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Public Statement

Animal Care Practices in Experiments
on Biological Rhythms and Sleep: Report
of the Joint Task Force of the Society for
Research on Biological Rhythms and the Sleep
Research Society

Eric L Bittman,"” Thomas S Kilduff,> Lance J Kriegsfeld,® Ronald Szymusiak,* Linda A Toth,> and Fred W Turek®

Many physiological and molecular processes are strongly rhythmic and profoundly influenced by sleep. The continuing
effort of biological, medical, and veterinary science to understand the temporal organization of cellular, physiological, be-
havioral and cognitive function holds great promise for the improvement of the welfare of animals and human beings. As
a result, attending veterinarians and IACUC are often charged with the responsibility of evaluating experiments on such
rhythms or the effects of sleep (or its deprivation) in vertebrate animals. To produce interpretable data, animals used in such
research must often be maintained in carefully controlled (often constant) conditions with minimal disruption. The lighting
environment must be strictly controlled, frequent changes of cages and bedding are undesirable, and daily visual checks
are often not possible. Thus deviations from the standard housing procedures specified in the Guide for the Care and Use of
Laboratory Animals are often necessary. This report reviews requirements for experiments on biological rhythms and sleep
and discusses how scientific considerations can be reconciled with the recommendations of the Guide.

Abbreviations: SRBR, Society for Research on Biological Rhythms; SRS, Sleep Research Society

Research on biological rhythms and sleep in vertebrates has
contributed greatly to the wellbeing of both humans and animals
over many decades and will continue to do so for the foreseeable
future. Understanding of the temporal organization of cellular,
molecular, physiologic, behavioral and cognitive function has
clear beneficial applications. For example, biological rhythms
and sleep have obvious effects on psychomotor vigilance and
susceptibility to accidents.’®?® In addition, an enormous litera-
ture documents the effects of biological rhythms and sleep on
basic cellular functions, and their significant and sometimes
previously unforeseen influences on growth and development,
neurodegeneration and tissue repair, depression, addiction,
metabolic disorders, immunity, fertility, and susceptibility to
heart failure, cancer, and other diseases.2810.1217,35-37,39,41,44,45

Researchers from many specialized fields are actively en-
gaged in this research, and interdisciplinary approaches have
proven highly successful. Many investigators are members of
the Society for Research on Biological Rhythms (SRBR) and the
Sleep Research Society (SRS). Typically these investigators are
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also members of other professional societies. They use conven-
tionally accepted methods for care and treatment of laboratory
species, wild animals, or both. In common with other biologists,
they contribute to scientific knowledge by testing hypotheses
through well-controlled experiments. Knowledge about the
mechanisms that generate ultradian, circadian, and longer pe-
riod rhythms as well as the cycling between sleep and waking
and the influences that such mechanisms exert on biological
processes can be gained through ethical scientific research
conducted within the regulatory guidelines that govern animal
studies in North America, the European community, and Asia.
However, accurate scientific information can only be obtained
when experimental designs, apparatus, and environmental con-
ditions crucial to the clear interpretation of the data are used.?®
IACUC and attending veterinarians are increasingly consulted
to assess protocols designed to study behavioral processes and
physiological and molecular mechanisms that control biological
rhythms and sleep. Our intent in this document is to discuss
some of the issues relevant to such evaluation.

Principles of and Terms Used in Biological
Rhythm Research

To appreciate the specific requirements for research in
biological rhythms, it is necessary to understand fundamental
principles of biological timing. A biological rhythm is defined
as the recurrence of an event at relatively regular intervals.
Characterization of a rhythm typically requires observation of
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the system under study over an interval of time sufficient to
confirm and quantify the regularity of its period and its phase.
Such rhythms cover a vast range of frequencies and organiza-
tional complexities. At one extreme are high-frequency neuronal
action potential rhythms; at the other are multiyear fluctuations
in animal populations. Whereas many members of the SRBR
and SRS concentrate their research on circadian rhythms (those
whose period approximates 24 h), ultradian and infradian
rhythms (those whose periods are less than or greater than 1
d, respectively) are also of biological interest and importance
and are also studied. Remarkably, many of these rhythms are
internally generated: they arise from genetically determined,
but environmentally regulated, processes that persist within
organisms and are often observable down to the level of single
cells. Similar research questions are often asked about rhythms
regardless of frequency. Among the major questions in the field
are: (a) What is the mechanism that generates the rhythm? (b)
Are the thythms endogenous, and how is their period and phase
affected by environmental cues? (c) How do multiple oscillators
within and between cells couple or otherwise influence one
another? (d) What are the effector mechanisms that allow the
internal clock to rhythmically modulate and coordinate a large
number of physiological and behavioral variables? (e) What
are the adverse health effects of the disruption of normal rhyth-
micity? and (f) What neural pathways underlie the regulation
of sleep and wakefulness and how does the circadian system
interact with sleep—wake regulatory systems?

Entraining Cues and Environmental Influences
on Biological Rhythms

Periodic cues from the environment typically entrain internal
clocks, that is, coordinate them in such a way that the internal
rhythm adopts the same period as the external environment.
To understand this critical process, investigators must often
maintain animals under conditions quite different from typical
animal housing environments. For example, the animals may
be housed under different daylengths (for example, short or
long photoperiods), particularly when seasonal fluctuations in
biological function are of interest. These changes may often be
profound but not evident when standard (for example, unchang-
ing 12:12-h light:dark cycle) conditions are imposed. A critical
assessment may require maintaining animals under constant
conditions (typically constant dim light or complete darkness)
to evaluate the persistence and stability of the biological oscil-
lator under nonentrained conditions. In addition, the study of
the important process of entrainment may require maintenance
under conditions in which the period of the light:dark cycle
differs from 24 h (that is, ahemeral conditions). Other studies
may require manipulation of the intensity and wavelength of
light, presentation of light pulses at specific circadian phases, or
maintenance in constant light. Studies of seasonal physiology
and behavior may require housing experimental animals in cold
(for example, 5 °C) or constant-dark conditions (or both) for
months at a time. The imposed conditions typically fall within
the animal’s natural homeostatic ability to adapt physiologi-
cally or behaviorally to the environment, and therefore they
are not especially detrimental to the health and welfare of the
subjects, yet they may reveal important principles of biological
function. For example, short photoperiods typical of winter
may terminate reproduction in some seasonal breeders.”!#
Research has shown convincingly that this outcome does not
occur because of a deleterious effect of too much darkness, but
it rather is due to a function of the circadian clock that mediates
estimation of day length, thereby allowing reproduction to be

adaptively phased with regard to season. Such knowledge has
had significant practical consequences for the development of
successful breeding programs in a variety of species.

Specific environmental conditions must sometimes be
imposed for a considerable period of time. For example, repro-
ductive changes associated with photoperiodism are measured
over the course of weeks or months, whereas circannual thythms
can be studied only over the course of years. Even evaluation of
a circadian rhythm often requires establishing a stable baseline,
performing a manipulation, and documenting the effects of the
manipulation over a number of subsequent cycles (for example,
30 to 100 d with minimal disturbance of the animal). Each stage
of this process can be time-consuming, but these methods allow
precision and statistical power because each animal provides
its own control data. In alternative designs, larger numbers of
subjects may be compared directly with an independent control
group to reduce the time devoted to an experiment.

Different species respond to different environmental stimuli,
including not only light®® but also variations in temperature,
food, electromagnetic radiation, sound, social interactions, and
other cues.! Species differ considerably in their responsiveness
to external stimuli. The simple act of transferring an animal
between cages, or changing the bedding, can induce arousal and
thus disrupt circadian rhythms or change their phase.*> Even a
few milliseconds of light at a particular phase of the cycle may
be sufficient to grossly alter activity patterns or reproductive
capacity. Such considerations require strict control of all intru-
sive factors. Experimental subjects must be maintained and
managed carefully to avoid disruption of the experiment by
undesirable and confounding environmental stimuli. In many
rhythm studies, cage change schedules of twice or even once
each week may not be consistent with valid experimental design
and data collection.3%4° Inappropriate environmental stimuli
increase the variability of results, requiring the use of larger
numbers of animals than would otherwise be necessary. Thus,
overly restrictive animal maintenance requirements may result
in an unnecessary increase in the number of animals used.

Circadian Rhythms, Sleep, and Wakefulness

Endogenous circadian oscillators have important influences
on the pattern and occurrence of sleep and wakefulness. Investi-
gation of the brain mechanisms that generate sleep-wake cycles
and research on the effects of normal and disordered sleep on
behavior and physiology share many of the unique animal care
and use requirements with research on biological rhythms. For
example, measuring stable patterns of sleep and waking requires
continuous recording of electrophysiological (electroencepha-
logram and electromyogram) and physiological variables (for
example, body temperature) for extended periods of time. The
requirements for control of environmental factors such as light,
ambient noise, and ambient temperature are as rigorous as those
for studies of other biological rhythms. Typically animals must
be isolated from conspecifics during data collection to prevent
cagemates from damaging the recording cables that are used
in many laboratories for chronic electrophysiological data col-
lection and to reduce variance in sleep-wake amounts that can
arise from social interactions.

Studying the effect of inadequate sleep on brain function and
physiological variables often requires restriction of an animal’s
opportunity to sleep. Because sleep is generated intrinsically,
sleep deprivation poses special challenges compared with
those for simple food and water restriction, requiring some
type of stimuli or intervention that prevents animals from fall-
ing asleep. Some methods involve placing animals on a small
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platform (for example, an inverted flowerpot), which prevents
them from adopting postures that are compatible with sleep.3
Either intermittent or continuous forced locomotion, achieved
in various ways (for example, slowly rotating disk, slow moving
treadmill), has been used to achieve sleep deprivation over the
course of multiple days. The method of choice for shorter term
sleep restriction involves ‘gentle handling,” in which the experi-
menter stimulates the animal by various means (tapping on the
cage, placing novel objects in the cage, touching the vibrissae
or fur with a cotton swab, and so forth) at the initial behavioral
or electrophysiologic signs of sleep. Many prevalent clinical
sleep disorders (for example, sleep apnea) involve repeated
brief interruptions of sleep (sleep fragmentation) rather than
total sleep loss. Therefore, many studies attempt to mimic such
clinical sleep pathologies by periodically interrupting sleep at
intervals of several seconds to minutes.

The nonspecific stress effects caused by the stimuli or inter-
ventions used to prevent sleep are a significant concern in all
sleep-restriction studies. Such considerations are important for
both animal welfare and the integrity of the data, because effects
due to loss of sleep must be differentiated from those that are
more generally attributable to stress. The nature of the inter-
ventions used to prevent sleep and the duration of deprivation
are important determinants of associated stress. A few hours
of sleep restriction with gentle handling will present different
concerns about stress than do multiple days of housing of ani-
mals on a small platform over water.'® Both the investigator who
plans the experiment and the IACUC that reviews the protocol
must consider the nature and duration of sleep restriction in the
context of obtaining a valid answer to a scientific question while
balancing effects on animal welfare. The sophisticated nature
of collecting data on sleep and circadian rhythms may require
specialized equipment and housing chambers not available in
many animal facilities. If such equipment cannot be accommo-
dated in the regular animal care facilities, prolonged housing in
an approved location outside of the facilities may be necessary
to successfully complete the experiment.

Compliance of Biological Rhythms Studies

with Regulations

The SRBR and the SRS accept without reservation that ani-
mals used in research must be accorded the highest standards
of veterinary care consistent with the conduct of the research.
Guidelines must conform to U.S. Government Principles for Uti-
lization and Care of Vertebrate Animals Used in Testing, Research,
and Training (IRAC 1985), US Department of Agriculture Animal
Welfare Regulations, Public Health Service policy (see: http://
grants.nih.gov/grants/olaw /references/phspol.htm), and the
Animal Welfare Act of 1990 (Public Law 89-544). Investigators
must comply with the specifications including those for environ-
ment, housing, and management of vertebrate animals outlined
in the Guide for the Care and Use of Laboratory Animals'® (eighth
edition; referred to hereafter as the Guide), with modifications
as necessary for the successful conduct of the experiments. No
portion of the Guide, or the public law with which it is designed
to facilitate compliance, is intended to interfere with conduct of
scientifically valuable research. The IACUC holds discretion-
ary power to approve scientifically justified deviations from
standard practices of daily visual monitoring and lighting or
other environmental conditions, as long as these deviations are
necessary for successful completion of interpretable experiments
and occur within the range of conditions suitable for the health
and welfare of the animal subjects. The Guide recognizes that
lighting intensities may be modified to accommodate the needs
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of research protocols as long as the system provides for obser-
vation and care of the animals. This goal often can be achieved
by remote monitoring, such as computer-assisted detection of
activity, temperature, or other relevant measures; direct visual
observation of animals is not necessary if a computer record
reveals that its activity in a running wheel or other monitoring
device is consistent with that of a robust and healthy subject
and has not deviated from the normal pattern. This assurance
can be accomplished by remote evaluation of records, typically
on a daily basis. Furthermore, infrared viewers or other devices
can be used to observe animals without disturbing them and
thereby compromising the experiment.

Biological rhythm research is highly sensitive to environ-
mental perturbation, and administrators and veterinary staff
should become familiar with the specific requirements that are
necessary for valid studies of biological rhythms and sleep.
Cooperation between investigators, animal care staff, IACUC
members and attending veterinarians are in the best interests
of the animals and the successful completion of the experi-
ments. In responding to the range and diversity of regulations
related to animal research, IACUC at different institutions
have varied considerably in their judgments of similar or even
identical experimental designs. However, the Guide specifically
notes (p 26) that input from outside experts may be advisable
or necessary for IACUC evaluation of protocols. The SRBR
and SRS can provide assistance in this process (http://www.
srbr.org/Pages/exec.aspx; http:/ /www.sleepresearchsociety.
org/). Although institutions that conduct research on verte-
brate animals are understandably concerned with the adverse
consequences of failing to meet regulatory guidelines, USDA
inspectors and AAALAC site visitors have understood that
deviations from standard housing conditions that have been
approved as scientifically justified by the IACUC are permitted
and do not constitute any violation of USDA regulations or the
Animal Welfare Act. The SRBR and SRS conjointly provide the
present document as a basis for accommodation consistent with
the Animal Welfare Act’s clear legislative intent and the Public
Health Service policy on humane care and use of laboratory
animals. This document is intended to provide institutions
with recommendations to assure that animals used in sleep and
biological rhythms research receive reasonable and appropriate
care. Although these guidelines are often similar to those that
prevail in other countries, investigators and regulatory bodies
outside of the United States may require modification of these
practices as appropriate for compliance in their particular
jurisdiction.

Recommendations

Long-term maintenance in circadian and sleep experiments.
Animals used in biological rhythm experiments must often
be maintained under constant conditions without extraneous
manipulations or treatments to characterize behavioral or
physiological cycles. Statistical requirements for estimation
of period and phase through use of power spectral, periodog-
ram, or other analyses typically require recording a sufficient
number of cycles, each of which may be 24 h or more in length.
Furthermore, accurate assessment of the phase and period of
a biological rhythm requires sampling of sufficient frequency
to avoid aliasing.>?? Thus, the experimental design will dictate
how frequently and over what interval samples must be col-
lected or observations made.

Rigorous maintenance of constant conditions is essential to
assessing the characteristics of a biological oscillator, includ-
ing its period, phase, and amplitude. After an environmental
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perturbation such as a light pulse or a shift of the phase of the
light:dark cycle, animals may experience multiple transient cy-
cles before stabilization occurs. This situation mimics jet lag and
reflects the crucial coordinating role of central and peripheral
oscillators in the control of multiple physiological functions.!?!
Disruptions including cage changes or even replenishment
of food and water can introduce artifacts that compromise
the experiment (Figure 1). Therefore, animals should receive
sufficient supplies of food and water to permit changes that
are less frequent than those typically provided in the animal
facility. Nevertheless, food, water, and animal health must be
checked often enough to ensure wellbeing, and sanitization of
water bottles and cages must be consistent with animal health.

The maintenance of animals under constant conditions, not
only of light or darkness but also of temperature and humidity, is
facilitated by use of safety alarms that can alert staff to a power
failure, over- or underheating, and so forth. Such alarms should
be connected to an emergency office so that any problems can
elicit a quick response to protect the animals and ensure the
continuity of the study. Some studies on seasonal rhythms—
for example, those pertaining to torpor or hibernation—may
call for deviation from the standard temperatures used in most
experiments. These deviations are subject to approval of the
IACUC, which should take into account the natural history and
physiology of the species under study.

In some cases, food and water availability can have important
entraining effects.’® The scientific study of such entrainment
may require restriction of food or water availability or modifica-
tion of the composition of the diet. As for any experiments that
involve withholding food or water, the IACUC should ascertain
the necessity of restriction or deprivation before approving the
protocol. The investigator should provide scientific justification
to the IACUC that describes the potential confounding effects
that require withholding food or water and should describe
procedures that will protect wellbeing of the animals, such as
monitoring of intake or body weight.3* Exceptions to standards
for USDA-regulated species are to be acknowledged in IACUC
semiannual evaluations and USDA annual reports.

Sanitation and caging. As emphasized in the Guide, animal
health clearly depends on adequate sanitation. Changes of bed-
ding often occur at weekly (or even more frequent) intervals in
many animal facilities, as recommended by the Guide (p 69). The
Guide recognizes, however, that research objectives may require
a decrease in the frequency of changes of cages or bedding (p
70). This modification is often called for in circadian studies, in
which disruption of the animal’s environment is an inevitable
consequence of the cage change. Stimulation of locomotor ac-
tivity can not only contaminate data but also shift the phase of
a circadian rhythm. Indeed, merely providing hamsters with a
novel running wheel is sufficient to alter the circadian phase,
given that activity provides a feedback effect on the biological
oscillator.>? Fortunately, a sanitary environment is possible
even with reduced frequency of cage changes through use of a
highly absorbent bedding that is made of materials that control
the buildup of ammonia and other waste products (for example,
Bed-O’-Cobs, The Andersons, PharmaServ, Framingham, MA).
The use of such bedding is preferable to maintaining animals in
wire-bottomed cages, which are discouraged by the Guide and
have adverse effects on animals. An important consideration,
however, is the effect of corncob bedding to decrease slow-wave
sleep, possibly because animals find it a less comfortable bed-
ding.?? As an alternative, smaller rodents such as mice can be
maintained in larger cages typically used to house rats in order
to reduce ammonia buildup and the need for cage changes.
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Figure 1. Representative home cage activity recording (infrared beam
breaks) of a hamster housed in constant lighting conditions over a 6-d
period. Dark gray bars indicate when animal care staff was present
in the vivarium. Animal care staff entered the room and generated
noises in vivarium such as cage washing, cage changes, banging of
clean carts against walls in hallway and neighboring rooms, banging
of doors, discussions, and so forth. These disturbances are most like-
ly the source of the increased activity, which appears on the activity
record as an artifact. On weekends, only the investigator and his staff
entered the rooms quietly to check the animals (arrows). JC Walton
and R] Nelson, unpublished observations.

Another modification is to schedule cage and bedding changes
at a time when animals are already active, to avoid provoking
activity during the rest interval and thus introducing artifacts
into the results. The optimal timing of cage changes can best
be defined through consultation between the animal care staff
and the investigator, who can determine when the animal is
active by inspecting the activity record or other rhythms as-
sociated with activity and wakefulness. When a large number
of animals is maintained in constant conditions for a particular
experiment, the active periods of the experimental subjects may
be distributed across the entire 24-h cycle, making it impossible
for husbandry to occur at a single time of day without compro-
mising an experiment. For these reasons, many IACUC have
approved individual investigators for conducting cage changes
and animal husbandry rather than relying on the institution’s
animal care staff. In such instances, the investigator may be
expected to document husbandry activities to assure the IACUC
that the standard of care is being maintained.

To isolate animals from unplanned perturbations that could
disrupt circadian rhythm experiments, they often are housed
inside larger cabinets that allow rigorous control of the photic
environment. These enclosures must meet the requirements of
cage space and air changes specified in the Guide and should
be constructed of materials that are impervious to moisture,
easily cleaned, and unlikely to harbor vermin. Maintenance
of an environment suitable for such studies is facilitated by
location of experimental rooms at some distance from sources
of noise, such as elevators, cage-washing areas, and areas of
heavy pedestrian traffic. Routine activities going on elsewhere
in animal facilities can provide entraining cues to animals that
are supposed to be in constant conditions. Some experiments
may benefit from masking such extraneous noises by placing a
white-noise generator in the animal room and setting its output
at a level sulfficient to prevent disturbance from events occur-
ring in the animal facility. However, such devices typically are
designed for the human range of hearing and may be ineffective
if their output frequencies differ substantially from that of the
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animal species under study. Therefore, locating experiments in
areas apart from the central vivarium may be the most practi-
cal solution.

Illumination. The Guide recognizes the importance of illumi-
nation in the microenvironment (p 47); includes considerations
of photoperiod, intensity, and spectral quality; and specifically
mentions the importance of intrinsically photosensitive retinal
ganglion cells which, along with rods and cones, mediate the
entrainment of circadian rhythms in mammals. The spectral
sensitivity of the retina of the species used in an experiment
will determine the conditions under which they may be housed;
many rodents are relatively insensitive to wavelengths above
600 nm, such that red light (provided that it is sufficiently dim)
may be left on constantly in the animal room to facilitate ob-
servation by human caretakers.!* Although visual observation
is not necessarily easy at such wavelengths, the cone composi-
tion of the human retina may allow limited visibility through
use of red light that the animals cannot see and which will
not affect entrainment or free-running period. Caution must
be exercised as brighter light, even if monochromatic and of
long wavelengths, can have unintended effects on biological
rhythms.?53143 The color of translucent plastic rodent cages
may affect light penetration and spectrum and thus influence
biological rhythms of physiologic measures.®

The Guide also states (p 149) that attention should be given to
aberrant visual cues, especially in circadian studies. This point
deserves further discussion, in that even brief disruptions (such
as a brief pulse of light) can shift or disrupt circadian rhythms
and alter sleep patterns (Figure 2). As discussed earlier, the need
of circadian studies to maintain animals in constant conditions
for prolonged periods of time may be inconsistent with the
requirement for daily visual checks that has been instituted in
some animal facilities. In most (if not all) such studies, however,
the activity of the animal is continually monitored—often by
computerized recording of locomotion, temperature, or other
relevant variables. Wiring should meet electrical codes and
should be inaccessible to animals. Cables should be organized
and bundled, and low-voltage devices should be used. Several
systems are commercially available for such monitoring and are
widely used by biological rhythm researchers. They afford the
investigator and animal care staff the opportunity to confirm
the health and wellbeing of animals continuously; entering the
animal’s enclosure is necessary only if remote measures indicate
inactivity or show that physiologic variables are not in the ex-
pected range. Quite often, the apparent change in activity, body
temperature, or other monitored variable is attributable not to
a health problem but to a technical problem with the recording
device, such as a broken wire, faulty switch, and so on.

When visual checks are necessary to establish the animal’s
health, they can often be accomplished without disrupting the
experiment. When animals are in constant darkness, an infra-
red viewer (for example, Find-R-Scope, FJW Optical Systems,
Palatine, IL) can be used to confirm animal welfare. A daily
log of such checks is required to document the performance of
required monitoring. Such arrangements have been followed
successfully in many animal care facilities and are accepted as
sufficient to comply with the Guide and the regulatory require-
ments.

As mentioned earlier, emotional states and mood are among
the cognitive and physiologic parameters influenced by the
circadian system.! In addition to their potential clinical im-
portance, such findings may have implications for the welfare
of animals in circadian experiments that require manipulation
of photoperiod or lighting conditions. For instance, evidence
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suggests that rats kept in prolonged constant darkness experi-
ence increased apoptosis of monoaminergic neurons, reduced
catecholaminergic input to the forebrain, and depression-like
behavioral effects.!! Maintenance of mice in constant darkness
for 4 wk reduces neurogenesis in the hippocampus and activates
cytokine (particularly IL6) expression.?” However, unlike the
controls that experience light and darkness, the animals that
were exposed to constant darkness in these experiments were
not tested at any consistent circadian phase, so there is concern
about confounds in these attempts to establish effects of the
light:dark environment on depression. Perhaps more important,
it is not clear from these experiments whether darkness itself,
as compared with lack of circadian entrainment, is responsible
for neurological or behavioral effects. In Siberian hamsters, a
seasonal species, naturally occurring fluctuations of daylength
alter hippocampal cell complexity and modulate behavioral re-
sponses that have been associated with depression-like states.*”
Such changes may reflect a normal physiological response to
prolonged darkness. However, evidence linking prolonged
exposure to constant darkness with neurological or behav-
ioral effects is not definitive in its current state; the available
information remains subject to interpretation and additional in-
vestigation is needed. However, maintaining nocturnal rodents
in constant darkness for many weeks does not lead to physical
deterioration (as evidenced by body weight or condition) or
increase stress (as indicated by adrenal activation).

Environmental enrichment. The recent revision of the Guide
emphasizes the benefits of environmental enrichment to pro-
vide sensory and motor stimulation (p 52). Studies on circadian
rhythms often include measurement of locomotor activity,
which provides the opportunity to assess exercise. In fact, many
such studies on biological rhythms offer animal subjects either
ad libitum or temporally restricted access to a running wheel.
Rodents of many species voluntarily make extensive use of the
opportunity to run, and this option may mitigate concerns about
the effects of a nonenriched microenvironment. Wheel running
may have a stereotypic appearance but is dissimilar from the
adverse stereotypies shown by caged animals in unenriched
environments. Although running wheels typically are provided
in cages whose area meets the space recommendations in the
Guide, providing animals with the opportunity to run in a wheel
allows extensive exercise that otherwise could only be gained
by offering them a much larger cage. Equally important, mice
provided with a running wheel for exercise show lower corti-
costerone production and fewer physiologic measures of stress
and immune response, particularly when provided with a calm
environment.!® Thus, the exercise provided by running-wheel
access in circadian rhythm studies may mitigate concerns raised
about applicability of results garnered from use of sedentary
laboratory rodents.?

Basic environmental enrichment for rodents (nesting material,
toys, and so forth) can often be easily incorporated in studies
involving long-term sleep recording. The use of a recording
cable can sometimes limit or preclude the type of items that can
be placed in the recording cage for enrichment (for example,
small enclosures). Similarly, in some studies, cannulae or dialy-
sis probes must be affixed to the animal for sample collection
or recording purposes and generally preclude the presence of a
running wheel. Sometimes other exercise devices can be offered,
including running discs, but these are not always consistent
with the purposes of the study. Experiments in which metabolic
rhythms are studied often cannot include running wheels or
other exercise devices. In such cases, the investigator should
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Figure 2. Light flashes of millisecond duration alter locomotor activity and circadian phase in mice. (A) Running record of a mouse shown in
standard actogram format. Each line of the record represents 24 h; successive days are represented below one another. Mice had ad libitum ac-
cess to a running wheel; revolutions produce black bars on the record. The mouse was maintained in constant darkness, except for brief interrup-
tions as indicated by asterisks. Note that activity onsets occurred slightly earlier on successive days, indicating that the period of the endogenous
rhythm was slightly shorter than 24 h. On day 5 of the experiment, the mouse was exposed to 10 flashes of 2 ms each, equally spaced across a
5-min interval during the early subjective night. The light stimulus produced a significant delay in the phase of the locomotor rhythms, as indi-
cated by the rightward displacement of the line fitted to the activity onsets. (B) The response of the mouse is enlarged; the shift of circadian phase
(A¢) indicated by open horizontal arrows reflects the delay in the timing of arousal induced by the light flashes, as measured by the linear regres-

sion fit to activity onsets. (C) Wheel running over the 5-min bin shown in panel B is plotted. Reprinted with permission from reference 29.

explain the scientific justification for the housing conditions and
the relatively sedentary nature of the animal’s habit.

Although a diverse, varied, and nonstandardized environ-
ment may have benefits for animal subjects, it can increase
variability of results and lead to discrepancies between find-
ings in different laboratories. This inconsistency can lead to an
increase in the number of animals used, both to overcome the
higher variability in results within an experiment and to resolve
discrepancies between laboratories that would not otherwise
occur. This situation runs counter to the guiding principle of
reducing (whenever possible) the number of animals used in an
experiment. The study cited in the Guide as contradicting this
concern is a cursory comment?* that pertains to particular be-
havioral measures in specific mouse strains within an individual
laboratory. Thus a detailed evaluation of the benefits and costs
of enrichment is important. Scientific concerns about adverse
consequences of nonstandardized attempts at environmental
enrichment deserve serious consideration, not just in studies
of biological rhythms, but in other areas as well.

The Guide encourages caging of animals in social groups
where appropriate. This practice is often incompatible with
experiments on circadian rhythms and sleep because the be-
havior of individual subjects must be monitored. If activity is
measured, it may be difficult (if not impossible) to determine
which group-housed animal is making use of the opportunity to
run in a wheel. Even when physiologic variables such as body
temperature are measured by telemetry, most devices fail to
discriminate between the signals sent by transmitters implanted
from different subjects within the same cage. Furthermore,
whatever their beneficial effects on health, social interactions
constitute a relevant stimulus that can affect the phase and
period of biological oscillators.* As a result, social housing is
not compatible with experimental design and interpretation in
many studies of biological rhythms.

Conclusions
Experiments on biological rthythms and sleep may call for
conditions of animal maintenance, observation, sanitation, and

environmental conditions that differ from those that are routine
in animal facilities and the standard practices in the Guide or
the Animal Welfare Act. Such nonstandard housing and care is
compliant with regulations, provided that it is explained and
scientifically justified by the investigator and thus approved by
the IACUC. The investigator should consult with the attending
veterinarian and the IACUC regarding animal welfare in such
experiments and implement procedures that permit adequate
assessment of animal health and welfare. Investigators may
train members of the animal care staff or accompany them
in such monitoring to ensure that animal welfare is verified
and recorded during the course of experiments on biological
rhythms.

Acknowledgments
We thank Drs Sarah Wurts Black, Michael D Schwartz, Laura Smale,
and Martha Hotz Vitaterna for helpful comments on drafts of this state-
ment and Dr Randy ] Nelson for unpublished data in Figure 1.

References

1. Albrecht U. 2012. Timing to perfection: the biology of central and
peripheral circadian clocks. Neuron 74:246-260.

2. Bass J, Takahashi JS. 2010. Circadian integration of metabolism
and energetics. Science 330:1349-1354.

3. Bobrzynska K]J, Mrosovsky N. 1998. Phase shifting by novelty-
induced running: activity dose-response curves at different
circadian times. ] Comp Physiol A 182:251-258.

4. Castillo-Ruiz A, Paul MJ, Schwartz WJ. 2012. In search of a tem-
poral niche: social interactions. Prog Brain Res 199:267-280.

5. Cho S, Grazioso R, Zhang N, Aykac M, Schmand M. 2011. Digital
timing: sampling frequency, anti-aliasing filter, and signal inter-
polation filter dependence on timing resolution. Phys Med Biol
56:7569-7583.

6. Dauchy RT, Dauchy EM, Hanifin JP, Gautheaux SL, Mao L, Balancio
VP, Ooms TG, Dupepe L, Jabolonski MR, Warfield B, Wren MA,
Brainard GC, Hill SM, Blask DE. 2013. Effects of spectral transmit-
tance through standard laboratory cages on circadian metabolism
and physiology in nude rats. ] Am Assoc Lab Anim Sci 52:146-156.

7. Elliott JA. 1976. Circadian rhythms and photoperiodic time meas-
urement in mammals. Fed Proc 35:2339-2346.

442

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Falcon E, McClung CA. 2009. A role for the circadian genes in

drug addiction. Neuropharmacology 56 Suppl 1:91-96.

. Fonken LK, Finy S, Walton JC, Weil ZM, Workman JL, Ross J,

Nelson RJ. 2009. Influence of light at night on murine anxiety- and
depressive-like responses. Behav Brain Res 205:349-354.
Gaddameedhi S, Selby CP, Kaufmann WK, Smart RC, Sancar
A. 2011. Control of skin cancer by the circadian rhythm. Proc Natl
Acad Sci USA 108:18790-18795.

Gonzalez MM, Aston-Jones G. 2008. Light deprivation damp-
ages monoamine neurons and produces a depressive behavioral
phenotype in rats. Proc Natl Acad Sci USA 105:4898-4903.
Grandner MA, Jackson NJ, Pak VM, Gehrman PR. 2012. Sleep
disturbance is associated with cardiovascular and metabolic dis-
orders. ] Sleep Res 21:427-433.

Gurfein BT, Stamm AW, Bacchetti P, Dallman MF, Nadkarni
NA, Milush JM, Touma C, Palme R, Di Borgo CP, Fromentin
G, Lown-Hecht R, Konsman JP, Acree M, Premenko-Lanier M,
Darcel N, Hecht FM, Nixon DF. 2012. The calm mouse: an animal
model of stress reduction. Mol Med 18:606-617.

Hanifin JP, Stewart KT, Smith P, Tanner R, Rollag M, Brainard
GC. 2006. High-intensity red light suppresses melatonin. Chrono-
biol Int 23:251-268.

Institute for Laboratory Animal Research. 2011. Guide for the care
and use of laboratory animals, 8th ed. Washington (DC): National
Academies Press.

Kalinchuk AV, McCarley RW, Porkka-Heiskanen T, Basheer R.
2010. Sleep deprivation triggers inducible nitric-oxide-dependent
nitric oxide production in awake-active basal forebrain neurons.
J Neurosci 30:13254-13264.

Kondratova AA, Kondratov RV. 2012. The circadian clock and
pathology of the ageing brain. Nat Rev Neurosci 13:325-335.
Kriegsfeld L], Bittman EL. 2009. Photoperiodism and reproduc-
tion in mammals, p 503-542. In: Nelson R], Denlinger DL, Somers
DE, editors. Photoperiodism: the biological calendar. Oxford (UK):
Oxford University Press.

Kronfeld-Schor N, Enat H. 2012. Circadian rhythms and
depression: human psychopathology and animal models. Neu-
ropharmacology 62:101-114.

Legan SJ, Franklin KM, Peng XL, Duncan MH. 2010. Novel
wheel running blocks the preovulatory luteinizing hormone surge
and advances the hamster circadian pacemaker. J Biol Rhythms
25:450—459.

Leise T, Siegelmann H. 2006. Dynamics of a multistage circadian
system. ] Biol Rhythms 21:314-323.

Leys L], McGaraughty S, Radek R]J.2012. Rats housed on corncob
bedding show less slow-wave sleep. ] Am Assoc Lab Anim Sci
51:764-768.

Lim J, Dinges DF. 2008. Sleep deprivation and vigilant attention.
Ann N'Y Acad Sci 1129:305-322.

Martin B, Ji S, Maudsley S, Mattson MP. 2010. ‘Control’ laboratory
rodents are metabolic morbid: why it matters. Proc Natl Acad Sci
USA 107:6127-6133.

Mendez N, Abarzua-Catalan L, Vilches N, Galdames HA,
Spichiger C, Richter HG, Valenzuela GJ, Seron-Ferre M, Torres-
Farfan C. 2012. Timed maternal melatonin treatment reverses
circadian disruption of the fetal adrenal clock imposed by exposure
to constant light. PLoS ONE 7:e42713.

Mistlberger RE, Antle MC. 2011. Entrainment of circadian clocks
in mammals by arousal and food. Essays Biochem 49:119-136.
Monje FJ, Cabatic M, Divisch I, Kim EJ, Herkner KR, Binder
BR, Pollak DD. 2011. Constant darkness induces IL6-dependent

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Animal care in studies on biological rhythms and sleep

depression-like behavior through the NF-xB signaling pathway. |
Neurosci 31:9075-9083.

Morin LP. 1993. Animal issues statement of the Society for Research
on Biological Rhythms. ] Biol Rhythms 8:97-106.

Morin LP, Studholme KM. 2009. Millisecond light stimuli evoke
cessation of locomotion followed by sleep-like behavior that per-
sists in the absence of light. ] Biol Rhythms 24:497-508.
Mrosovsky N. 1988. Phase response curves for social entrainment.
J Comp Physiol A 162:35-46.

Ohta H, Mitchell AC, McMahon DG. 2006. Constant light disrupts
the developing mouse biological clock. Pediatr Res 60:304-308.
Oppenheim AV, Willsky AS, Nawab SH. 1997 Signals and sys-
tems, 2nd ed. New York (NY): Prentice-Hall.

Peichl L. 2005. Diversity of mammalian photoreceptor properties:
adaptations to habitat and lifestyle? Anat Rec A Discov Mol Cell
Evol Biol 287:1001-1012.

Rowland NE. 2007. Food or fluid restriction in common laboratory
animals: balancing welfare considerations with scientific inquiry.
Comp Med 57:149-160.

Silver AC, Arjjona A, Walker WE, Fikrig E. 2012. The circadian
clock controls toll-like receptor 9-mediated innate and adaptive
immunity. Immunity 36:251-261.

Sole MJ, Martino TA. 2009. Diurnal physiology: core principles
with application to the pathogenesis, diagnosis, prevention, and
treatment of myocardial hypertrophy and failure. ] Appl Physiol
107:1318-1327.

Stevens RG, Blask DE, Brainard GC, Hansen J, Lockley SW,
Provencio I, Rea MS, Reinlib L. 2007. Meeting report: the role
of environmental lighting and circadian disruption in cancer and
other diseases. Environ Health Perspect 115:1357-1362.
Suchecki D, Lobo LL, Hipolide DC, Tufic S. 1998. Increased
ACTH and corticosterone secretion evoked by different methods
of paradoxical sleep deprivation. ] Sleep Res 7:276-281.
Takarada T, Kodama A, Hotta S, Mieda M, Shimba S, Hinoi
E, Yoneda Y. 2012. Clock genes influence gene expression in
growth plate and endochondral ossification in mice. ] Biol Chem
287:36081-36095.

Tang X, Xiao J, Parris BS, Fang J, Sanford LD. 2005. Differential
effects of 2 types of environmental novelty on activity and sleep
in BALB/cJ and C57BL/6] mice. Physiol Behav 85:419-429.

Van Cauter E. 2011. Sleep disturbance and insulin resistance. Diabet
Med 28:1455-1462.

Webb IC, Patton IF, Landry GJ, Mistlberger RE. 2010. Circadian
clock resetting by behavioral arousal: neural correlates in the midbrain
raphe nuclei and locus coeruleus. Neuroscience 166:739-751.
Wenzel A, Grimm C, Samardzija M, Reme CE. 2005. Molecu-
lar mechanisms of light-induced photoreceptor apoptosis and
neuroprotection for retinal degeneration. Prog Retin Eye Res
24:275-306.

Williams WP 3rd, Kriegsfeld LJ. 2012. Circadian control of neu-
roendocrine circuits regulating female reproductive function. Front
Endocrinol (Lausanne) 3:60.

Wirz-Justice A, Terman M. 2012. Chronotherapeutics (light and
wake therapy) as a class of interventions for affective disorders.
Handb Clin Neurol 106:697-713.

Wolfer DP, Litvin O, Morf S, Nitsch RM, Lipp H-P, Wurbel H.
2004. Laboratory animal welfare: cage enrichment and mouse
behavior. Nature 432:821-822.

Workman JL, Manny N, Waton JC, Nelson RJ. 2011. Short day
lengths alter stress and depressive-like responses, an hippocampal
morphology in Siberian hamsters. Horm Behav 60:520-528.

http://prime-pdf-watermark.prime-prod.pubfactory.coﬁﬂ 2025-02-25



