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Examination of the interaction of different lighting
conditions and chronic mild stress in animal model
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We examined the effects of different shift work schedules and chronic mild stress (CMS) on mood using animal
model. The most common international shift work schedules in nursing were applied by three groups of Wistar-rats
and a control group with normal light—dark cycle. One subgroup from each group was subjected to CMS. Levels
of anxiety and emotional life were evaluated in light-dark box. Differences between the groups according to
independent and dependent variables were examined with one- and two-way analysis of variance, with a significance
level defined at p < 0.05. Interaction of lighting regimen and CMS was proved to be significant according to time
spent in the light compartment and the average number of changes between the light and dark compartments. Results
of our examination confirm that the changes of lighting conditions evocate anxiety more prominently than CMS. No
significant differences were found between the results of the low rotating group and the control group, supposing
that this schedule is the least harmful to health. Our results on the association between the use of lighting regimens
and the level of CMS provide evidence that the fast rotating shift work schedule puts the heaviest load on the
organism of animals.
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A growing number of international scientific researches examine the influence of working
conditions on employees in health care. Frequent changes in schedule, disrupting the circadian
rhythms in shift workers, can lead to chronic fatigue and psychosomatic diseases (14, 18, 35)
such as gastrointestinal (22) and cardiovascular diseases (7, 23), and may also increase the
risk of tumors (36) and premature birth (25).

Several researches argue that the risk of breast cancer is higher by those working on
night shifts (10, 17). Depression may also develop as a result of chronic disturbances in the
circadian rhythms (e.g. sleeping-being awake) (13). According to the study of Arimura et al.
shift work and poor mental health were significant factors leading to medical errors among
Japanese hospital nurses (2). Another study examined the number of days off required after
night shift to recover the quality of sleep. It was determined that sleeping time is significantly
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higher on rest days than on active days, thus the minimum of 4 consecutive days off after 5
days of night shifts was recommended (27). Significant difference was found for the dropping
level of alertness by the 7% and 10" shifts in case of a one night shift — one day off working
period, putting secure medical attendance to high risk (4).

The examination of the effects of daily or shorter and longer rhythms and the effects of
different factors on them is becoming more prominent. Our review of the relevant literature
revealed that there is a lack of manuscripts covering research using animal models to examine
different types of night shifts beside the rectification of changes in hormonal system and
mood. Therefore, our research group developed an animal model that allows the examination
of the biological rhythms of hormones, even for several weeks.

In this survey we intended to examine the effects of different types of night shift work
schedules also applied in the course of nursing (different lighting regimens) and the effect of
chronic mild stress (CMS) on animals’ mood, with the application of an animal model. We
also intended to find which night shift schedule would prove to be least harmful among the
different types of shift work schedules. The reason for using animal models was the intention
to study primarily the undesirable health effects of lighting conditions. CMS protocol, known
from literature, is an accepted model for examination of stress and depression. Grippo et al.
found that the motor activity of animals exposed to chronic mild stress decreased and they
consumed significantly less sugar — which is a sign of anhedonia — compared to control
animals (15). Grenli et al. conducted a survey on rats examining whether CMS protocol
results in decreased sugar intake and whether similar changes in sleeping habits can be
detected compared to the case of patients suffering from depression. As a result, sugar intake
of animals which were exposed to CMS decreased, they spent more time in REM sleep, and
showed more fragmented sleep (16). However, research findings contradict sometimes as
stress is not necessarily accompanied by decreased sucrose intake, as it has been confirmed
by our earlier findings as well (9, 19, 28, 29, 30, 31, 32).

It is possible to examine anxiety-like behavior in animal experimental models with the
joint employment of different tests, such as tests for novel object recognition, sucrose
consumption and fear conditioning, as well as an open-field and light-dark box test (12).
These examinations can be used effectively in experiments with antidepressants (3, 21).
Through the application of a light-dark box test, also used in the current study, the anxiety of
animals can be proved by the fact that animals exposed to CMS spend significantly less time
in the light compartment of the light-dark box, and the number of changes between the light
and dark compartments is less than in case of those that are not exposed to CMS (1, 3, 6, 20).

Material and Methods

Animals

We have examined four-month-old Wistar rats (n = 61), weighing 275 g on average. The rats
were provided by the Department of Anatomy at the Medical School of University of Pécs,
Pécs, Hungary. It is a widely known fact that rats are active in the dark (D) and they rest in
light (L). They were exposed to a reverse lighting condition in night shift periods. The rats
were divided into four groups. In case of three groups a middle rotating night shift schedule
(4DL/3LD: 4 night shift working days followed by 3 days off — 4 days on DL, alternating with
3 days on LD), a low rotating night shift schedule (§DL/6LD: 8§ night shift working days
followed by 6 days off — 8 days on DL alternating with 6 days on LD) and a fast rotating night
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shift schedule (2DL/2LD: 2 night shift workdays followed by 2 days off — 2 days on DL,

Dark,, ,,Light,, ., then 2 days on LD, Light,, ,Dark,, ,,— explanation of indices can be found

in Table I) were modeled, parallel to nursing work schedules. Results of the four sample
groups were compared to a group of rats kept in a normal (LD/DL) cycle (18) (Table I).
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One subgroup from each group was created and, after a month-long adaptation period to
the different lighting conditions, one group was subjected to chronic mild stress (CMS) while
the other was left undisturbed with its daily routine (control group). Animals had free access
to food and water, unless it was indicated otherwise by the experimental protocol. Altogether
61 rats were examined, that were handled in four separate groups according to the following
principle: one group of 16 rats had four subgroups of four rats, and three groups of 15 rats had
four subgroups: three subgroups with four rats and one subgroup with only three rats, all
subgroups being kept in separate cages, also separated according gender. The current paper
does not examine gender-related differences. The temperature was maintained at 23 = 2 °C,
with relative humidity of 60—-70%. Animal housing, care and the employment of experimental
procedures were carried out in accordance with the EU directives and institutional guidelines
under approved protocols.

Chronic mild stress (CMS)

After a month’s adaptation period to the different lighting conditions, CSM protocol was
employed, as suggested by Grippo et al. (15). The animals were exposed to the following
different unexpected stressors daily for 4 weeks: water deprivation, continuous overnight
illumination, cage tilt (40°), grouped housing, soiled cage, empty water bottle, strobe light,
white noise and cold room (4° Celsius). The control animals were left undisturbed during the
4-week period in their home cages, except for cage cleaning, feeding and weighing. The
schedule for the CMS procedure is presented in Table II.

Light—dark box test

After the CMS procedure in the next LD period, a light-dark box test was used as one of the
tests designed to examine anxiety-like behavior in case of the control groups and also the
CMS-exposed groups. The device used for the test was a wooden box divided into two
compartments (45 cm long, 24 cm wide and 23 cm high), with a 10x8 cm narrow opening
between them. The walls in one of the compartments were lit with white light from a halogen
lamp (100 lux) while the walls of the other compartment were painted black and had no
exposure to light. The rats were placed in the middle of the light compartment, and the
activity was videotaped for five minutes. We measured the following parameters: time spent
in the light, and number of transitions between the light and dark compartments (5, 24,
37, 39). Based on the protocol of the light—dark box test, anxiety-like behavior was proved in
case of those animals, that spent significantly less time in the light compartment and changed
compartments in the light—dark box significantly less often (1, 6, 8, 26, 33, 37).

Data analysis

Descriptive and inductive statistical analysis was carried out using SPSS for Windows 20
software. Differences between the subject groups were examined with one- and two-way
analyses of variance (ANOVAs). Shapiro—Wilk test was applied to test normality, and
Dunett’s post hoc-test was used for group comparisons, at the significance level of p < 0.05.

Results

Results of 61 animals were eligible for statistical data analysis according to time spent in
light and the number of transitions.
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Time spent in the light compartment of the light-dark box

Animals (n = 61) spent 83.38 + 44.79 seconds on average in the light compartment of the
light—dark box. Average time spent in the light compartment is presented in Table III.
Normality was examined and confirmed both with graphic and numeric methods. Both
graphic tests (Q-Q plot, histogram) and the Shapiro—Wilk test confirmed normal distribution
(p > 0.05). Average time spent in light concerning the different lighting regimens shows
significant difference (F =2.67; p = 0.05) (Fig. 1).

According to the Dunnet post hoc test applied for different lighting regimens, significant
difference was found between the LD/DL and 4DL/3LD groups (P ppp vs. 4pLspy=0-01%;
PaomLs. spuetpy0-275 Paopt v, o120y =0-07)-

Significant differences were found between lighting regimens according to the average
time spent in light in case of control group (F =4.04; p = 0.02) and chronic mild stress group
(F=3.67; p=0.02).

The interaction of different lighting regimens and chronic mild stress significantly
affects time spent in light (F = 3.72; p = 0.00). Examining the main effects, we may declare
that interaction of lighting regimen and chronic mild stress is the most powerful factor
concerning time spent in the light compartment of the light—dark box (F = 4.65; p = 0.00).
Based on separate examination of the two main effects, we may state that lighting regimen is
the most prominent factor (F = 3.22; p = 0.03) while chronic mild stress in itself did not have
significant effect (F = 2.16; p = 0.148).

120.0 1

100.0

80.0 A

Groups in differentlighting conditions (s)

0.0 -
LDVDL 4DL73LD 8DL/GLD 20L72LD

Mean average time spent in the light compartment

p=0.05 (ANOVA) *One-way ANOVA Dunett post hoc

Fig. 1. Average time spent in the light compartment of the light—dark box by rats kept in lighting regimens
according to different shift schedules (+SE) (n = 61)
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Number of transitions

The examined animals (n = 61) changed compartments in the light—dark box 7.28 + 3.45
times on average (Table I'V).

Regarding the number of average transitions one-way analysis of variance showed
significant differences between the various lighting regimens (F = 2.88; p = 0.04) (Fig. 2).
The Dunett post hoc test analysing various lighting conditions revealed significant difference
between LD/DL and 2DL/2LD groups (p ppr vs. apisim) = 0-33: Paeomrvs. spueny = 0435 Papmr s,

2DLALD) 0.01%).

10

The average number of transitions
@

LDIDL 4DLISLD 8DLIELD 2DLI2LD

Groups in different lighting conditions

p=0.04 (ANOVA) * One-way ANOVA Dunett post hoc

Fig. 2. Average number of transitions between the compartments of the light-dark box by rats kept in lighting
regimens according to different shift schedules (+SE) (n = 61)

While significant difference was observed (F =4.31; p=0.01) between lighting regimens
in point of average transition numbers, there was only a small difference between lighting
regimens in the group exposed to CMS (F =2.92; p = 0.09).

The collective effect of lighting conditions and CMS on the number of transitions was
examined with two-way variance analysis. We assessed that different lighting conditions and
CMS together had a significant influence (F = 2.81; p < 0.01) on the average number of
transitions by rats in the light-dark box which indicates the existence of interaction.
Examining the main effects, it can be declared that the interaction of lighting conditions and
CMS is the most prominent factor according to the number of transitions in the light-dark box
(F=3.30; p <0.03). Lighting condition in itself is also significant (F = 3.28; p < 0.03), while
CMS did not show significant influence (F = 0.16; p > 0.69).
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Discussion

Results regarding time spent in the light compartment of the light—dark box indicate that
animals in the LD/DL control group spent the most time on average in the light compartment,
and their behavior seemed to be the least anxious (Table III). In line with our expectations,
average time spent in light decreased due to the application of CMS. Results show that time
spent in the light compartment decreased significantly compared to the initial value (LD/DL
control), both in case of the control group and in the CMS group. Based on the results it can
be seen that CMS can be considered as a factor decreasing anxiety in case of middle
(4DL/3LD) and low (8DL/6LD) rotating groups regarding lighting regimens, as animals
exposed to CMS spend more time in the light compartment of the light-dark box than those
with similar lighting conditions and not exposed to CMS, therefore CMS does not increase
anxiety in these animals. Examining the interaction, we may claim that according to lighting
conditions, time spent in the light compartment was not consistent in the control and CMS
groups. It can be stated that lighting conditions are the most prominent influencing factors,
since night shift schedule variations (control groups) alone lowered the average time spent in
the light compartment in case of all lighting conditions.

We assessed that in point of interactions regarding lighting conditions the most
endangered form is the fast rotating (2DL/2LD) schedule, as the appearance of CMS caused
an intense increase of anxiety in rats. It means that the animals were unable to accommodate
to the altered lighting conditions and to the repositioned normal lightings.

Results of the number of transitions in case of interaction show that animals in the LD/
DL control group spent the most time on average in the light compartment, namely their
behavior seemed to be the least anxious. With the application of CMS the number of
transitions decreased, which strengthened the applicability of the light-dark box method.
Results show that compared to the initial value (LD/DL control) the number of transitions
decreased significantly both in case of the control group and in the CMS-exposed group.

We also concluded that according to the number of transitions the most endangered form
is the fast rotating (2DL/2LD) schedule, as the appearance of CMS caused an intense increase
of anxiety in rats. It means that the animals were unable to accommodate to the altered
lighting conditions and to the repositioned normal lightings. Our results prove that altered
lighting conditions and CMS were tolerated better in the middle (4DL/3LD) and low
(8DL/6LD) rotating groups.

This study has shown that lighting conditions seem to be the most prominent influencing
factor from all others as the number of transitions in all lighting conditions in case of the
control groups was lower than in the normal group (LD/DL) exposed to CMS (Table IV).
Concerning time spent in the light compartment and the number of transitions in different
lighting conditions, it can be stated that alterations appear in a similar tendency. Animals
exposed to CMS in the normal (LD/DL) and fast rotating (2DL/2LD) group spent less time
in the light compartment of the light—dark box, and the number of transitions between the two
compartments were also fewer than in the control groups. Animals in the middle (4DL/3LD)
and low (8DL/6LD) rotating group exposed to CMS spent more time in the light compartment
and changed compartments more often. Lighting conditions alone influenced time spent in
the light compartment as well as the number of transitions. However, animals being exposed
to CMS under different lighting conditions had no influence in case of the middle (4DL/3LD)
and low (8DL/6LD) rotating groups, suggesting that these groups were disturbed by the
altered lighting conditions, while CMS did not have further influence on them qualifying as
another stress factor.
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Our current results confirm our previous research mentioned in the literature overview,
examining the effects of different lighting conditions and CMS on corticosterone and
testosterone hormones. Based on the group averages in case of corticosterone the circadian
rhythm showed a closely significant level in CMS-exposed groups with altered lighting
conditions, while in groups which were not exposed to CMS the circadian rhythm of
corticosterone cannot be observed. In case of testosterone, the circadian rhythm could be
demonstrated in the CMS-exposed group, while in the group not exposed to CMS and kept
between different lighting conditions the circadian effect of the hormone was ended (19,
30, 32).

Results of the current study suggest the need for further human investigation enabling
an optimal shift array, which may have the least negative effects on the health status of
healthcare professionals. Based on this schedule, the body of healthcare professionals would
be able to recover the most between different night shifts. This would decrease the risk of
mistakes at work, which may facilitate the development of service quality, a more economic
patient care and a positive change of patient satisfaction.
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