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Activity and rest alternation: temporal distribution
and influencing factors in nocturnal rodents
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Abstract Lifestyle and heredity are two different terms but yet closely related components. An evaluation for the time
invested in sleep and locomotion behaviors per second in the Wistar rats animal model was carried out. A total of six rats
within the same cage were marked by color in a room supported by the day’s light (12h lighting/12h darkness). These
animals were filmed for 18 h daily for ten days (9h lighting, 9h darkness) to estimate the time budget of sleep and
locomotion behaviors and the temporal distribution taking into account the nature of this biological model’s activity. The
results obtained reveal sleeping/locomotion cycles respecting the natural photoperiod except for a rat that shows
dominance in nocturnal sleep compared to the rest of the rats. These advances support a change in photoperiodic behavior
in response to an adaptation to the rhythm imposed by the manipulator. They invite studies on a larger sample to
consolidate this behavior controlled by the environment.
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1. Introduction
Besides the free-living rodent populations, various
types of Norway rats (“Wistar-type” or “hooded-type”) are
extensively used as experimental animal models for diverse
scientific research projects (Baker et al 2013; Boros et al
2019). Wistars, selected by Donaldson at the Wistar Institute
(USA) in 1906, is a versatile inbred strain used in all disciplines
of medical and biological researches (Iliuţã 2011), which is
active at night; their main sleep phase occupies the day
(Kronfeld-schor and Dayan 2008; Oosthuizen 2020). In
rodents, as in all animal species, the alternation of light and
darkness is the primary synchronizer of circadian rhythms
(Benstaali et al 2001; Chen et al 2019). The frequency of
activity and rest is generated by two neural groups located on
the hypothalamus floor, the suprachiasmatic nuclei (NSC).
Their destruction removes the activity-rest cycle; their
transplantation restores this rhythm (Reppert and Moore
1991; Mieda 2019).
The rats’ handling and interview procedures during
their resting phase cause stress that, even in the short term,
may affect their well-being (Abou-ismail et al 2008). The
precise point in the circadian cycle to which these practices
are applied is therefore essential; this moment may result in
additive stress due to the disruption of the wake-sleep cycle
in this nocturnal species. Koch et al (2017) emphasize the
importance of a day as a factor that can shape an animal’s
response to stress.
In this context, knowledge of each biological model’s
phase response curve is ideal for defining an experimental
protocol’s optimal moment. Thus, the present study aims to
assess the distribution of nocturnal investment time behavior
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of sleep, necessary steps to daily repetition and locomotion,
and essential faculty to move in Wistar rats.
2. Materials and Methods
2.1. Animal housing and livestock
The experiment was carried out using a batch of six
rats (Pasteur Institut Algiers, Algeria) following 1 of the 3Rs of
the foundation of the ethical approach in animal
experimentation: to reduce, refine and replace (Russell and
Burch 1959). The rats had between nine to ten weeks old
grouped in a single isolated cage in a box at the animal house
to avoid disruptive factors. Rats were housed randomly in a
standard polyethylene cage (48.5 cm long, 33 cm wide, and
21 cm high). The cage was supported with sawdust as
bedding material, and feed and water were provided ad
libitum. The rats were kept under a 12h lighting and 12h
darkness photoperiod. The ambient temperature was
adjusted at (between 19 and 23 °C). The rats were marked
from zero (0) to five (5), ensuring that the numbers remain
visible.
2.2. Experimental monitoring
In the absence of any treatment, the rats were
observed in natural photoperiod at 18h per day (9h in the
daytime and 9h at night) for ten days. The rats were weighed
daily for ten days before and after each observation using an
electronic digital scale. The cage was cleaned twice a day
before and immediately after each follow-up, detergent-free;
the rats were removed from their cage and placed in a clean
cage with clean bedding. The tracking was saved using a
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camera with an infrared filter (dark phase observation),
armed with two memory cards with a capacity of 64GB each
to record 18h. The time invested in each of sleep and activity
behaviors was examined.

software version 2016. The data represented on
average±standard deviation of mean and compared by a
Student test according to the ratio P-value calculated / at
ALPHA significance level = 0.05.

2.3. Behavioral data

3. Results

The sampling of behaviors taken into account was
always carried out for each behavior by two observers, who
were introduced into the experimental room 40 min before
the scheduled start of observation to allow the rats to adapt
their presence, weigh them, clean the cage and start the
camera. Sleep and locomotion behaviors like climbing,
exploration, social interaction, and immobility were followed
in rats placed in a room lit during the daytime, daylight, and
dark in the night phase. The whole approach described is in
agreement with the University of Badji Mokhtar – Annaba’s
Ethics guide.

Changes in sleep time and locomotion during the
daytime phase in the six rats during the 10-day observation
indicated that sleep time was greater than that of movement
for the entire group with a variable time-budget (Figure 1).
Changes in sleep time and locomotion during the
nocturnal phase in the six rats over a 10-day observation
period showed that sleep time is less than that of movement
in the group as a whole. Rat 1 is distinguished by investing a
higher time in the two observed behaviors than its congeners
(Figure 2).
We recorded in detail the time invested in sleep and
locomotion in rats 1 to 2nd and 8th day of observation with
51% at day 2, 59% at day 8 in rest, and 49% at day 2, 41% at
day 8 in locomotion (Figure 3).

2.4. Statistics
The daily time-use in seconds for each rat of each of
the two behaviors studied was treated with the XLSTATPRO
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Figure 1 Sleep and locomotor behaviors during 10 days of
observation in diurnal phase (Mean±SE, n = 6). Not significant
difference P > 0.05; P* ≤ 0.05; P** ≤ 0.01; P*** ≤ 0.001.
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Figure 2 Sleep and locomotor behaviors during 10 days of
observation in nocturnal phase (Mean±SE, n = 6). Not significant
difference P > 0.05; P* ≤ 0.05; P** ≤ 0.01; P*** ≤ 0.001.
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Figure 3 Sectors of sleep and locomotor behaviors in rat-1 in the nocturnal phase on the 2nd and 8th days of observation.
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4. Discussion
The rotation of the earth around its axis generates a
light-dark alternation whose period is 24 hours. Throughout
the evolutionary process, living organisms have developed an
internal biological clock that allows them to adapt to cyclical
changes in the external environment, orchestrating their
physiological and behavioral processes over time (Halberg
1963; Boyenval 2017; Abbott and Zee 2019).
The alternation of activity and rest during the 24 hours
or activity-rest cycle was observed in animal species, as
diverse as the Drosophila, rat, mouse, hamster, and man.
First called “nycthemeral”, the activity-rest cycle is
considered a circadian rhythm because of its relationship
with day and night alternation. It persists under constant
environmental conditions in all species mentioned above
(Reppert and Moore 1991; Mieda 2019).
Today, it is known that NSC distributes the circadian
signal through humoral, nervous, hormonal, and behavioral
pathways (Pevet and Challet 2011). In-vivo electrophysiology
in rats demonstrated that NSC neurons exhibit rhythmic
electrical activity with a higher activity level during the day
(Inouye and Kawamura 1979; Tso et al 2017).
Sleep occupies the most crucial place in the rat’s time
budget as they spent more than 60% of their time sleeping
(Hurst et al 1996; Barker et al 2017). Alfoldi et al (1990) and
Frank et al (2017) reported that in nocturnal rodents such as
rats, sleep occupies 80% of the daylight and 20% dark time.
The 10th-day follow-up report included 18 hours of
distribution throughout the day and night in the rats’ group,
reinforcing this rodent’s mainly diurnal nature. Except for rat1, the sources mentioned above have a longer sleep time,
unlike these congeners. Therefore, a non-normal activity
time, especially on the second and eighth days, required a
record sleep investment with nearly 60% of the overall
observation time.
From there a probability, this rat borrows the path of
a phenotypic modification which can disguise its answer in
various aversive conditions or not. This difference would
undoubtedly be rooted in manipulation by the researcher
confounding the active phase and resting mammals. Even if
this result reported a form of adaptation of the idle activity
cycle imposed by the manipulator, it would not be
inconsequential as Abou-ismail et al (2008) showed that cage
hygiene and the rat’s care could have an impact on his wellbeing.
Achieved during the day, that is, during the sleep time,
these care behaviors contributed to the rat development of
malaise signs (enlarged thymus size, more frequent
aggressive behavior, chromodacryorrhea, and decreased
frequency of grooming behavior). Therefore, it is advisable to
perform this care during the rat’s activity time and let him
sleep when he needs it.
In its natural environment, the activity of the rat is
somewhat nocturnal or twilight. It sleeps instead during the
day and is active at dawn, evening, and night. They spend
much time exploring their cage and jumping on all the
www.jabbnet.com
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surfaces they have. It is not habitual for them to spend much
time burrowing under their litter or trying to dig the cage’s
floor (Sirois 2015).
Many behaviors are common to all rodent species. In
captivity and precisely in rats, we note the locomotor
behavior burial under the litter or foral exploration of the
cage, jump, and climbing the cage grid. These behaviors are
accompanied by a phase of immobility well installed in the nit
made of litter and occupying one from the four corners of the
cage before falling asleep with repeated episodes and mainly
at the end of the night (Djouini et al 2017). From acrobatics
to confrontation, social interactions are also a form of
mobility expressed by these mammals, if necessary.
The results recorded a time of activity faithful to that
of any higher rodent at night compared to the day. Like sleep,
this behavior differs in rats-1 if one compares it with the rest
of the rats. It has times that are close to or close to those of
sleep over the ten days. On the second and eighth day, we
observed a regression of the locomotion time. This one takes
a value lower than that of the sleep in period supposed to be
of activity with values of 49% respectively (1232±363
seconds) and 41% or (861±333 seconds) of global tracking
time.
5. Conclusions
This follow-up revealed a heterogeneous pattern and
suggested a reversal hypothesis of the nycthemeral behavior
for the rat. This inversion, probably in response to a rhythm
imposed by the manipulator, involves environmental or even
genetic factors that can lead this rat to adapt to daytime
liveliness.
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