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Abstract

Light pollution is one of the most rapidly increasing types of environmental 
degradation, especially in the hospital ward and ICUs. Exposure to Constant 
Light (LL) condition disrupts circadian rhythms in behavioral, physiological and 
endocrinal processes. Whether melatonin can reverse those disruptions remains 
unclear. We used male Sprague - Dawley rats (7 weeks of age at the time of 
purchase) to explore 1) the effects of LL condition on social memory, anxiety-
like behavior and circadian rhythmic system, 2) whether exogenous melatonin 
can reverse the changes. Compared with LD+Veh (LD: standard 12h:12h light-
dark cycles; Veh: receive vehicle intraperitoneal injection) group, rats exposed 
to LL for two weeks have less anxiety-like behavior, impaired the social memory, 
elongated the rhythm cycle of free running wheel and disruped secretion of 
Corticosterone (Cort) and Melatonin (Mel). Application of exogenous melatonin 
couldn't rescue the impairment of the social memory and the disrupted circadian 
system. These findings suggest that LL condition can disorganize the circadian 
system and exogenous melatonin cannot reverse these changes.
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and frequent patients care activities. It is reported that nocturnal 
illumination in ICUs varies from 5 to 1400 lux [9,10]. Previous study 
showed that patients who were hospitalized in the hospital ward or 
ICUs considered bright lights are noxious and disruptive [11]. Such 
as sleep-wake cycle and production of hormones were both disturbed 
with exposure to stimulation of ICUs light in healthy subjects [12]. 
A recent review showed that nocturnal light pollution, disrupts 
circadian rhythm in healthy participants; however, windowed rooms 
or real-time ambient lighting which is called physiologic light-dark 
patterns increases the speed of recovery for critical illness patients 
[13].

A cumulated evidences demonstrated that individuals exposed 
to light at night are at increasing risk of heart disease [14], cancer 
[15,16], sleep disturbances [17,18], circadian rhythm dysfunctions 
[19], disrupted rhythmicity of neuroendocrine function (such as 
corticotrophin releasing hormone, glucocorticoids, and prolactin) 
[20,21], mood disorders [22], and reproductive dysfunction [23]. A 
line of studies on laboratory animals indicate that maintaining animals 
in LL conditions is deleterious, but the mechanisms underlying these 
harmful effects remain unspecified [24]. Reports on the behavioral 
effects of LL condition in laboratory animals are inconsistent. Some 
study show that LL condition influences memory [25], but other 
study showed no any effects [26]. Additionally, although circadian 
disruption has been reported to lessen anxiety [27], the effects of LL 
condition on anxiety still have not been well established [25,26].

Melatonin was believed to be the major endocrine output signal 
of the endogenous time measuring and time keeping system [28]. 
Exogenous melatonin is used to treat desynchronization of circadian 
rhythms caused by jet lag or shiftwork [5,29-31]. Melatonin is also used 
to entrain the sleep–wake rhythm to a 24 h cycle for blind people [32] 
and to improve sleep, morning alertness and cognitive performance 
for aged individuals and patients with neurodegenerative disorders 

Introduction
The growing prevalence of exposure to artificial light at night is 

the most common type of change of our living environment at the 
turn of 20th century. Urban development has further exacerbated 
the issue of light at night as lighting from infrastructure strays into 
the atmosphere. We called such phenomenon as “light pollution”. 
Previous research indicated that more than 80% of the world and 
more than 99% of the US. and European populations live under light-
polluted skies and almost one-fifth of world terrain is under light 
polluted skies [1,2]. The artificial light of a typical shopping mall is 
up to 200 thousand times brighter than the illuminance experienced 
in the natural environment [3]. Additionally, Artificial lightings are 
rapidly increasing by around 6% per year (range from 0 to 20%) [4]. 
Now about 20% of the urban population work at night shifts and are 
chronically exposed to night time light [5]. Although artificial light 
has clearly improved the quality of our life, there is reliable evidence 
suggesting that artificial light at night has strong adverse effects on 
the health of animals and human [1-4]. Exposure to light at night 
disrupts circadian rhythm mediated by decreasing the secretion of 
pineal melatonin and some other mechanisms. Except for timing and 
exposure duration, the inhibition of secretion of melatonin is also 
related with light intensity and wavelength. Previous study found that 
even illuminance is as low as 1.5 lux also can affect circadian rhythm 
[6]. Some studies showed that typical bedroom light at home can 
reduce and delay the production of melatonin [7,8]. The pollution of 
air, noise, or water has been attached more importance for decades. 
However, light pollution has not been paid sufficient attention, 
especially in the hospital ward and the Intensive Care Unit (ICUs). 

Currently, a growing number of people in the world are 
unintentionally or intentionally exposed to constant light (LL) during 
night, especially for patients in hospital. Lights are always present in 
the hospital ward, especially in the ICU for patients’ close observations 
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[33-35]. We make a hypothesis that melatonin can rescue the 
disruptions of circadian system induced by LL condition. We used 
two weeks’ LL condition to simulate the constant light in hospital 
ward and ICUs. Melatonin was administered for two weeks at the 
same time every day to mimic people taking melatonin. The aims of 
these studies were to investigate the circadian system and behavioral 
responses to LL condition exposure, and to find whether melatonin 
can reverse the changes induced by LL condition. Glucocorticoid is an 
important stress hormone in mammal. The production of melatonin 
is not only affected by the light, but also can feedback on the impact 
of the Suprachiasmatic Nuclei (SCN) [36,37] Previous studies have 
proved that melatonin can inhibit the secretion of glucocorticoid 
[21]. Melatonin and glucocorticoid hormons are known as biological 
markers of the circadian system [38,39].

Materials and Methods
Animals and housing

Forty male Sprague - Dawley rats were purchased from the Center 
of Laboratory Animal Science, Peking University Health Science 
Center. The rats were 7 weeks of age at the time of purchase. Rats 
were given sustaining food and water ad libitum and were allowed to 
adapt to the environment for 3 days before the commencement of the 
experiments. The average weight of rats was 260g (range 238-282g) 
at the beginning of the experiments. Each rat was isolated housed 
in cage equipped with running wheel. Five rats were placed in an 
isolated locker with controlled humidity (50%±5%) and temperature 
(23oC±1oC). Lighting conditions were controlled independently 
for each locker allowing in this way to have different schedules for 
different groups. The experimental procedures were abided by the 
National Institute of Health Guide for the Care and Use of Laboratory 
Animals, and the experiments were approved by the University 
Animal Use Committee.

Rats (n=40) were randomly divided into four groups, including 
Melatonin (Mel) group and Vehicle (Veh) group under a 12h/12h 
light/dark cycle (7:00 light up; 19:00 light off, defined as LD+Mel and 
LD+Veh, respectively) and a constant light condition (defined as 
LL+Mel and LL+Veh,respectively) for two weeks.

Melatonin treatment
Melatonin (Sigma-Aldrich Trading Co.,Ltd, Shanghai China) was 

dissolved in 2% alcohol (concentration: 1.5mg/ml) and administered 
subcutaneously (sc) in an amount of 5mg/kg. Rats in Veh group 
were subcutaneous injected with the same volume of 2% alcohol. The 
administration of Mel or veh was at 18:00 daily (one hour before the 
light off). Two rats died during the melatonin treatment. One belongs 
to LD+Veh group, another belongs to LD+Mel group. 

Social memory test (SMT)
SMT was performed in a new cage in the darkness with a red 

light at 21:00. We conducted SMT as previously described [40]. The 
procedure consisted of a 5 min learning trial and a 5 min retrieval trial, 
separated by an inter-trial interval of 5 min, using different groups of 
rats. During the learning trial, a juvenile rat A, 4 weeks of age, male 
SD rats, was introduced into the new cage with the experimental rat, 
and the time spent by the experimental rat investigating the juvenile 
rat (sniffing, licking and anogenital investigation) was measured 
as the social investigation time. During the inter-trial interval, the 

familiarized juvenile A (previously introduced during the learning 
trial) and the second juvenile B (the same age and gender as juvenile 
A, unknown to the experimental rat), were isolated in cages with clean 
sawdust. The retrieval trial was started by introducing both juveniles 
into the cage with the experimental rat, and social investigation times 
directed towards the known juvenile A and unknown juveniles B were 
measured separately. The juveniles were identified by using colored 
marks on the head with A or B. A discrimination index was calculated 
using the formula N=(b-a2)/(b+a2), where b=time with novel rat B, 
a2=time with familiar rat A. This discrimination index was used to 
measure short-term memory performance.

Light/Dark box Test (LDT) 
The light/dark box test was frequently used for anxiety-like 

behavior on the basis of the rat's natural preference for darkness [41-
43]. This test was performed in a dark phase of the diurnal cycle. The 
dark/light box consisted of two different sized and different colored 
compartments (40cm×40cm×40cm, white and 20cm×20cm×40cm, 
black). The black compartment was dark and the white compartment 
was illuminated by a 40W bulb located 45cm above the box. The two 
compartments were connected by a 5cm×6cm tunnel. Rats were 
placed into the white compartment with access to the dark box. The 
time spent in the dark box, the total time spent in the light box and the 
number of visits to this anxiety - related compartment were scored by 
visual observation for 10 minutes.

Free running wheel activity
Voluntary wheel-running activity of rats was studied by use of a 

self-constructed running wheel system that consists of stainless steel 
running wheels (230mm diameter; 100mm width, 85mm distance 
from the wheel to the side wall of the cage) integrated in standard 
polycarbonate cages (400×270×170 mm; Suzhou feng's experimental 
animal equipment co. LTD, Suzhou, China) and a data acquisition 
unit (clocklab 2). The rotary movements of the running wheels create 
pulses using permanent magnets and reed contacts. A Clocklab 2 
system (Actimetrics, Wilmette, IL, USA) acquires the rotary pulses 
and provides the data to the computer. A continuously operating 
computer equipped with Clocklab 2.0 software (Actimetrics, 
Wilmette, IL, USA) collects and saves the raw data in 5min bins for 
two weeks.

Tissue sample preparation, hormone and peptide 
measurement

The blood samples were collected through caudal vein at 8:00 
(CT1) and 20:00 (CT13) on the same day. Each rat was placed into 
a special device for collecting caudal venous blood. The tail of rat 
was in the outside and the head and body was in a dark container 
with several holes for ventilation as our previously described [44]. 
Immediately after each blood sample was drawn, a 1ml sample was 
kept in a tube with the anticoagulant EDTA.

Blood samples were kept in a tube with EDTA at room 
temperature for about 30 minutes till to centrifugation. The 
supernatant was transferred from the samples immediately after 10 
minutes of centrifugation at 2500rpm in room temperature. Plasma 
was stored in aliquots at -70oC until assays were performed. Plasma 
concentrations of corticosterone and melatonin were detected by 
ELISA kits (Rapidbio, California, USA). The sensitivities of the assay 
are about 0.7nmol/l for corticosterone and 2pg/ml for melatonin. The 
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intra- and inter-assay coefficients of variation are less than 5% and 
10% for corticosterone, and melatonin, respectively.

Statistical analysis
Data are presented as the mean±Standard Error of the Mean 

(SEM). The SMT and LDT data were analyzed using a between 
subjects 2×2 (photoperiod×treatment) ANOVA tested group 
differences for all behaviors in reference to each group’s light and 
treatment status. Corticosterone and melatonin data were analyzed 
using General Linear Models (GLMs). Two sampling points over 24 
h (08:00, and 20:00) of the plasma concentration of corticosterone 
and melatonin were Analyzed Using Repeated- Measures Analysis Of 
Variance (ANOVA). Three - way repeated measures ANOVAs were 
conducted, with treatment (“photoperiod” LD and LL, “treatment” 
Veh and Mel ) as the between - subjects factor and sampling time 
as the within subjects factor to evaluate the levels of corticosterone 
and melatonin among groups. The circadian rhythms of these two 
dependent variables were calculated using paired comparisons after 
main effect analysis. Differences were considered to be significant 
when p values were less than 0.05. Four outliers, which belong 
to four groups respectively, were excluded from the statistics for 
corticosterone and melatonin.

Results
Effects of constant light on behaviors

Figure 1A shows that it is treatment factor, not the photoperiod 
factor significantly increased the time at black (1,19=1.253, p=0.281 
for photoperiod factor; F1,19=16.603, p=0.001 for treatment factor), 
with a significant photoperiod×treatment interaction (F1,19=6.341, 
p=0.024). Paired comparisons showed that constant light condition 
significantly decreased rats stay the time at black (F1,15=6.249, p=0.025 
for Veh group; F1,15=1.039, p=0.324 for Mel group), and adminstration 
of exogenous Mel significantly increased rats stay the time at black 
(F1,15=1.144, p=0.302 for LD condition; F1,15=23.092, p=0.000 for LL 

condition).

Figure 1B shows that it is the constant light, not melatonin 
significantly decreased the number of shuttles (F1,19=10.507, p=0.005 
for photoperiod factor, F1,19=0.075, p=0.787 for treatment factor), 
without a significant photoperiod×treatment interaction (F1,19=0.000, 
p=0.986).

Figure 1C shows that it is the constant light, not melatonin 
significantly decreased the discrimination index (F1,31= 5.517, p=0.026 
for photoperiod factor, F1,30=3.157, p=0.087 for treatment factor), 
without a significant photoperiod×treatment interaction (F1,31=0.775, 
p=0.387). 

Effects of constant light and melatonin on running wheel 
activity

Rats with administration of Veh or Mel, showed primarily 
activity during the dark phase at LD condition (LD+Veh or Mel, 
Figure 2A&B). Constant light condition lengthened the period of 
wheel running activity (LL+Veh, Figure 2C). At the constant light 
condition, the exogenous melatonin can’t rescue the lengthened 
period of diurnal rhythmicity of free wheel - running pattern 
(LL+Mel, Figure 2D). The periods of each group rats were showed in 
Table 1.The tau values are presented in the Figure 2.

Effects of constant light on plasma Cort and melatonin
Figure 3A shows that it is the photoperiod factor, not the 

treatment factor significantly influence the plasma Cort concentration 
(F1,29=5.89, p=0.022 for photoperiod factor; F1,29=1.864, p=0.183 for 
treatment factor), without a significant photoperiod×melatonin 
interaction (F1,29=2.767, p=0.107). Paired comparisons show that the 
plasma Cort concentration in LD+Veh group has a significant daily 
rhythm with significant increase at CT 13. The ditrnal rhythmicity 

Figure 1: Effects of constant light exposure on behaviors in rats. (A&B): 
light/dark box test; (C): Social memory test. Data represent mean±S.E.M. 
(n=5 rats per group). Significance was determined as *p<0.05 compared with 
the LD+Veh, #p<0.05 compared with the LL+Mel.

Figure 2: Free running wheel of rats during constant light exposure. (A): 
LD+Veh group; (B): LD+Mel group; (C): LL+Veh group; (D): LL+Mel group. 
LD: Light: Dark 12:12 h; LL: Constant light. Veh: Vehicle; Mel: Melatonin. 
The green lines represent the time of Mel administration. The yellow lines 
represent no wheel running.

Group LD+Veh LD+Mel LL+Veh LL+Mel 

Period (h) 24.1±0.04 24.1±0.03 25.5±0.08 25.42±0.06

Table 1: The period of each group.
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of the plasma Cort concentration in other three groups is disrupted.

 Figure 3B shows that neither the photoperiod factor, nor the 
treatment factor dose influence the plasma Mel concentration 
(F1,30=0.327, p=0.572 for photoperiod factor; F1, 30 = 0.349, p=0.559 
for melatonin factor), without a significant photoperiod×melatonin 
interaction (F1, 30=0.116, p=0.736). A paired comparison shows that 
the plasma Mel concentration in LD+Veh group has a significant daily 
rhythm with significant increase at CT 13. The diurnal rhythmicity of 
the plasma Mel concentration in other three groups is disrupted.

Discussion
Our results showed that constant light impaired the social 

memory in rats, and melatonin could not rescue the decreased 
social memory. As for the light/dark test, constant light significantly 
decreased the time at black, which means constant light lessened 
anxiety-like behavior in rats. Exogenous melatonin reversed the 
decreased anxiety-like behavior in the light/dark box and decreased 
locomotor activity in LL rats but had no effect in LD rats. Moreover 
constant light prolonged the extent of tau values and disrupted 
circadian rhythms of plasma Cort and Mel, while melatonin did not 
rescue the disturbed circadian rhythms. Previous studies indicated 
that disruption of circadian rhythm can impair long-term passive 
avoidance memory in rats and mice, and dim nighttime light can 
impair learning and memory in the Barnes maze by reducing 
dendritic length in DG and basilar CA1 dendrites [45]. Moreover, 
the phase shift of 6h or 12 h had no effects on social memory, while 
these phase shifts did impair passive avoidance memory. The authors 
explained it that social memory might use brain systems were not 
susceptible to circadian rhythm disruption [46]. Our results show 
that constant light impaired social memory and exogenous melatonin 
had no effects on it. The difference between our study and previous 
study may be caused by the severity of the disruption of circadian 
rhythm. The constant light continued for two weeks in our study is 
more severe than the phase shifts used in the previous study. As for 
the effects of melatonin, it had been demonstrated that hippocampal 
slices still persist differences of photoperiod in the absence of 

circulating or exogenously administered melatonin [47]. Chaudhury 
also showed that the circadian rhythmicity of Long Term Potentiation 
(LTP) and neural excitability in CA1 exist independent of melatonin 
[48]. This previous results evidenced that melatonin does not affect 
the discrimination index, our results show the similar results in either 
LD condition or LL condition.

Rats exposed to a regular LD cycle remained rhythmicity, with 
predominant activity during the night. Rats in LL condition exhibited 
the spontaneous free-running patterns with a period in general activity 
longer than 24 h and thus, did not exhibit a loss of overt expression 
of circadian rhythmicity. Melatonin did not affect the spontaneous 
free-running patterns at LD cycle condition, but the while they are 
disrupted at the LL condition. Our results of two weeks’ constant light 
were not similar to previous reports, in which the constant light for 8 
weeks resulted in progressive development of arrhythmic locomotor 
patterns [49,50] including ultradian bouts of activity with a period 
of approximately 4 h [51]. The main reason of such difference may 
due to the duration of rats’ exposure to constant light condition. 
Our two weeks’ constant light condition was too short to express the 
arrhythmic free running-wheel activity. But our result is similar as a 
previous study that exposure to constant light condition for 13 days, 
66.7% (20/30) experimental rats lengthened the period of locomotor 
activity, 33.3% (10/30) lost behavioral rhythm [52]. Daily injections 
of melatonin in rats kept in constant light condition had been shown 
either to synchronize or partially synchronize disrupted circadian 
activity [53]. And some research suggests that daily injection of 
melatonin failed to synchronize disrupted locomotor activity in rats 
maintained at constant bright light, but could entrain intact free-
running rhythms at constant dim light [54,55]. These differences 
may due to the species of experimental animals and the time of 
administration of melatonin. 

Previous studies on the effect of constant light condition on 
the glucocorticoid level are inconsistent. Some studies found that 
exposure to LL condition elevated corticosterone level [23,56], and 
another study showed that corticosterone level was reduced at LL 
condition for two weeks [1]. In our study, LL condition did not 
significantly influence the plasma corticosterone concentrations 
when comparing with LD condition. Previous study showed that 
constant light exposure is a strong stressful stimulus, leading to the 
disruption of circadian rhythms [57] and a subsequent alteration of 
melatonin and Cort secretion [58]. Another previous study indicated 
that exposure to a stressful environmental situation for several weeks, 
the mice may have down-regulated their stress response [1]. The exact 
mechanism underlying such phenomenon is still not clear.

Limitations
The alterations in behaviors and peripheral markers found in the 

present study are just with male rats. Female rats should be further 
studied in the future. An additional methodological consideration is 
that the nocturnal Sprague-Dawley rat was used to model a constant 
light - related influence of diurnal humans. As discussed in previous 
publications, the impact of light in nocturnal versus diurnal species is 
different and nocturnal animal models of constant light influence on 
the rhythmic system may lead to inconclusive results [59]. Therefore, 
the use of a diurnal species to model a constant light related influence 
should be further studied in the future.

Figure 3: Effects of constant light exposure on hormone levels in 
rats. Plasma levels of (A): Corticosterone and (B): Melatonin in rats after 
constant light exposure. Data represent mean±SEM. (n=8-9 rats per group). 
Significance was determined as *p<0.05 compared with the LD+Veh. Cort: 
Corticosterone; Mel: Melatonin.
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Implication
Our findings indicate that exposure to constant light condition 

can disrupt the circadian rhythm of free running-wheel activity, 
the secretion of melatonin and corticosterone, and impair the 
social memory. Melatonin can’t rescue these processes. So the most 
important thing to control light pollution is reduction of the usage 
of artificial light, but for some special places, such as hospital ward, 
especially ICU, where the light for patients’ observations and patient 
care activities, eye masks for patients may be a relatively cheap and 
effective way [12].
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