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Abstract

Circadian rhythm is the adaptation response of animals against light alteration that affects various
behavioral and physiological responses. Bright light is a danger signal for nocturnal animals because it
exposes them more to predators. This research aimed to study the changes in the behavior of rats during
the partial solar eclipse (PSE) period. The PSE period occurred across Bogor, Indonesia, on 9 March
2016. The PSE started at 06.19 AM, peaked at 07.21 AM, and ended at 08.30 AM. The light level
decreased since the early solar eclipse, then dropped significantly at the peak period. The activities of six
mature male Sprague Dawley rats were measured using Opto-Varimex-5 Auto Track System during the
PSE period. The measurements were repeated one day after the PSE period as the non-PSE period. There
were significant differences (P<0.05) in stereotypic time, burst of stereotypic movement, and horizontal
count in the early, peak, and end periods of the PSE period compared with the values at the same time
of the non-PSE period. The activities of rats changed during the PSE period. Rats did not rest as in their
normal nocturnal behavior during darkness but were more active and stressed because of the rapid change

in light level during the PSE period.
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Introduction

The partial solar eclipse (PSE) attracts many scientists worldwide to observe animal behavior changes during
that period. The effects of the earth’s cycle (day and night) on physiological and behavioral systems are
reflected by the multitude of circadian endocrine and metabolic rhythms as animal strategies to adapt against
environmental changes (Paredes ez a/., 2005). As nocturnal animals, rats show increased activities such as
foraging, feeding, drinking, and agonistic behavior during a dark period. These increased activities also occur
when the rats are kept in an artificial light-dark environment and during blinding in the light cycle (Zucker,
1971; Spiteri, 1982).

Bright light is an ecological danger signal for nocturnal animals and is correlated with increased danger
because they are more vulnerable to predators (Godsil & Fanselow, 2004). Rats tend to avoid brightly
illuminated places and prefer dark places. Rats did not freeze to cope with those challenges but exhibited
thigmotaxis, a tendency to remain close to the walls to reduce their detectability during dangerous situations
(Grossen & Kelley, 1972). Bright light also reduces social interaction and locomotion, increases defecation,
and increases the startle reflex (Godsil & Fanselow, 2004).

The PSE across Indonesia on 9 March 2016 provided a rare opportunity to understand the circadian
thythm of rats’ activity. During the solar eclipse, the dramatic decrease in daylight levels is more visible
when the light levels are close to their peak, such as late morning. There is anecdotal evidence during
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the solar eclipse, “animals behave as they would
at nightfall”. The behaviors of dragonflies and
Anopheles barbirostris during the solar eclipse were
the same as when transferred to a shady and dark
place (Mitra, 1996; Chatterjee & Chandara, 1997).
Alvarez-Cérdenas ez al. (1997) found that the lizard
Uta stansburiana showed similar behavior as they
usually do at the end of the day. In contrast, Rutter
et al. (2002) found that solar eclipse did not affect
grazing and rumination activity in cattle. This study
aimed to compare rats' behavior during and after
the PSE and discuss the neurohormonal mechanism
that regulates rats’ activity during the PSE.

Methods

Experimental design

This study was conducted in an open space area inside
the School of Veterinary Medicine and Biomedical
Sciences, IPB University, Bogor, Indonesia (latitude
106.7208°E, longitude -6.5568°S) between 9 March
to 10 March 2016. The PSE occurred in Bogor on 9
March 2016, with 87.14% of darkness percentage.
The PSE started at 06.19 AM, peaked at 07.21 AM,
and ended at 08.30 AM. The light intensity at the
study site was recorded using a lux meter (range:
0-25,000 and peak response at 565 nm). The
temperature and humidity averages on the PSE day
(9 March) and the non-PSE day (10 March) were
26.1°C, 87% and 27°C, 86%, respectively.

Six mature male Sprague Dawley rats were used
in this study. They were obtained and managed in
the laboratory animal facility unit of the School
of Veterinary Medicine and Biomedical Sciences,
IPB University, and under the supervision of
veterinarians. All rats were maintained in a 12:12
hours light-dark cycle with free access to water
and feed. On the PSE day (9 March), all rats were
moved to an open space outside the laboratory
animal facility one hour before the PSE started. The
activities of rats were recorded at the beginning of
PSE (06.19 AM), the peak of PSE (07.21 AM), and
the end of PSE (08.30 AM). After PSE ended, all

rats were returned to the laboratory animal facility.
The activities of rats were recorded using an animal
activity meter (Opto-Varimex-5 Auto Track System,
Columbus Instrument-USA) to quantify locomotor
activity and trace the animal’s path for behavioral
analysis. This system provided data on distance
travel, resting time, stereotypic time, ambulatory
time, burst of stereotypic movement, horizontal
count, and ambulatory count. The measurements
were repeated three times for each rat. The recording
of animal activity was repeated on the next day (10
March 2016, the non-PSE day) at the same time with
the same procedure. All management and treatment
of rats in this study followed the principle of animal
welfare for animal use in biomedical research, which
is ruled by the World Medical Association in the
Declaration of Helsinki (WMA, 2013).

Distance travel is the distance traveled by the
animal in the indicated cage during a particular
interval. Resting time is the amount of time when
the animal in the indicated cage rested during a
particular interval. Stereotypic activity is the amount
of time when the animal in the indicated cage was
engaged in a stereotypic activity (a movement that
did not exceed the distance set by the box size).
Ambulatory activity is the amount of time when
the animal in the indicated cage was engaged in an
ambulatory activity (a movement that exceeds the
distance set by the box size). The box size is defined
as one beam. The animal must interrupt one new
beam before that movement is considered as an

ambulatory movement.

Data analysis

The animal's activities (distance travel, resting
time, stereotypic time, ambulatory time, burst
of stereotypic movement, horizontal count, and
ambulatory count) on the PSE day and the non-
PSE day were analyzed using SPSS Statistics 20
(IBM, USA). Statistical differences were calculated
by paired T-test with P<0.05 considered significant.
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Results

Light level

The changes in light intensity at the study site during
the PSE day and non-PSE day are shown in Figure 1.
There was a difference in light level between the PSE
day and the non-PSE day from 06.19 AM (the early
PSE period) until 08.30 AM (the end PSE period).
The difference became larger during the peak PSE
period (07.21 AM). The lower light level during the
peak PSE decreased the stimulus for the activity of
the rats. After the PSE ended (08.30 AM), the light
levels returned to normal daytime levels. Besides,

there was no difference in temperature and humidity
between the PSE day and non-PSE day.

Light intensity
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Figure 1 The lux levels recorded at the study site

Animal activity
The recorded animal activities on the PSE and the
non-PSE days are shown in Table 1. The distance

travel, resting time, stereotypic time, burst of

stereotypic movement, and horizontal count in the
carly PSE were statistically significantly different
(P<0.05) than the non-PSE day at the same
time (Table 1). During the peak PSE period, the
resting time, stereotypic time, burst of stereotypic
movement, and horizontal count were statistically
significantly  different compared to the same
time on the non-PSE-day. At the end of the PSE
period, there were statistically significant differences
(P<0.05) in stereotypic time, burst of stereotypical
movement, and horizontal count compared to the
day after (non-PSE day). The ambulatory time and
ambulatory count in the peak and end PSE periods
were numerically lower than in normal non-PSE
days but not significantly different. There was a
correlation between rat activity and change in light
levels during the PSE period to stimulate the activity
of rats.

Discussion

Animal behavior is about what animals do and how
they do it. To learn animal behavior, animals must
be observed in their natural condition, and then
their condition must be manipulated with internal
and external stimuli to observe their response. The
PSE in Bogor on 9 March 2016 might modify
the circadian rhythms in animals and affect their
activities. Circadian rhythm is the adaptation of
animals to day-night changes and can be disrupted

by manipulation of environmental conditions, such

Table 1 The activity of rats during the partial solar eclipse (PSE) period and non-eclipse (non-PSE) period

06.19 AM (early)

07.21 AM (peak)

08.30 AM (end)

Parameter

PSE Non-PSE PSE Non-PSE PSE Non-PSE
DT (cm) 193.3+ 32.4* 93.9+ 41.08" 140.3+ 61.6 126.5+ 93.1 103.1+ 62.3 212.1+ 153.5
RT (sec) 14.0 + 4.9° 48.0 £ 5.2 21.5+7.2° 44.5 +10.2° 363+7.3 33.8+7.9
ST (sec) 21.0 + 4.6 0.0 + 0.0 19.3 £+ 7.7 0.0 + 0.0 9.2 +6.2° 0.0 + 0.0
AT (sec) 20.0 + 8.3 12.0+5.2 4.8+5.9 15.5+10.2 14.6 7.9 26.2+79
BSM (x) 14.3 + 2.4a 0.0 £ 0.0° 119+ 1.72 0.0 £0.0° 6.3 + 3.6 0.0 £ 0.0°
HC (x) 193.0 + 38.6* 0.0 £ 0.0° 147.0 + 50.7° 0.0 + 0.0 42.8 + 30.5° 0.6 +1.8"
AC (x) 125.3 +62.2 289+ 129 28.4 +31.9 39.4 +25.6 34.8 +25.0 78.8 +23.9

DT: Distance travel, RT: Resting time, ST: Stereotypic time, AT: Ambulatory time, BSM: Burst of stereotypic movement, HC: Horizontal counts, AC: Ambulatory
counts. Different superscripts in the same row indicate significant differences between PSE and non-PSE (P<0.05).

64 | https://doi.org/10.29244/currbiomed.1.2.62-69



Tarigan et al.

as the daily light-dark cycle (Edery, 2000).
The

the hypothalamus’

suprachiasmatic ~ nucleus  regulates

circadian rhythm, which
communicates with the pineal gland and produces
melatonin, the nighttime biochemical signal.

The

stimulates melatonin secretion, which is maximally

arylalkylamine-N-acetyltransferase ~ enzyme
secreted during the dark period (Vaughan ez al,
1976; Luboshitzky er al, 1998; Falcén, 1999).
The melatonin secretion gradually increases when
lights are switched off during the light period
(Urbanski, 2000). In contrast, melatonin secretion
is reduced in rats that are forced to swim in darkness
because of the inhibition of melatonin synthesis by
corticosterone. Corticosterone is a stress hormone
secreted to anticipate and initiate locomotor activity
(Lowenstein et al 1984, Roberts er al 1985).
Melatonin also affects the other physiological
functions that limit endurance, such as water
and electrolyte balance and energy metabolism
(Mazepa et al., 1999). Zucker (1971) found a
decreased drinking under continuous illumination
accompanied by hypertrophy of supraoptic
hypothalamic neurons that indicates increased
antidiuretic hormone (ADH) secretion. Increased
ADH secretion will decrease urine excretion and
water intake.

The detailed mechanism of the rats’ response
during the PSE period is shown in Figure 2. During
PSE, rats became stressed because of the rapid change
in thelightlevel (Figure 1). They still typically reacted
as if they were in the dark cycle, although it was in
the morning. They should respond by secreting more
melatonin, but it might not have occurred. The
melatonin level might not be increased because of
the rapid increase in glucocorticoid level as the stress
response. 'They traveled a longer distance, rested less
time, had more stereotypic activity, and had a lower
ambulatory activity; which were characterized by a
longer distance travel (DT), a shorter resting time
(RT), more stereotypic movements (BSM), and a
longer stereotypic time (ST) in PSE period compared

with non-PSE period (Table 1). Stereotypies are a
kind of psychotic behavior characterized by a lack of
locomotion and repetitive purposeless movements
such as body-rocking and repetitive jumping
(Mason, 1991; Fowler er al., 2003). Stereotypies
have typically occurred in the condition of stress and
frustration induced by the dull, restricted captive
environment, rapid change of environment in wild
and farm animals, and after the administration
of psychoactive drugs (Carlstead ez al, 1993).
Stereotypies have been considered pathological
conditions that indicate distress and poor welfare in

captive animals (Broom, 1983).
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Figure 2 Pathway of rats response and regulation against
partial solar eclipse (PSE)

Caged stereotypy can be developed by moving
wild animals from their natural habitat to a small
captive environment (Dantzer & Mormede, 1983;
Rushen, 1984). Stereotypies are animals’ coping
strategies against the adverse environment. The
inability to cope with a stressor has a poor effect
on animals, such as cardiovascular pathology, ulcer

formation, and infectious diseases (Koolhaas ez
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al., 1999). The stereotypies (ST and BSM) raised
during the PSE period were thought to be caused
by the increased glucocorticoid secretion during
the stress response. Several studies suggested that
environmental enrichment can prevent stereotypies
by inducing alterations in neuronal metabolic
activity and dendritic morphology that are mediated
by neurotrophins (Pham ez al., 1999; Ickes ez al.,
2000).

The

mechanisms in the basal ganglia produced the

disinhibition of behavioral control
stereotypies (Garner & Mason, 2002, Garner ez al.,
2003). The basal ganglia consist of subcortical nuclei
located in the midbrain, around the thalamus. The
basal ganglia are associated with various functions,
such as voluntary motor control, procedural learning
relating to routine behaviors, eye movement, and
cognitive and emotional functions (Stocco ez al.,
2010). Basal ganglia have multiple parallel and
segregated circuits targeting different cortical areas
by direct (striatonigral) and indirect (striatopallidal)
pathways. The activation of the striatonigral
pathway will stimulate the thalamus, whereas the
striatopallidal pathway will inhibit the thalamus.
The inhibition of the striatopallidal pathway will
induce stereotypic behavior. In contrast, activating
the striatonigral pathway leads to hyperactivity, not
stereotypy (Garner, 20006). The increased stereotypic
behaviors in this study show the inhibition of the
striatopallidal pathway.

Locomotor activity is related to the activity
of dopaminergic neurons. Acute administration
of glucose suppressed the secretion of dopamine
(DA) from substantia nigra neurons. The decreased
locomotor activity was reported in diabetic rats.
Saller (1984) reported that hyperglycemia reduced
striatal DA metabolism 3 and 6 weeks after alloxan
administration. Ambulatory activity ~gradually
decreases in diabetic rats due to increased blood
glucose, especially in the dark cycle (Shimomura ezal.,
1988). In addition to ambulatory activity, stereotypic

activity is also associated with dopaminergic nerve
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activity. Dopamine is produced during the day and
inhibits the production of melatonin. Injection of
a dopamine neurotoxin (6-OHDA) and dopamine
D1 receptor antagonists into the striatum region of
the basal ganglia showed a significant reduction in
stereotypy in rats (Antelman & Szechtman, 1975).
The suppression of dopaminergic neurons alters
the balance of the direct and indirect basal ganglia
pathways to an overall suppression of the striato-
cortical output (Presti ez al., 2003).

The same thing occurred during the PSE period.
The rats were stress because of the rapid change in
the light level. They secreted more glucocorticoids
to mobilize more glucose from the body storage to
balance the increased metabolic rate. The increased
glucocorticoid level also inhibited melatonin
secretion and failed to make the rats enter a resting
period, and reduced their activity level. The increased
glucose blood level inhibits the dopaminergic
neuron activity to decrease the ambulatory activity
of rats, characterized by a longer ambulatory time
(AT) and more ambulatory counts (AC) in the PSE
period compared with the non-PSE period.

Under normal circumstances, the authors would
repeated this study by themselves, with more
groups and kinds of animals, and measured for a
longer period. However, the next solar eclipse will
not occur in Indonesia until 2023, thus a similar
study could not be performed in Indonesia at least
until 2023. Therefore, the authors encourage other
research groups outside Indonesia to repeat the
study when total and partial solar eclipses happen in

their country.

Conclusion

The rapid light level change during the PSE period
changed the rats’ behavior as nocturnal animals. The
rats became more active in response to stress during
the PSE period. The increased stereotypic activities,
reduced resting activities, and reduced ambulatory

activities characterized stress response in rats during

the PSE period.
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