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Abstract

Best practices result from a partnership between law, sci-
ence, and the people working with the animals on regulated
studies. In an ideal setting, people working with animals
observe and study animal behavior as influenced by differ-
ent housing and handling paradigms. These observations are
published to create a body of science, and laws are promul-
gated based on the science. The ideal world does not exist,
but there are certain components of best practices common
to all species. These components include study design,
housing, social contact, diet/feed, enrichment devices, and
human interaction. This paper outlines how the forces of
law, science, and people work to create best practices for
species in regulated studies, specifically mice, rats, rabbits,
dogs, and nonhuman primates.
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Introduction

“Practice is the best of all instructors.”
(Publilius Syrus, approximately 300 BC)

The old axiom historically attributed to an ancient Ro-
man is still true. Best practices evolve; they cannot by
definition be stagnant. They instruct us, but we create

them by observation and assimilation.
The three fundamental forces for best practices are the

policies of a particular country, the science known about a
specific practice, and the people involved with the animals.
The laws, rules, or regulations that govern the use of ani-
mals vary between countries. Consider the housing of dogs
as one example. In the United Kingdom, it is common prac-
tice, indeed the law, for dogs to be housed in kennels or
pens. Housing dogs in cages is permitted within the United
States as long as minimum floor space requirements
are met.

The second force is science. The study of animal be-

haviors within laboratory settings help us understand the
needs of the animals in our care. Ideally, regulations should
be promulgated based on scientific evidence. Currently, the
European Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific Purposes
is developing recommendations on basic laboratory animal
housing and welfare, based on the science of animal hus-
bandry and behavior. However, science may not always be
the genesis of regulations. For example, the provision to
provide “exercise for dogs” in the 1985 amendments of the
Animal Welfare Act was written with little scientific evi-
dence to justify the requirement. There was little proof then,
as there is now, that providing a “minimum amount of ex-
ercise” would be beneficial for dogs. What has been shown
is the importance of contact with humans, not necessarily a
specific need for exercise.

We believe the most important force that puts the word
“best” in best practices is the third element—people. People
who are caring, observing, and recording the resul-
tant behavior of the animal when a practice is in place or
modified are crucial.

In light of the forces of law, science, and people, we
review in this presentation the best practices for species
often used in regulated studies. Due to our area of experi-
ence, we address studies required through regulatory bodies
based primarily in North America, to some degree in Eu-
rope, but not necessarily in Asia.

Within the force of law, policy, or regulation, the Inter-
national Conference on Harmonization (ICH1) and the Or-
ganisation for Economic Co-operation and Development
(OECD1) have played significant roles. Both of these bodies
are described elsewhere in this issue of ILAR Journal. Nei-
ther the ICH nor the OECD has in their mission any state-
ment on “animal welfare”; however, the benefits to animal
use on regulated studies have been great. The ICH and
OECD conventions have had a positive effect on reducing
the number of animals required for a study or in giving
guidelines to define endpoints better. For example, the new
ICH guidelines have reduced the number of animals re-
quired in segment II reproductive toxicology studies from
25 rodents per dosage group to 20 rodents per dosage group
(ICH 1993). The OECD’s recent publication, “Guidance
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Document on the Recognition, Assessment, and Use of
Clinical Signs as Humane Endpoints for Experimental Ani-
mals Used in Safety Evaluation” (OECD 2000), is another
example of the effect these bodies have on best practices for
animals used in regulated studies. The reader is directed
to the web site of each organization (ICH: <http://www.
mcclurenet.com/>; OECD: <http://www.oecd.org/ehs>) or
to other presentations in this issue for relevant information.

General Best Practice Guidelines

In this paper, we review best practices for the primary spe-
cies used in toxicology studies, although they are limited to
those that have been observed and documented. Many more
exist in the different institutions performing safety evalua-
tion studies. For each of the species presented, the following
topics will be discussed: study design, housing, social con-
tact, diet/feed, enrichment devices, and human interaction.

Study Design

The first step in providing best practices is the study design.
The group size and number of groups should be the mini-
mum number considered acceptable for the particular test.
Although the absolute number of animals to test is often not
mandated by a regulatory agency, norms have been estab-
lished that are based on the experience of the regulated
investigator with the regulatory body. When it is determined
that statistical analyses will be used to facilitate data inter-
pretation, it is important to determine that the number (n) is
appropriate by performing a statistical power analysis. Al-
though it is important to try to reduce the numbers of ani-
mals used on a particular study, it is as important not to use
too few animals as it is to use too many. The combination
of the regulation, the regulated party, and the science of the
study must always be considered and challenged.

There are many ways to alter the study design to im-
prove animal care practices on a study or even reduce ani-
mal numbers further. For reproductive toxicology studies
that require dosage administration to pregnant rodents or
rabbits during the period of organogenesis (segment II stud-
ies), it is now possible to obtain pregnant females, thereby
reducing the necessity of maintaining male breeder animals.
This practice reduces the number of animals on site, and
it allows the vendor to use the stud males for multiple
breedings.

Methodology to be used for blood sampling should be
considered when looking for “best practice.” As technology
improves, allowing for smaller and smaller blood samples,
the need for controversial techniques such as retro-orbital
bleeding in rodents is reduced or eliminated. The method of
retro-orbital bleeding has been questioned by some inves-
tigators as possibly causing pain and distress to the animals.
It is also considered to be aesthetically displeasing by most
individuals performing the technique. One study conducted

in rats concluded that retro-orbital bleeding in combination
with anesthesia caused more distress than tail vein bleeding
with anesthesia and saphenous vein bleeding without anes-
thesia (van Herck et al. 2000).

In nonterminal large animal studies, it is important to
establish whether the control animals and animals that re-
ceived test compound can be used on subsequent studies.
Under most circumstances, any animal that was dosed only
with vehicle is considered acceptable for use on a future
regulated study. It is often possible to assign animals that
were dosed with test compound to a nonregulated study
after an acceptable washout period.

Housing

Careful selection of the type of housing used for animals on
regulated studies has an enormous impact on the animal’s
well-being during the study. The animal’s immediate envi-
ronment must be clean, dry, of an appropriate temperature
and humidity for the species, and large enough to allow for
normal postural movements and species-specific behavior.
The material for the primary enclosure is important because
the ease of cleaning and comfort of the animal must be
considered. Finally, the primary enclosure must be safe for
both the animals and the animal handlers.

Social Contact

Social contact of some form is very important for the well-
being of all species of animals typically used in regulated
studies. The different types of social contact include audi-
tory, olfactory, visual, tactile, pair housing, and group hous-
ing. The research community and regulatory agencies are
becoming increasingly aware of the enormous benefit to
animal welfare when certain species are paired or group
housed while on regulated studies (USDA 1999). However,
there are many well-founded arguments for maintaining
test animals in single caging units. Social housing does not
allow for accurate reporting of individual feed consump-
tion data or cage pan observations, and dominant individu-
als may actually affect body weight changes in other
individuals. Fighting, particularly in socially housed non-
human primates, is an important concern. Stable social units
of nonhuman primates must be established before study
initiation, which makes randomization to study groups
problematic.

Diet/Feed

It is critical to ensure nutritional consistency for all of the
animals used in a study and to be able to guarantee that
consistency. However, the types of feed offered and the way
in which the feed is offered can be modified to provide
additional enrichment to many laboratory animal species.
Typically animals on toxicology studies are fed certified
diets that are commercially available and guarantee both

S50 ILAR Journal



that minimum levels of specific nutritional components
have been met and that the feed does not exceed certain
maximum limits for specified contaminants (e.g., pesticide
residues, fungi, and processing by-products).

As enrichment, some laboratory species are frequently
offered treats in addition to the certified diet. The treat
should make up only a small portion of the total diet, and it
should be nutritious as well as accepted by the majority of
the animals on study. The animals should be acclimated to
the treat before initiation of the study so that the treat is
familiar to them. If animals are offered treats on regulated
studies, the treat must be offered consistently to all animals
on the study at the same time points.

Enrichment Devices

There is a multitude of enrichment devices commercially
available for all laboratory species, and many can be home-
made. Each device should be carefully considered for
whether it is safe, easy to clean, and preferred by most of the
animals on a study. The device should be made of a material
that is not easily ingested; or, if it is ingested, certificates of
analyses must be provided along with the study data to
ensure that the device will have no effect on the outcome of
the study. Any device used should facilitate in-life obser-
vations. For rodents, new enrichment tubes are available
that are translucent and constructed of polycarbonate. The
rat tubes are tinted amber, and mouse tubes are tinted red.
These colors will make the tubes dark, at least in the eyes of
the rats or mice staying in them, but they still allow obser-
vation of the animals by the care staff. Polycarbonate mouse
huts are expected to be commercially available soon. The
provision of a tube, hut, or box in a rodent’s environment
allows the animal to control light levels, withdraw from
frightening stimuli, and use the structure for climbing (Bau-
mans 1997; Manser et al. 1998).

Many laboratory animal species, especially dogs and
nonhuman primates, lose interest and stop using a particular
device after exposure to it for some time (authors’ experi-
ences). It is best to have an array of several different en-
richment devices available that can be alternated through
the animal’s environment to prevent boredom. It is also
advisable to provide animals on study with prior exposure to
an enrichment device. This technique should minimize the
variable of a novel device within the animal’s environment.

Human Interaction

The value of human interaction is variable, depending pri-
marily on the species of animal. Most laboratory species
benefit from controlled, positive interactions with humans
such as handling and acclimatization (Baumans 1997; Van
de Weerd and Baumans 1995). The benefits are most easily
seen in species such as rats, rabbits, dogs, and nonhuman

primates; the animals are easier to handle and are less
stressed by the interaction. When human interaction is used
intentionally to enrich the lives of laboratory animals on
regulated studies, it is important to acclimate the animals to
the type of interaction well before the initiation of the study.

Species-specific Best Practices

The species described in this section are those often used in
toxicology research. The specific species include mice, rats,
rabbits, dogs, and nonhuman primates.

Mice

In all studies, the study design should allow for the use of
the least number of animals that will provide sound data.
There have been many forces for reduction in the number of
mice on regulated studies. The paramount reason has been
an overall improvement of the health of laboratory rodents,
specifically elimination or reduction in confounding patho-
logical lesions due to rodent bacteria and viruses. Carcino-
genicity studies often require large numbers of mice due to
the prevalence of mammary tumors caused by mouse mam-
mary tumor virus. Elimination of this virus, along with Sen-
dai virus and other complicating diseases, has reduced the
number of animals used per study (Pakes et al. 1984).

The optimal type of housing for mice involved in regu-
lated studies has been an area of debate for many years.
Traditionally, mice in toxicology studies in the United
States have been housed in wire bottom cages. In some
areas of toxicology testing, there are sound justifications for
continuing the use of wire bottom cages. One example is
when checking for the presence of copulatory plugs in re-
productive toxicology studies. Another example is with
compounds that have active metabolites; animals that are
coprophagic may increase their exposure to the metabolite.
However, the use of solid bottom caging, with bedding and
additional enrichment tools, is becoming the norm in other
countries (Purchase et al. 1998). In fact, the Council of
Europe recommends providing rodents with solid bottom
cages with bedding unless there are strong experimental or
veterinary reasons for not doing so (Council of Europe
2001). The Guide for the Care and Use of Laboratory Ani-
mals also recommends the use of solid bottom caging with
bedding for rodents (NRC 1996). If given a choice, rodents
prefer solid bottom caging to wire bottom caging (Blom et
al. 1996). It is important for each institution’s animal care
and use program to consider all options and formulate their
own policies.

The decision to house mice in a regulated environment
singly or in a group should take into account the type of
study to be conducted, the type of data to be collected, and,
of particular importance, the strain of mouse to be used. The
males of many strains of mice that are commonly used on
toxicology studies will fight each other once they reach
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puberty. Fighting also causes some degree of stress, with
concurrent corticosteroid elevations (Haseman et al. 1994).
Even changes such as low stocking rate per cage and the use
of enrichment devices will not prevent the dominant male
from injuring or killing subordinate males. Frequently, sub-
ordinate males are smaller and do not thrive because dom-
inant males limit their access to the feed. Even female mice
of many strains will fight once they reach sexual maturity.
Cage side observations become more difficult with group
housed mice. If test compound-related mortality occurs
within a group of mice, the carcass may be cannibalized.
Some studies have revealed that there are sound scientific
reasons to avoid group housing mice on longer-term studies.
Group-housed male mice were found to have a lower T-cell
proliferative response than singly housed males (Grewal et
al. 1997). Group-housed B6C3F1 mice tend to have a higher
incidence of dermal/subcutaneous tumors and lower surviv-
ability than individually housed mice (Haseman et al. 1994).
However, this same study demonstrated an increase in liver
tumor incidence in the individually housed mice, perhaps
related to increased body weights that typically occur com-
pared with group-housed individuals.

Mice are often fed ad libitum on toxicology studies.
Generally, the feed consists of a pelleted ration with a con-
trolled and consistent nutritional content. Treats or nutri-
tional supplements have not been commonly offered to mice
on regulated studies. Some devices that are offered to mice
are used extensively for the purpose of gnawing (authors’
experiences). Several of these devices are now available
with nutritional analysis information, and some are “certi-
fied.” Some studies suggest that diet optimization may im-
prove survivability in mice and reduce the incidence of
certain spontaneous neoplasms (Haseman et al. 1998; Tur-
turro et al. 1996). Diet optimization is defined as providing
adequate calories and nutrition to maintain a normal body
weight. The National Toxicology Program has carried out
studies that have shown that the incidence in liver tumors in
mice is higher in mice with increased body weights (Hase-
man et al. 1998).

Many commercially available enrichment devices for
mice exist. Most of these devices are inexpensive and sim-
plistic, and they allow the mouse to carry out species-
specific behavior such as burrowing. Devices that allow the
creation of a burrow or house are favored by most strains of
mice. Many institutions use plastic bottles, tubes, or plastic
balls cut in half with a hole for a doorway to provide a place
to hide (Figure 1). Nesting material is also used by almost
all strains of mice. The mice spend time shredding the nest-
ing material and arranging their nest. Several commercially
available forms of nesting material are certified, which is
important because a certain amount of material may be in-
gested by the mouse. Other devices such as running wheels
can provide enrichment for mice without compromising the
science (Figure 2).

Human interaction appears to be of little or no value for
enriching the lives of mice. Regular handling of mice does

seem to make them more docile, but mice do not appear to
respond to the interaction in any other positive manner. On
studies where mice are handled on a regular basis, it is
important to minimize stress by acclimating the animals to
the handling before initiation of the study.

Rats

As stated above with mice, the study design should allow
for the least number of animals that would provide sound
data. In addition, like mice, the number of rats needed on
studies has been decreasing due to improved health. Com-
plication of studies due to sialodacryoadenitis virus, Myco-
plasma pulmonis, and other rodent diseases has drastically
decreased over the past 20 yr (Pakes et al. 1984).

There is more information published about the effect of
housing of rats in solid bottom cages than there is for mice.

Figure 1 Plastic water bottles are frequently used to provide a
shelter for rodents on regulated studies.

Figure 2 Several different enrichment devices are available for
use in mouse cages.
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As with mice, the use of solid bottom caging is the standard
in Europe. In the United States, the trend is to move away
from the use of wire bottom cages as the norm for primary
housing. Over the last few years, many pharmaceutical
companies and contract research organizations in the United
States have moved to the use of solid bottom caging for
rodents on toxicology studies (Smiler et al. 2001). Toxi-
cologists, regulatory bodies, and accrediting institutions
(AAALAC 2000) in the United States are becoming more
accepting of this housing, and the most recent edition of the
Guide for the Care and Use of Laboratory Animals recom-
mends solid-bottom caging (NRC 1996). Rats housed long
term in wire bottom cages and fed ad libitum often develop
painful foot lesions after they reach a certain weight (Peace
et al. 2001). If rats are provided with a solid substrate within
a wire bottom cage, they will tend to rest on the solid area
and defecate and urinate over the wire area (authors’ expe-
rience). In one study, it was noted that rats housed in solid
bottom cages were less active than rats housed in wire bot-
tom cages (Rock et al. 1997). This same study demonstrated
that rats housed in wire bottom cages ate significantly more
feed than those housed in solid bottom cages. As with mice,
there are some sound scientific justifications for housing
rats on wire bottom cages. For example, it is difficult to
observe copulatory plugs when rats are housed in solid bot-
tom caging, and it is possible that the rat will be exposed to
higher levels of the test compound through contact with the
urine and/or the feces.

Rats appear to benefit more from group housing than
mice. Male rats do not tend to fight as readily as mice,
particularly if they are provided a cage that is large enough
for the subordinate male to retreat. Rats appear to prefer
each other’s company and will interact as they explore their
environment. As with group-housed mice, cage side obser-
vations are more difficult than with individually housed
animals, and cannibalization may occur if there is an unex-
pected death.

Within the past decade, a decrease in longevity in cer-
tain strains and stocks of rats has been documented. One
factor in this decrease has been ad libitum feeding in rats
(Goodrick et al. 1983), not generally practiced with other
species such as dogs and monkeys. Diet optimization for
rats on long-term studies is becoming increasingly accepted
in the industry. There have been many studies that have
proved survivability is increased and the incidence of spe-
cific neoplasms are lower when rats are not allowed to
become overweight (Christian et al. 1998; Goodrick et al.
1983; Haseman et al. 1998; Klurfeld et al. 1991). Feeding
treats to rats on regulated studies is not routine; however,
rats are often provided devices for gnawing, and they may
ingest a small amount of the device material. Many of these
devices are commercially available, along with nutritional
analysis and certification.

Rats accept and use a number of enrichment devices. As
with mice, nesting material and a shelter or place to hide
(e.g., plastic or stainless steel tubes) may provide an enrich-
ment benefit (Baumans 1997; Manser et al. 1998) (Figure

3). Vertical cage space can be used advantageously if climb-
ing ropes or mesh are provided. Rats also spend time rolling
large marbles or stainless steel balls, especially if they are
housed in wire bottom cages, and they use hanging toys. As
with mice, it is important to consider the substrate of the
enrichment device and whether it could be ingested. Obvi-
ously, the device should not be used if ingestion of the
device could be harmful or jeopardize the integrity of the
data.

Human interaction is most likely beneficial to rats that
are acclimated to it. Most laboratory rats do seem to respond
in a positive manner to gentle handling. It is important to
acclimate rats to human interaction before initiation of a
study. It is interesting to note that rats housed in an exten-
sively enriched environment tend to be more aggressive to
humans (A. Haynes, GlaxoSmithKline, personal communi-
cation, 2001) and are reported to be more highly reactive to
physical restraint (Spencer et al. 1993) than rats housed in
less enriched environments (Figure 4).

Rabbits

Rabbits are generally the nonrodent species of choice for
reproductive toxicology studies and other regulated studies
such as eye irritation studies. The group size and number of
groups required are often mandated, and recent ICH and
OECD changes have reduced the numbers required in a
specific study design (ICH 1993, 1996).

Generally rabbits are housed in plastic or stainless steel
cages with grids or slats for floors on reproductive toxicol-
ogy studies. The floor slats should be wide enough for the
majority of the foot to be supported by the slat; otherwise,
foot lesions may develop as the rabbits gain weight. The
slats should also be close enough together that the foot does
not slip down between the slats, allowing for the possibility
of leg fractures. Rabbits housed in wire bottom cages have

Figure 3 Amber-tinted translucent plastic tubes provide a dark-
ened shelter for rats while still allowing observation by staff.
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a high incidence of ulcerative pododermatitis (Love 1994);
this type of housing should be avoided. Gridded plastic
flooring seems to be associated with less foot lesions and
leg fractures while still allowing for a clean, dry environ-
ment. Rabbits have also been successfully housed in large
pens (Love 1994), although this housing is not standard on
reproductive toxicology studies.

Rabbits are generally individually housed during repro-
ductive toxicology studies. If male rabbits are kept as sires,
they must be physically separated from other males due to
fighting (Huls et al. 1991; Whary et al. 1993). Pregnant
females must be kept separate because they will be stressed
by the immediate presence of a conspecific and will also
fight. Young rabbits may be group housed after weaning,
but it is important to keep them in large pens where subor-
dinate animals can escape from the dominant ones. One
study compared nonpregnant females in individual housing
versus a small group setting and concluded that there were
no significant differences in physiological and immunologi-
cal parameters, but group housing appeared to be a success-
ful method of enrichment for females (Whary et al. 1993).
Another study found that 46% of females that were group
housed showed signs of aggressive attack by the age of 63
days (Bell and Bray 1984). If rabbits are housed individu-
ally, it is beneficial to allow them to have visual, auditory,
olfactory, and even tactile association with conspecifics
(Council of Europe 1997).

The typical diet fed to rabbits on reproductive toxicol-
ogy studies consists of a pelleted rabbit chow that is fairly
high in fiber (generally 15-20%) to help prevent the forma-
tion of trichobezoars. The diet is usually limited to prevent
overeating and associated disorders such as obesity, bloat,
and hemorrhagic enteritis. Ad libitum feeding in pregnant
females is associated with decreased numbers of embryo
implants, decreased numbers of live born and decreased
fetal body weight (Clark et al. 1991). Some institutions
routinely use various supplements to help prevent trichobe-
zoars. “Certified” alfalfa cubes and chew sticks, loose irra-

diated hay, kale, pineapple, and other fruits and vegetables
are examples of treats that can be given in moderation.

Many different enrichment devices are suitable for rab-
bits (Huls et al. 1991). Rabbits spend time ringing bells that
are attached to the sides of their cages and will kick around
and toss small dumbbell-shaped dog toys (Figure 5). Balls,
keys, hanging toys, and other devices have also been pro-
vided to enrich their environments. It is imperative that
appropriately sized structures such as tubes are present to
provide refuge for the subordinate animal housed in a pen
with other rabbits. Low-volume music is often provided to
rabbits for some period of time during the day. Rabbits that
are acclimated to music or white noise are observed to react
less violently to noise stimuli than rabbits kept in a quiet
environment (N. Lefebvre, Covance Research Products,
personal communication, 2001).

Human interaction appears to be an important aspect of
enriching the lives of rabbits on toxicology studies (Ander-
son et al. 1972; Podberscek et al. 1991). When appropriately
handled, most rabbits become more tractable as soon as they
have become accustomed to the handling. If males are kept
as sires, they require periodic grooming as they age, and
they usually look forward to their grooming sessions. Typi-
cally on reproductive toxicology studies, does are not al-
lowed to deliver their litter. If a study requires that the doe
deliver and raise the litter, then only familiar human inter-
action should be allowed to continue close to the time of
parturition, and all other interaction should be kept to a
minimum.

Dogs

The typical species of choice for nonrodent toxicology stud-
ies is the dog. The study design should minimize the number
of dogs used on study; typically, three dogs per dosage
group per sex are used for a 1-mo toxicity study. Due to the

Figure 4 Rats housed in an extensively enriched environment are
noted to be more aggressive to humans.

Figure 5 Rabbits utilize enrichment devices such as bells and dog
toys.
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size of the dog and its relatively tractable nature, many
methods have been developed to facilitate and reduce the
invasiveness of dosing and data collection procedures. For
intravenous access of relatively short duration, indwelling
intravenous catheters can be placed and maintained in su-
perficial veins for administration of test compounds or for
blood collection. Before the initiation of a study, dogs can
be surgically implanted with vascular access ports and te-
lemetry devices that will facilitate test compound adminis-
tration, blood collection, and collection of data such as
blood pressure measurements, heart rate, specific vessel and
cavity pressures, body temperature, and other measurements
without hampering the dog’s activity or causing it stress or
pain.

Dogs on toxicology studies can be cage or kennel
housed. Kennel and pen housing for dogs is considered to be
the same within the context of this paper. Kennel housing
offers many advantages, especially the dog’s ability to ex-
ercise at will (Hughes et al. 1989). The floors of kennels are
usually supplied with sawdust or other suitable bedding ma-
terial. Kennels will often have raised platforms installed to
allow the dog more vertical space (Figure 6).

Socialization with conspecifics should be considered of
paramount importance for dog studies (Beerda et al. 1997).
Dogs that are pair or group housed generally exhibit less
stereotypic behaviors than individually housed dogs. Dogs
of both sexes will play together and rely less on other forms
of enrichment when they are group housed. It is relatively
easy to establish appropriate pairs or groups of dogs, espe-
cially if they are young. Fighting occurs occasionally in
older males and is usually prompted by disagreements over
food or a toy. Dogs should be able to be pair or group
housed while on toxicology studies; however, special atten-
tion must be paid to feed consumption. If dogs cannot be
paired while on study, they should be allowed to have vi-
sual, auditory, and olfactory socialization with conspecifics
(Wells and Hepper 1998).

Meal feeding with an optimum amount of feed, rather
than ad libitum feeding, should be the norm for all dogs.
Overeating in dogs can lead to obesity and other problems.
Frequently, the volume of feed offered must be adjusted for
individual dogs within a group closely matched in age and
weight to maintain optimal body scores. Typically pair- or
group-housed dogs must be separated at the time of feeding
due to individual differences in feed consumption rate and
the possibility for fighting. Because most dogs will readily
accept treats in lieu of their balanced diet, treats are often
not used for dogs in regulated studies.

Numerous commercial dog toys are available and many
are suitable for use in a laboratory setting. The toy should be
constructed of a material that is not easily ingested, and if it
is ingested, it should be innocuous. Dogs enjoy chewing and
will ingest small amounts of most of the toys that are avail-
able. Analysis and certification are available on some of the
dog toys specifically marketed for the research laboratory.

Human interaction is extremely important for dogs, and
it is a form of enrichment that is relatively easily attained
(Hubrecht 1995; Loveridge 1998). Such interaction is also
mutually beneficial for dogs and their care givers. Dogs can
be easily acclimated to specific research-related needs such
as staying in a sling for blood sampling or lying on their side
for electrocardiograms. Dogs also enjoy being groomed.
Care givers enjoy interacting with dogs and a regular sched-
ule for interactions such as training, acclimatization, and use
of special devices should be encouraged and developed
(Figure 7).

Nonhuman Primates

In regulated studies, nonhuman primates are the alternative
nonrodent species of choice when a dog is not acceptable.

Figure 6 Kennels with raised platforms allow dogs to utilize more
of the available vertical space.

Figure 7 Regular exercise programs and interaction with care
givers are important forms of enrichment for dogs.
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The most commonly used genus of nonhuman primates in
regulated studies is Macaca.

Dogs may not be acceptable for a number of reasons
including the following:

• The potential drug to be studied is active in vivo on
receptors or enzymes that occur only in primates (both
human and nonhuman);

• The potential drug would be destroyed by the immune
system of other species but would be biologically active
in both human and nonhuman primates;

• The anatomy and/or physiology of a disease syndrome
(e.g., osteoporosis) is similar in humans and nonhuman
primates but different in other species;

• The drug or vehicle used to administer the drug is tol-
erated only in humans and nonhuman primates and not
in other animal species (e.g., dopamine agonists);

• The assessment for a disease process can be studied
only in primates (e.g., the assessment of certain cogni-
tive abilities and behaviors that are only exhibited in
nonhuman primates and humans); and

• A disease such as polio, which occurs only in primates.

Transgenic rodents, specifically mice, have replaced the
use of nonhuman primates in some studies (Herzyk et al.
2001), but there are still many studies in which nonhuman
primates are needed.

When it is necessary to use nonhuman primates, it is
essential to consider and address all aspects of enrichment
to attempt to enhance their lives while serving on a study.
As with dogs, there are several surgical models available to
facilitate and improve the quality of data collected and mini-
mize study-induced stress, such as telemetry systems. Con-
sistent collection of higher quality data may in turn allow
for a smaller group size.

Nonhuman primates assigned to toxicology studies have
been traditionally housed in stainless steel cages. However,
there is a trend toward housing in pens that are larger and
allow for greater movement, exercise and preferences for
perching and resting. The use of pens works best with
smaller species that can be safely hand or net captured. The
use of pens may prove to be impractical and unsafe for
humans and nonhuman primates when the study requires
that larger species are handled frequently. The cage or pen
must be constructed so that the animals cannot escape or
become trapped or entangled, and all surfaces must be free
of sharp edges. Some cages are constructed with panels that
can be removed to open up two to four consecutive cages to
a compatible group of nonhuman primates. All enclosures
for nonhuman primates must allow the animal to stand to its
full height and move freely about the enclosure. Perches
must also be provided.

Conspecific socialization is extremely important for all
nonhuman primates, and there are numerous studies that
reveal the benefits to be gained by providing adequate so-
cialization (Novak and Suomi 1991; Reinhardt 1991, 1994;
Woolverton et al. 1989). However, if social groups change

frequently, aggression and injuries also increase (Woolver-
ton et al. 1989). Some institutions routinely pair or group
house their nonhuman primates on toxicology studies. It is
essential that paired or grouped nonhuman primates are ob-
served very closely to ensure that the animals are compat-
ible. This observation is particularly important with some of
the larger, more aggressive species such as macaques. It is
also important to provide a large enough enclosure that a
nonhuman primate can escape from an aggressor if neces-
sary. If it is not possible to pair or group house macaques,
it is important to provide them with other forms of contact
such as visual, auditory and olfactory socialization. The
cage should also provide a visual barrier to allow subordi-
nate individuals to retreat behind an area. Some cages are
constructed with panels that allow nonhuman primates to
touch fingertips without allowing fingers to be damaged.

There are many opportunities for enriching the lives of
nonhuman primates by providing a variety of feed treats or
supplements. Most nonhuman primates are fed a commer-
cially available chow as the major component of the diet.
Certified diets are available for toxicology study use. The
main diet should be supplemented with fresh fruits and veg-
etables and other treat items in small quantities. When se-
lecting the types of produce to feed to nonhuman primates,
it is important to make choices based on how well the item
is favored, and whether the item could have any effect on
the data, such as changing clinical chemistry parameters.
All produce must be thoroughly washed or peeled in order
to reduce pesticide residue ingestion. Other treats such as
raisins, grapes and cereals may be offered in small quanti-
ties and can be used for hand feeding purposes or as re-
wards. Also, ice cubes, grapes frozen in ice cubes and
frozen cubes of fruit juice provide enjoyment for many non-
human primates. It is important to acclimate the animals to
the type of produce or treat before initiation of the study so
that unexpected occurrences can be avoided. It is also ad-
visable to generate a specific list of appropriate and accept-
able items to feed and then to rotate through the list so that
individuals do not become bored with the selection.

Many commercially available toys and enrichment de-
vices are commonly used with nonhuman primates on toxi-
cology studies (Figure 8). These items seem to entertain and
occupy many nonhuman primates, particularly if they are
individually housed. Stainless steel mirrors attached to the
outside of the cage by a chain are among the devices used
the most consistently by cynomolgus macaques at the au-
thors’ facility. Macaques have been observed to use the
mirrors to look at themselves, and also to angle the mirror
to be able to look down the line of cages to see activities at
the other end of the room. With hanging devices, it is im-
portant to limit the length of the chain or rope in order to
avoid accidental hangings. Many dog toys can be given to
nonhuman primates to provide something to chew on or toss
around the cage. Puzzle toys which challenge the nonhuman
primate to work for a small treat are used by many cyno-
molgus macaques (authors’ experiences). Rope or chain
swings provide additional enrichment to nonhuman pri-
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mates. However, these devices may interfere with the cage’s
squeeze back. The use of hammocks has been evaluated at
the authors’ facility, and they are used by many individuals
for resting and swinging (Figure 9). The hammocks do not
interfere with the squeeze plate, as it is attached to and
pulled up along with the squeeze plate. It is important to
alternate the types of enrichment devices periodically so
that the animals do not become bored. The periodic use of
music and videos is used routinely as enrichment for non-
human primates on toxicology studies. Radio music was
shown to reduce the heart rate of baboons in one study,
although blood pressure and behavior did not vary (Weaver
1996). Videos must be selected carefully to ensure that
nothing contained in them is frightening or evokes an ag-
gressive behavior in the viewers. Images of snakes even in
cartoon form have caused increased incidences of stereo-
typic behavior and self-biting in groups of macaques in the
authors’ facility.

Positive human interaction is critical for nonhuman pri-
mates involved on studies where handling is routine. Most
nonhuman primates will respond favorably to kind human
interaction once they have become accustomed to it. Han-
dling must be performed routinely before study initiation in
order to acclimate the nonhuman primates to the handlers
and procedures. With kind and consistent handling, many
macaques learn to cooperate with handlers, which ulti-
mately leads to less stress in the animal and better data
overall.

Conclusion

We believe that best practice can be defined as a partnership
between law, science and people. It is important to remem-
ber that the best practices in place now, are not necessarily
the best practices of tomorrow. Only by observation of ani-
mals in our care can they instruct. By observation, investi-
gation and publication of findings, best practices will
continue to evolve for both the benefit of the animals, and
the people who work with them.
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