines for pain experiments using animals. These underscore
several of the previous principles and add that pain relief
should be made available or the animals should be able to
self-select analgesia whenever this does not interfere with
the aim of the investigation; and that, where possible,
researchers should try the pain stimulus on themselves
before applying it on animals.

There is often considerable potential for refinement within

the experimental protocols themselves, as both the intensity
and the duration of the pain will depend on factors in the
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experimental protocol. In algesiometric tests, the animal’s
ability to control exposure to the painful stimulus is
important. The two most commonly employed tests — the
Hot-plate test and the Tail-flick test (Le Bars et a/ 2001;
Eaton 2003; Farazifard ef al 2005) — differ in this respect,
as it is only in the latter that the animal has total control of
the endpoint of the experiment. In the former, the animal can
lift its paws, but it cannot leave the plate, and it is the exper-
imenter who, observing the animal’s behaviour, decides
whether the animal should be immediately removed or the
temperature lowered in order to prevent injury or unneces-
sary pain. The typical sequence of behaviours starts with
grooming of the forepaws and ends with jumping (Allen &
Yaksh 2004). Successful application of the test without
undue animal distress depends on a careful selection of
criteria: the early responses may not be related to nocicep-
tion (Wilson & Mogil 2001), whereas later responses, such
as frantic agitation or jumping, are indicators of potential
distress (Allen & Yaksh 2004). Mauderli et al (2000)
propose the Escape test as an alternative. This is also a
thermal nociceptive test, but allows the experimental animal
to control exposure by being able to leave the heated or
frozen surface, thus minimising the risk of thermal injury.

In models of pain, the duration of the painful stimulus
usually depends directly on how long the experiment lasts.
Intensity, on the other hand, depends on a number of factors.
In the case of models provoking an inflammatory response,
the agent chosen, the amount injected, and the site and area
for injection, will all have an effect. When tumour develop-
ment underlies the pain, the size to which the tumour is
allowed to develop will, in part, determine the pain. Another
approach is to develop tests which cause less animal distress.
The Eye-wiping test (Farazifard et a/ 2005) (see Table 1) has
been suggested as a non-invasive, short-lasting and non-
damaging alternative to other orofacial inflammatory pain
models such as the Orofacial capsaicin test (Pelissier et al
2002). Again, the CIPN model (Authier et al 2000) (see
Table 2) shows that it is possible to develop models of
chronic pain that induce moderate levels of pain and without
causing severe body damage. Measures outside the experi-
mental situation will also affect animal welfare. Animals in
pain often become hypersensitive, which may result in even
normal handling being painful; and so minimised and more
careful handling is recommended (Roughan et al 2004). If
pain affects the animal’s ability to move around, facilitation
of water and food access will reduce secondary effects on
welfare. Softer bedding may also help, particularly if the
painful stimulus has been applied to locomotory body parts,
such as foot pads or joints.

It should be noted here that there is a need to establish
more sophisticated behavioural techniques that allow
specific signs of pain to be detected rather than obliging
the experimenter to wait until the general state of the
animal is affected. Roughan and Flecknell (2000, 2001,
2003) have pioneered protocols for detecting pain after
abdominal surgery in rats and, in the area of pain research,
such techniques would enable earlier detection of the onset
of pain caused by neoplasia and, subsequently, better
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control of any pain animals experience before the experi-
mental endpoint. Many experiments use vocalisations as
the parameter to quantify the nociceptive threshold (eg
Authier et al 2000). However, rats and mice can vocalise
at frequencies well above the range of human hearing (ie
greater than 20 KHz), and there may be a gap between
audible vocalisation thresholds and nociceptive thresholds
(Wilson & Mogil 2001). Some recent research in rats has
focused on the way in which calls of different wavelength
may reflect the caller’s emotional state (Burman et al
2007; Portfors 2007). It has also been suggested that ultra-
sound vocalisation should be used as a valuable additional
non-reflex behavioural measure in the Formalin test
(Oliveira & Barros 2006) or in arthritic pain models (Han
et al 2005), although Williams et a/ (2008) argue that
ultrasonic vocalisations do not provide any more informa-
tion than audible vocalisations do for assessing responses
to potentially painful procedures. Potential uses of vocali-
sation thresholds with animals other than rodents have also
been studied (eg Taylor & Weary 2000; Taylor et a/ 2001).

In humans, the diversion of the patient’s attention away from
his or her own pain can have an analgesic effect: listening to
music, hypnosis, relaxation training, cognitive behaviour
therapy and virtual reality techniques (see reviews in Gentle
2002 and Ford et al 2008) all illustrate this. Similarly,
engaging in a cognitively demanding task has been found to
reduce human volunteers’ perception of stimulus-induced
pain (Wiech et a/ 2005). The phenomenon of pain alleviation
by a shift of attention has been studied in animals, measuring
nociceptive response to the induction of inflammatory pain.
When exposed to a novel arena or a novel object, rats
showed less nociceptive behaviour after an intra-plantar
injection of formalin, while non-contact exposure to an unfa-
miliar conspecific did not change nociceptive behaviour
(Ford et al 2008). During post-deprivation feeding and pre-
laying nest searching, laying hens showed less nociceptive
behaviour in response to an intra-articular injection of
sodium urate. When the hens were exposed to a novel pen,
the reduction in nociceptive behaviour was accompanied by
reduced inflammation measured as skin temperature over the
injected joint (Gentle 2002). While this requires more
research, these ideas may in the future serve as the basis of
refinement measures for animals involved in pain research.

Elements of the principle of the Three Rs will interact with
each other, and sometimes in a negative way. Among the
potential conflicts, that between reduction and refinement
has been pointed out by many authors (eg Hansen et al 1999;
de Boo et al 2005). Such a conflict may occur when reduc-
tions in the number of animals results in a heavier burden on
each individual animal (see also the discussion above about
the principle of fairness). One example of the often complex
forms of interaction is the speculation that, as a result of
“learning, habituation or anticipatory escape behavior” (Lai
& Chan 1982), repeated administration of the same acute
pain algesiometric test results in a shortening of the pain
response time. This systematic impediment conditions both
experimental design and the reading of results and may lead
to an increase in the number of animals used. The only
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exception to the general concern about repetition is provided
by the Tail-flick test; but opting for this test may, on the other
hand, compromise animal welfare more, as the very reason
habituation does not occur is the high intensity of the
noxious stimulus induced (Wilson & Mogil 2001).

Reduction in the number of animals subjected to pain can
also be addressed statistically in situations where treatment
and control groups experience different levels of pain. If an
analgesic drug is tested, the treatment group will receive
pain relief but the control group will not. If one treatment
group is expected to experience (considerably more)
suffering, the sample size, in this group, may be reduced,
and this can be compensated for by increasing the sample
size of the other group(s). Although this may increase the
total number of animals, it will reduce the number of
animals suffering without altering the burden carried by
each individual animal (Sedcole 2006).

What about the first R, replacement? Approaches involving
alternatives to laboratory animals definitely have a role to
play in pain research. Data can, of course, be gathered from
human patients during the course of clinical interventions,
and studies inducing transitory pain without tissue damage
can also be carried out on human volunteers (eg Wiech et al
2005). In addition to sidestepping the problem of translation
between species, studies in humans also allow the
researcher to address a wider range of aspects of pain,
particularly through the use of different neuroimaging tech-
niques (Langley et al 2008). While there are many scien-
tific, practical and ethical obstacles to the introduction of
studies with humans as a replacement, in vitro (or, more
accurately, ex vivo) and in silico approaches are replacing
animals in early stages in the drug discovery process in
other disciplines — as evidenced by Monga and Sausville
(2002) for cancer drugs and De Groot and Martin (2003) for
vaccines, to give two examples. Wang and Wang (2003) list
a number of cell models of potential interest in the study of
chronic pain. While the study of the cognitive aspects of
pain requires a whole-animal model, ex vivo models may
offer a useful complement in the development of therapeu-
tics, as is already happening in other disciplines.

Maximising the benefits of pain research with animals

Plainly, the Three Rs principle is a response to the second
horn of the ethical dilemma that arises from our interest in
securing human (and animal) benefits and our recognition
that harm to animals ought to be avoided where possible.
However, the first horn can also be addressed. It can always
be asked, in other words: how probable is it that a research
programme will deliver the benefits it is expected to
deliver? While it is, of course, impossible to make guaran-
teed predictions about the outcomes of a research project,
the difficulty of accurate prediction should not be regarded
as a reason not to address this issue. Today, there is growing
discussion of experimental benefit in a number of disci-
plines, including pain research.

The observation that some substances have proved effective
in animals but not in humans and vice versa (Villanueva
2000) raises questions about the difficulty of translating

preclinical research with animals into the clinical applica-
tions on humans the research is intended, ultimately, to
produce. In pain research, this discussion has focused on the
choice of models in relation to the biomedically most
relevant types of pain and on the choice of measures of pain
in animals. Several authors question reliance on stimulus-
induced nociception in animal studies where the clinical
need is to develop treatments for persistent pain conditions
that are generally spontaneous rather than stimulus-
dependent (Besson 1999; Villanueva 2000; Mao 2002).

Similar remarks can be made about the problem of preclin-
ical research focusing on early responses to tissue damage
in which it is assumed, but not scientifically established,
that this will reflect the cellular basis of a persistent pain
state (Mao 2002). Vierck et al (2008) stress that, since pain
depends on cerebral processing, reflex responses are insuf-
ficient as a measure of pain. Instead, they advocate that an
improved understanding of the abnormal activity in pain
transmission systems in chronic pain patients should be
used to design allodynia/hyperalgesia tests in animals that
are specific to the human condition they are intended to
model. This approach would also be in line with
Villanueva’s (2000) observation that several forms of
chronic pain in humans, such as migraine and fibromyalgia,
are not associated with any known tissue damage.

In this context, one might also note a discussion of the
potential interaction between the anti-nociceptive drug being
studied and the tests to determine its efficacy. The same alge-
siometric test can give different results depending on the
administration procedure of the drug (Dogrul ef al 2007); on
the other hand, different algesiometric assays can give
different anti-nociceptive responses with the same NSAID
(Miranda et al 2001). The selection of the behavioural
endpoint response may also be influenced by drug effects,
especially sedatives and stimulants. For example, certain
drugs, such as morphine, increase motor activity in mice
without provoking hypersensitivity, while others, including
haloperidol and amphetamine, disrupt motor function and
leave animals unable to respond to nociceptic stimulus
without provoking anti-nociception (Allen & Yaksh 2004).

If research with animals into treatments for human ailments is
to be successful, it is important that the human condition is
modelled appropriately in the experimental animal, in biolog-
ical terms, and that the model has been proven to be effective
in predicting effects in humans (van der Staay 2006).
Observations, such as those reviewed above, point to the possi-
bility that animal models and tests of pain are too far away
from the human condition to be of clinical interest. However,
an appropriate model is not the only important consideration.

In addition to the choice of model and test, an appropriate
experimental design is crucial in designing a successful
research programme involving animals. In other fields of
neurobiology, researchers, concerned about the poor transla-
tion of preclinical research results into effective human treat-
ments, carried out several systematic reviews of earlier
animal experiments and found a number of critical shortcom-
ings in experimental design. The most studied area here is
that of experimental stroke, where it was found that in many
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of the animal experiments, for example, the efficacy of the
prospective treatment was probably overestimated as a result
of bias in the design. Often, animals were not randomly
allocated to treatments; and researchers who were not blinded
when they administered treatment (drug or control), or
assessed its outcome, may have unknowingly influenced the
measurements (van der Warp et al 2005; Crossley et al 2008).

No similarly systematic review of pain research is known to
us. Nor is a specialist on systematic reviews aware of any
such review (M Macleod, personal communication 2008).
However, the field is sensitive to the same factors as those
influencing other areas of neurobiological research. Despite
highly standardised housing and testing conditions, unin-
tended and unidentified local factors have been found to
affect test outcomes (Crabbe ef al 1999), leading to concern
over the reproducibility of behaviour test results. It has been
argued that while standardisation is effective in increasing
internal validity (ie reproducibility within the same environ-
ment), this may be achieved at the expense of applicability
(ie reproducibility in different environments) (Wiirbel 2000,
2002). Consequently, for a behavioural difference to be
relevant, it should be reasonably robust across a range of
environments (Wiirbel & Garner 2007). Specifically in pain
research, Leo et al (2008) report obvious differences in
experimental results between various studies in behavioural
nociception response in mice. Differences in the experi-
mental conditions, the observer’s interpretation of behav-
ioural cues, the established periods of observation, the
definition of nociceptive response, and the methodological
procedures, may explain these differences.

Even more serious than inter-laboratorial variation is the
risk of biasing results. Research that relies on manual
application of treatment, as happens when mechanical-
induction stimulus is used (see Table 1), is especially prone
to subjective measurement bias and errors (Bove 2006;
Grigg et al 2007), as is research using behavioural
measures scored by a human observer. To avoid such
biases, researchers and technicians ought to be blinded as
to the experimental treatment when they administer treat-
ments and assess outcomes (Macleod et a/ in press).

An additional problem in the translation of animal research
into human benefits is publication bias. Publication in peer-
reviewed journals is a central feature of modern academic
research and, as is well known, the performance of today’s
researchers is measured largely on the basis of the number
of publications they have in influential journals. However,
it is generally difficult to get negative results (no effect of
treatment) published. As a direct consequence of this,
publications are likely to reflect only part of the research
that has actually been carried out in the field. This has
wide-ranging ethical consequences. Of particular note is
that fact that it affects the number of animals used in
research (van der Staay 2006).

The difficulty of translating animal research into clinical
applications has been appealed to by anti-vivisectionists for
many years as an argument for abandoning the use of
animals in research. What is new today is the fact that the
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difficulties are now being highlighted by clinicians who are
concerned that they are not obtaining the expected benefits
from research with animals. Of course, science operates, not
under ideal conditions, but under economic and practical
constraints. Therefore, any decision over which model to
use is very unlikely to be based on scientific arguments
only: money and time invested in acquiring or developing a
particular technique or model will also be part of the
decision-making. But keeping the critical discussion alive
will be a crucial part of the iterative improvement of
research methods. Moreover, many methodological
improvements, such as randomisation and blinded treatment
allocation and outcome assessment, can be implemented
without any costly investments.

Opportunities and obstacles to easing the dilemma
of pain research

While the acceptance of principles is certainly a good thing,
putting them into practice is more important. Most countries
have a legally entrenched system of ethics or animal use
committees whose job it is to evaluate proposed experi-
ments to ensure that the research is carried out according to
official guidelines and principles (see Smith ez al 2007 for a
recent overview). It is our hope that this review paper will
assist the work of such committees by providing a system-
atic and comprehensive overview of the available models,
and their animal welfare impact within one scientific disci-
pline. Such information is presently difficult to obtain for
reasons we discuss below. However, legal and other regula-
tory mechanisms are not the only way to ensure good
practice and, ultimately, responsibility for the way in which
animals are used rests with the researchers themselves. This
is true, not just in moral terms, but also practically since
many decisions regarding the Three Rs can only be made at
the research planning stage; hence the attitude of the
researcher will be decisive in the choice of approach (eg
animal or non-animal, a less severe or more severe model).

How scientists think and act is, of course, influenced by the
culture (scientific and institutional) in which they operate,
and therefore critical discussion and self-regulation within
the scientific community will also be important (see also
Vorstenbosch 2005 for further discussion of this). One
aspect of this would be to bring considerations of ethics,
including the Three Rs, into the review, both of funding
applications and of manuscripts submitted for publication.
In the European Framework Programmes, animal ethics
review is included (but restricted to projects with non-
human primates and those flagged up by the scientific
review as potentially problematic, ethically speaking) and a
proposal may be rejected on ethical grounds. In reviewing
manuscripts submitted for publication, most journals
continue merely to require a statement affirming that the
research complies with official recommendations, or
relevant legislation, or an ethics committee’s decision
(local, regional or national), rather than encouraging, or
requiring, those involved in the peer-review procedure to
seriously consider whether the submitted study was indeed
carried out with the smallest achievable negative impact on
the animals. Of the ten journals specifically dedicated to
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pain research, indexed in ISI Web of Knowledge, six require
a statement of compliance with guidelines, but only one (the
open-access journal, Molecular Pain; 2007 impact factor
4.127) states that manuscripts may be rejected if “the
research has not been carried out within an ethical
framework, eg if the severity of the experimental procedure
is not justified by the value of the knowledge gained”.

In this context, it is noteworthy that information about the
unexpected, adverse effects of inducing lesions are rarely
reported in scientific papers and that it is usually very
difficult to find information about the relationship
between the induction method and any impact on the
animals. It is also significant that there has been little
progress in this respect over the more than 15 years that
have passed since Morton (1992) called for a “fair press
for animals” — and this, despite the important role that
journals are in a position to play in promoting the Three
Rs (Olsson et al 2007, 2008; Wiirbel 2007).

Animal welfare implications

The use of animals in research gives rise to ethical contro-
versies. Today, many people regard it as problematic that, in
order to protect humans from disease-related suffering,
similar suffering is imposed on animals. Here, often, it is
possible to conduct such research in ways that spare the
animals of much, or all, of the anticipated suffering.
However, this is rarely an option in pain research — here, it
is often necessary to cause animals to feel pain when
studying different ways of preventing or alleviating pain of
that kind. It is therefore widely recognised that animal-
based pain research poses a significant ethical dilemma.
Some have gone so far as to propose a complete ban on such
research. The authors of the present paper agree that, before
pain research is initiated, careful consideration ought to
have confirmed the likelihood that the research will actually
deliver the hoped for benefits. This includes considerations
of experimental design (Morton 1998, 2002) and systematic
review, as this will help to ensure that the benefits flowing
from the research will be maximised. The main aim of the
present paper is, however, to discuss the impact on animal
welfare of research, the potential to limit this impact by
attending to the third of the Three Rs (refinement) and to
other related principles such as the principle of fairness.
Whenever animal-based pain research is undertaken, a
serious effort should be made to choose a model and an
experimental design in which the amount of distress and
suffering imposed on the animals is as small as possible. To
be in a position to make this kind of effort, however, it is
necessary to have an overview of the ways in which
different pain models affect animal welfare. This paper is
offered as a first attempt to provide such an overview.
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