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How to use this document

These guidelines are to be read in conjunction with the Australian code of practice for the  
care and use of animals for scientific purposes (the Code). 

The guidelines promote the wellbeing of animals used for scientific purposes, and aim to minimise 
their experience of pain and distress. To do this, the guidelines are divided into three parts. 

�Part I provides background material to assist understanding and awareness of animal wellbeing •	

and how it relates to scientific activities.

Part II provides basic strategies for•	

planning research protocols to identify the risk of animal pain and distress––

conducting research to manage the risk of animal pain and distress ––

�reviewing research protocols to minimise animal pain and distress in future research.––

�Part III provides factsheets on issues to consider for specific research protocols. They have been •	

developed with the aim of providing guidance to investigators, rather than being prescriptive. 

Please consult the Code for principles governing the use of animals for scientific purposes.

The online version of this document can be found at http://www.nhmrc.gov.au 

The information in this document will be regularly reviewed, so please consult the above website  
for updates.

If you have any feedback or would like to notify us of updates, please contact us at:  
nhmrc.publications@nhmrc.gov.au

How to use this document
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Definitions

These definitions have been taken from the Code and have been selected as the most relevant to these 
guidelines. See the Code for other definitions.

Animal welfare	� An animal’s quality of life based on an assessment of an animal’s physical 		
and psychological state as an indication of how the animal is coping with the 	
ongoing situation as well as a judgement about how the animal feels (see also 	
‘Animal wellbeing’ and ‘Distress’).

Animal wellbeing	�� An animal’s present state with regard to its relationship with all aspects of its 
environment, both internal and external. It implies a positive mental state, 
successful biological function, positive experiences and freedom from adverse 
conditions.

Distress	� The state of an animal that has been unable to adapt completely to stressors, 	
and that manifests as abnormal physiological or behavioural responses. It can  
be acute or chronic and may result in pathological conditions. Distress  
is associated with negative emotional experiences and can be caused  
by either physical or psychological stressors, or both.

Euthanasia	� The humane killing of an animal, in the interests of its own welfare,  
to alleviate pain and distress (see ‘Humane killing’).

Humane killing	� The process of killing an animal with minimal pain and distress  
(see ‘Euthanasia’).

Pain			�   An unpleasant sensory and emotional experience associated with actual  
or potential tissue damage. It may elicit protective actions, result in learned 	
avoidance and distress and may modify species-specific traits of behaviour, 	
including social behaviour.

Definitions
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Abbreviations

3Rs	 the principles of Replacement, Reduction and Refinement

AEC	 animal ethics committee

CSF	 cerebrospinal fluid

DNA	 deoxyribonucleic acid

ECG	 electrocardiograph 

ELISA	 enzyme-linked immunosorbent assay

FCA	 Freund’s complete adjuvant

HPA axis	 hypothalamic–pituitary–adrenal axis

ID	 intradermal 

IM	 intramuscular

IP	 intraperitoneal

IV	 intravenous

MAC	 minimum alveolar concentration

NAD	 no abnormalities detected

NHMRC	 National Health and Medical Research Council

NMDA	 N-methyl-D-aspartate

NSAID	 non-steroidal anti-inflammatory drug

PO	 per os (administered by mouth)

PVC	 polyvinyl chloride

SC	 subcutaneous

SOP	 standard operating procedure

VAP	 subcutaneous vascular access port
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1	� General principles for using animals in 
scientific activities

1.1	I ntroduction

These guidelines have been developed to assist investigators and members of animal ethics 
committees (AECs) to achieve the goals of the Australian code of practice for the care and use of 
animals for scientific purposes (the Code; NHMRC 2004), by promoting the wellbeing  
of animals used for scientific purposes.

To meet the requirements of the Code, scientists, animal carers and members of AECs must 
ensure that the use of animals in scientific activities is justified, and that there are no alternatives 
to using animals. For animals that are used, pain and distress must be alleviated or minimised.

Uncontrolled adverse effects on animal wellbeing directly affect the validity of research results 
and the number of animals used to achieve a scientific objective. Therefore, an animal’s 
potential to experience pain and distress while it is being used for scientific purposes has 
ethical, scientific and practical implications.

These guidelines focus on the practical issues involved in: 

promoting animal wellbeing•	

�minimising pain and distress (including recognising and assessing evidence that an animal  •	

is experiencing distress and determining whether this is associated with pain)

�developing strategies to effectively manage pain and distress and to promote animal •	

wellbeing.

In addition to the potential effects of specific research procedures on the wellbeing of animals, 
animals can experience a range of stressors that are part of their daily living conditions and 
social environment. It is important that investigators consider the wellbeing of an animal over 
the whole of its life, whether the animal is bred specifically for research purposes or obtained 
from other sources.

1.2	L aws and regulations

The Code provides guidance for investigators, teachers, institutions, AECs and all people involved in 
the care and use of animals for scientific purposes. See Appendix 2 of the Code for state and territory 
legislation and codes of practice. For updated information on laws and regulations, see the NHMRC 
website1 and follow the links to information on animal wellbeing.

Concern about the wellbeing of animals used for scientific purposes, and the perception 
of the levels of pain and distress endured by such animals, have been translated into laws 
and regulations that seek to limit pain and distress in laboratory animals. The Code sets out 
the common framework for each Australian state and territory for ensuring the ethical and 
humane care and use of animals used in scientific activities; however, each Australian state and 
territory has its own legislation relating to the use of animals in research. The legislation can be 
downloaded from the AustLII database.2

1.3	 Key principles for promoting animal wellbeing

The Code outlines key principles for promoting the wellbeing of animals and the quality of 
scientific outcomes. The principles of Replacement, Reduction and Refinement (known as the 
3Rs) aim to reduce the impact of scientific activities on animal wellbeing (Russell and Burch 

1 http://www.nhmrc.gov.au
2 http://www.austlii.edu.au
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1959) and are pivotal to achieving the goals of the Code. Underlying these key principles is 
strong scientific evidence that animals experience pain and distress in a manner similar to 
humans; decisions regarding an animal’s wellbeing must be based on this premise. The 3Rs are 
defined as follows:

�•	 Replacement—If a viable alternative method exists that would partly or wholly replace the 
use of animals in a project, the Code requires investigators to use that alternative. Examples 
of alternative methods include in vitro techniques and computer models.

�Reduction•	 —A project must be designed to use no more than the minimum number of 
animals necessary to ensure scientific and statistical validity. However, the principle of 
reducing the number of animals used should not be implemented at the expense of greater 
pain and distress for individual animals. 

�•	 Refinement—Studies must be designed to avoid or minimise both pain and distress in 
animals, consistent with the scientific objective. Investigators must also be competent in the 
procedures they perform. Project design must take into account

�the choice of animals, their housing, management and care and their acclimatisation––

the choice of techniques and procedures––

the appropriate use of sedatives, tranquillisers, analgesics and anaesthetics––

the choice of appropriate measures for assessing pain and distress––

the establishment of early intervention points and humane endpoints––

adequate monitoring of the animals––

appropriate use of pilot studies.––

Other key principles in addition to the 3Rs include Justification and Responsibility: 

�Justification•	 —The Code requires projects using animals to be performed only after they 
are justified, weighing the predicted scientific or educational value of the project against 
the potential effects on the wellbeing of the animals. Thus, the justification must take into 
account all aspects of the project that may have an adverse impact on the animals. 

�Responsibility•	 —The Code states that investigators who use animals for scientific purposes 
have personal responsibility for all matters relating to the wellbeing of the animals. They have 
an obligation to treat the animals with respect and to consider their wellbeing as an essential 
factor when planning or conducting projects. To meet these responsibilities, it is essential that 
investigators are knowledgeable about all factors associated with the project that may affect 
the wellbeing of the animals they use, mechanisms to minimise these effects, the monitoring 
and assessment of adverse effects on animal wellbeing, and appropriate actions to take if 
adverse effects are observed. 

Further reading—key principles underlying the Code

�Flecknell PA (1994). Refinement of animal use—assessment and alleviation of pain and distress. 
Laboratory Animals 28:222–231.

�NHMRC (2004). Australian Code of Practice for the Care and Use of Animals for Scientific Purposes,  
7th edition, NHMRC, Canberra. 
http://www.nhmrc.gov.au/publications/synopses/ea16syn.htm

�Nuffield Council on Bioethics (2005). The Ethics of Research Involving Animals, Nuffield Council on 
Bioethics, London. http://www.nuffieldbioethics.org

�Rowan AN, Stephens ML, Dolins F, Gleason A and Donley L (1998). Animal welfare perspectives on 
pain and distress management in research and testing. In: Proceedings of Pain Management and Humane 
Endpoints, the John Hopkins Centre for Alternatives to Animal Testing.  
http://altweb.jhsph.edu/meetings/pain/rowan.htm

�Russell WMS and Burch RL (1959). The Principles of Humane Experimental Technique, Methuen and  
Co Ltd, London (special edition published by Universities Federation for Animal Welfare, 1992). 
http://altweb.jhsph.edu/publications/humane_exp/het-toc.htm
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2	W ellbeing, stress, distress and pain

This chapter discusses the concept of wellbeing and how it is affected by stress, distress and pain. 

2.1	D efining the concepts
The terms ‘animal wellbeing’ and ‘animal welfare’ are used interchangeably in many publications, 
but there is considerable debate as to the use and interpretation of these terms in various settings. 
The Code defines both and, in so doing, clarifies their meaning and provides a practical 
framework for their use. 

As defined in the Code, the notion of animal welfare encompasses the different ways in which 
an animal may respond to its circumstances, ranging from a positive state of wellbeing to a 
negative state of distress. Criteria that define wellbeing and distress provide a basis for the 
critical evaluation of how an animal is coping in a given situation, and hence also provide 
evidence that informs our judgment about their welfare. 

In this document, the terms ‘animal welfare’, ‘animal wellbeing’, ‘distress’ and ‘pain’ are used as 
defined in the Code.

2.2	W ellbeing
Animal wellbeing relates to evidence of how an animal is coping with a given situation and 
a judgment as to how the animal feels in these circumstances. Figure 2.1 outlines the way in 
which an animal perceives and experiences internal, external and environmental factors, and 
how this affects its wellbeing. 

Wellbeing is an internal state involving quality of life that is affected by responses to internal and 
external factors. These factors may be good or bad, positive or negative. Individuals experience 
wellbeing differently, because of their different needs, goals, motivations and preferences. In 
addition, wellbeing in one individual can vary from time to time, and changes may or may 
not be orderly or predictable. As a protective mechanism, departures from optimal wellbeing 
generally cause normal adaptive coping responses designed to return the animal to its normal 
state of wellbeing. Ineffective responses may result in distress, disability, disease or death.

 Figure 2.1	S chematic diagram of wellbeing
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2.2.1	�P hysiological and behavioural indicators of wellbeing

Assessment of wellbeing involves using a combination of behavioural and physiological 
measures that indicate: 

	the animal’s health status•	

	evidence of species-specific behaviours•	

�	the status of the key indicators of the physiological and behavioural responses to a stressor •	

(see Section 2.3.3 for details). 

Animal behaviour is an important indicator of how an animal is interacting with its environment: 
changes in patterns of behaviour are often the first pointer as to how an animal is responding 
to and coping with change. Animal behaviour can be assessed by observation and during 
interactions with the researcher or animal carer. A number of factors can influence individual 
responses. Therefore, knowledge of species-specific behaviours as well as prior history is 
important. Documentation of the range and level of activities such as eating, drinking, play, 
grooming, sleeping, resting, interactions with conspecifics and exploration of the environment 
can be used to describe patterns of behaviour indicative of wellbeing. Species-specific 
differences will be seen in the types and levels of activities. Individual responses within this 
framework may be modulated by prior experiences. 

Indicators of an animal’s state of health include general appearance, posture, coat condition, 
clinical signs (eg temperature, heart rate, respiratory rate), haematological and biochemical 
measurements, responses to handling, demeanour, temperament, maintenance of bodyweight  
or, in immature animals, rate of weight gain, and reproductive performance. 

Although requiring sophisticated methods, the pattern of circadian rhythms in the physiological, 
immunological and neuroendocrine indicators of the stress response is a sensitive indicator of 
physiological adaptation. 

Researchers and animal carers must be familiar with species-specific indicators of wellbeing; 
these are the basis for assessment of evidence of pain and distress. Absence of signs of disease 
or abnormal behaviours, together with positive evidence of health status and behaviour, indicate 
that an animal is probably coping with its current situation.

Further reading—assessing animal wellbeing

�Clark JD, Rager D and Calpin JP (1997). Animal well-being: general considerations. Laboratory Animal 
Science: International Journal of Comparative and Experimental Medicine 47(6):564–570.

�Clark JD, Rager D and Calpin JP (1997). Animal well-being: an overview of assessment. Laboratory Animal 
Science: International Journal of Comparative and Experimental Medicine 47(6):580–585.

�Duncan IJH and Fraser D (1997). Understanding animal welfare. In: Animal Welfare, Appleby MS  
and Hughes BO (eds), CABI, Oxford, 19–32.

�Morton DB and Griffiths PHM (1985). Guidelines on the recognition of pain, distress and discomfort 
in experimental animals and an hypothesis for assessment. Veterinary Record 116:431–436.
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2.3	St ress and distress

2.3.1	St ress

Stress is the response of the animal to a ‘stressor’ (external events or internal factors, including 
pain) and is a normal feature of life, serving important adaptive functions. The stress response 
consists of a combination of four general biological responses: behavioural, autonomic, 
neuroendocrine and immunological. The nature of this biological response varies between 
individuals and is influenced by factors such as previous experience, genetics, age and 
physiological state. Regardless of the combination of biological responses, the result is an 
alteration in the animal’s normal biological function as it attempts to adapt to or cope with  
the stressor, behaviourally and/or physiologically.

In most cases, this altered biological function has a minimal effect on the animal’s wellbeing; 
the stressor is either brief or it is eliminated, so biological function soon returns to normal. 
However, if the stress is not alleviated or if the stressor is large enough, the animal is forced 
into a prepathological state that makes it vulnerable to pathology such as disease, abnormal 
behaviour, reduced growth or some other type of undesirable shift in biological function.  
During this time, the animal experiences distress, and its wellbeing is threatened. 

The degree and context of the stressor are crucial in determining whether distress occurs.  
The existence of subclinical stress may not affect normal biological function, but may make  
the animal vulnerable to the effect of a second subclinical stress; either stressor alone would 
have no effect on biological function, but their accumulated biological cost could result  
in distress. 

2.3.2	D istress

Distress occurs when, in magnitude or duration or both, the stress response is such that 
significant changes in biological function must occur for the animal to survive. For example, 
distress in animals results when a stressor (or a number of stressors) overwhelms the animal’s 
ability to cope with or manage a situation. Such a failure, from the animal’s point of view, arises 
directly from its capacity for sentience and the role of feelings and emotions in that experience. 

Distress is not necessarily associated with pain, although pain will cause distress. 

Various unpleasant experiences are often described and grouped together under the notion 
of suffering, including pain, distress, anxiety, fear, boredom and frustration. Suffering is the 
negative emotional state associated with distress; it can be due to adverse physical, physiological 
or psychological circumstances and is moderated by the cognitive capacity and experiences of 
the individual.

2.3.3	�P hysiological and behavioural indicators of distress 

The overall response of an animal to a stressor (which may or may not include a painful stressor) 
involves a variety of responses that are complex, closely integrated and complementary.  
The response may be modified by external or internal modifiers, such as experience, genetics, 
age, biological rhythms, the physiological or psychological state of the animal, the number of 
stressors (single or multiple) and their duration (acute or chronic), or the presence or absence 
of subclinical stress. The result is significant variation in responses among animals. Figure 2.2 
shows a model of the stress and distress response. 
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Source: Adapted from Carsten and Moberg (2000)

Figure 2.2	M odel of stress and distress response

Stress responses are broadly divided into behavioural, autonomic nervous system, 
neuroendocrine and immunological responses:

�	Behavioural responses to a potential aversive stimulus are often the animal’s first line of •	

defence. Some responses may be as simple as a reflex withdrawal or the ‘flight or fight’ 
response to protect the animal from injury; some convey the experience to others of the same 
or other species. Various species (eg prey species) may manifest tonic immobility (freezing), 
and avoidance behaviours can result from the animal learning from its experience. The nature 
of the behavioural response is determined by the species of animal, the location and intensity 
of any pain, and the environment. Acute, intermittent and chronic pain will produce different 
behavioural responses. Different individuals of the same species will behave differently 
in response to an identical pain stimulus. The absence of behavioural abnormalities does 
not necessarily imply that an animal’s psychological and physiological equilibrium is not 
disturbed.

�	Autonomic nervous system responses (the ‘flight or fight’ response) can have marked, albeit •	

short-term, effects on many biological systems. The results (increased metabolic rate, oxygen 
consumption, respiratory rate, heart rate, blood pressure etc) enable the animal to make 
quick physiological adjustments in response to sudden, short-term threats. Simultaneously, 
anabolic processes such as digestion, growth, reproduction and immune function are 
depressed. Learning and memory are also improved, enabling animals to react more 
adequately to similar stressors on subsequent exposures.

��	Hormones secreted from the hypothalamic–pituitary neuroendocrine system have a broad, •	

long-lasting effect on the body. Virtually all the biological functions that are affected by 

Model of Stress Response

Behaviour
Autonomic 

nervous system
Hypothalamic–

pituitary–adrenal axis Immune system

Stress response

Maintain homeostasis

Distress

Coping and adaptation

Pre-pathology

Pathology

Perception of stressor



Part 1  Animal wellbeing and scientific outcomes

GUIDELINES TO PROMOTE THE WELLBEING OF ANIMALS USED FOR SCIENTIFIC PURPOSES   |   9

stress, including immune competence, reproduction, metabolism and behaviour, are regulated 
by these pituitary hormones. The neuroendocrine responses work to inhibit non‑essential 
functions, such as growth and reproduction, in favour of maintenance and survival. These 
responses can also be graded, and vary according to the duration of exposure to the stressor 
(acute versus chronic).

The immune system is modified by other stress-responsive systems, particularly the •	

neuroendocrine system (the hypothalamic–pituitary–adrenal [HPA] axis). Recent research has 
identified a direct communication, mediated principally by cytokines, between the immune 
and nervous systems. The immune system in its own right is one of the major defence 
systems responding to a stressor.

It is important to realise that the responses to stress are closely integrated such that the overall 
effects on the animal are broad, affecting multiple body systems.

Further reading—response to stress and distress

�Carsten E and Moberg GP (2000). Recognizing pain and distress in laboratory animals. ILAR Journal  
41(2):62–71.

�Institute of Laboratory Animal Resources (1992). The basis of stress and distress not induced by  
pain. In: Recognition and Alleviation of Pain and Distress in Laboratory Animals, National Academy Press,  
Washington DC, 17–31. 

�Institute of Laboratory Animal Resources (1992). Recognition and assessment of stress and distress. In: 
Recognition and Alleviation of Pain and Distress in Laboratory Animals, National Academy Press, Washington 
DC, 45–52.

Koolhaas JM, Meerlo P, De Boer SF, Strubbe JH and Bohus B (1997). The temporal dynamics of the 
stress response. Neuroscience and Biobehavioural Reviews 21:775–782.

Moberg GP and Mench JA (eds) (2000). The Biology of Animal Stress: Basic Principles and Implications for 
Animal Welfare, CABI Publishing.

�Morton DB and Griffiths PHM (1985). Guidelines on the recognition of pain, distress and discomfort in 
experimental animals and an hypothesis for assessment. Veterinary Record 116:431–436.

2.4	P ain

Pain is an unpleasant sensory and emotional experience associated with actual or potential 
tissue damage, or described in terms of such damage. This definition is based on the definition 
from The International Association for the Study of Pain (Merskey and Bogduk 1994).3 Pain 
tolerance varies between individuals and is influenced greatly by environmental conditions and 
mental state. The inability to communicate verbally does not negate the possibility that a person 
or animal is experiencing pain and needs appropriate pain-relieving treatment. 

2.4.1	C auses of pain

Pain is a complex phenomenon involving the following components:

	�transmission to the brain of a signal that identifies the site and intensity of a noxious stimulus •	

	interpretation by the brain that the noxious stimulus at that site is ‘pain’•	

	�transmission of signals from the brain that will result in behaviours to withdraw from the •	

noxious stimulus, promote recovery and enable social communication 

	release of su•	 bstances that will modify the response to, and experience of, pain

	experience of unpleasant feelings, including anxiety and fear.•	

3 http://www.iasp-pain.org/terms-p.html#Pain
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Pain is caused by the detection of a noxious stimulus by the peripheral nerves, which send a 
signal along the sensory nerve fibres to the spinal cord, and up the spinal cord to the brain. 
This results in conscious awareness of pain. These pathways are illustrated in Figure 2.3. In 
some cases, the peripheral noxious stimulus results in a simple involuntary withdrawal response 
without the individual experiencing pain.

Figure 2.3	N erve pathways involved in perception of, and response to, pain

Many factors moderate the experience of pain. In some instances, suppression of the signal from 
the noxious stimulus by the brain prevents the individual from being totally overwhelmed by a 
particularly intense pain and therefore allows some form of escape behaviour. Levels of anxiety 
also have a significant influence.

Various chemicals released during an inflammatory response to tissue damage may expand 
the area of pain and increase its intensity. In addition, the inflammatory response can lead to 
greater sensitivity to a light touch that would not normally be painful (peripheral sensitisation). 
Repeated pain impulses to the spinal cord (eg following surgery, injury, illness or disease) may 
result in hyperexcitability of the nerves within the cord and a persistent state of pain (central 
sensitisation). Once this happens, high doses of analgesics are required to relieve the pain.

All vertebrates possess the anatomical and neurophysiological components for the reception, 
transmission, central processing and memory of painful stimuli. Some of these features are also 
present in some higher-order invertebrates, such as octopus and squid. This, together with 
analyses of animal behaviour, supports the view that an animal may have subjective experiences 
of pain similar to those of humans. 

Brain 
Perception of pain

Spinal cord 
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Peripheral nerves 
Sensation and action

Action

Sensation
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2.4.2	P hysiological and behavioural indicators of pain 

The physiological and behavioural changes associated with distress will also be evident when 
an animal experiences pain. However, the specific neurophysiological mechanisms that enable 
the experience of pain, and which underpin the sensory–motor and motivational–affective 
components of that experience, differentiate pain from other sensory inputs that cause distress. 
Consequently, animals will display a range of pain-related behaviours that are directed towards 
alleviating their experience of pain and promoting recovery. Pain-related behaviours vary 
with the circumstances and the level of injury and provide the basis for the differentiation of 
pain from other causes of distress and for the evaluation of the efficacy of pain management. 
Differences in behaviour patterns are seen between species, and an individual’s experience 
of and response to pain is variable. Further, the emerging evidence of the close relationship 
between nociceptive and immune pathways and the role of opioids in the regulation of pain 
and immunity highlights another aspect of the response to a stressor where there are specific 
pain-related effects.

Further reading—mechanisms for perception and transmission of pain, and 
discussion of the various types of pain

Bateson P (1991). Assessment of pain in animals. Animal Behaviour 42:827–839.

�Flecknell PA and Waterman-Pearson A (eds) (2000). Pain Management in Animals, WB Saunders, London.

�Machelska H and Stein C (2002). Immune mechanisms in pain control. Anesthesia and Analgesia  
95:1002–1008.

�Mathews KA (2000). Management of pain. Veterinary Clinics of North America: Small Animal Practice 
30(4):703–966.

��Merskey H and Bogduk N (eds) (1994). Classification of Chronic Pain, 2nd edition, International 
Association for the Study of Pain Task Force on Taxonomy, IASP Press, Seattle, 209–214.

��Nuffield Council on Bioethics (2005). The capacity of animals to experience pain, distress and suffering. 
In: The Ethics of Research Involving Animals, Nuffield Council on Bioethics, 59–81.  
http://www.nuffieldbioethics.org/go/ourwork/animalresearch/introduction

��Rose MA and Adams D (1989). Evidence of pain and suffering in other animals. In: Animal 
Experimentation: The Consensus Changes, Langley G (ed), MacMillan Press, London, 42–71.

��Weary DM, Niel L, Flower FC and Fraser D (2006). Identifying and preventing pain in animals.  
Applied Animal Behaviour Science 100:64–76.
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3	�E ffects of an animal’s wellbeing on scientific 
outcomes

Good experimental design is essential, but challenging, when complex biological systems are 
studied. The aim is to use animals that are in a stable and defined physiological state so that 
the response to the variable of interest is not confounded by unwanted influences. Studies in 
animals where there is not a stable baseline for reference can lead to incorrect interpretation of 
data due to the effects of a treatment being masked or confounded. Given the complexity and 
range of the physiological and behavioural responses associated with stress, distress and pain, 
there is a high risk of these effects confounding the collection and interpretation of data.

In addition to the potential effects of specific research procedures on their wellbeing, animals 
can experience a range of stressors that are part of their daily living conditions and social 
environment. Animals may experience physiological and behavioural perturbations associated 
with stress, distress or pain, which are induced as part of the experimental protocol, in which 
case the magnitude of the effect must be minimised commensurate with the aims of the 
study (humane endpoints). However, when these effects are incidental and not part of the 
experimental design, factors that cause such perturbations should be eliminated or controlled so 
as not to confound data collection and interpretation of results. Any response to stressors that 
results in fluctuations in physiological and behavioural measurements, however transient, may 
influence the reliability and interpretation of data.

If an animal’s wellbeing is compromised, the consequences can include:

	greater variability in the data•	

	a need for increased numbers of animals•	

	data that cannot be reproduced•	

	data points that are missing•	

	reduced credibility of data•	

	data that cannot be applied to other situations •	

	unpublishable data.•	

Clearly, in the design and execution of protocols, avoiding unintended effects on animal 
wellbeing involves much more than the selection of the appropriate anaesthetic or analgesic 
agent.

It is in the interests of good scientific practice to maintain the wellbeing of animals used in 
scientific activities and to identify, control and, if possible, eliminate factors likely to cause 
physiological or behavioural responses associated with stress, distress or pain. Reduced 
variability between animals should lead to reductions in the number of animals needed to 
achieve statistical significance. When stress, distress or pain are a predicted or unavoidable 
consequence of a research procedure, strategies to minimise or control these effects are an 
essential component of good experimental design. Part II of this document outlines strategies 
that investigators can use to maximise wellbeing and minimise pain and distress in animals, 
thereby reducing variability in scientific data.
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Further reading—causes of stress, pain and distress and their impact on scientific 
data

�Claassen V (1994). Stress. In: Neglected Factors in Pharmacology and Neuroscience Research. Techniques in 
the Behavioural and Neural Sciences, Elsevier, 12:422–459.

���D’Arbe M, Einstein R and Lavidis NA (2000). Stressful animal housing conditions and their potential 
effect on sympathetic neurotransmission in mice. American Journal of Physiology 282:R1422–R1428. 

���Fitzmaurice MA (1988). Physiological relationships among stress, viruses and cancer in experimental 
animals. International Journal of Neuroscience 39:307–324.

���Gartner K, Buttner D, Dohler K, Friedel R, Linden J and Trautschold I (1980). Stress response of rats 
to handling and experimental procedures. Laboratory Animals 14:2267–2274.

���Howard BR (2002). Control of variability. ILAR Journal 43:194–201.

��Kacew S (2001). Confounding factors in toxicity testing. Toxicology 160:87–96.

���Lapin IP (1995). Only controls: effect of handling, sham injection, and intraperitoneal injection of saline 
on behaviour of mice in an elevated plus-maze. Journal of Pharmacological and Toxicological Methods 
34:73–77. 

���Page GG, Blakely WP and Ben-Eliyahu S (2001). Evidence that postoperative pain is a mediator of 
tumor-promoting effects of surgery in rats. Pain 90:191–199.

���Shyu WC, Mordenti JJ, Nightingale CH, Tsuji A and Quintiliani R (1987). Effect of stress on the 
pharmacokinetics of amikacin and ticarcillin. Journal of Pharmaceutical Sciences 76:265–266.

���Vogel WH (1987). Stress – the neglected variable in experimental pharmacology and toxicology. 
Trends in Pharmacological Sciences 8:35–38.

���Wilson LM and Baldwin AL (1998). Effects of environmental stress on the architecture and 
permeability of the rat mesenteric microvasculature. Microcirculation 5:299–308.
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4	P lanning new research protocols

This chapter provides information to help investigators decide whether animal experiments are 
needed to meet the aims of a specific research project. For projects that do require the use of 
animals, information is provided on all stages of the research process, such as choosing the right 
animal to use; sourcing, transporting and housing animals; designing the experiment; predicting 
and minimising pain and distress; training personnel; and publishing the data.

4.1	A re animals needed to meet research aims?

Scientists using animals in scientific procedures have an ethical and legal obligation to ensure 
that the principles of Reduction, Refinement and Replacement are used wherever possible (see 
Chapter 1 of this document). Before developing a new research protocol using animals, the 
investigator should consider:

	whether the use of animals is justified•	

	if similar projects have been performed elsewhere•	

�•	 whether the same results could be obtained using tissue culture or computer modelling or 
other alternatives to animals.

Investigators must weigh up whether the potential benefits of the scientific knowledge gained 
will outweigh harm to the animal. If animals are required for the research, the information in 
this section must be considered before submitting a proposal to the animal ethics committee 
(AEC).

Figure 4.1 is a flow diagram for making decisions (during the planning and design stages of a 
research project) about whether animals are needed. This decision-making process should be 
applied at the beginning of a project, and at regular intervals throughout. 

See Appendix 5 of the Code for websites of organisations that promote the use of alternatives to 
animals in research.

If a research project does require the use of animals, investigators should follow the principles 
of Reduction and Refinement, where the minimum number of animals (or amount of animal 
tissue) is used to obtain the maximum amount of scientific information, and where methods of 
using animals are selected for their minimum impact.

Collaboration between investigators (both intra and inter-institutional) can reduce the number of 
animals or amount of animal tissue required for a particular research question. Investigators can 
also collaborate to develop methods of refinement, such as standard operating procedures, to 
promote animal wellbeing and maintain high ethical research standards.

See Section 2.2.17 of the Code for further information on including standard operating procedures in 
a research proposal.

For protocols that will be conducted at more than one institution, investigators must ensure that 
the AEC from each institution is aware of the proposal, and that appropriate approvals have 
been obtained for each component of the project. 

See Sections 2.2.41–2.2.42 and 3.1.6 of the Code for further information about projects involving 
more than one AEC.
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Major risks Possible causes Remedial actions

Wound 
failure

Poor surgical technique �Review procedures to ensure gentle tissue handling, effective •	

haemostasis, maintenance of tissue perfusion and correct 
methods and materials for wound closure
�Ensure aseptic techniques are used for any recovery •	

procedures or in the maintenance of intravascular catheters

Postoperative infection See ‘Postoperative infection’ above•	

HPA = hypothalamic–pituitary–adrenal axis; IV = intravenous; SC = subcutaneous

Further reading

Guidelines

�Brown MJ, Pearson PT and Tomson FN (1993). Guidelines for animal surgery in research and teaching. 
American Journal of Veterinary Research 54:1544–1559.

�Hawkins P, Morton DB, Bevan R, Heath H, Kirkwood J, Pearce P, Scott L, Whelan G and Webb A (2004). 
Husbandry refinements for rats, mice, dogs and non-human primates used in telemetry procedures. Report of 
the Joint Working Party on Refinement. Laboratory Animals 38:1–10.

�LASA/UFAW (Laboratory Animal Science Association and Universities Federation for Animal Welfare) (1989). 
Guidelines on the Care of Laboratory Animals and their Use for Scientific Purposes. III Surgical procedures. UFAW, 
Potters Bar.

�Morton DB, Hawkins P, Bevan R, Heath H, Kirkwood J, Pearce P, Scott L, Whelan G and Webb A (2003). 
Refinements in telemetry procedures. Report of the Joint Working Party on Refinement. Laboratory Animals 
37:261–299.

NHMRC (National Health and Medical Research Council) (1997). Guidelines on the Use of Animals for Training 
Surgeons and Demonstrating Surgical Equipment and Techniques.  
http://www.nhmrc.gov.au/publications/synopses/ea13syn.htm

�NIH (National Institutes of Health) (2005). Intramural Research Program. Guidelines for Survival Rodent Surgery.  
http://oacu.od.nih.gov/ARAC/surguide.pdf

�NSW Animal Research Review Panel (2003). Use of Animals in Post-Graduate Surgical Training (revised).  
http://www.animalethics.org.au/reader/animals-teaching/arrp-postgraduate-training.htm

Recommended texts

�Brown PA and Hoogstraten-Miller S (2004). Principles of aseptic rodent survival surgery. Part I & II – General 
training in rodent survival surgery. In: Laboratory Animal Medicine and Management, Reuter JD and Suchow MA 
(eds), International Veterinary Information Service (IVIS), Ithaca, NY.  
http://www.ivis.org

�Cocchetto DM and Bjornsson TD (1983). Methods for vascular access and collection of body fluids from the 
laboratory rat. Journal of Pharmaceutical Sciences 72:465–492.

Flecknell P (1996). Laboratory Animal Anaesthesia, 2nd edition, Academic Press, London.

Flecknell P and Waterman-Pearson A (2000). Pain Management in Animals, WB Saunders, London.

�Foley PL (2004). Common surgical procedures in rodents. In: Laboratory Animal Medicine and Management, 
Reuter JD and Suchow MA (eds), International Veterinary Information Service (IVIS), Ithaca, NY.  
http://www.ivis.org

�Harrison FA (1995). Surgical Techniques in Experimental Farm Animals, Oxford University Press, Oxford.

�Gardiner TW and Toth LA (1999). Stereotactic surgery and long-term maintenance of cranial implants in 
research animals. Contemporary Topics 38:56–63.

�Gay WI (ed) (1986). Part A: Patient care, vascular access and telemetry. In: Methods of Animal Experimentation, 
vol 7: Research Surgery and Care of the Research Animal, Academic Press, Orlando, 143–241.

�Hecker JF (1985). The Sheep as an Experimental Animal, Academic Press, San Diego.

�Kaplan HM and Timmons EH (1979). The Rabbit – A Model for the Principles of Mammalian Physiology and Surgery, 
Academic Press, New York.
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�Lumley JSP, Green CJ, Lear P and Angell-James JE (1990). Essentials of Experimental Surgery, Butterworths, 
London.

�National Research Council (2003). Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral 
Research, National Academies Press, Washington, DC.

�Swindle MM (1998). Surgery, Anesthesia and Experimental Techniques in Swine, Iowa State University Press, Ames.

�Swindle MM and Adams RJ (1988). Experimental Surgery and Physiology: Induced Animal Models of Human Disease, 
Williams and Wilkins, Baltimore.

�Swindle MM, Nolan T, Jacobson A, Wolf P, Dalton MJ and Smith AC (2005). Vascular access port (VAP) usage in 
large animal species. Contemporary Topics 44:7–17.

�Waynforth HB and Flecknell PA (1992). Experimental and Surgical Technique in the Rat, 2nd edition, Academic 
Press, London.

Education resources

�DASIE (Dog Abdominal Surrogate for Instructional Exercises): A laminated fabric and polyurethane model 
designed and constructed to resist cutting, and to hold sutures in a manner similar to normal tissues. Used 
for practising aseptic technique, instrument handling, suturing and ligation. Available from DASIE International. 
Email: dasieinternational@hotmail.com

�Digital Material for Trainers: A series of 12 digital video CDs covering handling, procedures, anaesthesia and 
surgery for common laboratory animals. Three CDs include interactive course notes. Purchasing information 
available at: http://www.digires.co.uk/index.html

�Pain Assessment in the Rat. John Roughan and Paul Flecknell developed this CD that contains movies 
illustrating a behaviour-based pain scoring scheme in rats. Purchasing information available at:  
http://www.lal.org.uk/digital/digital.html

�Principles of Surgery: This website from the University of Pennsylvania School of Veterinary Medicine includes 
videos of suture patterns and techniques. 
http://cal.vet.upenn.edu/projects/surgery/index.htm

�Training in Basic Biomethodology for Laboratory Mice: National Human Genome Research Institute, Office of 
Laboratory Animal Medicine, National Institutes of Health. Request for copies should be sent to:  
rodent-cd@mail.nih.gov

Training in Survival Rodent Surgery: A CD-ROM that has been developed by the NIH Animal Research 
Advisory Committee to assist in the development of proper surgical skills. It has three elements: simple 
suture patterns, rodent survival surgery and special considerations for aseptic surgery in transgenic mice. 
Copies can be requested by emailing: rodentcd@od.nih.gov
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L	T oxicology

What is toxicology?

Toxicology is the study of the adverse effects of chemical, physical or biological agents on living 
organisms and the ecosystem, including the prevention and amelioration of such effects.

Why do toxicology testing?

Toxicology testing can identify potential adverse health effects or demonstrate the safety of new 
chemicals and products, thereby providing the basis for safeguarding human and animal health 
(Stokes 2000). Such testing is increasingly important for risk analysis. Ecotoxicology testing  
may be required by legislation to characterise hazards and for environmental risk assessment 
(APVMA 2005).

Regulatory authorities need to balance concerns for animal wellbeing with the need to obtain 
toxicological information. Toxicology is an increasingly international field that includes a wide 
variety of organisations concerned with the development and validation of alternative tests 
(Evans 2000).

Examples of toxicological study methods

There are many types of toxicology studies. Some examples are listed here:

�acute toxicity—the toxicity produced by a test substance when administered in one or more •	

doses not exceeding 24 hours

�subchronic toxicity—the test substance is administered daily at a single high dose level for at •	

least 90 days

�chronic toxicity—the test substance is administered for at least 6 months in rodents, with •	

variable requirements in other species

�irritation—the evaluation of substances that produce irritation, for example, to the eye or skin•	

�carcinogenicity studies—the evaluation of a substance’s potential to cause cancer•	

�teratology studies—the determination of a substance’s potential to cause abnormal •	

development and the production of congenital anomalies

�gene toxicity (mutagenicity)—testing the ability of a substance to induce genetic mutation•	

�ecotoxicology studies—testing the risk of substances to the ecosystem.•	

What are the essential animal wellbeing issues to 
consider?

The essential animal wellbeing considerations are to:

�consider using alternatives to animals•	

�minimise unnecessary use of animals by using a statistically designed study that addresses the •	

regulatory requirements

minimise pain and distress when animals are essential to the study.•	

Consider the use of alternatives to animals

There is ample scope for application of the 3Rs (Replacement, Reduction and Refinement) in 
the use of animals in toxicology studies. Increasingly, validated alternatives to sentient animals 
are being used in toxicity testing. Validation is defined as the process by which the reliability 
and relevance of a procedure are established for a particular purpose (Fentem and Balls 1997). 
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 9 http://altweb.jhsph.edu/
 10 http://toxnet.nlm.nih.gov/

In Australia, the Australian Pesticides and Veterinary Medicines Authority (APVMA) website 
states that studies involving animals should be conducted with the minimum number of animals 
necessary to allow valid conclusions to be drawn. Applicants are encouraged to submit data 
obtained from in vitro assay systems, or from alternative methods that use fewer animals, as a 
means of facilitating validation of alternative methodologies and reducing the number of animals 
used in toxicity testing (APVMA 2005).

To find possible alternatives, investigators should refer to relevant databases before starting 
toxicology studies. Roi (2005) discusses the European Centre for the Validation of Alternative 
Methods (ECVAM) Data Base service on Alternative Methods (DB‑ALM). DB‑ALM is based on 
extensive literature reviews, including ECVAM in-house information, and provides its information 
as evaluated data sheets. The current online version refers to 3000 registered users from  
65 countries.

A number of websites may also be useful. In 1997, the Johns Hopkins Center for Alternatives 
to Animal Testing (CAAT) launched Altweb, the Alternatives to Animal Testing website.9 Altweb 
was created to serve as an international central reference point for information, resources and 
news about alternatives, and is freely available to all users (Howard 2005). Langley (2000) felt 
that alternatives in toxicology had evolved rapidly in the previous decade and that the process 
of method development, prevalidation, and validation had reached the level of international 
consensus.

The National Library of Medicine (USA) provides an annotated bibliography on alternatives to 
animal testing, which incorporates access to nine different databases related to toxicology.10

Design the study to address the regulatory requirements

To minimise unnecessary animal use, it is essential to ascertain the regulatory requirements 
specified by the authorities, including those for test types, specified target species, route of 
administration and statistical parameters. As an example, the following is an excerpt from the 
APVMA toxicology testing requirements (APVMA 2005):

To permit assessment of the acute toxicology of a chemical to exposed humans, studies in 
animals should examine the most likely route(s) and form(s) of exposure. They should be 
performed with both the active constituent and the products to be marketed in Australia. 
Acute oral toxicity studies should be performed in at least one mammalian species. Rat is the 
preferred rodent species for oral studies. Acute dermal and inhalation studies in at least one 
species are also required. LD

50
 and LC

50
 values are normally not required and estimates of 

the lethal dose using alternative procedures are sufficient for hazard classification purposes. 
Reports should include details of the observed toxic signs, reason(s) for death and other data 
which will enable assessment of acute toxic potential. For skin and eye irritation studies, the 
rabbit is an acceptable species but properly validated alternatives to the usual in vivo test would 
be suitable. Eye irritation tests may be unnecessary in the case of substances or formulations 
where chemical or physical properties suggest this form of toxicity is likely, e.g. pH above 
11.5 or below 2. A skin sensitisation study is also required to test for possible hypersensitivity 
reactions to the chemical. Guinea pigs are normally used for sensitisation studies.

Minimise pain and distress

When alternatives are not available or are not permitted by regulatory authorities, there is a 
strong potential for toxicity studies in animals to be accompanied by clinical signs of pain 
and distress. Within the legislative constraints, minimisation of pain and distress should be a 
prime requisite. Toxicity testing regulations usually only allow for the treatment of pain and 
distress in animals if the treatment does not interfere with the study. As a result, animals in 
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such studies are rarely treated with analgesics because of potential confounding effects. It 
is therefore essential that proposed protocols should always have clearly defined endpoints 
describing when animals should be removed from the study for humane reasons, and should 
include written criteria to determine when animals can be removed, treated or euthanased. 
Death as an endpoint should be avoided in all circumstances unless it is a mandatory legislative 
requirement. The identification and development of detectable biomarkers may serve as early 
endpoints. These should be linked to the mechanism or mode of action of toxins and may be 
clinical, pathological, physiological or behavioural. Such biomarkers could be observable, such 
as behaviour, or measurable, such as body temperature and blood pressure, or make use of 
serum chemistry (Stokes 2000). Advances in non-invasive telemetry allow ECG and arterial blood 
pressure data to be recorded with minimal impact on the animal (Prior 2005). Poon and Chu 
(1998) considered that, from a toxicological research perspective, humane endpoints should 
be based on tests that cause a minimal amount of pain and distress to the animals, that detect 
treatment effects at dose levels that do not produce excessive pain and distress, and that detect 
and monitor early signs of pain and distress. They found that urinary biomarkers could provide 
sensitive early indicators of perturbation; the collection of urine can be non-invasive.

To identify the earliest decision point for successful completion of a study or to determine 
criteria for the humane killing of an animal, it may be useful to implement pilot studies (Koeter 
and Goldberg 2000).

New and revised test methods, and approaches that incorporate humane endpoints, are being 
considered and adopted by national and international testing authorities. These methods and 
approaches must be adequately validated before they are adopted, and it must be established 
that they will provide better or equivalent information for use in risk assessment.
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M	T umour induction

What is tumour induction?

Tumours can be induced in laboratory animals by:

transplantation of specific types of tumour cells, most often of human origin •	

exposure to carcinogenic substances or treatments •	

infection with tumour-inducing viruses.•	

�With the advent of genetically modified animals, strains can be selected for spontaneous 
development of specific tumours.

Why induce tumours?

Tumours are induced to investigate either the biology of a specific tumour (eg factors that 
regulate growth or the development of metastases) or to evaluate the efficacy of various 
treatments to inhibit or reverse tumour growth and/or metastatic development. 

What is involved?

The procedure most often used involves grafting tumour cells onto the host animal. Depending 
on the cell type and the purpose of the study, this may involve transplanting the cells 
either orthotopically (ie into the tissue or organ of origin) or ectopically, most often into the 
subcutaneous space in the flank. Except in those cases where the tumour cells are given 
intravenously or implanted subcutaneously, transplantation will involve a surgical procedure. 

To enhance the uptake of the graft, the immunological status of the host may be modulated 
either by whole-body irradiation or by the use of immunosuppressive agents. Animals that are 
immunologically compromised, such as athymic nude mice, SCID mice and RAG knockout mice, 
are also used. A combination of these strategies may be used.

When tumours are induced by exposing animals to carcinogenic substances or treatments  
(eg exposure to ultraviolet light in studies of melanoma), the level and frequency of treatments 
will depend on the agents of interest. Animals may receive single or multiple exposures and 
may be held in isolation or restrained for prolonged periods. 

There are also animal models based on tumours that develop spontaneously. However, 
maintaining a breeding colony of such animals is usually very difficult. With the advent of 
transgenic strains, these kinds of animal models are only used in special circumstances. One of 
the unintended consequences of the development of a transgenic strain may be a high incidence 
of spontaneous tumours that are not evident in the parent stock. 

Once a tumour graft is established, a wide variety of studies may be undertaken. This may 
involve administering biomarkers or metabolic modulators to study the regulation of cell 
development and migration, harvesting tumour cells at various stages of development for further 
in vitro analysis, or evaluating various therapeutic regimes. 

As highlighted in recent reviews, there is a trend to use orthotopic models. Although 
more difficult to manage than subcutaneous implants, these models facilitate the study of 
the interactions between tumour cells and host tissues. These data are most relevant to 
understanding tumour growth, the development of metastases and the efficacy of therapeutic 
strategies that are specific to the host tissue (Killion et al 1999). Similarly, transgenic and 
knockout animal models provide a more accurate model of cellular and molecular events and 
are increasingly being used in cancer studies (see, for example, Rosenberg and Bortner 1998).
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What are the essential animal welfare issues to consider?

The major impact on the wellbeing of animals in tumour-inducing studies is associated with:

the development and biology of the tumour•	

side effects of therapeutic agents•	

the consequences of surgery•	

side effects of immunomodulatory treatments, such as irradiation.•	

Adverse effects, in particular, tumour size, pain and malnutrition, will vary with tumour type. 
Depending on the site of implantation, the growth of the tumour may affect an animal’s mobility 
(eg when implanted in the flank) or, especially with orthotopic transplants, result in major 
physiological complications (eg bowel obstruction in colon cancer). Further, the development 
and spread of metastases into major organs such as the liver or lungs can result in major organ 
failure.

Recent neurochemical studies have indicated that tumours are associated with a persistent 
pain state that differs from inflammatory or neuropathic pain (Honore et al 2000). However, 
it has been suggested that because of the lack of association with host tissues, pain levels are 
significantly less with ectopic grafts than with orthotopic grafts (Wallace 2000). In the case of the 
latter, animals are likely to experience pain in a manner similar to humans.

Cachexia, a state of severe malnutrition, is concomitant with tumour development. Although 
there is some decrease in food intake, significant metabolic changes are the primary reason for 
the weight loss, muscle wasting, anaemia and anorexia seen with this condition; the severity 
of these effects varies with different animal models (Emery 1999). Other factors can contribute 
to weight loss during tumour development in animal models. These include, in particular, the 
effects of radiotherapy, with an associated decrease in food consumption, and in the absorption 
of nutrients if the gastrointestinal tract is damaged during treatment (Yatvin and Gerber 1970); 
the attenuating effect of a tumour on the metabolic response to surgery, with changes in gut 
permeability (de Blaauw et al 2003); and decreased food intake associated with the side effects 
of chemotherapeutic agents. 

Potential complications from the surgical procedure can affect tumour development and have 
implications both for the interpretation of data and for the impact of the procedure on the 
wellbeing of the animal. Hypothermia, a common surgical complication, suppresses immune 
function and host resistance to tumour metastasis (Ben-Eliyahu et al 1999); the choice of 
anaesthetic agent can affect tumour grafting (Milross et al 1996); and postoperative pain 
management can affect tumour development (Page et al 2001). 

The specific side effects of chemotherapeutic agents also need to be taken into consideration. 
These may include the immediate effects of nausea or loss of appetite, and more long-term 
effects, including weight loss and pathological changes such as impaired liver or kidney 
function.

How are pain and distress monitored?

The UK Co-ordinating Committee on Cancer Research guidelines (UKCCCR 1997) provide a 
comprehensive discussion of how animal wellbeing should be monitored in animals that have 
been subjected to the induction of tumours and, in particular, how monitoring strategies are 
integral to achieving humane endpoints. 
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In these studies, particular attention must be given to:

�•	 the development of the tumour and the impact of that development on mobility, body 
systems and organs

body condition, including bodyweight and state of hydration•	

evidence o•	 f pain or distress associated with the development of the tumour.

Care should be taken when interpreting changes in an animal’s bodyweight, as on its own it may 
not be a reliable indicator. With the growth of the tumour, the tumour tissue weight increases, 
and sometimes fluid accumulates in body tissues (oedema) and body cavities (eg ascites in the 
abdomen). These may mask significant weight losses in the body; hence the need to interpret 
such changes in a critical way, taking into consideration other factors such as body condition 
and behaviours. 

The value of new imaging techniques such as bioluminescence (Soling and Rainov 2003), 
contrast-enhanced ultrasound (Delorme and Martin 2006), volumetric computer tomography 
(Greschus et al 2005) and video microscopy (Kan and Liu 1999) to monitor tumour growth and 
metastatic spread is evident. However, these should be supplemented with specific measures of 
organ function to evaluate changes and inform the establishment of endpoints.

How can pain and distress be minimised?

The Australian code of practice for the care and use of animals for scientific purposes (the Code) 
(Sections 3.3.65–68) sets out the general principles that need to be taken into account when 
seeking to minimise pain and distress in these kinds of studies. Tumour type and size should be 
considered in the context of the animal’s overall body condition when monitoring  
for adverse health conditions.

The protocol chosen should be compatible with the objectives of the study and have the least 
risk to the animal; in those circumstances where the choice is unclear, a pilot study should be 
undertaken.

To minimise the potential impact of tumour-inducing procedures on animals, planning for such 
studies should consider:

the site of implantation or method of induction of the tumour•	

�the known biology of the tumour—growth rate, invasiveness, potential for ulceration, •	

development of metastases, production of cachectic factors

�establishment of the earliest endpoint that will provide an answer—tumour size, weight  •	

loss etc

the separate toxic effects of anticancer therapies, if these are being investigated•	

�in therapy trials, setting out endpoints that will, as far as possible, be compatible with a •	

reliable assessment of the efficacy of the therapy.

Strategies to minimise the impact of a given protocol will need to be specifically developed in 
the context of each study, taking into account the impact of each of the factors above. 

An essential element of these studies is the setting of humane endpoints to limit the impact on 
the wellbeing of the animals, using evidence-based criteria that should be tailored for specific 
research protocols. There is extensive discussion of how to develop endpoints, with a number 
of case studies in the United Kingdom Co-ordinating Committee on Cancer Research guidelines 
(UKCCCR 1997; see also Clarke 1997 and Wallace 2000; for specific examples, see Redgate et al 
1991 and Aldred et al 2002).

The recent development of imaging techniques that enable the in vivo monitoring of tumour 
growth and metastasis is an important advance in refining and managing the impact of tumour 
development and in setting accurate endpoints in terms of growth, metastasis and efficacy of 
therapeutic interventions (Weissleder 2002, Soling and Rainov 2003, Serganova and Blasberg 2006). 
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Pain management is particularly challenging, not only because of the confounding factors 
associated with an animal model in which the immunological system is compromised to achieve 
the research objectives, but also because of the special nature of the pain associated with cancer 
development. To date, there have been few critical studies into the efficacy of analgesics in 
these kinds of animal models. Both van Loo et al (1997) and Roughan et al (2004) describe 
behavioural evidence of pain in animals in which tumours have been implanted. While van Loo 
and colleagues did not find any effect with buprenorphine, Roughan et al found some evidence 
of efficacy with carprofen and meloxicam, but concluded that a more critical set of criteria 
needed to be established to validate effective pain management.

The effects of cachexia are difficult to manage, but it is important to ensure that animals 
are receiving a nutritionally adequate and varied diet. If necessary, animals should be given 
dietary supplements that are readily absorbed and treats that can stimulate appetite. It is also 
important to reduce the effects of other causes of weight loss. For example, there is evidence 
that prophylactic use of parenteral fluids significantly decreases the morbidity associated with 
radiotherapy (Smith et al 1999).

Other aspects to consider include:

�experimental design, to ensure that the minimum number of animals is used (highlighted in a •	

recent review by Clarke 1997)

animal care and management (Schiffer 1997, Wallace 2000) •	

�housing and management of animals (Riley 1981, and the subsequent review by Fitzmaurice •	

1988)

diet and animal housing procedures (Haseman et al 2003)•	

�social stress, particularly the effects of isolation on immune function and tumour growth  •	

(eg Hoffman-Goetz et al 1992, Stefanski 2001) and the potential for such influences to 
confound the interpretation of the efficacy of chemotherapy (eg Kerr et al 1997, Giraldi  
et al 2000).
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N	W ildlife research

NOTE: Before starting any wildlife research, investigators must ensure that adequate standard 
operating procedures (SOPs) are in place and that adequate training has been provided to all 
personnel involved.

What is wildlife research?

Studies involving wildlife cover a range of situations, from studies in the field to those in laboratories, 
and involve free-living native, non-indigenous or feral mammals, birds, reptiles, amphibians, fish 
and cephalopods. These animals may either be captive bred or from free-living populations.

See Section 5 of the Australian code of practice for the care and use of animals for scientific purposes (the 
Code) for special considerations relating to wildlife research.

Why do wildlife research?

Wildlife studies are undertaken to obtain information about the biology of a species; the 
characteristics of, and influences on, the viability of wildlife populations; interactions between 
species; and the relationship between a species and its habitat. Data from such studies are 
essential for the effective management and conservation of wildlife populations and to assess the 
risk of human activities on the viability of free-living populations. Studies involving wildlife are 
also important in our understanding of evolutionary biology, and some captive-bred populations 
are used as models in biomedical research (eg studies in reproduction using marsupials, Tindale-
Biscoe and Janssens 1988).

What is involved in wildlife research?

Wildlife studies can involve a diverse range of activities, including observation of animals’ 
behaviours in their native habitats or the laboratory; capture and release in the field; sampling of 
blood, body fluids and tissues; recording of physiological or behavioural responses to changing 
environmental or social conditions; and breeding in captive environments. In both the field and 
the laboratory, animals may experience a range of potential physiological and psychological 
stressors. Studies may also involve the manipulation of habitat and social groupings and the 
alteration of predator–prey relationships, reducing an animal’s ability to control and make 
choices about its situation. Further, investigations into methods to control feral animals may 
involve the use of baits or other means to kill animals.

Field studies may simply involve observing animals, but will often include capture with a trap 
or net, measurements of such things as bodyweight and size, and the collection of specimens 
such as hair, saliva, blood or stomach contents. Before being released, the animals may be 
identified by a tag or marker or have a tracking device fitted. These procedures may necessitate 
the sedation or anaesthetisation of the animals. In these types of studies, animals are not usually 
transported from where they are captured, but there may be circumstances in which animals 
are taken to a field laboratory and held for some days before release. Some field studies may 
involve killing animals to obtain biological specimens.

Laboratory studies will involve either animals that have been captured in the wild, transported to 
the laboratory and held for the period of the study, or animals from a captive breeding program. 
The decision to conduct studies in the laboratory may be determined by the need to undertake 
more invasive measurements, which require the close monitoring of the animal over an 
extended period, the need to have better control over the conditions of the study (for example, 
in predator–prey studies), or the need to make detailed observations of an identified group of 
animals over an extended period. At the completion of laboratory studies, animals that have been 
captured may be returned to their natural habitats or become part of a captive breeding program.
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What are the essential animal wellbeing issues to 
consider?

Two key elements set wildlife studies apart from other kinds of research involving animals:

Wildlife species are not accustomed to interactions with or handling by humans.•	

�Many studies are conducted in the field, where it is not possible to achieve the same level of •	

control of conditions as in the laboratory.

Any human interaction with wildlife has the potential to interfere with the balance between 
an animal and its physical and social environment, and thus potentially threaten the animal’s 
wellbeing. In the field, humans can disrupt social groupings, behaviours, and relationships 
within and between species. The health and wellbeing of individuals or populations also 
can be put at risk by unintentional disturbance of habitats or interference in predator–prey 
relationships, with increased risk of predation.

All aspects of human intervention with wildlife, including capture, handling, restraint, transport, 
marking, specific sampling procedures and the use of tracking devices, will affect their wellbeing 
and can disrupt normal behaviours and group dynamics. Because of their lack of familiarity with 
humans, there is a risk that wildlife will be physically injured when handled.

The design and management of a captive environment, including the physical structure, 
environmental variables and social experiences, will have a significant impact on the health and 
wellbeing of wildlife.

The survival of animals that are released back to their natural habitat can also be significantly 
affected by human intervention. An animal is less able to protect itself if it is stressed following 
capture and sampling procedures or has not fully recovered from the effects of sedative or 
anaesthetic agents. It can be more easily identified by predators if it has an identification mark 
or tag or a device attached. Attached devices, such as radio collars, also put animals at a greater 
risk of being accidentally trapped or injured. Released animals may not readily be accepted back 
by their cohort, may be less able to seek adequate shelter and food, and may be more easily 
identified by predators.

Other factors to consider are:

�pathogens and parasites carried by animals can be a hazard for other animals, and captive •	

animals may bring these into the environment

�animals that have habituated with people have major problems when released•	

�observational studies can upset animals, particularly at reproduction time•	

�capture and immediate release studies can potentially cause major disruption (eg to young •	

animals in den).

The potential risk of human intervention to non-target species and populations must also be 
taken into consideration.

How can pain and distress be monitored?

While access to wildlife in laboratory conditions enables frequent monitoring of their health 
and wellbeing and the impact of various procedures, this is not usually possible in the field. 
However, during long-term field studies, monitoring morbidity and mortality within a  
population may provide some useful information to assess the impact of human interventions.
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How can pain and distress be minimised?

Considering the wide range of species involved in wildlife studies and the diversity of 
circumstances and procedures, the investigator must use knowledge and skill to ensure that the 
most appropriate methods are chosen to meet the needs of the species and the experimental 
design. If the available information is inadequate or unreliable, a pilot study should be 
considered in order to minimise the impact of proposed procedures and develop strategies  
to manage possible complications.

The study design should be informed by current knowledge of the physiological and 
behavioural needs of the target species. Particular care needs to be taken in the selection  
of methods for capture and, when necessary, for transport, housing and husbandry, as well  
as those for procedures such as blood and tissue sampling, identification, anaesthesia, sedation  
and euthanasia.

Investigators should be aware that there are other sources of information on wildlife handling, 
husbandry and other procedures, in addition to the academic environment. For example,  
wildlife parks, zoos and wildlife veterinarians may be useful when planning research projects.  
A number of guidelines for field studies with various wildlife species have been published  
(see below). These should be consulted for specific procedures and species.

The New South Wales Animal Research Review Panel has published guidelines to address 
specific animal wellbeing concerns in wildlife work, such as the use of pitfall traps and 
the conduct of wildlife surveys. These documents discuss how the principles of the 3Rs 
(Replacement, Reduction and Refinement) can be applied to wildlife research, and recommend 
methods for the capture of various species and the design and management of traps to minimise 
the risk to target and non-target species. Further, Australian Mammals: Biology and Captive 
Management (Jackson 2003) is a valuable resource on the care of animals in captivity.

Because of the nature of field work, the careful management of traps and appropriate emergency 
procedures are critical in minimising the impact of such studies on the wellbeing of animals. 
Trap management includes the selection of the trap most suited to the species, so that animals 
are caught with minimum risk and not exposed to environmental extremes or predators, and 
monitoring of the trap to ensure that animals are not held longer than necessary. Planning for 
emergencies is also very important in field work. For example, plans need to be in place for 
managing or euthanasing injured animals, and for managing traps during inclement weather or 
in the absence of the person responsible for monitoring.

As noted above, methods for identifying animals in their natural habitats and applying tracking 
devices can place them at risk. A comprehensive discussion of the animal wellbeing aspects 
of various methods used for marking amphibians, reptiles and marine mammals has been 
published by the New Zealand Department of Conservation (Mellor et al 2004).
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Further reading

Guidelines

American Fisheries Society (2004). Guidelines for the Use of Fishes in Research.  
http://www.fisheries.org/afs/publicpolicy/guidelines2004.pdf

American Society of Ichthyologists and Herpetologists (2004). Guidelines for the Use of Live Amphibians 
and Reptiles in Field Research.  
http://www.asih.org/files/hacc-final-pdf

American Society of Mammalogists (1998). Guidelines for the Capture, Handling and Care of Mammals. 
http://www.mammalsociety.org/committees/commanimalcareuse/98acucguidelines.pdf

Animal Research Review Panel (2003). Captive wildlife.  
http://www.animalethics.org.au/reader/wildlife-research/arrp-captive-wildlife.htm

Animal Research Review Panel (2003). Collection of voucher specimens.  
http://www.animalethics.org.au/reader/wildlife-research/arrp-voucher-specimens.htm

Animal Research Review Panel (2003). Guidelines on wildlife surveys.  
http://www.animalethics.org.au/reader/wildlife-research/arrp-wildlife-surveys.htm

Animal Research Review Panel (2003). Use of pitfall traps.  
http://www.animalethics.org.au/reader/wildlife-research/arrp-pitfall-traps.htm

Canadian Council on Animal Care (2003). Guidelines on the care and use of wildlife.  
http://www.ccac.ca/en/CCAC_Programs/Guidelines_Policies/GDLINES/Wildlife/Wildlife.pdf

Council of Europe (2003). Species-specific provisions for amphibians (Final Draft). Revision of Appendix 
A of the European Convention for the Protection of Vertebrate Animals used for Experimental and 
Other Scientific Purposes.  
http://www.coe.int/animalwelfare 
http://conventions.coe.int/Treaty/Commun/ListeTraites.asp?CM=1&CL=ENG&NT=123&NU=999

Ornithological Council (1999). Guidelines for the Use of Wild Birds in Research. 
http://www.nmnh.si.edu/BIRDNET/GuideToUse/guidelines_use.html?Operation=ENTER+
HERE+%7E+English
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APPENDIX:  PROCESS REPORT

Background

The Guidelines to promote the wellbeing of animals for scientific purposes: The assessment and 
alleviation of pain and distress in research animals 2008 is a revised edition of the Ways of minimising 
pain and distress in animals in research: Practical information for research scientists and animal 
experimentation ethics committees 1994. In developing and issuing these guidelines, the National 
Health and Medical Research Council (NHMRC) and its principal committees are obliged under the 
National Health and Medical Research Council Act 1992 (Section 13) to release draft guidelines for 
public consultation. 

In November 2000, the NHMRC decided to revise the 1994 document. The Animal Welfare Committee 
sought advice from animal care practitioners as to the appropriateness, accuracy and usefulness  
of the 1994 edition. Based on the information received, a working group with members comprising 
of two Animal Welfare Committee members, researchers and experts from institutions on animal 
care authorities, was formed to update and further develop the guidelines. Between 2000 and 2004 
the working group sought information and advice through public consultation on the content of the 
document which includes several new sections. A technical writer was engaged in November 2004  
to facilitate this development. 

The guidelines were distributed for public consultation 25 January 2006. Consultations closed on  
20 April 2006, 32 submissions were received, 29 of which were considered as part of the revision. 
Those not formally considered were received outside the consultation period.

The guidelines were considered by the Council of the NHMRC at its 166th session. At that session 
the Council agreed to advise the CEO that the final document should be issued. The guidelines were 
issued in May 2008.

Working Group
Mrs Elizabeth Grant AM (Chair)	 Animal Welfare Committee 
Professor Margaret Rose	 University of New South Wales
Dr Simon Bain	 Australian National University
Dr Lynda Bonning	 Baker Heart Research Institute
Dr Denise Noonan	 Monash University
Dr Mary Bate	 University of Newcastle
Dr Steven Atkinson	 University of New England
Dr David Adams	 Animal Welfare Committee

NHMRC Staff
Mrs Wendy Fahy	 November 2000-March 2007
Ms Louise Hemsley	 June 2007- May 2008
Ms Michelle Waterford	 December 2007- May 2008

Technical Writer
Dr Malini Devadas 	 Biotext Pty Ltd
Dr Carolyn Weiler	 Biotext Pty Ltd
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A
abbreviations, xi
abnormality, signs of, 29–30
acclimatisation of animals, 22, K:7
accommodation for animals, 23–4
actions to be taken, 33
acute blood loss, see blood loss
adjuvants, A:6, J:2–4
administration of substances, A:1–10, J:2
AECs, see animal ethics committees
Altweb, L:2
amphibians, 37
anaesthesia, I:4–7, I:9, I:15–18

hypothermia following, K:10
induction of, I:9
surgical procedures, K:5–6

anaesthetic chambers, I:5
anaesthetic creams, D:2–3, I:7
analgesia, I:11–14

foetal studies, F:2
surgical procedures, K:5–6

anaphylaxis, J:3
animal ethics committees

approval by, 43–4
involvement in monitoring, 34–5
reporting obligations, 46–7

animal models, 19–20
animal welfare, ix
animal wellbeing

checklist for, 49
defined, 5–6, ix
effect on outcomes, 13–14
impact of studies on, 29
key principles, 3–4
minimising surgical risk, K:10–12
strategies to promote, 45–7

animals
administering solutions to, A:6–7, A:9
assessing condition of, 45–6
choice of, 20–1
necessity for use, 17–18

antagonists to anaesthesia, I:7
antibiotic therapy, K:8
anticholinergic agents, I:9
antigens, J:1–5
anxiolytics, I:14
approval for new research, 43–4
aseptic technique, A:7, K:6
assessing pain and distress, 28–35
Australian Code for the Responsible Conduct  

of Research, 35
Australian Code of Practice for the Care And Use 

of Animals for Scientific Purposes, 3
Australian Pesticides and Veterinary Medicines 

Authority, L:2

autonomic nervous system, 8–9
aversive stimuli, B:2
awake-behaving neuroscience studies, B:2

B
balanced analgesia, I:12–13
behaviour

and choice of animal, 20
environmental enrichment and, E:1

behaviour modification studies, B:1–6, G:4–5
behavioural indicators

of distress, 7–8
of pain, 11, 30
of wellbeing, 6, E:1
sickness behaviour, K:4

binary score-sheet system, 34
biological sample collection, C:1–6, D:1–11
biomarkers, L:3
biomedical studies, 19
birds

analgesia, I:20–1
humane killing, H:6
injection anaesthesia, I:17–18
signs of pain or distress, 37

bloat, G:5
blood collection, D:1–11
blood loss, D:3, D:5

after surgery, K:2, K:10
blood vessels, D:1
body temperature monitoring, I:11,  

see also hypothermia
bodyweight loss, see weight loss
brain, environmental effects on, E:2
breed, choice of, 20
buprenorphine, I:12, I:19

C
cachexia, M:2, M:4
Canadian Council on Animal Care guidelines, 32
capillary tube method of urine collection, C:2
captive environments, N:2
carbon dioxide euthanasia, H:3
carcinogenicity studies, L:1
cardiovascular monitoring, I:10, K:2
catheters

blood collection via, D:1
infections from, K:8
surgical implanting, K:1

cats
analgesia, I:20–1
blood collection from, D:8
environmental enrichment, E:4–5
injection anaesthesia, I:17–18
signs of pain or distress, 37

INDEX
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cattle, signs of pain or distress, 38
causes of pain, 9–10
central sensitisation, 10, I:4
cerebrospinal fluid, C:2, C:4
checklist for animal wellbeing, 49
choice, behaviour modification by, B:1
chronic blood loss, D:5
circadian rhythms, 6, 29
clinical signs, 28
Co-ordinating Committee on Cancer Research 

(UK), M:2–3
CO2 euthanasia, see carbon dioxide euthanasia
collaboration between investigators, 17,  

see also team approach
comparative medicine, 19–20
complete food or fluid deprivation, G:3
complications following surgery, K:2, K:7
confinement, G:4, see also accommodation for 

animals; restraint of animals
conjunctival samples, C:3
continuous administration, A:5
coprophagy, G:4
CSF, C:2, C:4
cystocentesis, C:3

D
DB-ALM, L:2
deaths

humane killing, H:2
unexpected, 25, 46

definitions, ix
dehydration, B:4, G:3

after surgery, K:2, K:10–11
during anaesthesia, I:9
monitoring for, G:5

diarrhoea, G:5
diet, 23, G:4, see also drinking water; food
distress, 7–8

behaviour modification studies, B:4
definition, ix
during substance administration, A:8
maternal, F:2
predicting, 26–8
sample collection, C:5

documentation of monitoring strategy, 33–4
dogs

analgesia, I:20–1
blood collection, D:2, D:8
environmental enrichment, E:12
injection anaesthesia, I:17–18
signs of pain or distress, 38

Draft National Fauna Survey Guidelines, N:3
drinking water

as a reward, B:2
intake modification, G:1–7
substance administration in, A:1

drugs
behaviour modification by, B:1
safe handling of, I:14

Dutch Inspectorate for Health Protection and 
Veterinary Public Health, J:3

E
ecotoxicology studies, L:1
electrodes, surgical implanting, K:1
embryonic studies, F:1–4
endpoints, see humane endpoints
environmental enrichment, E:1–18
environmental requirements, 23
ethological (wildlife) research, B:3, N:1–4
euthanasia, H1:8

after surgery, K:2
definition, ix
foetal studies, F:2

ewes, see sheep
experimental apparatus, behaviour modification 

by, B:1–2
experimental design, 24–5
experimental surgery, K:1, K:5
explanatory models, 19
exploratory studies, 19, 24–5
extrapolation from human to animal, 30
eye irritation tests, L:2

F
face mask anaesthesia, I:4–5
faeces

collecting, C:4
eating of, G:4

fasting, G:3, I:8
FCA, J:3
ferrets

blood collection from, D:10
environmental enrichment, E:6–7
signs of pain or distress, 38

foetal studies, F:1–4, H:2
field studies, N:1
fish

environmental enrichment, E:14
humane killing, H:7
signs of pain or distress, 38

fluid administration, I:11
fluid restriction, G:3, G:6
food

as a reward, B:2
for dogs, E:12
for ferrets, E:6
for fish, E:14
for guinea pigs, E:9
for pigs, E:10
for primates, E:13
for rabbits, E:8
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for sheep, E:11
intake modification, G:1–7
restricted access to, G:2, G:6
substance administration in, A:1
used for environmental enrichment, E:2, E:4

foot-pad injection, J:2–3
Freund’s complete adjuvant, J:3

G
gavage, A:1–2
general anaesthesia, I:4
general principles, 3–4
genetic variability

and choice of animal, 20
naturally occurring, 19
transgenic strains, M:1

genital tract secretions, C:2
goats

antigen injections, J:4
humane killing, H:5
signs of pain or distress, 41

growth failure, B:4, G:5
guinea pigs

analgesia, I:18–19
antigen injections, J:4
blood collection from, D:10
environmental enrichment, E:9
humane killing, H:4
injection anaesthesia, I:15–16
intravenous administration, A:3
signs of pain or distress, 38

H
hazards, 26
health of animals, 20
heart blood collection, D:1
hormonal system, 8–9
horses, signs of pain or distress, 39
housing of animals, 23–4
human—animal interactions, E:2

with cats, E:4
with dogs, E:12
with ferrets, E:6
with guinea pigs, E:9
with pigs, E:10
with primates, E:13
with rabbits, E:8
with rodents, E:2
with sheep, E:11
with wildlife, N:2

humane endpoints, 31–2
dietary restrictions, G:6
tumour induction, M:3

humane killing, ix, H:1–8
husbandry, 23–4

hydration, see dehydration; drinking water;  
fluid restriction

hypothermia
after surgery, K:2, K:10
anaesthetic effects of, I:7–8
during anaesthesia, I:9, I:11
during surgery, K:7
foetal studies, F:3
from tumour induction, M:2

hypoxia, K:2, K:10

I
imaging techniques, M:3
immune system

modulations of, M:1
post-operative recovery, K:8
responses to stress, 9

implants
complications following surgery, K:3
effects on outcomes, K:9
infections from, K:8
surgical procedures, K:1

induced neurological deficits, B:3
induction of anaesthesia, I:9
infections after surgery, K:3, K:8, K:11
inflammatory response, 10, D:3, J:2
inhalation anaesthesia, I:4, I:15
injections, A:2–4

anaesthesia, I:5, I:15–18
techniques, A:7–8

intervention points, 31–2
intradermal administration, A:4, J:2
intramuscular administration, A:3–4, I:6
intraperitoneal administration, A:3–4, I:6
intravenous administration, A:2–4, I:5
invasiveness of procedures, I:3
isolation, B:2, K:4
IV administration, A:2–4, I:5

J
Justification principle, 4

K
key principles, 3–4
koalas, 39

L
laboratory wildlife studies, N:1–2
laparoscopy, F:2
laparotomy, F:1–2
laws, 3
local anaesthesia, I:7
lymphoid harvesting, J:2
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M
macaques, blood collection, D:2, D:9
macropods

analgesia, I:20–1
injection anaesthesia, I:17–18
signs of pain or distress, 39

managing risks, 26–7
marmosets, blood collection, D:9
maximum injectable volumes, A:4
measurement

food and water intake, G:4
pain and distress, F:3, G:5
pain scale, K:4

metabolic cages, C:2–3
metabolic disturbances, K:2, K:11
methods, 25
mice

analgesia, I:18–19
antigen injections, J:4
blood collection, D:2, D:7
environmental enrichment, E:2–3
humane killing, H:4
injection anaesthesia, I:15–16
intravenous administration, A:3
signs of pain or distress, 39

milk collection, C:1, C:3–4
minimising pain and distress, 28–35, B:4–5
minipigs, see pigs
mismothering, A:7
mobility loss, B:4
monitoring

anaesthesia, I:10
analgesia, I:14
behaviour modification studies, B:4
checklist for, 34
documentation of strategy, 33–4
during substance administration, A:8
frequency of, 33
pain and distress, 28–35
strategies for, 45
volume of blood collected, D:4

monoclonal antibodies, J:1
multimodal analgesia, I:12–13
mutagenicity testing, L:1
mutilation, D:2

N
NAD box, 34, 45
nasal secretions, C:1, C:3
natural behaviours

cats, E:5
dogs, E:12
ferrets, E:7
fish, E:14
guinea pigs, E:9
pigs, E:10
primates, E:14

rabbits, E:8
rodents, E:3
sheep, E:11

naturally occurring genetic variation, 19
needle size, A:4, D:3
negative signs, 34, 45
neonates

anaesthesia for, I:7–8
humane killing, H:2
rejection risk, A:7

nerve pathways involved in pain, 10
neuroendocrine responses, 8–9
neurological deficits, B:1
new research, 17–41
newborn animals, see neonates
‘no abnormalities detected’, 34, 45
non-human primates, 40, E:13–14
non-steroidal anti-inflammatory drugs,  

I:12, I:18, I:20
normality, species-specific, 29
NSAIDs, I:12, I:18, I:20
nutritional research, G:1

O
oil adjuvants, J:2, J:3, J:4
olfactory stimulation

cats, E:5
dogs, E:12
ferrets, E:7
guinea pigs, E:9
pigs, E:10
primates, E:14
rabbits, E:8
rodents, E:3
sheep, E:11

opioid analgesia, I:19, I:21
oral administration, A:1–2, A:4, I:12
orthoptic models, M:1
osmotic minipump, A:5
oxygen, euthanasia using, H:3
oxytocin, C:4

P
pain, 9–11

analgesic actions, I:13
behaviour modification studies, B:4
definition, ix
during substance administration, A:8–9
from tumours, M:2
management of, I:1–24, K:5–6
maternal, F:2
measurement scale, K:4
minimising, K:10
predicting, 26–8
sample collection, C:5
surgical procedures, K:2
tumour induction, M:4



Index

GUIDELINES TO PROMOTE THE WELLBEING OF ANIMALS USED FOR SCIENTIFIC PURPOSES   |  Index   5  

palatability studies, G:1
pathological changes, 19
peri-operative complications, K:7
permanent indwelling venous catheter, A:5
personnel, see also training

involved in surgery, K:4–5
solution administration by, A:7, A:9

pharmacological research, G:1
physical environment

enrichment of, E:2–5
for dogs, E:12
for ferrets, E:6–7
for fish, E:14
for guinea pigs, E:9
for pigs, E:10
for primates, E:13
for rabbits, E:8
for sheep, E:11

physiological indicators
of distress, 7–8, B:4
of pain, 11, B:4
of wellbeing, 6
research into, G:1

physiological solutions, A:6
pigs

analgesia, I:20–1
blood collection, D:2, D:10
environmental enrichment, E:10
humane killing, H:6
injection anaesthesia, I:17–18
signs of pain or distress, 40

pilot studies, 26
platypuses, 40
polyclonal antibody production, J:1–5
positive reinforcement (rewards), B:1, G:2
possums, 40
post-anaesthesia, I:11
post-operative recovery, K:3, K:8
pre-anaesthesia, I:8
pre-emptive analgesia, I:12, K:5
predicting pain and distress, 26–9
predictive studies, 19, 25
premedication, I:8–9
primates, 40, E:13–14 
process report, process report 1
protocols

pain management, I:2–3
planning, 17–41
required, 24

publishing requirements, 36
punishments, B:1

R
rabbits

analgesia, I:18–19
antigen injections, J:4
blood collection, D:2, D:8

environmental enrichment, E:8
humane killing, H:5
injection anaesthesia, I:15–16
intravenous administration, A:3
signs of pain or distress, 40

radiotherapy, M:2
rats

analgesia, I:18–19
antigen injections, J:4
blood collection, D:2, D:7
environmental enrichment, E:2–3
humane killing, H:4
injection anaesthesia, I:15–16
intravenous administration, A:3
signs of pain or distress, 41

Reduction principle, 3–4
Refinement principle, 3–4
refrigerated solutions, A:6
regulations, 3
Replacement principle, 3–4
reporting requirements, 25, 46–7
reptiles, signs of pain or distress, 41
respiratory monitoring, I:10
Responsibility principle, 4
restraint of animals, A:8, B:3–4,  

see also confinement
restricted access to food and water, G:4–5
retrobulbar sinus, D:1
reversible anaesthesia, I:7
reviews of monitoring strategy, 46
rewards, B:1, G:2
risk management, 26–7
rodents, see also guinea pigs; mice; rats

analgesia, I:18–19
aseptic technique for surgery, K:6
environmental enrichment, E:2
humane killing, H:4
injection anaesthesia, I:15–16
neonatal rejection, A:7

S
safe handling of drugs, I:14
saliva collection, C:1, C:3
sample collection, C:1–6, D:1–11
sample size, 25
scheduled access to food and water, G:4–5
scientific activities

approval for, 43–4
experimental design, 24–5
general principles, 3–4
planning, 17–41

scientific outcomes
anaesthesia effects and, I:3–4
blood collection and, D:5
methods of euthanasia, H:1
surgical procedures and, K:9
wellbeing and, 13–14
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semen collection, C:2, C:4
sheep

analgesia, I:20–1
antigen injections, J:4
environmental enrichment, E:11
foetal studies, F:2
humane killing, H:5
injection anaesthesia, I:17–18
signs of pain or distress, 41

signs, defining, 29–31, see also monitoring
skin sensitisation studies, L:2
social enrichment

for cats, E:4
for dogs, E:12
for ferrets, E:6
for fish, E:14
for guinea pigs, E:9
for pigs, E:10
for primates, E:13
for rabbits, E:8
for rodents, E:2–3
for sheep, E:11
stress induced by, M:4

social variables, behaviour modification by, B:1–3
sourcing animals, 21
species, choice of, 20
species-specific behaviours

housing requirements, 23
signs of pain or distress, 37–41
wellbeing and, 6

species-specific procedures
anaesthesia, I:15–21
blood collection, D:7–10
IV administration, A:3

standard operating procedures, 47
starvation procedures, G:3
statistical analysis, 24–5
strain, choice of, 20
stress, 7–8, B:1
students, supervising, 35
subcutaneous administration, A:3–5, I:6
subcutaneous vascular access ports, K:8
submitting proposals, 43–4
substance administration, A:1–10
supervision of students, 35
surgical procedures, K:1–15

anaesthesia during, I:1
tumour induction, M:2

T
team approach, 33, see also collaboration  

between investigators
tear collection, C:3
teratology studies, L:1
thrombosis, D:3, K:3, K:8
toxicology, L:1–4

tracheal injury, A:2
training

for surgery, K:4–5
in substance administration, A:7
of observers, 33, 35

transgenic strains, M:1
transplants, K:1, M:1
transporting animals, 21–2
trapping, N:3
tumour induction, M:1–6
turtles, signs of pain or distress, 41

U
urine collection, C:1–3, C:6, L:3

V
vaginal secretions, C:4
VAPs, K:8
vascular catheters, K:8
volume of blood collected, D:4
volume of injectate, A:4, A:9

W
wallabies

analgesia, I:20–1
injection anaesthesia, I:17–18

water, see drinking water
weight loss, B:4, G:3

from tumour induction, M:2
monitoring for, G:5

wellbeing, see animal wellbeing
wildlife research, B:3, N:1–4
wound healing, K:3, K:12




