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Preface >

The impetus for this project was a letter from the New Jersey Associa<
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Summary >

This report is the “rst of two reports prepared as an update to the 1992 
National Research Council (NRC) report Recognition and Alleviation of 
Pain and Distress in Laboratory Animals. In the 15 years since the “rst NRC 
publication on this subject, there has
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2 RECOGNITION AND ALLEVIATION OF DISTRESS IN LABORATORY ANIMALS 

assessing, or alleviating distress. Because minimization or elimination of 
distress experienced by laboratory animals is not only a regulatory require<
ment but also a moral obligation, it is imperative to attempt an evaluation 
of the state of the science and to translate current scienti“c knowledge into 
practical guidelines for use in laboratory animal facilities. Speci“cally, the 
Committee was tasked with preparing 

a report on stress and distress [that] will review the current scienti“c 
literature regarding mechanisms of stress and distress for animal models 
used in biomedical research as well as the literature regarding methods for 
recognizing and alleviating distress. Emphasis will be placed on: the scien=
ti“c understanding of causes and functions of stress and distress; determin=
ing when stress becomes distress; and identifying principles for recognition 
and alleviation of distress. Speci“c emphasis will be placed on the iden=
ti“cation of humane endpoints in situations of distress and principles for 
minimizing distress in laboratory animals. While all possible scenarios 
cannot be included in this document, general guidelines and examples 
will be given to aid Institutional Animal Care and Use Committee (IACUC) 
members, investigators and animal care staff in making decisions about 
protocols using laboratory animals under
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SUMMARY 

Both stress and distress are meaningful terms that describe a state of 
being. While the biological responses to stress are better understood, the 
scienti“c, regulatory, and animal welfare communities disagree with respect 
to a universally accepted de“nition of distress. Although most de“nitions 
of distress characterize it as an aversive, negative state in which coping 
and adaptation processes in response to stressors fail to return an organ<
ism to physiological and/or psychological homeostasis, philosophical dif<
ferences center on the inclusion of emotions and feelings affected by this 
state of being. Similarly, while it is accepted that failure of the organism 
to return to homeostasis adversely impacts an animal•s well-being and 
leads to poor welfare, de“ning well-being without relying on some form 
of anthropomorphic measures is a challenge. Scienti“c research does not 
yet support objective criteria or principles with which to qualify distress, 
objective scienti“c assessment of subjective emotional states cannot be 
made, and while there is often a measure of agreement on the interpretation 
of physiologic and/or behavioral variables as indicators of stress, distress, 
or welfare status, there is not always a direct link. Further, the Committee 
postulates that even if a universally accepted de“nition existed, it could not 
be applied across all species and all conditions, because of the differential 
impact of the strain, age, gender, genetic background, and environment. 

The transition to distress, which occurs when the body cannot cope 
against the assault of one or more stressors, depends on several factors. Of 
clear importance are stressor duration, stressor intensity, and the capacity of 
the individual animal to respond; changes in any of these increases the like<
lihood of behavioral or physical signs of distress. Thus, minor perturbations 
may be stressful and/or negatively affect an animal•s moment-to-moment 
emotional state but they would not impair its adaptive capacity and there<
fore not cause distress (this may be unrelated to the state of the animal•s 
welfare as illustrated in Figure 2-2). In contrast, a major homeostatic dis<
ruption (e.g., postsurgical infection), which causes measurable behavioral 
(e.g., withdrawal) and physiological (e.g., fever) changes that impair an 
animal•s adaptive capacity, would be considered distressful and indicative 
of poor welfare. However, distress may not manifest itself with recognizable 
•maladaptive behaviors, such as abnormal feeding or aggressionŽ (NRC 
2003a, page 16) but instead begin with subclinical pathological changes 
(e.g., hypertension or immunosuppression) that can lead to overt disease. 
These physiological concepts should be integrated within and evaluated in 
concert with animal welfare principles. 

RECOGNITION AND ASSESSMENT OF STRESS AND DISTRESS 

While there are some speci“c behavioral measures of stress, relatively 
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6 RECOGNITION AND ALLEVIATION OF DISTRESS IN LABORATORY ANIMALS 

FUTURE STUDIES AND RECOMMENDATIONS 

Many questions in the “eld of laboratory animal distress remain unan<
swered. The Committee, therefore, offers the following suggestions for 
research directions that can improve our understanding of distress: 

€ @determine whether there are biomarkers of distress that may be 
easily measured; 

€ @use genomic and proteomic technologies to study the physiology 
and pathophysiology of stress and distress; 

€ @develop possible distress predictors to be used as outcomes scores 
(i.e., to predict severity in clinical outcomes, mortality, etc., and 
adopt humane or surrogate endpoints) for laboratory animals, simi<
lar to the predictive severity scoring system used in human inten<
sive care units; 

€@ delineate the mechanisms of possible associations between 
stress/distress and disease behaviors or abnormal behaviors (e.g., 
stereotypies); € @
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1 >

Introduction >

In 1992, the National Research Council published a report titled 
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10 RECOGNITION AND ALLEVIATION OF DISTRESS IN LABORATORY ANIMALS 

Utilization and Care of Vertebrate Animals Used in Testing, Research, and 
Training, •Proper use of animals, including the avoidance or minimization 
of discomfort, distress, and pain when consistent with sound scienti“c prac<
tices, is imperative. Unless the contrary is established, investigators should 
consider that procedures that cause pain or distress in human beings may 
cause pain or distress in other animalsŽ (IRAC 1985). Similarly, the federal 
Animal Welfare Act Regulations (USDA 2005), the Guide for the Care and 
Use of Laboratory Animals (NRC 1996), U.S. Public Health Service Policy 
for the Humane Care and Use of 
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12 RECOGNITION AND ALLEVIATION OF DISTRESS IN LABORATORY ANIMALS 

endpoints as well as the use of appropriate statistics and experimental design 
to minimize the number of animals that must be used. Investigators should 
establish a partnership with the veterinarians and animal care staff and 
make provisions in cases of either anticipated or unanticipated distress. 

The intent of this report is to assist investigators, veterinarians, animal 
care staff, and IACUCs in understanding distress so that it can be recog<
nized, alleviated, or prevented. The Committee urges readers to consider 
the information in this report very carefully and to exercise professional 
judgment in evaluating situations where distress occurs or is likely to occur. 
As new information becomes available, it should be incorporated into 
practice and decision making in the care of laboratory animals. The Com<
mittee hopes that this report will be useful in assisting readers to comply 
with regulations, to achieve reliable scienti“c outcomes, and, especially, to 
provide the best possible care for their animal subjects. 

REFERENCES 

DHHS (Department of Health and Human Services),



 
 

 

 

Recognition and Alleviation of Distress in Laboratory Animals 
http://www.nap.edu/catalog/11931.html 

2 >

Stress and Distress: De“nitions    >

INTRODUCTION 

The various views and language used in the discussion of stress and 
distress lead to confusion in the scienti“c, regulatory, and animal welfare 
communities. Indeed, the animal welfare literature itself does not distin<
guish stress from distress in any systematic fashion, and the term distress 
rarely appears in the biomedical sciences literature. In addition, the U.S. 
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14 RECOGNITION AND ALLEVIATION OF DISTRESS IN LABORATORY ANIMALS 

lent phrase is •pain, suffering, distress and lasting harm.Ž Distress can be 
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STRESS AND DISTRESS: DEFINITIONS 

animals results in glucocorticoid levels at the diurnal peak that can 
rival those measured following stressor exposure (Dallman et al. 
1987). Thus, no single parameter can serve as a litmus test for stress 
and diagnosis of stress based on a single metric can be misleading. 

€ @Stressors may not necessarily be unpleasant (de“ned by the ani<
mal•s willingness to terminate the stressor); they can be pleasurable 
(Selye•s •eustressŽ concept; Selye 1975), as de“ned by an organism•s 
willingness to obtain the stressor. For example, naturally rewarding 
behaviors, such as exercise, increase sympathetic activity and cir<
culating glucocorticoids in a pro“le very similar to that seen follow<
ing aversive stressors (Droste et al. 2003). The self-administration 
of a drug, such as cocaine, similarly “ts the de“nition of a stressor 
because multiple physiological systems are recruited to adapt to 
and oppose the drug•s action. 

€ @Physiological and behavioral responses are stressor-speci“c and 
so the processes engaged to restore homeostasis or well-being also 
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FIGURE 2-1 Reprinted with permission from Macmillan Publishers Ltd: [Lab Animal] 
(Moberg 1999), copyright (1999). Prolonged or severe stress depletes bodily reserves 
and affects normal functions thus requiring extended time to revert to homeostasis. 
During the recovery period, the animal•s well-being and welfare are compromised 
and the period of distress will last until the biological resources are suf“ciently 
replenished (Moberg 2000). The shift in biological resources, such as stunted growth 
in distressed young animals (Moberg 1999), or evidence of maladaptive behaviors 
(NRC 1992) that occur in this general scheme of transition to and establishment of 
distress could be useful in recognizing distress (NRC 2003a, page 21). 

proposed in his 1999 paper •When Does Stress Become DistressŽ, the use 
of reserve resources to cope with prolonged or severe stress has a negative 
impact on other bodily functions (including behavior) and leads to distress. 
In the hypothetical scheme depicted in Figure 2-1, the •biological cost 
of distressŽ requires a prolonged recovery period to revert to homeostasis 
(Carstens and Moberg 2000). 

IMPLICATIONS FOR ANIMAL WELFARE 

Current understanding of animal welfare as a measure of the animals• 
quality of life exists in the context of the social and cultural history of 
animal care and use as well as an expanding knowledge base related to 

Copyright © National Academy of Sciences. All rights reserved. 
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provision of housing without appropriate enrichment).4 In order to prevent 
poor or deteriorating welfare, researchers, animal care staff, and institutions 
have a responsibility to provide high-quality care for laboratory animals, 
including ready access to fresh water and a nutritive diet; an environment 
that ensures shelter and comfort; prevention as well as rapid diagnosis and 
alleviation (as appropriate) of pain, injury, and disease; species-appropriate 
space, facilities, and (if appropriate) companionship; and conditions and 
treatment that do not cause negative emotional states. Fraser and colleagues 
suggest that good animal welfare implies the absence of pain, fear, and 
hunger; enables a high level of biological functioning (i.e., normal growth, 
freedom from disease); and (more controversially) enables animals to expe<
rience positive emotional experiences such as comfort and contentment 
(Fraser et al. 1997). 

It is possible for an animal to be in a state of poor health that does not 
impinge on its welfare or emotional state and that may even last for some 
time without the animal•s conscious awareness. For example, an animal 
might have a life-threatening aneurysm but be unaware of it and therefore 
not experience a negative emotional state. In the longer term, however, 
a breakdown in an animal•s ability to cope with its environment is likely 
to lead to adverse emotional states and poor welfare. Some of these cases 
may be quite minor and not give rise to signi“cant ethical concerns; but 
prolonged or intense circumstances would compromise the animal•s wel<
fare enough to warrant concern and also signi“cantly affect the research 
results. 

An attempt to graphically depict the relationship between distress and 
welfare is shown in Figure 2-2. Whereas minor perturbations (e.g., short-
term restraint of a rodent) affect an animal•s welfare in terms of its moment<
to-moment emotional state, they do not impair its adaptive capacity and 
thus do not cause distress. In contrast, a major homeostatic disruption (e.g., 
postsurgical infection), which causes measurable behavioral (withdrawal) 
and physiological (fever) changes that impair the adaptive capacity of the 
animal, is considered •distressfulŽ and is indicative of •poor welfareŽ. 

Onset of distress can be dif“cult to recognize. A safe assumption is 
to follow the fourth principle of the U.S. Government Principles for Uti<
lization and Care of Vertebrate Animals used in Testing, Research and 
Teaching: •Proper use of animals, including the avoidance or minimiza<
tion of discomfort, distress, and pain when consistent with sound scienti“c 
practices, is imperative. Unless the contrary is established, investigators 
should consider that procedures that cause pain or distress in human beings 

4For more information on the effects of housing on brain function or enrichment see Chap<
ter 3. Additional information is contained in articles by the behaviorists Joseph Garner, Hanno 
Würbel, and Georgia Mason. 

Copyright © National Academy of Sciences. All rights reserved. 



     

Recognition and Alleviation of Distress in Laboratory Animals 
http://www.nap.edu/catalog/11931.html 

20 RECOGNITION AND ALLEVIATION OF DISTRESS IN LABORATORY ANIMALS 
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FIGURE 2-2 Hypothetical depiction of the relationship of stress, distress, adap<
tive capacity, and animal welfare. An animal•s quality of life may be progressively 
deteriorating while it is still successfully coping with a stressor. The precise moment 
of transition to the maladaptive state or what precipitates it is unknown, but once the 
tipping point is attained, the deterioration into a severely sick or debilitated animal 
occurs fairly quickly. At this point, welfare conditions are very poor and immediate 
ameliorative action is necessary. 

may cause pain or distress in other animalsŽ (IRAC 1985). A degree of 
critical anthropomorphism, outlined above and in the writings of Morton 
and colleagues (Morton et al. 1990), coupled with behavioral assessments 
will likely provide the most direct understanding of an animal•s response 
to a stressor. Useful indicators include the animal•s choice to continue or 
stop feeding while in a stressful situation, choice tests that demonstrate 
how (non)aversive a particular stressor is, or demand studies that titrate the 
extent of the animal•s attraction or aversion to a potential stressor. These 
gauges of avoidance or aversion may be complemented by physiological 
data measuring elevated hypothalamic-pituitary-adrenocortical axis (HPA) 
or sympathoadrenomedullary system (SAM) activity (gene or protein activa<
tion), elevated hormone levels, or increased activity in target organs (e.g., 

Copyright © National Academy of Sciences. All rights reserved. 
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heart rate, blood pressure, glucose levels). Many authors have pointed to 
the desirability of using multiple measures to obtain a more comprehensive 
data set (Rushen 1991). It is important to underscore that reliance on a 
single measurement of stress may result in erroneous conclusions. Chapter 3 
provides more details on distress recognition. 

IMPLICATIONS FOR RESEARCH 

There is a rich literature documenting the interference of stress in 
behavioral and/or physiological endpoints. Strong evidence in rodents has 
shown that mild stress of 2-3 months duration„a regimen that produces no 
signs of overt distress„alters the animals• performance in tests of anxiety, 
depression, and memory (D•Aquila et al. 1994; Rossler et al. 2000; Song et 
al. 2006; Willner 1997).. OOttthher “nd ngs nd ca e ha ra s• hab ua on oaaO heerr ““nnddiiinnggss iiinnddiiiccaatttee ttthhaattt rraatttss•• hhaabbiiitttuuaatttiiioonn tttoo a
test environment can dramatically affect their response to a toxic substance 
(Damon et al. 1986). On the other hand, in some cases (such as lower 
anxiety behavior in the elevated plus maze) the effects of stress may actually 
be bene“cial to the experimental procedure, indicating that prolonged stress 
may not be uniformly detrimental. Chapter 3 documents the contamination 
of experimental data by unwanted or uncontrolled stress due to inadequate 
husbandry, noisy environments, olfactory stimuli, or other factors. 

The impact of distress on both animal welfare and research results is likely 
even more pronounced than that of stress. Animals exposed to prolonged 
severe stress experience underlying changes in physiological functions (e.g., 
gastric lesions [Ushijima 1985] or immunosuppression [Tournier 2001]) that 
can interfere with experimental manipulations; alter experimental variables 
such as behavior (Morton and Grif“ths 1985), drug dosing (Saranteas et 
al. 2004) and clearance; change the progress of a disease (Johnson et al. 
2006); and contribute to morbidity and mortality. A variety of stressors can 
contribute to unintended distress, from postoperative pain or infection to 
barren housing conditions or the solitary con“nement of an individual of a 
social species (Gunn and Morton 1995; Morton et al. 1993). Stereotypies, 
abnormal repetitive behaviors indicative of poor well-being (Garner et al. 
2003) that are often observed in distressed animals, are thought to re”ect 
defective brain function (Würbel 2001) and to be a result of poor animal 
welfare (Mason and Latham 2004). Stereotypies are thus likely to interfere 
with behavioral, neuroscience, and pharmacological studies.5 

The impact of stress and distress on the quality of scienti“c research 
can result in the generation of compromised data, which in turn necessi<
tates the use of more animals. This outcome is inconsistent with two of the 

5It should be noted that the negative connotations of stereotypies are not e t6ated plus  T*
y 
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normalcy, therefore, may or may not serve as clinical indicators of a disease 
state. Various transgenic and knockout mice that exhibit severe behavioral 
and physiological phenotypes appear abnormal relative to their control 
littermates, but are normal for their genotype. For example, it is appropri<
ate to evaluate Huntington•s disease transgenic mice for signs of stress and 
distress only relative to their own •normalŽ behavior, taking into account 
their particular genetic makeup, their abnormal motor patterns, and reduced 
weight gain (Mangiarini et al. 1996). 

BEHAVIORAL RECOGNITION OF STRESS AND DISTRESS 

Normal Behavior 

Many parameters have an effect on species-speci“c normal behavior and 
should be taken into consideration when behavioral characteristics are 
used to determine normalcy or the presence of stress and distress. Animals 
exhibit a variety of behavioral changes as part of the normal aging process. 
Males and females differ in the baseline values of many stress markers. 
Inbred murine strains differ in almost  every behavioral, sensory, motor, 
and physiological trait studied and each inbred strain may respond to 
stress differently. Similar behavioral differences in response to stress have 
been observed in primates. Genetically engineered phenotypes need to 
be considered when assessing stress and distress in transgenic and knock<
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as a function of age, gender, physiological state, and genetic constitution. 
Third, rearing practices and housing environments may affect expected 
typical behavior. 

1. Age: Many young mammals engage in high levels of social play 
whereas adults rarely do. Thus, play may be normal for young animals 
but not necessarily so for adults (Ruppenthal et al. 1974; Vanderschuren 
et al. 1997). All animals display physiological, behavioral, and cognitive 
changes as they age. Some of these changes, for example changes in coat/ 
hair appearance and locomotor ability, are overt and easily recognizable. 
Many laboratory animals display an age-related decline in exploratory 
activity, which is sometimes correlated to weight gain (as observed, for 
example, in mice of various strains; Ingram 2000; Ingram et al. 1981). In 
addition, a number of neurosensory, cardiovascular, endocrine, gastro<
intestinal, musculoskeletal, and reproductive changes occur with aging, 
some of which cannot be directly observed in the living animal. Such age-
related changes (e.g., hearing and vision de“cits) have been documented 
for a number of murine strains (Hawkins et al. 1985; for more references 
see Additional References), while cognitive de“cits have been reported in 
aging mice and rats. It is postulated that some of these changes may be 
gender- and strain-related (Decker et al. 1988; Fischer et al. 1992; Frick et 
al. 2000). Changes in pain sensitivity and in emotional behavior that may 
have direct implications for stress and distress have also been reported in 
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range or, in the case of young animals, gain the appropriate body weight 
for their age. 

Behavioral Signs of Distress 

It has been suggested that abnormal behavior, such as stereotypies, 
is a marker for distress (Dawkins 1990). It remains unclear at this time 
whether any or all abnormal behaviors qualify as indicators of distress. 
Several alternative (and largely speculative) hypotheses attempt to explain 
the occurrence of stereotypic behavior in animals (Mason and Latham 
2004; Tiefenbacher et al. 2005). Among these, the stimulation hypothesis 
suggests that when sensory motor input is low, possibly due to existing (i.e., 
nonstimulating, poor) housing arrangements, animals engage in stereotypic 
behavior to self-provide increased sensory-motor input (Sherwin 1998). For 
example, when cage size constrains normal movements, some animals may 
respond by developing stereotyped pacing in order to satisfy their need for 
activity (Draper and Bernstein 1963). The habit hypothesis suggests that 
although stereotypic behavior may have originally arisen in response to 
stress or distress, it persists as a habit uncoupled from the situation that 
originally produced it (Dantzer 1986; Mason 1991). Those who favor the 
arousal reduction hypothesis suggest that stereotypic behavior may serve 
to calm the animal and thereby avoid distress (reviewed in Mason 1991). 
Research shows that in some humans and nonhuman primates, even more 
serious forms of abnormal and self-injurious behavior may function to 
reduce arousal (Tiefenbacher et al. 2005). The arousal reduction hypothesis 
is consistent with the view that while an underlying stress or distress state 
may have initially caused abnormal behavior, eliminating the behavior may 
be neither desirable nor possible because the stereotypy may sometimes 
prevent the onset of distress. 

Preventing the development of stereotyped behavior by providing 
the animals with species-speci“c appropriate environments is obviously 
desirable and likely to result in improved welfare, especially as enrich<
ment •therapyŽ may reduce but will not cure the abnormal behavior (van 
Praag et al. 2000; Wolfer et al. 2004). Although recent studies suggest that 
stereotypical animals may experience psychological distress due to a puta<
tive common mechanism between stereotypy, schizophrenia, and autism, 
the relationship between stereotypic behavior and distress remains largely 
unknown and is in need of further study (Garner 2006; Garner and Mason 
2002; Garner et al. 2003; Mason 2006). 

Copyright © National Academy of Sciences. All rights reserved. 
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Behavioral Signs of Stress 

As mentioned in Chapter 2, stress is ubiquitous, it can occur in both 
pleasurable and aversive situations, and its physiological parameters are 
well established. Our knowledge of the behavioral correlates of stress, 
however, is considerably smaller. The behavioral changes observed in a 
stressed animal (as opposed to a distressed one) may be more subtle and 
variable, depending on the environmental conditions in which the behavior 
is being evaluated. In addition to recognizing an animal•s normal patterns of 
behavior, the observer must be well trained and knowledgeable about the 
normal species-speci“c behavior in the context of species, strain, gender, 
and physiological state. Types of behavior commonly explored to inves<
tigate the presence of stress include open-“eld activity, movements in an 
elevated plus maze, changes in innate behaviors (e.g., movement, groom<
ing, feeding, sexual behavior), defensive behaviors (to external threats), and 
avoidance/escape (Beck and Luine 2002; for more references see Additional 
References). 

PHYSIOLOGIC MEASURES OF STRESS AND DISTRESS 

Endocrinological Parameters 

One of the primary endocrinological systems involved in the stress response 
is the hypothalamic-pituitary-adrenal (HPA) axis, which reacts to stress by 
releasing glucocorticoids
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receptors in the adrenal cortex, resulting in the release of glucocorticoids 
(cortisol or corticosterone), which mobilize energy stores in response to 
the perceived stress. When the stressor is removed or otherwise adapted to, 
glucocorticoids bound to receptors in the hypothalamus and pituitary initi<
ate negative feedback that causes a decrease in the production and release 
of CRH and ACTH, thus terminating the hormonal response and completing 
the negative feedback loop (Meaney et al. 1996; Miller and O•Callaghan 
2002). It should be noted that the HPA axis affects many hormonal and 
neural systems and plays a role in modulating the immune system. 

Both positive and negative stimuli activate the HPA axis with short- 
and long-lasting effects. For example, exposure to novel stimuli may elicit 
exploratory behavior and brief activation of the HPA axis. In contrast, pro<
longed or repeated stressors, such as social separation of young from their 
mother, generally elicit strong protest reactions and activation of the HPA 
axis (Levine 2005; Levine and Mody 2003; Vogt et al. 1980). In the “rst 
instance, homeostasis is quickly restored, whereas in the latter case animals 
may be subjected to chronic HPA changes associated with neuroendocrine 
stress resistance that persists even after animals are returned to their mother 
(Parker et al. 2006). 

Glucocorticoid levels (usually corticosterone in rodents, cortisol in 
other species) are used as indicators of the strength and impact of a stressor. 
Meaningful interpretation of these values, however, presents signi“cant 
challenges. Glucocorticoids are typically measured in blood serum or 
plasma but can also be quanti“ed in saliva, urine, feces, and hair (Abelson 
et al. 2005; for more references see Additional References). 

Blood sampling requires venipuncture and possibly other stressful pro<
cedures such as handling, transport, capture, restraint, needle stick(s), and 
sedation. Unless animals are habituated to blood sampling, the method 
itself can activate the HPA axis thereby confounding assay results. A less 
stressful sampling method involves measuring glucocorticoid levels in hair. 
Hair samples are obtained by shaving hair from a particular region (usually 
the nape of the neck) and then shaving the hair once again after a de“ned 
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variation (Windle et al. 1998b), making it crucial that samples be collected 
at the same time each day (e.g., at the nadir of the rhythm). In contrast, urine 
and feces yield an index of stress reactivity over hours or possibly several 
days (steady-state samples) and are, therefore, less vulnerable to circadian 
variation. To date, only hair can provide a chronic index of stress cover<
ing a period of several months or more. Assessment of cortisol in hair is 
presumably unaffected by circadian variation and can be obtained at any 
time of day. 

The above information is relevant for understanding and interpreting 
what might be revealed about stress and distress by examining the activa<
tion of the HPA axis. The two most likely ways to assess distress are to 
(1) examine differences in basal glucocorticoid levels and identify animals 
outside a •normal rangeŽ or (2) obtain glucocorticoid levels before and 
after the imposition of a stressor. The “rst approach is problematic because 
it assumes that a certain concentration of glucocorticoids indicates dis<
tress, although there is no scienti“c evidence to support this assumption. 
Moreover, as many sampling methods may themselves activate the stress 
response, there are no standardized ranges for basal glucocorticoid concen<
trations. The second approach is also problematic for two reasons: “rst, the 
putative relationship between the magnitude of change in glucocorticoid 
concentrations and distress has not been established; and second, both 
positive and aversive stimuli activate the HPA axis. Finally, the develop<
ment of stress or distress is not necessarily associated with activation of 
the HPA axis, as hormonal changes are not necessarily present under all 
clearly stressful conditions. For example, animals that experience chronic 
neuropathic pain do not exhibit changes in circadian corticosteroid levels 
or oscillations in HPA responsivity to restraint, despite the presence of 
neuropathic pain markers (mechanical allodynia and hyperalgesia) and 
activation of central pain and stress circuits in the amygdala (Bomholt et al. 
2005; Ulrich-Lai et al. 2006). 

Other •StressŽ Hormones 

As is the case with the hormones of the HPA axis, stressors alter the 
secretion of other endocrine factors (e.g., prolactin, growth hormone, lutein<
izing hormone, �A-melanocyte stimulating hormone [�A-MSH], and oxytocin). 
Serum levels of these hormones can be effectively used to monitor the 
temporal dynamics of stress responses. While some (prolactin, �A-MSH, 
oxytocin) increase during stress, others decrease (growth hormone, lutein<
izing hormone, prolactin), depending on the animal species and the 
physiological state in which stress occurs (Armario et al. 1984; for more 
references see Additional References). Due to the fact that these hormones 
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dian or circadian variations), it is necessary to take into consideration and 
control for their normal patterns of secretion in order to accurately interpret 
their concentration levels. Moreover, their usefulness is subjected to the 
same limitations as discussed above, although chronic indwelling vascular 
catheters and automated blood collection systems may circumvent this 
limitation to some degree (Abelson et al. 2005; for more references see 
Additional References). 

Neurological Parameters 

Stressors activate the autonomic nervous system, speci“c brain areas, and 
various neurotransmitters, yet a cause and effect relationship has not yet 
been “rmly established. Candidates for the role of a master integrator 
include the region of the amydgala and the neuropeptide corticotrophin<
releasing factor. 

The Autonomic Nervous System 

Many different types of stressors cause the rapid activation of the sympa<
thetic division of the autonomic nervous system (ANS) (Blanc et al. 1991; for 
more references see Additional References). This activation leads to increased 
cardiac output via increased heart rate and stroke volume; redistribution of 
blood ”ow from splanchnic, renal, and cutaneous vascular beds to active 
muscle; increased mobilization of nutrients; and increased heat production. 
Some stressors may also increase the activity of the parasympathetic divi<
sion, affecting both core body temperature and the gastrointestinal system 
(e.g., disturbed intestinal absorption, gastric ulceration, colitis; Johnson et 
al. 2002; for more references see Additional References). 

Direct monitoring of autonomic activity to  assess the presence of dis<
tress in conscious animals is technically challenging, while indirect mea<
sures are somewhat easier to acquire (Li et al. 1997; Randall et al. 1994; 
Zhang and Thoren 1998). For example, telemetry in conscious, unrestrained 
animals is an effective method for the continuous monitoring of physiologic 
alterations in heart rate, respiration, blood pressure, ECG, and body tem<
perature (Akutsu et al. 2002; for more references see Additional References). 
Once again, however, changes in these parameters do not necessarily 
indicate stress as they may result from nonstressful stimuli (e.g., circadian 
variations). 

Neurotransmitters 

Considerable effort has been directed at exploring the neurotransmitter 
systems and brain areas activated in response to stress as different insults 

Copyright © National Academy of Sciences. All rights reserved. 
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activate separate but speci“c patterns of transmitters, modulators, and brain 
locations. An active area of investigation has been the identi“cation of 
a basic core neural circuit that is activated by all stressors. A common 
approach has been to divide stressors into categories, hypothesizing that 
each category would activate a particular set of neural structures. The 
stressors are classi“ed as either •processiveŽ (i.e., stressors that require inter<
pretation by higher brain structures) or •systemicŽ (i.e., stressors evoked by 
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factors alter the activity in structures that project to the top of the cen<
tral nucleus of the amygdala (Sotres-Bayon et al. 2006), underscoring the 
amygdala as the key integrative site for fear. 

In contrast, much remains to be learned about the neural control of 
defense responses to threat. For example, depending on circumstances, 
external threats such as the presence of a predator may result in ”ight, freez<
5eru,  in.0023vISTRESS 
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Assessment of distress varies in relation to the species, husbandry con<
ditions, and experimental protocol employed as well as with each indi<
vidual animal, and is most effectively achieved by the collection of multiple 
behavioral and physiological parameters and the use of a team approach 
that includes researchers, veterinarians, and animal caretakers/technicians. 
While the most reliable distress measures are the clinical signs previously 
described, identi“cation and interpretation of these results depends on a 
solid foundation of knowledge of animal behavior and may likely require 
special training of relevant personnel. 

Distress evaluation becomes crucial in two contexts: (1) when the 
research protocol calls for the animals• exposure to stressful situations 
known to produce distress; and (2) when any animal unexpectedly shows 
signs of distress. In the “rst case, the experimental protocol approved by the 
Institutional Animal Care and Use Committee (IACUC) generally includes 
procedures and decision algorithms for distress management. The appropri<
ate intervention will be informed by the stressor•s duration and intensity as 
well as some of the animal•s individual characteristics (e.g., species, age, 
gender). In the second case, additional assessments and monitoring may 
be necessary. 

Once an animal has shown initial signs of distress, there should be 
immediate communication between the primary investigator, the veterinar<
ian, and the animal care staff to determine whether the distress is related 
to the study (whether anticipated or unanticipated) or further investigation 
into its cause is required. The discussion should also include potential inter<
ventions (see Chapter 4) and their effects on the objectives of the research 
project, as they may introduce unknown variables into the study. Options 
may include removal of the animal from the study population or euthanasia, 
depending on the severity and prognosis of the distress insult. It is essential 
to maintain a collaborative relationship and dialogue between those respon<
sible for the care and welfare of the animal throughout the assessment. 

The next step is to identify the etiology or trigger of the distress episode 
by performing a thorough examination of the animal and its environment. 
The investigation should begin by obtaining information regarding the 
animal•s species, strain, age, gender, and reproductive status. An effective 
examination should account for species-related differences among natural 
behaviors, learning abilities, and levels of intelligence, in addition to the 
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is an important part of the process, as background information and history 
may enable the veterinarian to determine whether preexisting medical 
conditions were resolved. An examination of colony records and interviews 
with animal care staff may help pinpoint possible environmental triggers. 
Other causes for consideration include husbandry and handling procedures, 
the behavior of other animals in the room, temperature variances, noises, 
vibrations, and odors, as well as any speci“c research-related (i.e., protocol 
speci“cations) or investigator-related (i.e., disturbance of housing routine) 
activities. 

Clinical signs should initially be examined in a relatively undisturbed 
animal in order to assess the animal•s natural unprovoked behavior (e.g., 
appearance, behavior, posture, respiratory rate and pattern). The animal 
showing signs of distress is then observed more closely followed by gentle 
handling and examination to measure body weight, body condition and 
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Avoiding, Minimizing, and    >
Alleviating Distress    >

The simplest approach to avoiding, minimizing, and alleviating dis<
tress in laboratory animal care and use is to follow the principles of the 
Three Rs„ re“nement, reduction, and replacement. It is important, how<
ever, to strike a balance between the integrity of research outcomes and 
the welfare of animals used. Investigators, veterinarians, and animal care 
personnel should function as a team and base their decisions on profes<
sional judgment, best practices, and thorough clinical evaluation of dis<
tressed animals. Re“ning aspects of housing, husbandry, enrichment, and 
socialization helps alleviate or prevent distress. Re“ning the experimental 
design, utilizing humane or surrogate endpoints, and using the appropriate 
statistical analyses (including an accurate calculation of sample size) helps 
reduce the numbers of animals used and alleviate some of their distress. 
A team approach is necessary to address treatment options for distressed 
animals. When using procedures that intentionally result in distress, the 
investigator should, in consultation with the  veterinarian and the IACUC, 
develop a plan that will establish limits to the levels of distress allowed. 

INTRODUCTION 

Established ethical, regulatory, and scienti“c practices, standards, and 
policies mandate avoiding animal distress whenever possible. However, if 
research or regulatory testing objectives cause a research animal to experi<
ence distress, it is incumbent upon the animal user to identify the cause(s) 
of distress, attempt to minimize its duration and intensity, and/or provide the 
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means for the animal to cope. The simplest approach is to follow the prin<
ciples developed by Russell and Burch known as the Three Rs (Russell and 
Burch 1959). The Three Rs are (1) re“nement of the protocol to minimize or 
eradicate distress for the species used (e.g., by employing nonclinical [e.g., 
molecular measurements] or de“ned [e.g., tumor growth instead of survival] 
endpoints; giving positive rewards; changing or re“ning the data/sample 
collection methods; or instituting species-speci“c husbandry re“nements 
such as enrichment); 2) reduction of the number of animals used to the 
absolute minimum necessary (based on appropriate statistical sample size 
determination or other “eld-speci“c methods), particularly if they are likely 
to experience unavoidable distress; and (3) replacement of an animal with a 
nonanimal model or a less sentient species, usually of a lower phylogenetic 
order, such as a primitive invertebrate. 

As discussed in Chapters 2 and 3, distress may result from a single 
intense or prolonged stressful experience or from several simultaneous 
stressors that might individually cause stress but not likely distress. There<
fore, mitigating some potentially stressful circumstances, such as husbandry 
schedules, may allow an animal to better adapt to other stressors such as 
experimental procedures. It is important to weigh any possibly adverse 
impact of replacement, re“nement, and reduction on scienti“c outcome 
against both the negative impact of failure to avoid, minimize, or allevi<
ate stress and distress on the research data and the numbers of potentially 
wasted animal lives. 

This chapter identi“es approaches to avoid or minimize distress through 
the alleviation and minimization of stress, in both the care and use of 
laboratory animals. The chapter also suggests ways to alleviate distress that 
cannot be avoided or minimized because of scienti“cally justi“ed research 
protocols, and addresses the challenges and compromises that arise when 
the object of research itself is the study of stress and distress. This chapter is 
not intended to be comprehensive but to provide investigators and IACUC 
members with an awareness of common problems and useful strategies. 
The Committee encourages all who are involved in laboratory animal 
care and use to think creatively when considering solutions to speci“c 
circumstances. 

AVOIDING OR MINIMIZING DISTRESS IN    ;
LABORATORY ANIMAL CARE    ;

Most animals are able to cope with a relatively wide range of naturally 
occurring environments, but such environments are not usually character<
istic of laboratory animal facilities. Research environments are generally 
designed as a compromise between the needs of the animal, the user, and 
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the husbandry staff. While most animals continue to function normally1 

in animal care facilities, some do not adapt successfully to a laboratory 
environment (see Chapter 3) and it is important to consider the effects of 
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in animal data (Clough 1982; Milligan et al. 1993; Sales et al. 1999; Shoji 
et al. 1975). Noise in dog kennels can reach levels that can damage human 
hearing, and that may well have an impact on dog hearing and physiology 
as well (Hubrecht et al. 1997; Sales et al. 1997). Vibration has been dem<
onstrated to be a stressor in both poultry (Abeyesinghe et al. 2001) and pigs 
(Perremans et al. 1998); investigators should, therefore, strive to minimize 
common sources of vibration such as ventilation machinery in adjacent 
rooms or on cage racks (Clark 1997). In addition to such continuous back<
ground disturbances, the effects of isolated environmental insults may also 
cause distress in some species and models. 

For experimental and comfort reasons it is best to maintain animals in 
their thermoneutral zone (NRC 2006, pages 39-45). The Committee notes 
the discrepancy between the temperature recommendations for housing 
rodents in the Guide for the Care and Use of Laboratory Animals (NRC 
1996, page 32) and those put forth in the Guidelines for the Humane 
Transportation of Research Animals (NRC 2006, pages 39-45) due to new 
evidence used in the later publication. Rabbits are very susceptible to heat 
stress (Marai et al. 2002). Singly housed mice prefer ambient temperatures 
of 28-30°C while group-housed mice prefer a slightly colder environment 
with ambient temperatures of 24-27°C (NRC 2003b, page 97). The provi<
sion of nesting materials, refuges, or nest boxes for rodents, or areas within 
an enclosure with different levels of heating or cooling (i.e., heated areas 
for dogs) allows the animals to control their microclimate. Moreover, long-
term housing in cages with mesh ”oors where adequate bedding or nesting 
materials cannot be provided can also result in stress, distress, or more 
obvious deleterious effects, such as foot ulcerations and arthritis. 

Enrichment 

Barren environments may not meet the species-speci“c needs of 
an animal. In addition to their impact on welfare these conditions can 
adversely affect the validity of experimental data (Sherwin 2004). Such 
environments can cause distress as shown by the development of abnormal 
behaviors (see Chapter 3) or by experiments in which animals, when given 
the choice to self-medicate with anxiolytics, consume larger proportions of 
midazolam-water solution than their littermates housed in enriched envi<
ronments (Sherwin and Olsson 2004). In contrast, supporting evidence has 
shown that biologically relevant enrichment can help avoid the develop<
ment of abnormal behaviors (see Chapter 3), although it may not alleviate 
previously established patterns. Moreover, as Olsson and Dahlborn have 
shown, some animals exhibit clear preferences and will work to access 
these enrichments (Olsson and Dahlborn 2002). In mice, environmental 
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Socialization 

It is generally appropriate to house naturally gregarious animals in 
compatible social groups unless there are scienti“c or welfare reasons not 
to do so (National Health and Medical Research Council 2004; Canadian 
Council on Animal Care 1993; Council of Europe 2006; NRC 1996). Social 
housing can activate stress responses involving the HPA axis in rats, but 
when a wider range of measures is taken into account, overall, social hous<
ing is neither stressful nor harmful (Hurst et al. 1997, 1998). For example, 
even macaques “tted with a cranial implant could be paired with another 
compatible macaque without it in”icting damage to the device or interfering 
with the research goals (Roberts and Platt 2005). Furthermore, aa ccoonnssiiddeerr-<
able body of evidence indicates that housing naturally sociable animals 
(e.g., rats, mice, dogs, primates) in solitary conditions can result in stress 
and harm ((BBaker 1996;; Eatton e all.. 1994;; Hetttts 1991 Hubrechtt 1995;;aker 1996 Ea on ett a 1994 He s 1991;; Hubrech 1995
Novak 2003; Patterson-Kane 2002;; SSharp and Lawson2003 Van Loo e a..harp and Lawson 2003;; VVaann LLoooo eettt aalll.
2004)).. EEven ca s,, whiich are no parttiicullarlly gregar ous,, can bene“tt ffromven catts wh ch are nott par cu ar y gregariious can bene“ rom 
social housing (Council of Europe 2006). It is therefore important to provide 
thorough scienti“c rationale for solitary housing. 

Disruption of established social groups, pairing (for additional informa<
tion see Appendix), or the introduction of animals to larger preformed units 
are all potential causes of aggression or stress. As a husbandry re“nement, 
therefore, social groups should be established early, and disruption of 
established groups should be minimal, as demonstrated in studies of mice, 
rabbits, and cats (Bradshaw and Hall 1999; Jennings et al. 1998; Morton 
et al. 1993; Sharp et al. 2002b). Close cooperation with the supplier or 
breeder may be necessary to promote group formation and ensure minimal 
disruption of group dynamics. Adequate socialization to both humans and 
conspeci“cs at an early age may also help prevent subsequent stress and 
distress (Council of Europe 2006). 

Animals housed in social groups generally need adequate space as 
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and other steroids in samples from saliva (Aardal and Holm 1995; Kiess 
et al. 1995) and plucked hair (Davenport et al. 2006). Even less handling 
is involved when samples are taken from voided urine, feces, expired air, 
and shed hair (Poon and Chu 1999), if these methods are validated for 
the species under study. Other noninvasive techniques for data collection 
include sound recordings (Holy and Guo 2005), cameras (Hobbs et al. 
1997), or noninvasive, sensor-laden apparel simply worn by the animal 
(Jarrell et al. 2005). 

Humane Endpoints 

Validated endpoints that occur earlier in the course of the protocol and 
involve no detectable indication of disease, injury, or abnormal behavior 
can prevent or minimize distress in experimentation and testing. The use of 
humane endpoints (i.e., •end a study earlier to avoid or terminate unrelieved 
pain and/or distressŽ; Stokes 2000) or surrogate endpoints (i.e., those that 
can reliably substitute for more distressing or painful phenomena) is espe<
cially applicable in scienti“c disciplines that focus primarily on molecular 
and cellular phenomena associated with disease (Morton 2000; Hendriksen 
and Morton 1999). In these cases, biochemical changes may be detectable 
at early stages in the disease process, prior to the manifestation of clinical 
signs consistent with distress. For example, elevated white blood cell counts 
are detectable in leukemia models before illness becomes obvious and 
serum biochemical values often change in early stages of toxicity before 
animals appear ill (Poon and Chu 1999). Thus, taking measurements or 
collecting samples from animals before the appearance of any clinical signs 
(including all clinical manifestations, not only those related to distress) is 
desirable, especially when the signs themselves are not the study•s focus. 
In such cases, the predictive value of validated endpoints may permit early 
euthanasia of these animals and postmortem collection of data or samples 
(for additional information see Appendix). Alternatively, a clinically normal 
animal could be anesthetized before a distressful procedure and euthanized 
before regaining consciousness. 

Familiarity with certain procedures or experimental protocols often 
allows for predicting the course of adverse clinical signs and distress. In 
many instances death results from indirect effects such as dehydration and 
is not related to the response variable under study. In mice, for example, 
progressive hypothermia due to low food intake will cause an animal•s 
death over several days. However, distress can be minimized through the 
use of validated humane endpoints, such as euthanizing the animals at the 
“rst recording of low body temperature (Morton 1998; Soothill et al. 1992). 
The choice and use of endpoints should be part of the experimental proto<
col whenever possible. 
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a re“nement approach that makes it possible to measure tumors so precisely 
that the animal may be euthanized before any clinical signs arise. This 
method by itself may greatly reduce the numbers of animals estimated by 
the sample size determination. Other animal models that bene“t from new 
imaging technologies include those for cardiovascular diseases (labeled 
cells; Jaffer et al. 2006) and in”ammatory bowel diseases (colonoscopy; 
Becker et al. 2005). 

ALLEVIATING DISTRESS IN LABORATORY ANIMALS 

As has been noted in Chapter 3, even with reasonable steps to avoid 
or minimize housing and husbandry-related stressors, distress may still 
unexpectedly appear once a protocol begins or following a change in 
husbandry. Many of the steps involved in the alleviation of distress, such 
as a team management approach and prompt veterinary action, are identi<
cal to the procedures described in Chapter 3 for recognizing and assess<
ing the presence of distress. However, before implementing any response 
plan, the principal investigator/study director and veterinarian or designee 
should review the objectives of the protocol to determine if the alleviation 
of distress would adversely affect the research project. Identi“cation of a 
re“nement after approval of a protocol should include amendment of the 
protocol to adopt this change. If the distress is anticipated or results from 
a signi“cant husbandry error, regulations require noti“cation of the Institu<
tional Animal Care and Use Committee (IACUC) and possibly of regulatory 
agencies as well, especially if animal distress results in protocol suspension 
(DHHS 2005; USDA 2005). Table 4-1 provides an algorithm for responding 
to unexpected animal distress. 

Medical conditions unrelated to the study objectives (e.g., spontaneous 
self-injurious behavior, “ght-related injuries, newly diagnosed ectoparasite 
infestations) may be treatable without compromising the study. However, 
additional diagnostic tests may be necessary and even, depending on the 
therapeutic interventions selected, the removal of the animal from the 
study, either temporarily or permanently. In addition to eliminating the 
underlying cause, treatment modalities to address the behavioral signs may 
include changing the environmental parameters (such as cagemate, caging 
type, or housing location [Fontenot et al. 2006]; administering analgesics 
or anxiolytics; engaging in behavior modi“cation and training [Reinhardt 
2003; Schapiro et al. 2001]); providing environmental enrichment; dispens<
ing psychotropic medications; or, in severe cases, euthanizing the animal. 
In one case, environmental enrichment decreased abnormal behaviors in 
pigtail macaques that could not be socially housed (Kessel and Brent 1998). 
In contrast, the presence of puzzle feeders, which encouraged manipula<
tion, did not reduce self-injurious behaviors in rhesus monkeys (Novak et 
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TABLE 4-1 Example of a decision and response algorithm for 
unanticipated distress in laboratory animals 

   

    
   

   
   

      
      
 

    
      
  

       
       

      
 

      
      
   

         
    
      

        
  

     
    

      
     

   
     

       
       

     

       
     

 

        
       
     

      
     

al. 1998), while Coleman and colleagues demonstrated that the ability of 
individual monkeys to respond to conventional training methods is closely 
correlated with their unique temperament (exploratory or inhibited person<
alities; Coleman et al. 2005). 

The actual causes of distress may also lead to sequelae that require 
attention even if the underlying cause is not treatable. For example, the 
clinical signs of a distressed animal often include dehydration and weight 
loss resulting from anorexia. Provision of supplemental ”uids and nutrition 
may relieve the compounding impact of dehydration or poor body condi<
tion on the compromised animal. Supplemental heat, cooling, bedding, 
social housing, and human companionship are other strategies that make a 
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STUDYING DISTRESS 

Distress in humans may be more widespread (or at least more readily 
recognized) than that observed in nonhuman animals because of unique 
human cognitive capacities, such as the ability to clearly communicate 
threatening, dangerous, or painful conditions; to remember these circum<
stances and their consequences over extended periods of time; and to 
apply the emotions engendered to other stimuli on the basis of verbal or 
categorical concepts (Sapolsky 1994). A substantial proportion of the Ameri<
can population will at some point suffer from an illness that is distressing or 
even incapacitating (e.g., depression or a severe anxiety disorder). Many of 
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ing them passively, even though the latter approach might result 
in missing something serious. While there exists a growing body 
of scienti“c evidence (for example see Bayne et al. 2002; EEC 
1986; Kaliste 2004; Morton 2002), it is important to approach 
continuing attempts to establish what is in the best interests of 
animals with rigorous scienti“c interdisciplinary methods. Even 
experts such as veterinarians, ethologists, and animal welfare sci<
entists have to guard against the twin traps of anthropomorphism 
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TOPICS FOR FURTHER INVESTIGATION AND RECOMMENDATIONS 

3. @Institutional support for and embrace  of a commitment to animal 
welfare of the laboratory animals is essential. Veterinarians and 
animal care personnel who work with research animals on a daily 
basis should have adequate time and contact with the animals to 
properly evaluate their well-being. Funding for training programs 
is crucial to the training and development of specialized laboratory 
animal veterinarians and animal behaviorists and should increase, 
because in addition to such objective measurements as weight loss 
or lack of grooming, clinical judgment is vital to effective assess<
ments of stress and distress. 

4. @Appropriate statistical methodologies are an essential tool for the 
avoidance, minimization, and alleviation of distress. 

5. @There should be a clearinghouse (or some other venue such as a 
website or a specialized peer-reviewed journal) for publication 
of research on the effects of enrichment strategies on parameters 
such as physiology, distress, and endpoints for all laboratory 
animals (one useful example is the Primate Enrichment Database 
hosted by the Animal Welfare Institute).1 Although a variety of 
journals (such as Lab Animal, Applied Animal Behaviour Science, 
Animal Welfare, Laboratory Animals, Contemporary Topics in Lab=
oratory Animal Science, Comparative Medicine) publish research 
pertaining to animal welfare, the highly specialized nature of the 
“eld makes it dif“cult for the  larger scienti“c community to remain 
informed about recent advances and ongoing debates. Biomedical 
research journals should be more open to submissions from sci<
entists whose research focuses on animal welfare issues so that 
concerns about research interference or unjusti“ed expenses can 
be debated on scienti“c, ethical, or regulatory grounds. 

6. @Obtaining funding for welfare research is often dif“cult, especially 
when project applications compete against other “elds of science 
due to lack of an appropriate/separate research oversight body. In 
the United Kingdom the funds available for welfare research have 
increased dramatically with the founding of the National Center 
for the Replacement, Re“nement and Reduction of Animals in 
Research (NC3Rs).2 In the United States, the National Institutes of 
Health, Environmental Protection Agency, and other federal insti<
tutions have occasionally provided funding to develop or validate 

1http://www.awionline.org/SearchResultsSite/enrich.aspx.    >
2NC3Rs website: www.nc3rs.org.uk.    >

Copyright © National Academy of Sciences. All rights reserved. 
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nonanimal or nonvertebrate alternatives. Funding for laboratory 
animal welfare research, however, is usually available only in 
small amounts from nongovernmental organizations such as the 
Animal Welfare Institute, the Johns Hopkins Center for Alternatives 
to Animal Testing, the American College of Laboratory Animal 
Medicine, and the American Association for Laboratory Animal 
Science. Given the impact of better animal welfare on science 
as well as the growing public interest in the treatment of labora<
tory animals, federal agencies and large foundations that support 
biomedical and behavioral research should make funds available 
speci“cally for the avenues of investigation listed above and for 
other related topics. 

7. @Animal welfare scientists and researchers and scientists who 
use animal models should communicate with each other more 
frequently in order to compare objectives and progress and to 
identify opportunities for collaboration. Neutral groups and/or 
other established research and science policy entities can provide 
platforms and venues for such exchanges. 
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are introduced by gender, age, physiological state, genetics, and genetic 
modi“cation of the animals. 

The “rst three tables below contain behavioral categories and descrip<
tions of physiologic activities in which rhesus macaques, common marmosets, 
and rabbits engage. In order to determine what kind of behavior it is that an 
animal exhibits, one needs to be knowledgeable in the ethology and hus<
bandry of the species in question. For example, aggression may be a signal 
for fear or pain, but may also be observed in lactating mothers protecting their 
nest. Determining the variation of the behavior from normalcy is a matter of 
training, studying, and observation. 

TABLE A-1 An ethogram for Macaca mulatta (rhesus macaque) 

Behavioral Categories Recorded Behavior De“nitions 

Aggressive behaviors Facial threat displays Open mouth face ± bared teeth or 
vocalization 

Aggressive approach 
Physical aggression 

Stiff approach, attacking run 
Slap, grab, biting, or wrestling 

Submissive behaviors Facial submissive display 
Avoidance 
Active appeasement 

Bared teeth grin ± vocalization 
Avoid, ”ee, leave, displaced 
Groom present, lip smacking 

Af“liative behaviors Af“liative contact 

Passive grooming 
Active grooming 

Contact sit (within arms reach), 
embrace, touch 

Being groomed 
Grooming other animal 

Sexual behaviors 
Appetitive behaviors 
Other activities 

Abnormal behaviors 
Inactive 
Vigilance 

Sexual contact 
Foraging 
Active 

Abnormal behaviors 
Inactive 
Monitoring others 

Genital present/inspection, mounting 
Food search, eating, drinking 
Locomotion, enrichment use, 

self-grooming 
Stereotypies, autoaggression 
Lying, huddling, sitting, sleeping 
Visually following other individuals 

Reprinted from Augustsson, A. and J. Hau. 1999. A simple ethological monitoring system to 
assess social stress in group-housed laboratory rhesus macaques. J Med Primatol 28:84-90. 

Copyright © National Academy of Sciences. All rights reserved. 
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TABLE A-2 An ethogram for Callithrix jacchus (common marmoset) 

Behavior Code De“nition 

Agonism 
Tufts-”ick TF Rapid back-and-forth movement of ear tufts 
Frown FR Lower eyebrows, furl brow, and turn down corners of mouth 

while staring 
Cuff CU Swift, super“cial blow or scratch performed aggressively 
Chase CH Pursue partner, with one or both animals exhibiting aggression 

and/or submission (not play) 
Fight FI Grapple aggressively with partner(s), involving biting, clawing, 

and wrestling 
Attack AT Lunge at or pounce on partner aggressively; may or may not 

result in “ght 
Snap bite SB Direct a single short, sharp bite at partner 
Submit SU Flatten ear tufts and/or facial grimace (partially open mouth 

with corners of mouth retracted, exposing lower and 
sometimes upper teeth) and/or slit eyes (eyelids half closed) 

Continuous CS Continuous submit; start scoring after 5 sec 
submit FRE

http://www.nap.edu/catalog/11931.html
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TABLE A-2 Continued 

Behavior Code De“nition 

Other social behaviors 
Sniff/nuzzle SN Orient face against or toward partner, excluding anogenital 

region 
Anogenital AI Orient face against or toward anogenital region of partner, 

inspect or use hands or mouth to investigate anogenital region of 
partner; includes anogenital groom 

Groom GR Use hands and/or mouth to pick through fur and/or mouth of 
partner, excluding anogenital region 

Sexual solicit SS Stare at partner with ear tufts ”attened and eyes slit 
Mount MO Climb on partner•s back from behind and grip partner around 

waist and legs; may be accompanied by pelvic thrusting 
Initiate huddle IH Establish passive, torso-torso body contact with partner, with 

both animals remaining stationary and in passive contact for 
at least 3 sec 

Leave huddle LH Terminate huddle after at least 3 sec of passive, torso-torso 
body contact during which both partners remained stationary 

Object steal OS Take any nonfood object from hands or mouth of partner 
Attempt object AO Attempt but fail to take nonfood object from hands or mouth of 

steal partner 

Food-associated behaviors 
Food steal ST Take any food from hands or mouth of partner 
Attempt food AF Attempt but fail to take food from hands or mouth of partner 

steal 
Share food SH Eat from a food source from which partner is simultaneously 

eating or that partner is occupying without removing any 
food from partner•s mouth or hands 

New food NF Eat from a food source that no other animal is currently 
holding, eating from, or occupying 

Individual behaviors 
Bristle strut BS Arching posture and/or strut locomotion and/or general 

piloerection 
Scent mark SM Rub or drag anogenital, suprapubic, or sternal region along 

substrate, object, or partner 
Genital present GP Raise tail to expose genitals 
Object OM Sniff, bite, chew, gouge, handle, pounce on, grapple with, or 

manipulation otherwise manipulate inanimate object, excluding food items 
and water bottle, for at least 1 sec 

Written by Lissa Pabst. From Primate Info Net, Library and Information Service, National 
Primate Research Center, University of Wisconsin-Madison. Available at: http://pin.primate. 
wisc.edu/callicam/ethogram.html. 

Copyright © National Academy of Sciences. All rights reserved. 
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TABLE A-3 An ethogram for rabbits 

Common rabbit postures, behaviors, and vocalizations >
Purring or teeth purring „A sound made by lightly and
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Other useful references for common normal behaviors of various labo<
ratory animals include: 

€ @Whishaw, I. Q. and B. Kolb, eds. 2005. The Behavior of the Labo=
ratory Rat: A Handbook with Tests. New York: Oxford University 
Press. 

€ @Pellis, S. M. and V. C. Pellis. 1987. Play-“ghting differs from serious 
“ghting in both target of attack and tactics of “ghting in the labora<
tory rat Rattus norvegicus. Aggressive Behav 13:227-242. 

€ @Bassett, L., H. M. Buchanan-Smith, and J. McKinley. 2003. Effects 
of training on stress-related behavior of the common marmoset 
(Callithrix jacchus) in relation to coping with routine husbandry 
procedures. J Appl Anim Welf Sci 6(3):221-233. 

€ @
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€ @Dixon, A. K. and H. U. Fisch. 1998. Animal models and ethological 
strategies for early drug testing in humans. Neurosci Biobehav Rev 
23(2):345-358. 

As stated in various places in the report, an effective assessment of 
distress is predicated upon solid knowledge of physiologic behaviors for 
each species and careful observation. In this respect, clinical and behavioral 
analysis of distress follows the investigative guidelines to determine the 
cause of any clinical symptomatology or pathology. Similarly, the goal of 
this exercise would be to remove, alleviate, or minimize the cause of dis<
tress (if doing so does not con”ict with the research protocol) and support 
the animal in order to help it recover (see decision-making algorithm at the 
end of Chapter 4). The approach should integrate information from mul<
tiple behavioral and physiological parameters and should involve a team 
approach that includes researchers, veterinarians, and animal caretakers/ 
technicians, as distress levels will vary in relation to the species, husbandry 
conditions, and experimental protocol as well as with each individual ani<
mal. The Committee points out that differential diagnosis of signs (clinical 
and behavioral) attributed to pain, sickness, or distress is quite dif“cult and 
requires careful observation and clinical skills. The following tables show<
case the overlapping clinical signs and abnormal behaviors associated both 
with distress and/or pain in various animal species. 

Copyright © National Academy of Sciences. All rights reserved. 
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TABLE A-6 Common clinical signs associated with pain in small mammals 

Production of fewer, smaller, or no fecal Reluctance to curl when sleeping (ferrets) 
pellets Tucked into abdomen 

Anorexia 

http://www.nap.edu/catalog/11931.html
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SHEET A-1 Investigational screen for behavioral phenotyping >

Behavioral Phenotyping Level 1 Screen Accession #_________ 

Date________Investigator ____________________Genotype___________________________________ 

Background strain(s) ____________Inbred / N#___ Tg /TM KO/KI/Cond Gene Name ____________ 

Key: 0 = zero; 1 = slow or reduced; 2 = normal; 3 = hyper 
Animal # WT Hemi -/- Animal # WT Hemi -/­

DOB/Age Sex M F DOB/Age Sex M F 

Weight (g) Fur color Weight (g) Fur color 

Condition Score Condition Score 


Empty Cage 2 mins: Exploring 0..1..2..3 Empty Cage 2 mins: Exploring 0..1..2..3 

Gait abnormal Y N Gait abnormal Y N 
0= <1 side; 1 =< 1 circuit; 0= <1 side; 1 =< 1 circuit; 

2= multiple circuits; 3= frantic 2= multiple circuits; 3= frantic 
Posture abnormal Y N Posture abnormal Y N 

Freezing Y N Freezing Y N 


Digging 0..1..2..3 Digging 0..1..2..3
Wild running Y N Wild running Y N 

Grooming 0..1..2..3 Grooming 0..1..2..3
Stereotypies Y N Stereotypies Y N

Rearing 0..1..2..3 Rearing 0..1..2..3
Escape Y N Escape Y N 

DORSAL VENTRAL DORSAL VENTRAL 

DRAW DRAW 
Bald patches/abnorm alities Bald patches/abnorm alities 
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The following score sheets have been developed to assess animals in 
toxicology studies. This assessment is based on a detailed and systematic 
observation scheme that identi“es and scores abnormalities according to 
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SHEET A-2 Continued 

l. @ Abnormal skin or hair-coat/mucous membranes: Description of atypical skin or 
mucous membrane color, changes in hair coat, loss of fur, etc. 

m. @Excessive soiling: Description and location of increased body soiling. 
n. @General abnormalities: Description of any other atypical “nding not “tting any of 

the previous observation categories. 

Step 2. Detailed Clinical Observations (DCO) 
The purpose of the DCO examination is to provide information on the physical health of 

the animals for the duration of a study, as well as to document any changes in health status 
that may have occurred in response to chemical treatment of the animals. This examination, 
scheduled periodically during a study, is conducted in a careful and systematic manner. The 
examination begins at the head of the animal and works toward the rear of the animal. The 
observations are ranked according to severity. 

A. = Cage-side observations. 
€ @ Abnormal movements or behaviors: Unusual body movements (e.g., tremors, con<

vulsions), abnormal behaviors (e.g., circling, stereotypy) and changes in posture 
(e.g., arched back, splayed stance). 

€ @ Resistance to removal: The degree to which the animal attempts to escape capture is 
scored. The observer will slowly present a gloved hand into the cage and will grasp 
the animal over the shoulder area or by the tail. 
1 = Decrease„clearly less resistance to capture than typical 
2 = Typical„minimally to actively avoids capture and may be mildly aggressive 
3 = Increase„clearly more resistance to capture than typical and is very aggressive 

(attempts to bite) 
B. = Hand-held observations recorded while handling an animal. 

1.@ Ranked observations„the following use a de“ned scale to rank the degree of 
severity: 
a. > Eye observations: Eyes are bilaterally examined; however, if a unilateral obser<

vation is made, a concurrent observation is not made for the other eye if it is 
within typical limits. 
(1) @Palpebral closure   >

1 = Closed (50% to completely closed) >
2 = Open >
3 = Protruding eyes    >

(2)@ Pupil size (aided by penlight): Under typical examination conditions 
(white light), the typical appearance of the pupils in albino animals is 
complete constriction. Therefore a decrease in pupil size cannot be 
observed. 
0 = Unable to evaluate 
1 = Decrease„clearly decreased pupil size compared to typical 
2 = Typical„completely constricted pupils 
3 = Increase„clearly increased pupil size compared to typical 

(3) @Lacrimation (noncolored periocular wetness) 
1 = Decrease„extremely dry appearance of cornea 
2 = Typical„glistening cornea (moderate dryness or wetness) 
3 = Increase„extensive wetness around the eyes 

continued 

Copyright © National Academy of Sciences. All rights reserved. 
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An alternative example is the following score sheet developed at the 
University of Birmingham Biomedical Sciences Unit, courtesy of David B. 
Morton, BVSc, PhD. 

SHEET A-3 General screening and applicability 
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SHEET A-3 Continued 

Hunched posture 

Boarding of abdomen 

Tiptoe walking 

Handling 

Aggressive 

Not inquisitive/alert 

Crusty eyes/nose 

Reluctant to move 

Dehydration/skin tone 

Vocalisation 

Hyperactive 

Bodyweight 

% weight change from start 

% weight change previous day 

Body temperature 

Treatment 

Prolapse 

Overgrown teeth 

Other 

NAD 

Vet/PI contacted 

Signature: 

Scoring details 
* Abnormal breathing: Breaths/min 
** Type of breathing: R: Rapid, S: Shallow, L: Labored, N: Normal 

Copyright © National Academy of Sciences. All rights reserved. 
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As stated in Chapter 4, establishing surrogate or humane endpoints as 
part of the experimental protocol and before experiments commence is one 
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genetic backgrounds and disease states. She is particularly interested in the 
role of genetics on complex behavioral phenotypes and has been working 
with mouse models of human disease for over 16 years. She has previ<
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Marilyn J. Brown, DVM, is Executive Director of Animal Welfare and 
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the European College of Laboratory Animal Medicine. 

Fon Chang, DVM, is Senior Staff Veterinarian at AstraZeneca Pharmaceu<
ticals LP. He completed residencies in Laboratory Animal Medicine and 
in Animal Behavior at UC-Davis. His experience on animal welfare and 
behavior issues includes behavioral management of research animals and 
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sional af“liations include the American Association for Laboratory Animal 
Science, the American Society of Laboratory Animal Practitioners, and the 
American Veterinary Medical Association. 

James P. Herman, PhD, is Professor of Psychiatry and Director of the Labo<
ratory of Stress Neurobiology at the University of Cincinnati. His research 
pertains to rodents and the structural and functional neurocircuitry involved 
in the stress response, molecular effects of stress in the brain, and gender 
differences in the stress response. Dr. Herman was recently a panel member 
of the American Physiological Society Workshop on Managing Pain and 
Distress in Experimental Animals, and has been an invited speaker on the 
topic of distress for the AALAS and PRIM&R/ARENA national meetings. 

Robert Hubrecht, PhD, has been with the Universities Federation for Ani<
mal Welfare (UFAW) since 1992, where he has served as Deputy Director 
since 1996 (UFAW is a unique scienti“c and technical animal welfare 
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welfare of animals kept as pets, in zoos and laboratories, and on farms). He 
has a long career in the “elds of animal welfare and ethology. This includes, 
in addition to a number of academic positions, service as a member of 
the Animal Procedures Committee (APC). The APC advises the UK Home 

Copyright © National Academy of Sciences. All rights reserved. 

http://www.nap.edu/catalog/11931.html


 

http://www.nap.edu/catalog/11931.html


     

 

http://www.nap.edu/catalog/11931.html


   

   

   

  

  
   

  
  

  

  

  

  

   

   
   

   

   

  

   

   

   
   

   

Recognition and Alleviation of Distress in Laboratory Animals 
http://www.nap.edu/catalog/11931.html 

Index >

A 

Abnormal behavior. See also speci“c 
behaviors 

arousal reduction hypothesis, 35    >
clinical signs of distress, 34-35, 103 >
examples, 32-33    >
habit hypothesis, 35    >
observation strategies, 33, 89-90    >
recognizing, 4, 11, 19, 33-36    >
research on, 4, 6, 36, 88 >
as signs of distress, 3, 4, 16, 19, 35, 103    >
as signs of stress, 2, 3-4, 14, 16, 36 >
species-speci“c, 103    >
stimulation hypothesis, 35    >

Adrenocorticotropic hormone (ACTH), 29 >
n.1, 36-37    >

Age, and distress response, 3, 4, 6, 25, 27, >
33, 34, 35, 41, 43, 88, 95-96, 105 >

Aggression, 3, 4, 16, 26, 28, 30, 68-69, 96, >
97, 99, 103, 104, 107, 108, 110, >
112 >

Alleviating distress. See also Euthanasia >
decision and response algorithm, 43, 75, >

76 >
experimental design and, 70-71    >
recommendations, 6    >
removal of animal from study, 5, 19, 43, >

75 >
team approach, 75-78    >
treatment modalities, 66, 75-77    >

American Association for Laboratory Animal >
Science, 8, 92    >

American College of Laboratory Animal >
Medicine, 8, 92    >

Analgesics, 70, 75    >
Animal training, 6, 75, 76, 90 >
Animal welfare    >

de“ning, 17-21    >
descriptors, 18-19    >
distress and, 17-21, 33, 88 >
historical and cultural context, 1, 17-19 >
institutional support, 7, 91 >

Animal Welfare Act, 1, 10, 13    >
Animal Welfare Institute, 7, 8, 91, 92 >
Anthropocentrism, 90    >
Anthropomorphism, 20, 90    >
Anxiety-related behavior, 21, 28, 30, 66-67, >

79 >
Anxiolytics, 66, 75, 77    >
Arousal reduction hypothesis, 35 >
Assessment of stress and distress    >

behavioral, 19, 26, 95-100    >
considerations in, 4, 18    >
de“ning distress and, 3, 18, 88 >
experimental design and, 4, 43    >
information resources, 100-101    >
physiological measures, 19-20    >
process, 43-44, 106-108    >
sampling procedures, 36, 37-38, 39, 60 >
team approach, 4, 42, 43, 44 >
tools for, 88, 95-112 >
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