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Abstract

Animal models of movement disorders can present special
challenges for the research institutions that use them.
Such models often affect the animals’ ability to ambulate
and perform normal body functions, and these potential
effects on health and well-being mandate additional steps
to ensure humane animal care and use. Indeed, the ap-
propriate level of care for these models may call for ac-
tions that go beyond what is required or considered standard
for other protocols. A proactive team approach to ani-
mal use protocol development and animal management
is important. Through the commitment and involvement
of the entire team—researchers, facility personnel, and
institutional animal care and use committee members—
institutions that use these valuable models can ensure
both the fulfillment of research objectives and the im-
plementation of the best practices for animal care. Among
the most commonly used animal models of movement
disorder are models of stroke, brain and spinal cord injury,
dystonia, Parkinson’s disease, and Huntington’s dis-
ease. Despite their relatively wide use, there is very little
in the literature that describes the specific needs of in-
dividual models and the challenges those needs may pres-
ent in today’s regulatory environment. In this article,
we discuss animal use considerations and provide the
available animal care information on specific models. In-
terested readers are also referred to the additional informa-
tion in the accompanying articles in this issue of ILAR
Journal.
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Introduction

Humane animal care and use in biomedical research
facilities are of the utmost importance, not only for
regulatory and ethical reasons but also to ensure the

generation of high-quality data. The performance-based rec-
ommendations in the Guide for the Care and Use of Labo-
ratory Animals (Guide1; NRC 1996) and the regulations
(AWR 1985) set forth in the Animal Welfare Act (AWA1)
describe expected levels of care for research animals. How-
ever, animal models of movement disorders can present
special challenges for the research institutions that use them.
Such models often affect the animals’ ability to ambulate
and perform normal body functions, and these potential ef-
fects on health and well-being mandate additional steps to
ensure humane animal care and use. Indeed, the appropriate
level of care for these animal models may call for actions
that go beyond what is required or considered standard for
other protocols. In this context, close communication and a
team approach become essential for providing an appropri-
ate level of care while meeting research objectives.

In this article we highlight some of the important con-
siderations for researchers, institutional animal care and use
committees (IACUCs1), and animal resource programs that
are or will be using animal models of movement disorders.
Among the most commonly used animal models of move-
ment disorder are models of stroke, brain and spinal cord
injury, dystonia, Parkinson’s disease, and Huntington’s dis-
ease. A review of the literature reveals that despite their
relatively wide use, there is a paucity of information on the
specialized care that some movement disorder models re-
quire. In the text below, we provide the available animal
care information on specific models, and we refer interested
readers to the additional information in the accompanying
articles in this issue of ILAR Journal. Excellent information
of a general nature is also available in the National Research
Council’s Guidelines for the Care and Use of Mammals in
Neuroscience and Behavioral Research (NRC Neurosci-
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ence Guidelines1; NRC 2003). These Guidelines are de-
signed to assist institutions in interpreting and applying cur-
rent animal welfare laws, regulations, policies, and
guidelines for neuroscience research. The information is
directly applicable to movement disorder research, and
we encourage readers to consult this text for additional
guidance.

Animal Use Considerations

The IACUC is responsible for assuring all governing bodies
that research involving animals complies with applicable
laws, regulations, and guidelines, and that the care and use
of animals is appropriate. The IACUC must evaluate every
aspect of the proposed project to ensure that there is ad-
equate forethought, planning, training, and resources to
complete the project successfully. The importance of such
an evaluation applies to all animal research but is especially
true for research that involves the use of animal models of
movement disorders. An active and involved IACUC is es-
sential from inception to completion of projects that utilize
these models. Available guidelines emphasize the need for
a proactive and collaborative approach that involves re-
searchers, veterinarians, and IACUCs (Klein and Bayne
2006; NRC 2003). Such an approach minimizes delays that
may otherwise impede research productivity and/or cause
unnecessary suffering of the animals involved, and it helps
ensure data quality and integrity. The NRC Neuroscience
Guidelines (NRC 2003) provide a helpful overview of pro-
tocol development strategies.

Before Protocol Submission

Before selecting a model, investigators should have a good
understanding of the model and its appropriateness for the
proposed research. The text Animal Models of Movement
Disorders (LeDoux 2005) provides a comprehensive dis-
cussion of the use, selection, and limitations of animal mod-
els of movement disorders, as well as information on
selected invertebrate and vertebrate species and their ge-
netic, molecular, and phenotypic characteristics. In this is-
sue of ILAR Journal, readers will find excellent reviews that
assess the strengths and weaknesses of particular disease
models. A number of reviews published elsewhere provide
additional information on the established models used in
this important area of research (Evinger 2005; Levine at al.
2004; Raike et al. 2005; Smeyne and Jackson-Lewis 2005;
Traystman 2003).

Before submitting a protocol, researchers should consult
with the institution’s veterinarian and operations manager to
ensure that the physical facilities and practices required to
support the model are in place before procuring the ani-
mal(s). This consultation is an important opportunity for
research and facility personnel to identify potential areas of
concern and to reach consensus on how issues will be ad-

dressed. It is essential to clearly define roles and responsi-
bilities at this time and to develop standard operating
procedures if warranted. In writing the IACUC protocol,
investigators should include a complete description of ex-
perimental procedures, any special care considerations, and
deviations from animal care regulations and guidelines. It is
important to provide scientific justification for any proposed
deviations in animal care standards.

In cases that call for the creation of new animal models
of movement disorders (e.g., genetically engineered mouse
models), there may be little or no knowledge of the specific
needs of a new model before procurement. Researchers
must then make a reasonable effort to anticipate the special
needs by having a good understanding of the human con-
dition and associated complications. The protocol must in-
clude a complete description of expected outcomes and how
they will be addressed. Given that some unintended conse-
quences cannot be anticipated, it is important for research-
ers, animal facility staff, and IACUCs to be flexible and
responsive when they encounter these situations.

Protocol Review

As for all proposed use of animals, IACUCs must ensure the
fulfillment of federal, state, and local regulations and guide-
lines during protocol review and approval. The specific re-
quirements for protocol review and approval are outlined in
the Public Health Service Policy on the Humane Care and
Use of Laboratory Animals (PHS Policy1; NIH 1986), the
AWA (PL 89-544 1966), and associated guidelines and
regulations (AWR 1985; NRC 1996).

As for all experiments, IACUCs should ensure that a
protocol provides appropriate justification for the number of
animals to be used. This is especially true if a breeding
colony will be maintained because some genetic models of
movement disorders have disturbances or consequences that
are potentially painful and distressful. IACUCs have an ob-
ligation to ensure the use not only of an appropriate number
of animals to answer the experimental question but also of
the minimum number of breeding animals to generate the
experimental population. Appendices B and C of the NRC
Neuroscience Guidelines offer helpful discussion and ex-
amples of methods for determining appropriate animal num-
bers for both experimental and breeding purposes (NRC
2003).

When studies involve the use of species that the United
States Department of Agriculture (USDA1) regulates,
IACUCs must also ensure the placement (and ultimately
reporting) of the animals in the appropriate pain/distress
category. The USDA’s Animal Care Policy Manual defines
a painful procedure as “any procedure that would reason-
ably be expected to cause more than slight or momentary
pain and/or distress in a human being to which that proce-
dure is applied” (APHIS 1997, p. 11.1). Historically,
IACUCs have tended to focus on the experimental manipu-
lation when considering which category is appropri-
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ate, but for naturally occurring and genetically engineered
models of movement disorders, the condition itself may
dictate a particular category.

One of the most important considerations for IACUCs
when reviewing protocols that call for the use of animal
models of movement disorders involves the criteria for the
removal or euthanasia of animals. These models have his-
torically presented special challenges for both research and
veterinary personnel in part because there is often only a
slight difference between unrelieved pain/distress and the
condition that is being studied. Approaches for establishing
humane experimental endpoints are available in the litera-
ture (Morton 2000). The challenge for researchers, veteri-
narians, and IACUCs is to balance the humane treatment of
the animals with the scientific goals of the study (NRC
2003). Researchers, veterinary personnel, and IACUCs
must partner proactively to reach consensus on how to man-
age health issues. Consensus is essential for ensuring that
animals receive the best possible care if/when a particular
complication develops. In addition to the proposed end-
points, the IACUC protocol should include a complete de-
scription of the roles and responsibilities of both research
and animal facility personnel.

As described in more detail below, animal models of
movement disorders often require special husbandry and
veterinary care procedures. IACUCs should consider these
special requirements at the time of protocol review. Proto-
cols that include deviations from mandated or generally
accepted standards should provide a full description of the
deviation(s) and scientific justification, which the IACUC
must then approve. IACUCs must consider these models’
unique requirements for both housing (e.g., alternative cag-
ing, exemptions from floor space requirements, exercise)
and veterinary care (e.g., treatments, maintenance of bodily
functions). A complete description of maintenance and
monitoring methods for affected animals is essential. De-
pending on the frequency with which a particular model is
used, IACUCs may need to develop written policies and
procedures that outline expectations of care rather than ad-
dress these issues on a protocol-by-protocol basis.

IACUCs must give special attention to the training and
qualifications of research and animal care personnel who
work with movement disorder models. All personnel in-
volved must clearly understand the model and its special
needs. Personnel should be trained to differentiate between
“normal,” “expected presentation,” and “unexpected pre-
sentation,” and to consult with others who have appropriate
expertise when they observe deviations. Training must be
comprehensive and also cover areas related to human
health. For example, the compound 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP1) used in many Parkin-
son’s disease (PD1) models is toxic and has been linked to
acute parkinsonism in exposed humans (Jakowec and Petz-
inger 2004). Although the effects of human exposure to
MPTP are still not completely understood, this report illus-
trates the need for IACUCs to consider all potential risks
and to ensure that personnel at all levels are trained to

manage the risks appropriately. IACUC members them-
selves must have a good understanding of the model and the
research in order to make fully informed decisions if/when
situations occur that require IACUC action.

Postapproval Monitoring

The IACUC’s responsibility to ensure appropriate care and
use does not end with approval of the protocol. IACUCs
may conduct semiannual program reviews and facility in-
spections to ensure that what is happening at the cage level
is consistent with what was approved. The special chal-
lenges that animal models of movement disorders present
may require increased monitoring by the IACUC or more
intense review during scheduled semiannual inspections.
The IACUC must take whatever steps are necessary to en-
sure that care and use provisions are adequate and suitable
for the animals. It is also essential for the IACUC to pay
special attention to ensure that the pain/distress category
(for USDA-regulated species) is suitable, and that the hu-
mane endpoints described in the original protocol are ap-
propriate and consistently used. If there are deviations, the
IACUC must take corrective action or confirm that the pro-
tocol is revised to reflect current practices.

Reporting Requirements

When the model involves a USDA-regulated species, the
IACUC must ensure that animals are tracked and reported in
the appropriate pain/distress category. In some instances,
there may be different opinions among committee members
about how to classify certain models, and observation of the
animals may be necessary to reach consensus. It is impor-
tant to document and report minority views. For models/
experiments classified as Category E, additional
information must accompany the USDA annual report. Spe-
cifically, “animals counted and listed in Column E must
have a detailed statement explaining the procedure(s) and
the basis for withholding pain-relieving medications”
(APHIS 2006, p. 17.3).

The annual report to the USDA (APHIS 2006) must
include exceptions to USDA regulations or standards. Ex-
amples of such exceptions include but are not limited to
exemptions from exercise requirements for dogs, exemp-
tions from the nonhuman primate plan for environmental
enrichment, and food presented on the floor of a regulated
rodent cage. The IACUC must consider any exceptions at
the time of protocol review. Thereafter, the annual report
must, at a minimum, include a written summary that iden-
tifies and describes the IACUC-approved exception(s) and
lists the species and number of animals affected (APHIS
2006).

Depending on the model and the specific circumstances,
additional reporting requirements may apply. It is important
for IACUCs to have accurate database management systems
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in place in order to reliably track and retrieve information
on these protocols. IACUCs must also have effective moni-
toring programs to ensure the reporting of noncompliance
consistent with regulatory requirements.

Animal Care Considerations

The challenge of the Guide, as well as the AWA and asso-
ciated regulations, is that these resources provide only the
minimum acceptable standards, requiring professional judg-
ment when the minimum is not sufficient. For many re-
search protocols, the minimum standards are more than
adequate for proper animal care; however, some protocols
require care above and beyond the minimum standards. Es-
tablishing which protocols require a different level of care
and what level of care is appropriate is often difficult, and
one must refer to the scientific literature and to accepted
standards of veterinary medical care to help define appro-
priate care. Animal models of movement disorders often
require a higher level of animal care than the minimum
standards state. This is not true for all aspects of animal
care, or every model, but most movement disorder-related
protocols require specialized care both to ensure animal
welfare and to provide quality data.

There are many factors to consider when caring for ani-
mals, including the animals’ environment, access to food
and water, facilitation of normal biological processes, en-
vironmental enrichment, social housing, and appropriate
veterinary care and monitoring. It is also necessary to con-
sider the species and experimental procedures because in-
terspecies differences and variations in procedure vastly
affect the level of care that may be required. We summarize
below some of the animal welfare considerations associated
with animal models of movement disorders. We also refer
readers to the discussion of general animal care consider-
ations associated with a variety of neurological disease
models in the NRC Neuroscience Guidelines (NRC 2003).

Environment

Countless parameters of an animal’s environment require
monitoring and maintenance at a standard that accommo-
dates normal physical, biological, and social processes.
These parameters can be as simple as maintaining the cor-
rect temperature and humidity for the species housed, or as
complicated as providing an adequately enriched social en-
vironment. Temperature, humidity, noise levels, and illu-
mination are relatively static parameters for which straight-
forward guidelines are available. There is usually no need to
adjust these parameters, but there are some instances in
which body temperature fluctuations require environmental
temperature interventions. For example, a mouse model of
Parkinson’s disease in which investigators inject mice with
the neurotoxin MPTP (Przedborski et al. 2001) causes a
drop in body temperature that can lead to acute death unless

the environmental temperature is elevated using an external
heating device such as a water blanket. Other models re-
quire surgical procedures after which thermal support of
some kind can often aid surgical recovery.

Caging

The size of an animal’s caging is normally straightforward
and established by regulations or guidelines. However, spe-
cific research protocols may require deviations from these
standards. Animals that undergo spinal cord injuries have
paralysis or paresis of multiple limbs, making movement in
the cage difficult. It might be important to increase the cage
size to better facilitate the animal’s movement, or decrease
it if the movements are at an uncontrolled level that could
lead to injury. When research with monkeys involves the
use of MPTP to create a model of PD, it can often leave the
animals disoriented (NRC 2003). In such cases it is prudent
to house the animal in a cage versus a large indoor/outdoor
pen that requires navigation. It is also appropriate to con-
sider experimental measurements in models of PD. Activity
monitoring of animals is used to measure the level of hy-
pokinesia, which is a common feature of PD (Emborg
2004). Altering the cage size of an animal could easily
influence the animal activity level and have a subsequent
effect on research data. Researchers, IACUCs, and labora-
tory veterinarians should work together to establish the best
environment for the animal while accomplishing the re-
search goals and maintaining regulatory compliance.

Cage complexity and environmental enrichment are
usually important for the psychological well-being of all
species housed in the laboratory. Depending on the re-
search, though, it may be necessary to alter the normal
practices used to enrich an animal’s environment. Monkey
cages should have elevated perches or some means to utilize
vertical space, but perches may be contraindicated in PD
models, spinal cord injury models, and other models that
result in motor impairments. Reduction of vertical space
and removal of perches could prevent a fall and subsequent
injury. Withholding other forms of environmental enrich-
ment (e.g., nesting boxes or tubes) from rodents with move-
ment disorders may be necessary so that the animal does not
become trapped in such devices. There are reports of envi-
ronmental enrichment that attenuates the effects of MPTP
on mice (Faherty et al. 2005; MacNeil 2004), thus estab-
lishing experimental justification to withhold enrichment.
Conversely, for many behavioral tests and manipulations
used in rodent PD models, there are no reported effects of
environmental enrichment on behavioral outcomes (Würbel
et al. 2005). Clearly, it is important to consider the potential
for enrichment to produce unintended consequences for
laboratory animals and research results (Bayne 2005). The
best advice when it comes to enrichment is to be consistent
and objective in decision making to balance the research
outcomes with the psychological health of the animal.

All cages must be free of sharp edges, keep the animal
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clean and dry, and be secure and safe. The primary enclo-
sures used to house animal models of movement disorders
may have additional requisites. For example, it may be nec-
essary to pad cage edges for monkeys used in PD studies
because these animals’ lack of coordination may make them
more prone to injury on edges that would normally be con-
sidered benign. Padding may also be necessary for monkey
models of spinal cord injury, which results in severe im-
pairment of locomotion and causes animals to remain sed-
entary for long periods of time. To some degree, padding
can also decrease the incidence of decubitus ulcers, which
are common sequelae (Santos-Benito et al. 2006). Padding
is not as practical for rodent models of spinal cord injury,
but the use of softer, more absorbent bedding substrate, as
well as more of the substrate, may help decrease the se-
quelae of spinal cord injury.

One of the greatest challenges in accommodating animal
models of movement disorder is fulfilling sanitization re-
quirements while providing an appropriate environment that
meets the specialized needs of the model. There are guide-
lines that govern the frequency of sanitation, but there is
also the expectation that cleaning will be done as frequently
as is necessary. For example, for paraplegic monkeys that
may soil themselves without being able to move to a clean
part of the cage, it may be necessary to sanitize the cage
multiple times a day (Santos-Benito et al. 2006). For
paraplegic animals that require padding, it may be necessary
to wrap the padding in a smooth, impermeable liner so that
it can be appropriately sanitized (Santos-Benito et al. 2006).
In contrast, some experiments using rodent models to study
PD involve extensive behavioral testing. The cages of these
animals might require less frequent sanitization to avoid the
potential of confounding behavioral outcomes.

In each instance, one must balance the experimental
needs with the guidelines and welfare of the animal. It is
essential to establish policies and procedures that minimize
cage disturbances while effectively keeping the animal’s
environment clean. For rodents, it is possible to accomplish
this objective by adjusting the bedding substrate so that it is
very absorbent and by increasing the air changes, if it is a
ventilated rack cage, to remove excess ammonia and mois-
ture from the cage.

Access to Food and Water

All animals should have daily access to water and food that
is palatable, free of contaminants, and nutritionally ad-
equate (NRC 1996). If an animal has trouble accessing food
and water due to the experimental procedures it has under-
gone, it may be necessary to provide access in multiple
ways. Monkeys receiving MPTP usually require supple-
mental feeding and watering immediately after the drug is
administered (personal communication, M. Emborg, Uni-
versity of Wisconsin, Madison, November 2006). Rodents
that have normally been fed and watered from an elevated
position may need after spinal cord injury to be fed and

watered on the floor of the cage. If animals are group
housed and have varying stages of the disease or differing
severities of lesions, it is necessary to make provisions to
allow all of the animals to have adequate access to food and
water. Such cases may require temporarily separating the
animals, hand feeding animals in advanced stages of the
disease, or placing food in multiple locations in the cage.

Experiments that utilize animal models of movement
disorders often include behavioral conditioning and/or tests
of motor function to assess baseline deficits and response to
therapy. It may be necessary to use food or water regulation
to sufficiently motivate an animal. In studies involving food
regulation, it is important to monitor body weight at regular
intervals and it may be appropriate to supplement vitamins
in an animal’s diet to ensure adequate nutrition for growth
or maintenance. Another instance in which food restriction
may be used is when a specific body weight range is re-
quired for experimental purposes. In rat spinal cord injury
studies, keeping animals at a defined body weight is some-
times necessary to compare the motor improvement
achieved by different animals (Santos-Benito et al. 2006).
There are also some instances of required water regulation.
Importantly, limited access to water usually indicates more
frequent measurement of body weight than the regulation of
only food. Blood chemistries and urine-specific gravity may
also be indicated to monitor animals for excessive dehydra-
tion and kidney damage. In some instances, it may be im-
portant to restrict access to water for reasons related to
animal health. For example, in the monkey spinal cord in-
jury model, early stages after injury often leave the animal
unable to micturate properly. During the day it may be
possible to express the bladder multiple times; however, at
night the frequency with which the bladder is expressed is
typically reduced. Limited access to water during evening
hours is an effective method to prevent bladder distension
until the animal regains some urinary function (Santos-
Benito et al. 2006).

Veterinary Medical Care

Veterinary medical care is a legal requirement for all animal
research, and different experimental protocols require vary-
ing levels of attention from the veterinary staff. Spinal cord
injuries require intensive veterinary care, including bladder
expression multiple times a day for several weeks (Golding
et al. 2006; Santos-Benito et al. 2006). In addition, it may be
necessary to evaluate the urine daily with test strips for early
indications of inadequate hydration or voiding (Santos-
Benito et al. 2006). Other examples of medical care that
may be required for study animals include abdominal mas-
sage to facilitate intestinal motility, anticoagulant therapies
to avoid thrombosis and pulmonary embolism, and daily
massage of bony prominences to reduce ulcer formation
(Santos-Benito et al. 2006). Peripheral nerve regeneration
studies in rats and rabbits may result in self-induced trauma,
loss of joint mobility, decubitus ulcer formation, and de-
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creased grooming habits (P.S., personal experience). Thick
bandages made of a durable material can cushion and pro-
tect the area to prevent ulcer formation and reduce self-
induced trauma. Commercially available Elizabethan
collars are effective for protecting rabbits from self-directed
trauma. General supportive nursing care is also frequently a
necessity after experimental manipulations in PD and stroke
models (NRC 2003).

Summary

Animal models of movement disorders often present unique
challenges for research institutions. When these models are
used, IACUCs, researchers, and veterinarians must establish
a culture of respect for the animals and maintain a commit-
ment to follow established guidelines (e.g., the Guide [NRC
2003], PHS Policy, and the AWA). Although helpful infor-
mation of a general nature is available (LeDoux 2005; NRC
2003), there is very little in the literature that describes the
specific needs of individual models and the challenges those
needs may present in today’s regulatory environment. We
advise consultation with research and veterinary personnel
already familiar with a particular model. It would also be
helpful for researchers and veterinarians to partner with
each other to publish the special care considerations asso-
ciated with the more commonly used models of movement
disorders. The recent article by Santos-Benito and col-
leagues (2006) serves as an excellent example of the type of
publication that is of benefit to the research community.

A proactive team approach to animal use protocol de-
velopment and animal management is important for all
types of research, but is essential when investigators use
animals in neuroscience and behavioral research (Klein and
Bayne 2006; NRC 2003). It is through commitment and
involvement of the entire team—researchers, facility per-
sonnel, and IACUC members—that institutions using these
valuable models will ensure both the fulfillment of research
objectives and the implementation of the best practices for
animal care.
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