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Abstract

Laboratory rats are usually kept in relatively small cages, but research has shown that they
prefer larger and more complex environments. The physiological, neurological and health
effects of standard laboratory housing are well established, but fewer studies have
addressed the sustained emotional impact of a standard cage environment. One method of
assessing affective states in animals is to look at the animals’ anticipatory behaviour
between the presentation of a cue signalling the arrival of a reward and the arrival of that
reward. The primary aim of this study was to use anticipatory behaviour to assess the affec-
tive state experienced by female rats a) reared and housed long-term in a standard labora-
tory cage versus a semi-naturalistic environment, and b) before and after treatment with an
antidepressant or an anxiolytic. A secondary aim was to add to the literature on anticipatory
behaviour by describing and comparing the frequency and duration of individual elements
of anticipatory behaviour displayed by rats reared in these two systems. In all experiments,
total behavioural frequency was higher in standard-housed rats compared to rats from the
semi-naturalistic condition, suggesting that standard-housed rats were more sensitive to
rewards and experiencing poorer welfare than rats reared in the semi-naturalistic environ-
ment. What rats did in anticipation of the reward also differed between housing treatments,
with standard-housed rats mostly rearing and rats from the semi-naturalistic condition
mostly sitting facing the direction of the upcoming treat. Drug interventions had no effect on
the quantity or form of anticipatory behaviour, suggesting that the poorer welfare experi-
enced by standard-housed rats was not analogous to depression or anxiety, or alternatively
that the drug interventions were ineffective. This study adds to mounting evidence that stan-
dard laboratory housing for rats compromises rat welfare, and provides further scientific
support for recommendations that current minimum standards be raised.
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Introduction

In the wild, Norway rats (Rattus norvegicus) engage in a host of behaviours, from foraging and
building burrows to traveling several kilometers per day patrolling their territory [1,2]. Rats are
inquisitive and motivated to explore their surroundings [3-6]. In a laboratory, the descendants
of the Norway rat are typically kept in relatively small cages with few stimuli to explore and few
opportunities to perform behaviours other than sleeping and reaching for food and water.
Research has shown that laboratory rats prefer larger and more complex environments [7-12],
and when they are placed in a semi-natural environment, they display a behavioural repertoire
similar to that of their wild relatives [13-15].

The physiological [16], neurological [17] and health [18,19] effects of current laboratory
housing standards are well established, but fewer studies have addressed the sustained emotional
impact of a standard cage environment. An animal’s emotional well-being is central to the con-
cept of animal welfare [20] and new advances in animal welfare science have given rise to a vari-
ety of methods of studying affective states in animals [21]. Some studies have assessed the
affective consequences of housing rats in an ‘enriched’ environment (what this involves varies
widely across studies), but the control group is often housed in conditions that can be consid-
ered worse [22-24] or better [25,26] than the common Canadian standard system that houses
two rats with a piece of PVC pipe. Moreover, few studies have evaluated females, and fewer still
have evaluated animals reared in standard versus enriched systems for longer than a few weeks.

One method of assessing affective states in animals consists of looking at their anticipatory
behaviour-that is, the behaviour exhibited in the interval between a signal of the impending
arrival of a reward and the arrival of that reward. Research has suggested that the level of antici-
patory behaviour, usually measured as total behavioural frequency, displayed by an animal is
influenced by the animal’s underlying affective state, suggesting that differences in anticipatory
behaviour can be used to make inferences about animal welfare [27,28]. It has been shown that
‘impoverished’ animals exhibit a stronger anticipatory response than ‘normal’ animals, and that
severely depressed (i.e. anhedonic) animals fail to show an anticipatory response altogether. For
example, male rats housed in standard laboratory cages exhibited more anticipation before access
to a sucrose solution than rats housed in enriched cages [26]. Male rats subjected to a long-term
severe stressor (social defeat followed by months of isolation) did not display an anticipatory
response before access to sucrose [29], but treatment with an antidepressant restored the antici-
patory response [30]. Thus, there appears to be a curvilinear relationship between affective state
and anticipatory behaviour: poor welfare is associated with increased anticipation, but in extreme
cases, anhedonia may reverse the more typical relationship. When two groups of animals differ
in their level of anticipation, testing after administration of a mood-enhancing drug (e.g. antide-
pressant) offers a way to explore the nature of the affective state experienced by each group.

It is well documented in humans and other animals that exposure to stressors affects sensi-
tivity to rewards at a behavioural and neurophysiological level [31-33]. Individuals deprived of
essential stimuli are more sensitive not only to the particular stimuli they are deprived of, but
to all rewarding and aversive stimuli [34,35]. Spruijt et al. [36] proposed that differences in the
level of anticipation reflect differences in reward sensitivity, which in turn are related to an ani-
mal’s subjective evaluation of his or her internal state and environment [27]. Reward sensitivity
is mediated by the opioid and dopaminergic systems, and the display of anticipatory behaviour
is the result of the release of endorphins and dopamine. In general, the release of endorphins or
dopamine causes increased locomotor activity, and this change in behaviour can facilitate the
finding of resources [36,37]. Indeed, Spruijt et al. [36] argue that the ‘characteristic’ behavioural
pattern exhibited in anticipation of a reward resembles the behavioural pattern induced by the
injection of a low dose of opioids.
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However, there seem to be no accounts in the literature describing what ‘characteristic’
anticipatory behaviour looks like. When it was first written about, anticipatory behaviour was
described generally as a “state of agitation” that manifests externally as “restlessness” or “activ-
ity” [38]. More recently, anticipatory behaviour has been characterized as an increased level of
activity resulting from frequent and abrupt transitions between short fragments of behaviour
[36,39]. One study on rats reported that the most frequent behavioural categories exhibited by
standard-housed rats anticipating a reward were exploration, locomotion and arousal [39].
Descriptions of individual behaviours, and descriptions for rats housed in non-standard cages,
do not seem to have been published.

The primary aim of this study was to use anticipatory behaviour to assess the affective state
experienced by female rats a) reared and housed long-term in standard laboratory cages versus
a semi-naturalistic environment, and b) before and after treatment with an antidepressant or
an anxiolytic. A secondary aim was to add to the literature on anticipatory behaviour by
describing and comparing the frequency and duration of individual elements of anticipatory
behaviour displayed by rats reared in these two systems.

Antidepressants such as selective serotonin reuptake inhibitors (SSRIs) need to be taken for
several weeks before they are clinically effective [40], but ketamine given at low doses is effec-
tive within hours (e.g. review in humans: [41]; studies in rats: [42-44]). For this reason keta-
mine was the antidepressant selected for this study. Traditional anxiolytics cause sedation,
which would not be appropriate when studying behavioural activation. Therefore, we used o.-
S1 tryptic casein, a non-sedating, naturally derived protein used in veterinary medicine to treat
anxiety in cats, dogs and horses. This protein is effective in rats, with anxiolytic effects similar
to those seen with a medium dose of a benzodiazepine [45-47]. Doses selected for this study
were within the range known to be effective in similar studies but without causing behavioural
activation or suppression.

Materials and Methods
Ethics statement

This work was approved by the University of British Columbia’s Animal Care Committee (pro-
tocol number: A12-0179). All procedures were performed in accordance with the Canadian
Council on Animal Care guidelines on care and use of rodents in research.

Animals and housing

Forty-two, 22-to 23-day-old female Sprague-Dawley rats were purchased from Charles River
Laboratories Canada. As soon as they arrived at our facility, they were systematically assigned
to either standard cages (n = 6 cages; two rats per cage) or semi-naturalistic cages (n = 6 cages;
five rats per cage). In assigning rats to housing treatment, the experimenter alternated between
standard and semi-naturalistic cages, and within each cage alternated between rats huddled at
the back of the shipping box and those who reared at the front.

All cages were in one room, and cage type was symmetrically distributed across the room.
Rats were housed under a reversed light cycle, with lights off from 10:00-22:00 h so that all test-
ing was performed during rats’ active period. During training and testing, the room was illumi-
nated with a low pressure sodium light (Master SOX-E 18W, Royal Philips, Amsterdam, the
Netherlands) that emits yellow-orange light visible to humans but likely not to rodents [48].
Temperature and humidity were kept at (mean + SD) 23.3 + 0.8°C and 36 + 15%, respectively.

Rats were marked once by means of a spot applied to their coat with a permanent nontoxic
animal marker (Stoelting Co., Wood Dale, IL, USA) for individual identification. Rats took part
in a year-long, observational study before being used here. Training for the experiments
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described here began when rats were 14 months old, and testing began when rats were 19 months
and weighed (mean + SD) 636 + 56 g (n = 8) in the standard cages and 541 + 68 g (n = 20) in the
semi-naturalistic cages. Rats were 21 months old at the end of the last experiment and weighed
672 + 69 g (n =7) in the standard cages and 577 + 72 g (n = 20) in the semi-naturalistic cages.
Morbidity and mortality were expected given the long-term nature of treatments. Rats develop-
ing health problems, which consisted of a tumour in approximately three quarters of cases of
morbidity in each housing condition, were removed from the study. At the beginning of testing
there remained eight standard-housed rats (four cages each housing two rats), and 20 semi-natu-
ralistic-housed rats (six cages each housing two (n = 2), three (n = 2) or five (n = 2) rats).

Standard cages were made of polycarbonate and measured 45 x 24 x 20 cm (L x W x H);
they were fitted with a wire lid and a filter top (Ancare Corp., Bellmore, NY, USA) to minimize
the transmission of smells and sounds from the semi-naturalistic cages. Each cage contained
aspen chip bedding (Northeastern Products Corp., Warrensburg, NY, USA), a piece of PVC
pipe (approximately 18-cm in length and 10-cm in diameter) and two pieces of brown paper
towel. Once behavioural training and testing began, rats were housed in a standard cage that
had an 8-cm diameter opening drilled into one end; this opening was covered from the outside
with a piece of Plexiglas held with industrial strength Velcro. This opening allowed us to con-
nect the standard cage to a testing cage without having to handle the rats before testing. Rats
had ad libitum access to rat chow (LabDiet™ 5012, PMI® Nutrition International, LLC, Brent-
wood, MO, USA) and tap water. Cages were cleaned and rebedded twice a week by the facility’s
animal care technician.

The semi-naturalistic cages (Critter Nation™ double unit with stand, MidWest Homes for
Pets, Muncie, IN, USA) measured 91 x 64 x 125 cm (L x W x H). They were made of horizontal
galvanized wire bars that allowed climbing, and offered four levels (lined with removable plas-
tic inserts) connected by ramps. The lower portion of each cage was lined with Plexiglas, which
allowed us to fill the bottom 30-cm of the cage with a mixture of black earth, compost, and
sphagnum peat moss (3-in-1 Landscape Soil, Premier LiteWay, Riviére-du-Loup, QC, Canada).
This soil substrate was watered every few days to prevent it from drying out and causing bur-
rows to collapse [49]. Burrow construction and maintenance caused soil to fall outside the
cage, so fresh soil was added as needed to maintain levels. Each cage contained two litter boxes
(filled with aspen chip bedding), several pieces of PVC tubing, a hammock, a lava rock, and a
horizontal rope across the top floor. On occasion, rats were also provided with timothy hay or
strips of paper that they could access by pulling through the wire bars or removing from a PVC
tube; rats typically used these items to line their hammock. The top shelf was lined with polar
fleece blankets that rats could burrow into.

Semi-naturalistic-housed rats also had ad libitum access to rat chow and tap water, but their
diet was supplemented three to five times per week with various types of unsweetened cereal,
nuts, seeds or oats usually provided in a large bowl and mixed with clean aspen chip bedding,
so that rats had to sort through the wood chips to find the treats. Once a week, the PVC tubes
and plastic inserts lining each level were removed and disinfected (Quatricide® PV, Pharmacal
Research Laboratories, Inc., Waterbury, CT, USA), litter boxes were changed, and fleece blan-
kets were laundered. Plastic inserts were wiped down (Mohawk FloorCare Essentials, CHEM-
SPEC, Baltimore, MD, USA) every second day between washing. These tasks were performed
by a laboratory assistant, and occasionally by the experimenter.

All rats approached the experimenter’s hand when it was placed in their cage. However,
unlike the standard-housed rats who were handled twice a week during cage changing, rats
housed in the semi-naturalistic environment were rarely handled because they always chose to
retreat into a burrow rather than to be picked up. For this reason, experiments were designed
to avoid handling rats before testing.
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Pilot Study: Individual anticipatory behaviour

In the Pilot Study, anticipation of a sweet food reward (Honey Nut Cheerios"™, General Mills
Canada Corporation, Mississauga, ON, Canada) was tested individually in an arena that was
similar in size for rats from both housing conditions; there were no drug interventions.

Testing apparatus. The testing apparatus consisted of the rats’ home cage connected to a
treat cage via a short tunnel (Fig 1). To enable us to test rats individually and in the same space
as standard-housed rats without having to handle them, the testing apparatus for rats housed
in the semi-naturalistic environment also included an inverted standard cage that was placed
inside the semi-naturalistic cage, on the bottom shelf. All testing equipment was cleaned
between cages.

Testing procedure. The procedure for standard cages was as follows: The experimenter
removed the filter top, water bottle, wire lid and PVC pipe, and gently picked up the rat not
being tested and placed her in a holding cage containing familiar bedding. The home cage lid
and filter top were placed back, the piece of Plexiglas covering the hole drilled into one side of
the home cage was removed, and the cage was joined to the treat cage via the tunnel. The tun-
nel exit was blocked with a piece of Plexiglas. The experimenter delivered the conditioned stim-
ulus (three ‘beep’ sounds from a Timex™ Triathlon digital stopwatch) and stood to the left of
the home cage. After 60 s, the Plexiglas barrier was removed and the rat could access 14 reward
items in the treat cage. The rat in the holding cage remained there while her companion ran
the trial; after the first rat completed her trial, roles were reversed. Order of testing alternated
between trials.

(a) (b) F----mmmmmmmmmo o

N -
h E I L ]
(:) (:) | |

Fig 1. Testing apparatus used in the Pilot Study for rats housed in standard (a) and semi-naturalistic (b)cages. In both cases, the treat cage (48 x 38 x
20 cm) is on the right and is connected to the home cage via a red transparent tunnel (7.6 cm diameter x 7.7 cm long). Tunnel exit into the treat cage was
blocked with a piece of Plexiglas during 60 s cue-reward interval. For semi-naturalistic-housed rats, an inverted standard cage was placed inside the home
cage. One end of this inverted cage connected to the red tunnel while the other side had a hole (10 cm diameter) covered from the outside with an oversized
piece of Plexiglas (‘flap door’) on hinges. A rope system allowed the experimenter to open the flap door when a rat approached, allowing her to enter. This
way, rats could not enter unless let in by the experimenter, but once inside, they could exit by pushing on the flap door from the inside. Only one rat was
allowed inside at a time.

doi:10.1371/journal.pone.0147595.g001
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The procedure for semi-naturalistic cages was as follows: The experimenter opened a door
at the front of the cage and placed the inverted standard cage on the bottom shelf. One end of
this inverted cage had a flap door (see Fig 1) and the other end was connected to the treat cage
via the tunnel; the tunnel exit was blocked with a piece of Plexiglas. As soon as a rat approached
the flap door, this door was pulled open by the experimenter and the rat could enter the
inverted cage. Only one rat was allowed to enter the cage at a time. The experimenter immedi-
ately delivered the conditioned stimulus and stood to the left of the home cage. After 60 s, the
Plexiglas barrier was removed and the rat could access the reward items in the treat cage. Once
a rat ate all the reward items, the flap door was opened and the rat exited.

Testing alternated between standard and semi-naturalistic cages. Cages were tested in the
same order every day, and each cage was tested once a day at the same time each day to control
for daily rhythmic differences in activity.

Rats from both housing treatments had to be trained daily over several weeks to cross the
tunnel and retrieve treats from the treat cage. Anticipatory behaviour training took place once
a day, as lag time between sound cue and access to the treat cage was gradually increased from
0 to 60 s. Rats were trained to the behavioural criterion of 60 s, and this took 7-14 days depend-
ing on the individual. Training and testing were performed in the animals” housing room.

Data collection. All rats were initially trained to perform this experiment, but not all were
willing to participate. One standard-housed rat never acclimated to the attached treat cage and
was excluded from the study due to persistent burying of the tunnel leading to the treat cage.
Only 12/20 semi-naturalistic-housed rats entered the inverted cage, and of those only five were
willing to remain for the required 60 s. Therefore, sample size for the Pilot Study was seven
standard-housed rats from four cages and five semi-naturalistic-housed rats from five cages.

All trials were recorded directly onto a laptop using a high definition webcam (Microsoft™
LifeCam Studio 1425, Redmond, WA, USA; 30 frames/s). Standard-housed rats all reached the
60-s criterion on the same day, but data were only collected on this first day for those rats in
each pair who ran the trial first (i.e. were not placed in the holding cage before their trial) and
on the second day for the remaining standard-housed rats, when order of testing was reversed.
For consistency, data were also collected on the first or second day a semi-naturalistic-housed
rat reached the 60 s criterion, except for one semi-naturalistic-housed rat whose initial videos
were poor quality so we scored the third day. Therefore, data were collected on the first day
rats reached the 60-s criterion for four standard- and three semi-naturalistic-housed rats, on
the second day for three standard- and one semi-naturalistic-housed rat, and on the third day
for one semi-naturalistic-housed rat.

Videos were scored using The Observer XT 9.0 (v.9.0.436, Noldus Information Technology,
Wageningen, the Netherlands). Behaviours were scored using an ethogram adapted from
Draper [50] and van der Harst et al. [26] (Table 1). During data collection we noticed that rats
would spend long periods of time rearing, but this rearing was not static. Indeed, rats would
often shift positions—their front paws would go from leaning on one wall to leaning on
another-without touching the ground in between. We believe that these shifts in position while
already rearing reflect behavioural activity and should be captured in the measure of total beha-
vioural frequency, and therefore scored them as ‘rear-move’, versus ‘rear-only’ for the initial
rear. In addition, we were interested in the location of rats’ focus when they were sitting; there-
fore, the behaviour ‘sit’ was further qualified as ‘sit-treat’ in which rats sat facing the location
where the treat would appear (in this case, sitting with their head in the tunnel), and ‘sit-only’
in which rats sat facing any other direction.

Statistical analysis. Data were analysed using the SAS software (v.9.3). Because visual
inspection of residuals revealed that data were not normally distributed and not amenable to
transformation, and because parametric statistics are non-robust for small sample sizes, we
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Table 1. Ethogram used in the Pilot Study and in Experiments 1-2.

Agonistic
behaviour*

Alert
Bite
Climb
Dig
Drink
Eat
Groom self
Groom (social)*
Jump
Lie down
Mounting
Rear
Rear-only
Rear-move
Shake
Sit
Sit-only
Sit-treat
Sniff (non-social)

Sniff (social)*
Stretch

Sway

Turn
Urination
Walk

Yawn

Out of sight

Two or more rats engaged in offensive or defensive behaviour; pinning or being pinned down, pawing at each other, gripping skin

Head raised suddenly, body and head held still, body appears tense

Biting on the wire lid or wire bars

Rat is suspended vertically with all four paws on a vertical surface

Rapid, successive movements of the front and/or back paws while displacing bedding or dirt

Rapid licking at the spout of the water bottle

Rat is pawing at the food hopper in an attempt to grab rat chow, or eating something she picked up

Maintenance behaviours; includes face washing, coat cleaning, and scratching

Licking or nibbling of fur by or of a conspecific

Rat bends down before springing up, with four paws momentarily in the air at once

Rat’s abdomen is resting on a flat surface; body is not supported by the paws

Placing of forequarters over the hindquarters of a conspecific, or inspecting/submitting to anogenital inspection (lordosis)
Upper body is raised, with front paws either unsupported or resting on a vertical surface

Rat rears after performing some other behaviour

Starting in a rear position, rat moves both front paws into a new position

Quick shake of entire body

All paws and hind quarters on the ground, no forward locomotion; rat may be looking around or pivot without moving hind paws
Rat sits facing any direction other than the location of upcoming treat

Rat sits facing the location of upcoming treat (Pilot Study: head in the red tunnel; Exp. 1 & 2: experimenter)

Sniffing air, ground or object; air: head raised and slightly pointing upwards with minor up-down movements; ground or object: nose
contacting the ground or object

Rat’s nose contacts another rat; excludes anogenital inspection

Rat elongates her limbs and abdomen and arches her back

Rat is standing still except for slow left-right movements of the head

While remaining in the sitting position, rat turns around to face a different direction
Rat lifts her hind quarters and the base of her tail, holds still for a few seconds
Forward locomotion, often includes sniffing of the ground; all four paws are moving
Rat briefly opens mouth wide

Rat is partially or fully out of view, precluding observation

Asterisks denote social behaviours, which were only scored in Experiments 1 and 2.

doi:10.1371/journal.pone.0147595.t001

used the non-parametric Mann-Whitney U test to compare total behavioural frequency and
frequency and duration of individual behaviours between standard and semi-naturalistic cages.
Most behaviours never occurred or occurred very rarely, so only rear-only, rear-move, sit, sit-
only, sit-treat and walk were analysed statistically. For comparisons of duration, rear-only and
rear-move were combined into a single category called ‘rear’. For data presentation purposes,
durations were converted into percent trial time. All p values are two-tailed.

Experiments 1 and 2: cage-level anticipatory behaviour with drug
treatment

Results from the Pilot Study revealed that a major change in methods was required; the testing
procedure in the Pilot Study resulted in a small sample size (many rats avoided the testing
apparatus; see Data Collection section above), biased sampling (only the boldest individuals
were likely included) and a different relationship with the testing apparatus for rats from the
two housing conditions (inclusion of the inverted cage inside the semi-naturalistic cages). To
avoid these problems, in Experiments 1 and 2 anticipation of a sweet food reward (slice of ripe
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banana, 3-mm thick) was tested directly in the home cage (and therefore in the presence of
cage mates). Each rat was tested at baseline, under the influence of an antidepressant (Exp. 1)
or an anxiolytic (Exp. 2), and after return to baseline (Exp. 1).

Testing procedure. The experimenter delivered a sound cue (three ‘beep’ sounds from a dig-
ital stopwatch) and stood motionless to the left of the home cage. After 300 s, each rat was given
one slice of banana. For standard cages, the filter top was removed for the duration of the trial.

Cages were tested in the same order every day, alternating between standard and semi-natu-
ralistic cages. Each cage was tested twice per day (one morning and one afternoon trial) at the
same time of day. Rats were tested twice in each condition to give them the opportunity to
learn through experience the new incentive value of the reward once they were in a new (drug-
induced) motivational state [51]. Although all rats in the cage participated in the anticipatory
task at every trial, each day data were collected only from one rat per cage per drug treatment
(baseline vs. on drug vs. back to baseline). The order in which individuals from each cage were
observed was determined at random.

In Experiment 1, the drug intervention was an antidepressant (ketamine hydrochloride,
Bioniche Animal Health Canada Inc., Belleville, ON, Canada; 42 mg/kg). In Experiment 2, the
drug intervention was a nutritional supplement with anxiolytic properties (c.-S1 tryptic casein,
Vétoquinol N.-A. Inc., Lavaltrie, QC, Canada; 15 mg/kg). Drugs were delivered in a treat: the
appropriate amount of drug was mixed with one teaspoon of peanut butter with honey (Kraft
Canada Inc., Don Mills, ON, Canada) and sandwiched between two crackers (Ritz Munchables
Buttery Thins, Christie Brown & Co., Mississauga, ON, Canada). All rats received a peanut but-
ter cracker sandwich at the same time, but only the target rat from each cage received a sand-
wich laced with the drug. This rat was observed closely to ensure that in no case was the
sandwich hoarded or stolen by a cage-mate.

In Experiment 1, rats were trained over 11 days to associate the sound cue with arrival of a
slice of banana in this context (some rats had already learned the association between this
sound cue and the delivery of a treat in the Pilot Study); lag time between sound cue and
reward was gradually increased from 5 to 300 s, usually in 30 s increments. After training was
complete, all cages were tested daily until data collection was complete. Three weeks after the
completion of Experiment 1, rats were re-trained on the anticipatory task over three trials.
Then, each cage was tested daily until data collection was complete. Training and testing were
performed in the animals’ housing room. Timelines for testing in these two experiments are
presented in Tables 2 and 3.

Data collection. In Experiment 1, all but two rats from the semi-naturalistic housing con-
dition were tested; these two rats were excluded because one did not eat the ketamine sandwich
and the other developed a health problem. Therefore, sample size for Experiment 1 was eight
rats from four standard cages, and 18 rats from six semi-naturalistic cages. One standard-
housed rat had to be euthanized for humane reasons after her data collection was complete, so
the ‘back to baseline’ data was collected only from her now singly housed cage-mate after she

Table 2. Timeline for Experiment 1.

Day AM trial +3 hrs PM trial +1hr sandwich

1 baseline baseline regular

2 (not recorded) (not recorded) antidepressant
3 on drug on drug regular

4-10 (not recorded) (not recorded) regular

11 back to baseline back to baseline regular
doi:10.1371/journal.pone.0147595.t002
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Table 3. Timeline for Experiment 2.

Day AM trial +2hrs sandwich +1hr PM trial +1hr sandwich
1 (not recorded) regular baseline anxiolytic
2 (not recorded) anxiolytic on drug regular

Rats were tested twice daily and given a regular or drugged peanut butter cracker sandwich between the two daily trials (Exp. 2 only) and at the end of the
day (Exp. 1 and 2). Baseline activity was collected on what counted as Day 1 for a particular rat; activity on the drug was collected on Day 2 or 3 (Exp. 2
and 1, respectively); and return to baseline was collected on Day 11 (Exp. 1).

doi:10.1371/journal.pone.0147595.t003

had become single-housed. This single-housed rat was included in the analysis because her
results were within the range of results we obtained from her when she was pair-housed.

In Experiment 2, only two rats per cage were tested (for cages housing more than two rats,
subjects were chosen at random), but three rats from the semi-naturalistic housing condition
were excluded from analysis because consumption of the entire sandwich (i.e. full drug dose)
could not be confirmed. Therefore, sample size for Experiment 2 was seven rats from four stan-
dard cages, and nine rats from five semi-naturalistic cages.

Trials were video recorded with a high definition camcorder (Canon HD10, Japan; 25
frames per s) and scored using The Observer XT 9.0. The same ethogram was used as in the
Pilot Study but with the addition of several social behaviours (Table 1). In these experiments,
sitting orientation (sit-only versus sit-treat) was not obvious in the standard cages, so stan-
dard-housed rats were simply scored as ‘sit’ without further qualification. Scoring was from
video with the scorer blind to drug treatment and time of day, but not housing condition (the
latter was impossible given that testing was in the home cage).

Statistical analysis. Residuals were examined to verify normality and homogeneity of vari-
ances. In Experiment 1, paired sample t-tests revealed no differences in the total frequency, or
frequency or duration of individual behaviours, between the morning and afternoon trials, so
data were averaged to obtain one value per rat per day. Most behaviours occurred rarely, so the
effect of drug treatment, cage type, and their interaction on the frequency and duration of
these behaviours were not analysed statistically. The effect of drug treatment, cage type, and
their interaction on total behavioural frequency, as well as frequency and duration of rear-only,
rear-move, sit, walk and groom self were analysed using a mixed model in SAS (v.9.3) following
[52]. For tests of duration, rear-only and rear-move were analysed as a single category called
‘rear’. The model included rat and cage as random effects, drug treatment as a repeated mea-
sure, and the Kenward-Roger degrees of freedom approximation to account for unbalanced
data (i.e. different number of rats per cage and cages per housing treatment). We also included
a contrast statement in the mixed model to compare baseline vs. back to baseline (Exp. 1) and
baseline vs. drug (Exp. 1 and 2). Cage was the statistical unit for tests of cage type, and rat was
the statistical unit for tests of drug treatment and the interaction of drug treatment and cage
type. To account for periods when rats were out of sight, we computed mean frequencies and
durations per minute. For data presentation purposes, mean durations per min were converted
into percent time. All p values are two-tailed.

Results
Pilot Study

The total frequency of behaviours was higher in the standard treatment compared to the semi-
naturalistic treatment (Fig 2; Z = 2.327; p = 0.02). Standard-housed rats performed rear-only
and rear-move more frequently (Z = 2.3771; p = 0.0175; Z = 2.0494; p = 0.0404, respectively)
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doi:10.1371/journal.pone.0147595.9002

and also spent more time rearing (Z = 2.327; p = 0.02). Standard-housed rats also performed
sit-only (facing away from the tube) more frequently (Z = -2.1268; p = 0.0334) and spent less
time sitting (Z = -2.327; p = 0.02) and performing sit-treat (with their head in the tube; Z =
-2.327; p = 0.02). Standard-housed rats spent more time walking (Z = 2.0821; p = 0.0373).
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Experiments 1 and 2

Drug treatment and the interaction of drug treatment and cage type had no effect on the total
behavioural frequency nor the frequency or duration of any individual behaviours.

In both experiments, the total frequency of behaviours was higher in standard-housed com-
pared to semi-naturalistic-housed rats (Fig 3; Exp. 1: F = 11.49; p = 0.0066; Exp. 2: F = 23.2;
p =0.0006). In Experiment 1, standard-housed rats performed rear-only (F = 13.89,
p =0.0036), rear-move (F = 19.60; p = 0.0033) and walk (F = 18.67, p = 0.0002) more frequently
than semi-naturalistic-housed rats. In Experiment 2, standard-housed rats performed rear-
only (F =24.01; p = 0.002) and rear-move (F = 22.31; p = 0.0003) more frequently, and tended
to walk more frequently (F = 5.53; p = 0.0504). In both experiments, standard-housed rats
spent more time rearing (Exp. 1: F = 44.51, p = 0.0002; Exp. 2: F = 18.77; p = 0.0117) and walk-
ing (Exp. 1: F = 15.64, p = 0.0006; Exp. 2: F = 6.32, p = 0.0389) and less time sitting (Exp. 1:
F=26.37, p < 0.0001; Exp. 2: F = 14.47, p = 0.0019) compared to semi-naturalistic-housed rats.

In general, standard-housed rats tended to rear on one side of the cage, shift positions sev-
eral times while rearing, sit down briefly before walking over to the other side of the cage, and
repeat the sequence. In contrast, rats in the semi-naturalistic environment typically ran to the
location of the upcoming treat and sat down, occasionally rearing or snifting the air before
resuming the sitting position. The mean frequency and percent trial time per minute for all
behaviours displayed during the anticipatory period in Experiments 1 and 2 are presented in
Tables 4 and 5, respectively.

Discussion

These experiments assessed differences in anticipatory behaviour between female Sprague-
Dawley rats reared and housed in common standard laboratory cages versus semi-naturalistic
environments for more than one year. In all experiments, standard-housed rats were more
active while anticipating a reward. Similarly, van der Harst et al. [26] showed that standard-
housed male Wistar rats were more active in anticipation of a reward than enriched-housed
rats. Our results are consistent with the idea that standard-housed rats are more sensitive to
rewards, and suggest that standard-housed rats were experiencing poorer welfare (see [27])
than rats reared in the semi-naturalistic environment.

In Experiments 1 and 2, rats were tested in their home cages and in the presence of their
cage-mates; these experiments were primarily designed to test within-rat differences in
response to treatment with an antidepressant or anxiolytic. The amount of space and number
of cage-mates differed between the two housing treatments; these factors may have encouraged
higher activity in the semi-naturalistic cages where it was possible to perform a wider range of
behaviours and to make use of a larger area [53], and where there was greater probability of
social modulation of behaviour. However, we actually found that rats in the semi-naturalistic
environment were less active during the anticipatory period than were the standard-housed
rats. This finding is consistent with our results from the Pilot Study, in which rats were tested
individually and in a testing arena similar in size for both housing conditions. Our results are
not likely explained by cognitive differences caused by markedly different rearing environ-
ments, because van der Harst et al. [26] observed similar differences after differentially housing
post-pubescent rats for only two weeks. The confound between housing treatment and group
size was intentional; we considered a larger group size to be an essential component of the
semi-naturalistic environment [2,54]. Further work will be required to determine which spe-
cific differences in the housing systems are responsible for the various differences we described.

It would have been helpful to compare differences in the level of activity during the cue-
reward interval for rats in each housing treatment before and after anticipatory training. This

PLOS ONE | DOI:10.1371/journal.pone.0147595 January 28, 2016 11/20



D)
@ : PLOS | ONE Anticipatory Behaviour in Laboratory Rats

(a) 20 -
** * %% u Standard
o 15 - I I m Semi-naturalistic
5
£
S
o
o
>
1)
c
o
S
o
o
w
only | move
Experiment 1 Experiment 2
Behaviours
(b) 80 1 kxx *
60 - %k k ‘|r % %
[}
£
2 40
c
@
o
& 20 - %% %
0 - .
Rear Walk Sit Groom Rear Walk
self
Experiment 1 Experiment 2
Behaviours

Fig 3. Frequency per minute (a) and percent time (b) for behavioural elements displayed in Experiments 1 and 2. Bars represent LS means + SEM. In
Experiment 1, n = 4 standard cages and n = 6 semi-naturalistic cages, and in Experiment 2, n = 4 standard cages and n = 5 semi-naturalistic cages. Asterisks
denote significant differences between the two housing conditions, where *p<0.05; **p<0.01 and ***p<0.001.
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way, we could have assessed not only absolute differences between rats from different housing
conditions, but also changes in each group from baseline. Unfortunately, because rats in the
Pilot Study had to be trained extensively to cross the tunnel and enter the treat cage before they
could be trained on the anticipatory behaviour task, at the beginning of anticipatory training
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Table 4. Frequency per minute and percent time for behavioural elements displayed in Experiment 1.

Standard Semi-naturalistic
baseline antidepressant back to baseline baseline antidepressant back to baseline
Frequency

Agonistic behaviour 0.00+0.01 0.00+0.01 0.00+0.01 0.01+0.01 0.00+0.01 0.02+0.01
Alert 0.00+0.06 0.25+0.06 0.00+0.06 0.06+0.04 0.11+0.04 0.1+0.04
Bite 0.60+0.42 0.11+£0.42 0.27+0.42 0.46+0.28 0.46+0.28 0.55+0.28
Climb n/a n/a n/a 0.08+0.05 0.19+0.05 0.22+0.05
Dig 0.00+0.20 0.00+0.20 0.00+0.20 0.10+0.13 0.12+0.13 0.14+0.13
Drink 0.00+0.03 0.06+0.03 0.04+0.03 0.02+0.02 0.01+0.02 0.01+0.02
Eat 0.06+0.04 0.05+0.04 0.12+0.05 0.02+0.03 0.02+0.03 0.00+0.03
Groom self 0.31£0.11 0.45+0.11 0.43+0.11 0.30+0.07 0.28+0.07 0.28+0.07
Groom (social) 0.00+0.04 0.03+0.04 0.00+0.04 0.03+0.03 0.03+0.03 0.06+0.03
Jump n/a n/a n/a 0.04+0.20 0.43+0.20 0.04+0.20
Lie down 0.00+0.01 0.00+0.01 0.01+0.02 0.02+0.01 0.02+0.01 0.01+0.01
Mounting 0.00+0.01 0.04+0.01 0.00+0.01 0.00+0.01 0.01+0.01 0.01+0.01
Rear-only 4.01£0.52 3.78+0.52 5.03+0.55 2.36+0.38 2.43+0.38 2.26+0.38
Rear-move 5.81+0.75 4.83+0.75 5.93+0.79 2.26+0.57 2.07+0.57 1.71£0.57
Shake 0.00+0.01 0.04+0.01 0.00+0.01 0.01+0.01 0.01+0.01 0.01+0.01
Sit 1.88+0.41 2.29+0.41 2.60+0.44 2.65+0.30 2.85+0.30 2.27+0.30
Sit-only n/a n/a n/a 0.48+0.19 0.60+0.19 0.25+0.19
Sit-treat n/a n/a n/a 2.17+0.22 2.24+0.22 2.01+0.22
Sniff (non-social) 0.25+0.11 0.39+0.11 0.12+0.12 0.27+0.08 0.31+0.08 0.14+0.08
Sniff (social) 0.00+0.02 0.03+0.02 0.01+0.02 0.01+0.01 0.02+0.01 0.01+0.01
Stretch 0.00+0.01 0.00+0.01 0.01+0.01 0.00+0.00 0.01+0.00 0.00+0.00
Sway 0.00+0.01 0.01+0.01 0.00+0.01 0.00+0.00 0.00+0.00 0.01+0.00
Walk 2.34+0.33 1.930.33 2.50+0.36 1.311£0.22 1.070.22 0.64+0.22
Yawn 0.03+0.02 0.00+0.02 0.00+0.02 0.02+0.01 0.01+0.01 0.00+0.01
Total 15.38+1.74 14.09+1.74 17.06+1.83 10.05+1.26 9.87+1.26 8.48+1.26

Percent time
Agonistic behaviour 0.00+0.38 0.00+0.38 0.00+0.41 0.03+0.26 0.00+0.26 0.45+0.26
Alert 0.00£0.41 0.04+0.41 0.00+0.44 0.68+0.30 0.81+0.30 0.61+0.30
Bite 6.96+2.63 1.60+0.96 3.19+1.85 6.05+2.94 4.43+2.94 5.76+2.94
Climb n/a n/a n/a 2.04+0.30 3.82+1.30 4.14+1.30
Dig 0.00+1.27 0.00+1.27 0.00+1.28 0.54+0.54 1.27+1.27 1.28+1.28
Drink 0.00+0.69 0.74+0.69 0.10+0.74 0.87+0.50 0.35+0.50 0.45+0.50
Eat 0.40+0.76 0.38+0.76 0.71+0.82 0.90+0.52 0.37+0.52 0.05+0.52
Groom self 3.08+1.17 3.66+1.17 2.38+1.25 2.88+0.78 3.22+0.78 3.94+0.78
Groom (social) 0.00+1.20 0.18+1.20 0.00+1.29 1.6940.80 0.57+0.80 1.02+0.80
Jump n/a n/a n/a 0.68+0.30 0.26+0.30 0.03+0.30
Lying 0.00+2.04 0.00+2.04 0.04+2.20 2.87+1.36 0.19+1.36 0.02+1.36
Mounting 0.00+0.24 0.00+0.24 0.00+0.26 0.00£0.16 0.3310.16 0.00+0.16
Rear 74.03+5.62 65.78+5.62 68.58+5.85 29.13+4.25 29.52+4.25 29.14+4.25
Shake 0.00+0.02 0.07+0.02 0.00+0.02 0.00+0.01 0.00+0.01 0.00+0.01
Sit 6.34+7.08 17.28+7.08 15.17+7.46 44.35+4.72 48.11+4.72 49.33+4.72
Sit-only n/a n/a n/a 11.75+4.38 10.33+4.38 5.73+4.38
Sit-treat n/a n/a n/a 33.47+4.19 38.64+4.19 44.46+4.19
Sniff (non-social) 1.38+0.88 2.10+0.88 0.61+0.93 1.83+£0.59 2.56+0.59 1.16+0.59
Sniff (social) 0.00+0.06 0.05+0.06 0.02+0.07 0.01+0.04 0.13+0.04 0.02+0.04
(Continued)
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Table 4. (Continued)

Stretch
Sway
Walk
Yawn

baseline

0.00+0.03
0.00+0.04
7.51+0.65
0.06+0.05

Standard Semi-naturalistic

antidepressant back to baseline baseline antidepressant back to baseline
0.00£0.03 0.09+0.03 0.00+0.02 0.02+0.02 0.00+0.02
0.03+0.04 0.00+0.05 0.00+0.03 0.00£0.03 0.05+0.03
7.84+0.91 8.42+1.26 5.38+0.78 4.21+0.78 2.73+0.78
0.00£0.05 0.00+0.05 0.07+0.03 0.01%0.03 0.0040.03

Data are displayed as LS means + SEM. Individual rats were tested in their home cages in the presence of their cage-mates at baseline and under the
influence of an antidepressant. The symbol n/a denotes behaviours that were not possible or not scored in that system; n = 8 rats from four standard
cages and n = 18 rats from six semi-naturalistic cages.

doi:10.1371/journal.pone.0147595.1004

they already knew to expect a reward in the treat cage. In reality, the purpose of anticipatory
behaviour training was likely more to habituate rats to waiting for 60 s rather than to associate
cue with reward. Connecting the treat cage (standard-housed rats) or entering the inverted
cage (semi-naturalistic-housed rats) were also cues rats likely associated with the upcoming
reward. The sound cue used in Experiments 1 and 2 was the same as in the Pilot Study; conse-
quently, rats already associated the cue with a reward and therefore baseline pre-training levels
in Experiments 1 and 2 were also unreliable.

This study also showed that the patterns of behaviour-what rats did in anticipation of the
reward-were different between the two housing treatments. In Experiments 1 and 2, the stan-
dard-housed rats spent the most time rearing (Fig 3; approximately 65-70% trial time vs. 20—
30% for rats in the semi-naturalistic condition) while semi-naturalistic-housed rats spent the
most time sitting (47% vs. 13% for standard-housed rats). However, 75-95% of sitting time in
semi-naturalistic-housed rats was spent facing the location of the upcoming treat (see Tables 4
and 5). This suggests that semi-naturalistic-housed rats did anticipate the treat, even though
they expressed their anticipation differently from standard-housed rats.

In Experiments 1 and 2 the test cage was different between the two housing treatments;
standard-housed rats had to rear to better access smells from the room, while semi-naturalis-
tic-housed rats’ cage was entirely made of bars so room smells were accessible from the sitting
position. This difference could explain why standard-housed rats primarily reared while semi-
naturalistic-housed rats primarily sat. However, in the Pilot Study all rats were tested in an
enclosed ‘standard’ cage (for standard-housed rats, the filter top was on during testing) so rats
from both housing treatments could best access room smells through the short tunnel that led
to the open treat cage. In this experiment rats from both housing treatments spent three to four
times as much time sitting compared to Experiments 1 and 2, but standard-housed rats still
spent less time sitting with their head in the tube (sit-treat) and more time walking and rearing.
Therefore, differences in what rats did were likely not only due to environmental conditions
during testing.

One interpretation for why rats from the two housing conditions behaved differently is that
standard-housed rats are more impulsive. Other evidence suggests that rats reared in isolation
are more impulsive than environmentally enriched rats. For example, in impulsive choice stud-
ies, isolated rats tend to choose smaller, but more immediate rewards, over larger, but delayed
rewards [55,56]. A study by Wood and colleagues [57] showed that isolated rats were more
impulsive in an operant-shaping procedure in which they would gain access to sucrose by
nose-poking a lit hole following a fixed intertrial interval (ITT). The authors found that isolated
rats impulsively responded to the operant stimulus by initiating more pokes during the ITT,
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Table 5. Frequency per minute and percent time for behavioural elements displayed in Experiment 2.

Standard Semi-naturalistic
baseline anxiolytic baseline anxiolytic
Frequency
Agonistic behaviour 0.00+0.03 0.03+0.00 0.04+0.02 0.00£0.02
Alert 0.00+0.06 0.00+0.06 0.23+0.06 0.12+0.06
Bite 0.11+0.27 0.23+0.27 0.40+0.24 0.00+0.24
Climb n/a n/a 0.07+0.03 0.02+0.03
Dig 0.03+0.01 0.00+0.01 0.00+0.01 0.00+0.01
Eat 0.09+0.05 0.08+0.05 0.050.04 0.00+0.04
Groom self 0.71x0.17 0.60+0.17 0.35+0.15 0.25%0.15
Groom (social) 0.03+0.06 0.00+0.06 0.04+0.05 0.06+0.05
Jump n/a n/a 0.09+0.03 0.00£0.03
Lie down 0.03+0.07 0.00+0.07 0.04+0.06 0.13+0.06
Rear-only 3.77+0.59 4.50+0.59 1.67+0.52 0.95+0.52
Rear-move 4.09+0.60 3.87+0.60 0.97+0.53 0.87+0.53
Shake 0.14+0.05 0.0610.05 0.02+0.04 0.07+0.04
Sit 2.34+0.60 3.10+0.60 2.58+0.53 2.71+0.53
Sit-only n/a n/a 0.54+0.45 0.21£0.45
Sit-treat n/a n/a 2.03+0.40 2.49+0.40
Sniff (non-social) 0.51+0.27 1.29+0.27 0.99+0.24 0.65+0.24
Sniff (social) 0.06+0.04 0.06+0.04 0.07+0.03 0.00+0.03
Sway 0.03+0.02 0.00+0.03 0.04+0.03 0.00£0.03
Turn 0.03+0.04 0.06+0.04 0.02+0.04 0.16+0.04
Walk 2.26+0.60 2.62+0.60 0.85+0.53 1.16+£0.53
Yawn 0.00+0.04 0.00+0.04 0.00+0.04 0.07+0.04
Total 13.93+1.24 15.8143.52 7.86+1.72 7.70+1.22
Percent time
Agonistic behaviour 0.00+0.06 0.00+0.06 0.10+0.06 0.00+0.06
Alert 0.00+0.25 0.00+0.25 0.76+0.22 0.46+0.22
Bite 0.24+4.20 1.10+£4.30 7.03+3.79 0.00+3.79
Climb n/a n/a 0.80+0.32 0.26+0.32
Dig 0.05+0.02 0.00+0.02 0.00+0.02 0.00£0.02
Eat 0.71+2.43 2.28+2.43 2.53+2.15 2.73+2.15
Groom self 4.23+3.02 3.71+3.02 5.17+2.66 6.97+2.66
Groom (social) 0.18+1.35 0.00+1.35 0.49+1.20 1.89+1.20
Jump n/a n/a 0.08+0.02 0.00+0.02
Lying 0.55+9.30 0.03+9.30 14.6548.28 7.47+8.28
Rear 69.61+8.95 60.74+8.95 20.73+7.91 22.07+7.92
Shake 0.08+0.05 0.05+0.05 0.02+0.05 0.11+0.05
Sit 11.66+8.81 15.58+8.81 42.15+7.77 52.37+7.77
Sit-only n/a n/a 3.77+4.71 2.58+4.71
Sit-treat n/a n/a 38.11+7.27 49.53+7.27
Sniff (non-social) 1.95+1.19 5.26+1.19 3.757+1.05 1.07+1.05
Sniff (social) 0.21+0.12 0.09+0.12 0.19+0.10 0.00+0.10
Sway 0.63+0.39 0.10+0.39 0.38+0.34 0.01+0.34
Turn 0.13+0.21 0.15+0.21 0.04+0.18 0.4940.18
Walk 8.4612.07 9.69+2.07 3.13+1.83 3.81+1.83
Yawn 0.00+0.10 0.00+0.10 0.00+0.09 0.17+0.09

Data are displayed as LS means + SEM. Individual rats were tested in their home cages in the presence of their cage-mates at baseline and under the
influence of an anxiolytic. The symbol n/a denotes behaviours that were not possible or not scored in that system; n = 7 rats from four standard cages and
n = 9 rats from five semi-naturalistic cages.

doi:10.1371/journal.pone.0147595.t005
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even though general activity levels were similar between the two groups. The authors argued
that isolated rats were more impulsive because they were more sensitive to rewards: since
rewards were more salient to them, they had a stronger impulse to seek them. In contrast, a
study by Kirkpatrick and colleagues [55] found that isolated rats were less impulsive than
enriched-housed rats, but also explained their results in terms of reward sensitivity. The task in
Kirkpatrick et al.’s study was similar to the one just described [57], except that responding dur-
ing the ITT caused the ITT to be reset. With an imposed cost to impulsive responding (longer
ITI), isolated rats were actually less impulsive, requiring fewer responses per reward than
enriched-housed rats. The authors speculated that isolated rats were more sensitive to rewards,
leading them to be less impulsive because this was the most efficient strategy (i.e. in this way
they earned the most rewards). Overall, the consensus in the literature seems to be that impul-
sivity is driven by reward sensitivity. Therefore, both how active rats are and what they do may
reflect differences in reward sensitivity. An alternate explanation is that rats reared in restricted
environments appear more impulsive because they have little experience with exerting control
over, or receiving feedback from, their environment, and therefore failed to learn to inhibit or
vary their behaviour in response to external cues (Sackett, 1970, as cited by [58]).

The three most frequent behaviours displayed by standard-housed rats when they were
tested in their home cage (Experiments 1 and 2) were rearing, sitting and walking, respectively.
This result is somewhat consistent with van der Harst et al. [39] who tested anticipatory behav-
iour in the home cage of male standard-housed rats. The authors reported that the most fre-
quent behavioural categories displayed by their rats were exploration, arousal and locomotion,
where exploration included mobile and immobile exploration and rearing; arousal included
running; and locomotion included walking, running and mobile exploration. We did not dif-
ferentiate between walking and running (running was not possible in our standard cage) and
between walking and mobile exploration. The main difference between our findings and theirs
is that the second most frequent behaviour displayed by our rats was sitting, while in their
study, resting (including sitting) was one of the least frequent behaviours. One factor that
could account for the difference is that our rats were tested in the presence of conspecifics,
while van der Harst et al. [39] tested animals in the absence of conspecifics. In a separate study
that recorded total behavioural frequency but not the frequency of individual behaviours, van
der Harst et al. [26] found that rats were more active in the absence of conspecifics, although
their rats were also being tested in a different context than they were trained in, so the effects of
absence of conspecifics and novel context were confounded. Our rats were also older than rats
tested by van der Harst et al. [39], and propensity to sit may increase with age.

Experiments 1 and 2 were also designed to test whether rats were depressed or anxious, by
testing their anticipatory behaviour at baseline versus under the influence of an antidepressant
or an anxiolytic, respectively. The hypothesis was that if rats were experiencing one of these
states, they would exhibit different behaviour when they were given the drug. We found no dif-
ferences in how rats behaved before and after drug intervention, but regardless of drug treat-
ment, standard-housed rats behaved differently from semi-naturalistic-housed rats. One
potential explanation for the lack of difference was the lack of statistical power due to relatively
small sample sizes. This explanation seems unlikely, as Experiments 1 and 2 were designed to
provide sensitive, within-rat tests of the effect of drug (despite no differences being found) and
a weak, between-cage test of cage type (despite many differences being found). Post-hoc power
analysis indicated that unreasonably large sample sizes would be required to detect differences
with the variance and treatment differences observed (e.g. between 79-1380 rats would have
been needed to detect drug effects for rats in the semi-naturalistic condition).

It is also possible that the lack of drug effect suggests that: 1) standard-housed rats were not
experiencing conditions analogous to depression or anxiety, even though they are more
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sensitive to rewards, or 2) our drug interventions were ineffective. In the former case, it is pos-
sible that while standard-housed rats were experiencing negative affect compared to semi-natu-
ralistic-housed rats, this negative affect was not analogous to depression or anxiety. Also, the
very act of repeatedly announcing a reward is enriching and could have reversed behavioural
and neurological effects of a restrictive environment [59,60]. This may have been even truer in
the case of the anxiolytic (Exp. 2) because it was tested second.

In the latter case, it is possible that higher doses were needed to successfully treat the severity
of depression or anxiety rats were experiencing. For example, the dose of o.-S1 tryptic casein
given in this study was comparable to a moderate dose of a benzodiazepine [46], but perhaps
doses comparable to a high dose of a benzodiazepine were needed. It is also possible that the
negative affect experienced by standard-housed rats was not associated with a deficit in the
receptors and/or neurons targeted by ketamine and a-S1 tryptic casein; the former likely tar-
gets glutamate receptors and GABAergic interneurons, while the latter targets GABA 4 recep-
tors [40,47]. Finally, it could also be that the drugs did improve affective state, but that these
changes in affect do not influence anticipatory behaviour. Von Frijtag et al. [29,30] found that
treatment with antidepressants re-established anticipation of a reward in anhedonic rats.
Treating anhedonia, in which rats are essentially de-sensitized and unable to interact with the
environment, may be different from treating states in which rats are sensitized to rewards; this
difference could explain why Von Frijtag et al. [29,30] found that antidepressants modified
anticipatory behaviour while we did not.

Conclusion

Standard-housed laboratory rats are more sensitive to rewards than rats housed in semi-natu-
ralistic conditions, as reflected by the quantity and form of their anticipatory behaviour. This
study adds to mounting evidence that standard laboratory housing for rats compromises rat
welfare, and provides further scientific support for recommendations that current minimum
standards be raised.

Acknowledgments

We extend our sincere thanks to animal care technician Anne Cheng for her enthusiasm and
patience with our many unusual requests, and to Cathy El-Hinn who went above and beyond
her role as laboratory assistant. IJM was supported by an NSERC Canada Graduate Scholarship
and a Charles River Scholarship in Animal Welfare. This research was funded by an NSERC
Discovery grant to DMW.

Author Contributions

Conceived and designed the experiments: JM DMW. Performed the experiments: IJM. Ana-
lyzed the data: J]M DMW. Contributed reagents/materials/analysis tools: DMW. Wrote the
paper: IJM DMW.

References
1. Davis DE, Emlen JT, Stokes AW. Studies on home range in the brown rat. J Mammal. 1948; 29: 207—
225.
2. Barnett SA. The rat: A study in behavior. Revised ed. Chicago: The University of Chicago Press;
1975.

Chang S, Yang K. The exploratory drive of the rat. Acta Psychol Taiwanica. 1961; 3: 44-56.

4. Jerome EA, Moody JA, Connor TJ, Fernandez MB. Learning in a multiple-door situation under various
drive states. J Comp Physiol Psychol. 1957; 50: 588-591. doi: 10.1037/h0040264 PMID: 13502503

PLOS ONE | DOI:10.1371/journal.pone.0147595 January 28, 2016 17/20


http://dx.doi.org/10.1037/h0040264
http://www.ncbi.nlm.nih.gov/pubmed/13502503

@’PLOS ‘ ONE

Anticipatory Behaviour in Laboratory Rats

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

Nissen HW. A study of exploratory behavior in the white rat by means of the obstruction method. J
Genet Psychol. 1930; 37: 361-376.

Small WS. Notes on the psychic development of the young white rat. Am J Psychol. 1899; 11: 80—100.

Patterson-Kane EG, Harper DN, Hunt M. The cage preferences of laboratory rats. Lab Anim. 2001; 35:
74-79. doi: 10.1258/0023677011911390 PMID: 11201290

Patterson-Kane EG, Hunt M, Harper D. Rats demand social contact. Anim Welf. 2002; 11: 327-332.

Iversen |H. Simple and conditional visual discrimination with wheel running as reinforcement in rats. J
Exp Anal Behav. 1998; 70: 103—121. doi: 10.1901/jeab.1998.70-103 PMID: 9841250

Bradshaw AL, Poling A. Choice by rats for enriched versus standard home cages: plastic pipes, wood
platforms, wood chips, and paper towels as enrichment items. J Exp Anal Behav. 1991; 55: 245-250.
PMID: 16812635

Denny MS. The rat’s long-term preference for complexity in its environment. Anim Learn Behav. 1975;
3:245-249. doi: 10.3758/BF03213439

Collier G, Hirsch E. Reinforcing properties of spontaneous activity in the rat. J Comp Physiol Psychol.
1971; 77: 155-160. doi: 10.1037/h0031588 PMID: 5120680

Stryjek R, Modlinska K, Pisula W. Species specific behavioural patterns (digging and swimming) and
reaction to novel objects in wild type, Wistar, Sprague-Dawley and Brown Norway rats. PLoS ONE.
2012; 7: e40642. doi: 10.1371/journal.pone.0040642 PMID: 22815778

Peplow M. Lab rats go wild in Oxfordshire. Nat News. 2004; doi: 10.1038/news040202-2
Boice R. Captivity and feralization. Psychol Bull. 1981; 89: 407—421. doi: 10.1037/0033-2909.89.3.407

Fox C, Merali Z, Harrison C. Therapeutic and protective effect of environmental enrichment against psy-
chogenic and neurogenic stress. Behav Brain Res. 2006; 175: 1-8. doi: 10.1016/j.bbr.2006.08.016
PMID: 16970997

Van Praag H, Kempermann G, Gage FH. Neural consequences of environmental enrichment. Nat Rev
Neurosci. 2000; 1: 191-198. doi: 10.1038/35044558 PMID: 11257907

Katsnelson A. Interesting environment wards off cancer. Nat News. 2010; doi: 10.1038/news.2010.342

Nithianantharajah J, Hannan AJ. Enriched environments, experience-dependent plasticity and disor-
ders of the nervous system. Nat Rev Neurosci. 2006; 7: 697—-709. doi: 10.1038/nrn1970 PMID:
16924259

Fraser D, Weary DM, Pajor EA, Milligan BN. A scientific conception of animal welfare that reflects ethi-
cal concerns. Anim Welf. 1997; 6: 187—205.

Makowska IJ, Weary DM. Assessing the emotions of laboratory rats. Appl Anim Behav Sci. 2013; 148:
1-12. doi: 10.1016/j.applanim.2013.07.017

Abou-Ismail UA, Mahboub HD. The effects of enriching laboratory cages using various physical struc-
tures on multiple measures of welfare in singly-housed rats. Lab Anim. 2011; 45: 145—-153. doi: 10.
1258/1a.2011.010149 PMID: 21498639

Harding EJ, Paul ES, Mendl M. Cognitive bias and affective state. Nature. 2004; 427: 312. PMID:
14737158

Alexander BK, Coambs RB, Hadaway PF. The effect of housing and gender on morphine self-adminis-
tration in rats. Psychopharmacology. 1978; 58: 175—179. doi: 10.1007/BF00426903 PMID: 98787

Abou-Ismail UA, Burman OHP, Nicol CJ, MendI M. The effects of enhancing cage complexity on the
behaviour and welfare of laboratory rats. Behav Processes. 2010; 85: 172—180. doi: 10.1016/j.beproc.
2010.07.002 PMID: 20637270

Van der Harst JE, Baars AM, Spruijt BM. Standard housed rats are more sensitive to rewards than
enriched housed rats as reflected by their anticipatory behaviour. Behav Brain Res. 2003; 142: 151—
156. doi: 10.1016/S0166-4328(02)004083-5 PMID: 12798276

Van der Harst JE, Spruijt BM. Tools to measure and improve welfare of laboratory rats: reward-related
behaviour and environmental enrichment. Anim Welf. 2007; 16: 67—-73.

Watters JV. Searching for behavioral indicators of welfare in zoos: uncovering anticipatory behavior.
Zoo Biol. 2014; 33: 251-256. doi: 10.1002/z00.21144 PMID: 25042907

Von Frijtag JC, Reijmers LGJE, Van der Harst JE, Leus IE, Van den Bos R, Spruijt BM. Defeat followed
by individual housing results in long-term impaired reward- and cognition-related behaviours in rats.
Behav Brain Res. 2000; 117: 137—-146. doi: 10.1016/S0166-4328(00)00300-4 PMID: 11099767

Von Frijtag JC, Van den Bos R, Spruijt BM. Imipramine restores the long-term impairment of appetitive
behavior in socially stressed rats. Psychopharmacology. 2002; 162: 232—238. doi: 10.1007/s00213-
002-1093-3 PMID: 12122480

PLOS ONE | DOI:10.1371/journal.pone.0147595 January 28, 2016 18/20


http://dx.doi.org/10.1258/0023677011911390
http://www.ncbi.nlm.nih.gov/pubmed/11201290
http://dx.doi.org/10.1901/jeab.1998.70-103
http://www.ncbi.nlm.nih.gov/pubmed/9841250
http://www.ncbi.nlm.nih.gov/pubmed/16812635
http://dx.doi.org/10.3758/BF03213439
http://dx.doi.org/10.1037/h0031588
http://www.ncbi.nlm.nih.gov/pubmed/5120680
http://dx.doi.org/10.1371/journal.pone.0040642
http://www.ncbi.nlm.nih.gov/pubmed/22815778
http://dx.doi.org/10.1038/news040202-2
http://dx.doi.org/10.1037/0033-2909.89.3.407
http://dx.doi.org/10.1016/j.bbr.2006.08.016
http://www.ncbi.nlm.nih.gov/pubmed/16970997
http://dx.doi.org/10.1038/35044558
http://www.ncbi.nlm.nih.gov/pubmed/11257907
http://dx.doi.org/10.1038/news.2010.342
http://dx.doi.org/10.1038/nrn1970
http://www.ncbi.nlm.nih.gov/pubmed/16924259
http://dx.doi.org/10.1016/j.applanim.2013.07.017
http://dx.doi.org/10.1258/la.2011.010149
http://dx.doi.org/10.1258/la.2011.010149
http://www.ncbi.nlm.nih.gov/pubmed/21498639
http://www.ncbi.nlm.nih.gov/pubmed/14737158
http://dx.doi.org/10.1007/BF00426903
http://www.ncbi.nlm.nih.gov/pubmed/98787
http://dx.doi.org/10.1016/j.beproc.2010.07.002
http://dx.doi.org/10.1016/j.beproc.2010.07.002
http://www.ncbi.nlm.nih.gov/pubmed/20637270
http://dx.doi.org/10.1016/S0166-4328(02)00403-5
http://www.ncbi.nlm.nih.gov/pubmed/12798276
http://dx.doi.org/10.1002/zoo.21144
http://www.ncbi.nlm.nih.gov/pubmed/25042907
http://dx.doi.org/10.1016/S0166-4328(00)00300-4
http://www.ncbi.nlm.nih.gov/pubmed/11099767
http://dx.doi.org/10.1007/s00213-002-1093-3
http://dx.doi.org/10.1007/s00213-002-1093-3
http://www.ncbi.nlm.nih.gov/pubmed/12122480

@’PLOS ‘ ONE

Anticipatory Behaviour in Laboratory Rats

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Goeders NE. Stress and cocaine addiction. J Pharmacol Exp Ther. 2002; 301: 785-789. doi: 10.1124/
jpet.301.8.785 PMID: 12023504

Piazza P V, Deminiere JM, le Moal M, Simon H. Stress- and pharmacologically-induced behavioral sen-
sitization increases vulnerability to acquisition of amphetamine self-administration. Brain Res. 1990;
514: 22-26. doi: 10.1016/0006-8993(90)90431-A PMID: 2357527

Cabib S, Puglisi-Allegra S. Stress, depression and the mesolimbic dopamine system. Psychopharma-
cology. 1996; 128: 331-342. PMID: 8986003

Van den Berg CL, Pijlman FTA, Koning HAM, Diergaarde L, Van Ree JM, Spruijt BM. Isolation changes
the incentive value of sucrose and social behaviour in juvenile and adult rats. Behav Brain Res. 1999;
106: 133-142. doi: 10.1016/S0166-4328(99)00099-6 PMID: 10595429

Ahmed SH, Stinus L, Le Moal M, Cador M. Social deprivation enhances the vulnerability of male Wistar
rats to stressor- and amphetamine-induced behavioral sensitization. Psychopharmacology. 1995; 117:
116—-124. doi: 10.1007/BF02245106 PMID: 7724696

Spruijt BM, Van den Bos R, Pijiman FTA. A concept of welfare based on reward evaluating mecha-
nisms in the brain: Anticipatory behaviour as an indicator for the state of reward systems. Appl Anim
Behav Sci. 2001; 72: 145-171. doi: 10.1016/S0168-1591(00)00204-5 PMID: 11278033

Pijnenburg AJJ, Honig WMM, Van der Heyden JAM, Van Rossum JM. Effects of chemical stimulation
of the mesolimbic dopamine system upon locomotor activity. Eur J Pharmacol. 1976; 35: 45-58. doi:
10.1016/0014-2999(76)90299-5 PMID: 3421

Craig W. Appetites and aversions as constituents of instincts. Biol Bull. 1918; 34: 91-107.

Van der Harst JE, Fermont PCJ, Bilstra AE, Spruijt BM. Access to enriched housing is rewarding to rats
as reflected by their anticipatory behaviour. Anim Behav. 2003; 66: 493—-504. doi: 10.1006/anbe.2003.
2201

Duman RS, Aghajanian GK. Synaptic dysfunction in depression: potential therapeutic targets. Science.
2012; 338: 68—72. doi: 10.1126/science.1222939 PMID: 23042884

aan het Rot M, Zarate CAJ, Charney DS, Mathew SJ. Ketamine for depression: Where do we go from
here? Biol Psychiatry. 2012; 72: 537-547. doi: 10.1016/j.biopsych.2012.05.003 PMID: 22705040

Carrier N, Kabbaj M. Sex differences in the antidepressant-like effects of ketamine. Neuropharmacol-
ogy. 2013; 70: 27-34. doi: 10.1016/j.neuropharm.2012.12.009 PMID: 23337256

Tizabi Y, Bhatti BH, Manaye KF, Das JR, Akinfiresoye L. Antidepressant-like effects of low ketamine
dose is associated with increased hippocampal AMPA/NMDA receptor density ratio in female Wistar-
Kyoto rats. Neuroscience. 2012; 213: 72-80. doi: 10.1016/j.neuroscience.2012.03.052 PMID:
22521815

Cryan JF, O’Leary OF. A glutamate pathway to faster-acting antidepressants? Science. 2010; 329:
913-915. doi: 10.1126/science.1194313 PMID: 20724626

Messaoudi M, Lalonde R, Schroeder H, Desor D. Anxiolytic-like effects and safety profile of a tryptic
hydrolysate from bovine alpha s1-casein in rats. Fundam Clin Pharmacol. 2009; 23: 323—-330. doi: 10.
1111/j.1472-8206.2009.00672.x PMID: 19453759

Violle N, Messaoudi M, Lefranc-Millot C, Desor D, Nejdi A, Demagny B, et al. Ethological comparison of
the effects of a bovine as1-casein tryptic hydrolysate and diazepam on the behaviour of rats in two
models of anxiety. Pharmacol Biochem Behav. 2006; 84: 517-523. doi: 10.1016/j.pbb.2006.06.017
PMID: 16899284

Miclo L, Perrin E, Driou A, Papadopoulos V, Boujrad N, Vanderesse R, et al. Characterization of o-
casozepine, a tryptic peptide from bovine as1-casein with benzodiazepine-like activity. FASEB. 2001;
15:1780-1782.

McLennan IS, Taylor-Jeffs J. The use of sodium lamps to brightly illuminate mouse houses during their
dark phases. Lab Anim. 2004; 38: 384—392. doi: 10.1258/0023677041958927 PMID: 15479553

Boice R. Burrows of wild and albino rats: effects of domestication, outdoor raising, age, experience,
and maternal state. J Comp Physiol Psychol. 1977; 91: 649-61. PMID: 559696

Draper WA. A behavioural study of the home-cage activity of the white rat. Behaviour. 1967; 28: 280—
306. doi: 10.1163/156853967X00055 PMID: 6038300

Dickinson A, Balleine B. The role of learning in the operation of motivational systems. In: Gallistel CR,
editor. Steven’s handbook of experimental psychology: Learning, motivation and emotion. 3rd edition.
John Wiley & Sons; 2002. pp. 497-534.

St-Pierre NR. Design and analysis of pen studies in the animal sciences. J Dairy Sci. 2007; 90 Suppl 1:
E87-E99. doi: 10.3168/jds.2006-612 PMID: 17517755

PLOS ONE | DOI:10.1371/journal.pone.0147595 January 28, 2016 19/20


http://dx.doi.org/10.1124/jpet.301.3.785
http://dx.doi.org/10.1124/jpet.301.3.785
http://www.ncbi.nlm.nih.gov/pubmed/12023504
http://dx.doi.org/10.1016/0006-8993(90)90431-A
http://www.ncbi.nlm.nih.gov/pubmed/2357527
http://www.ncbi.nlm.nih.gov/pubmed/8986003
http://dx.doi.org/10.1016/S0166-4328(99)00099-6
http://www.ncbi.nlm.nih.gov/pubmed/10595429
http://dx.doi.org/10.1007/BF02245106
http://www.ncbi.nlm.nih.gov/pubmed/7724696
http://dx.doi.org/10.1016/S0168-1591(00)00204-5
http://www.ncbi.nlm.nih.gov/pubmed/11278033
http://dx.doi.org/10.1016/0014-2999(76)90299-5
http://www.ncbi.nlm.nih.gov/pubmed/3421
http://dx.doi.org/10.1006/anbe.2003.2201
http://dx.doi.org/10.1006/anbe.2003.2201
http://dx.doi.org/10.1126/science.1222939
http://www.ncbi.nlm.nih.gov/pubmed/23042884
http://dx.doi.org/10.1016/j.biopsych.2012.05.003
http://www.ncbi.nlm.nih.gov/pubmed/22705040
http://dx.doi.org/10.1016/j.neuropharm.2012.12.009
http://www.ncbi.nlm.nih.gov/pubmed/23337256
http://dx.doi.org/10.1016/j.neuroscience.2012.03.052
http://www.ncbi.nlm.nih.gov/pubmed/22521815
http://dx.doi.org/10.1126/science.1194313
http://www.ncbi.nlm.nih.gov/pubmed/20724626
http://dx.doi.org/10.1111/j.1472-8206.2009.00672.x
http://dx.doi.org/10.1111/j.1472-8206.2009.00672.x
http://www.ncbi.nlm.nih.gov/pubmed/19453759
http://dx.doi.org/10.1016/j.pbb.2006.06.017
http://www.ncbi.nlm.nih.gov/pubmed/16899284
http://dx.doi.org/10.1258/0023677041958927
http://www.ncbi.nlm.nih.gov/pubmed/15479553
http://www.ncbi.nlm.nih.gov/pubmed/559696
http://dx.doi.org/10.1163/156853967X00055
http://www.ncbi.nlm.nih.gov/pubmed/6038300
http://dx.doi.org/10.3168/jds.2006-612
http://www.ncbi.nlm.nih.gov/pubmed/17517755

@’PLOS ‘ ONE

Anticipatory Behaviour in Laboratory Rats

53.

54.

55.

56.

57.

58.

59.

60.

Spangenberg E, Remes C, Mikkelsen LF, Cvek K. Effects of alternative housing systems on physical
and social activity in male Sprague Dawley and Spontaneously Hypertensive rats. Scand J Anim Sci.
2011; 38: 47—66.

Calhoun JB. The ecology and sociology of the Norway rat. Washington, D.C.: Public Health Service
Publication No. 1008; 1963.

Kirkpatrick K, Marshall AT, Clarke J, Cain ME. Environmental rearing effects on impulsivity and reward
sensitivity. Behav Neurosci. 2013; 127: 712—24. doi: 10.1037/a0034124 PMID: 24128360

Perry JL, Stairs DJ, Bardo MT. Impulsive choice and environmental enrichment: Effects of d-amphet-
amine and methylphenidate. Behav Brain Res. 2008; 193: 48—54. doi: 10.1016/j.bbr.2008.04.019
PMID: 18534693

Wood DA, Siegel AK, Rebec GV. Environmental enrichment reduces impulsivity during appetitive con-
ditioning. Physiol Behav. 2006; 88: 132—137. doi: 10.1016/j.physbeh.2006.03.024 PMID: 16678224

Gluck JP, Pearce HE. Acquisition and extinction of an operant response in differentially reared rats.
Dev Psychobiol. 1977; 10: 143—149. doi: 10.1002/dev.420100207 PMID: 838159

Kamal A, Van Der Harst JE, Kapteijn CM, Baars AJM, Spruijt BM, Ramakers GMJ. Announced reward
counteracts the effects of chronic social stress on anticipatory behavior and hippocampal synaptic plas-
ticity in rats. Exp Brain Res. 2010; 201: 641-651. doi: 10.1007/s00221-009-2083-z PMID: 19921157

Van der Harst JE, Baars AM, Spruijt BM. Announced rewards counteract the impairment of anticipatory
behaviour in socially stressed rats. Behav Brain Res. 2005; 161: 183—189. doi: 10.1016/j.bbr.2005.02.
029 PMID: 15922044

PLOS ONE | DOI:10.1371/journal.pone.0147595 January 28, 2016 20/20


http://dx.doi.org/10.1037/a0034124
http://www.ncbi.nlm.nih.gov/pubmed/24128360
http://dx.doi.org/10.1016/j.bbr.2008.04.019
http://www.ncbi.nlm.nih.gov/pubmed/18534693
http://dx.doi.org/10.1016/j.physbeh.2006.03.024
http://www.ncbi.nlm.nih.gov/pubmed/16678224
http://dx.doi.org/10.1002/dev.420100207
http://www.ncbi.nlm.nih.gov/pubmed/838159
http://dx.doi.org/10.1007/s00221-009-2083-z
http://www.ncbi.nlm.nih.gov/pubmed/19921157
http://dx.doi.org/10.1016/j.bbr.2005.02.029
http://dx.doi.org/10.1016/j.bbr.2005.02.029
http://www.ncbi.nlm.nih.gov/pubmed/15922044

