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Abstract

Seasonal variations in photoperiod are associated with alterations in human mood and behavior. 

Similarly, manipulation of the environmental lighting regimen can exert pronounced effects on 

affective behavior in experimental animals. These observations may be due, in part, to light-

induced alterations in circadian rhythms, but it seems likely that other, non-circadian factors also 

contribute. Several studies have shown that voluntary alcohol (ethanol) consumption can be 

affected by lighting conditions in rodents, suggesting that photoperiodic variation may account for 

seasonal and geographic patterns of human alcohol consumption. Nevertheless, the existing animal 

data are somewhat inconsistent, and little work in this area has been performed in mice. In the 

present study, we monitored circadian activity rhythms and voluntary ethanol consumption under 

standard 12:12 light-dark (LD) cycles, and in constant light (LL) and constant darkness (DD). 

Experiment 1 employed male C3H/He inbred mice, while Experiment 2 employed males and 

females from a genetically heterogeneous line (WSC). Relative to LD conditions, ethanol intake 

and ethanol preference were reduced under both LL and DD in both experiments. Because similar 

effects were seen in both LL and DD, neither circadian disruption nor a classical photoperiodic 

mechanism are likely to account fully for these findings. Instead, we suggest that the absence of 

circadian entrainment may function as a mild stressor, resulting in reduced ethanol consumption.

Please address all correspondence regarding this article to Alan M. Rosenwasser, Department of Psychology, University of Maine, 
Orono, ME, 04469, alanr@maine.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Alcohol. Author manuscript; available in PMC 2021 March 01.

Published in final edited form as:
Alcohol. 2020 March ; 83: 37–46. doi:10.1016/j.alcohol.2019.05.009.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

ethanol; preference; photoperiod; constant light; constant darkness; circadian; mouse

1. Introduction

Seasonal and geographic variations in photoperiod are associated with alterations in human 

mood, sleep, appetite, and behavior (Kasper et al., 1989; Wehr, 2001; Yang et al., 2010; 

Golder and Macy, 2011). Similarly, nocturnal light exposure promotes physiological and 

behavioral pathologies in humans and in both domesticated and free-living animal 

populations (Bedrosian and Nelson, 2017; Russart and Nelson, 2018). In laboratory 

experiments, exposure to various atypical lighting regimens has been shown to induce 

widespread physiological and behavioral disruption (Stephenson et al., 2012; Bedrosian and 

Nelson, 2013; Landgraf et al., 2014; LeGates et al., 2014). Several distinct lighting 

manipulations have been employed in these experiments, including 24-hour light-dark (LD) 

cycles with unusually long (summer-like) or short (winter-like) photoperiods; LD cycles 

with non-24 hour periods; constant darkness (DD) and/or constant light (LL); and repeated 

LD phase shifts mimicking the light exposure patterns associated with jet-lag or shift-work 

(often referred to as “shift-lag” lighting in the animal literature).

During steady-state entrainment, circadian rhythms maintain stable phase relationships to 

the environmental LD cycle (“external synchronization”), while at the same time, multiple 

rhythmic processes within the organism maintain stable (and presumably optimal) phase 

relationships to one another (“internal synchronization”). Extensive research indicates that 

loss of external and/or internal synchrony can promote both medical and psychiatric disease 

(Karatsoeos, 2012; McClung, 2013; Evans and Davidson, 2013; Schnell et al., 2014; 

Zelinski et al., 2014). It is reasonable, to hypothesize, therefore, that the negative health 

effects of exposure to atypical lighting regimens may be mediated, at least in part, by 

circadian disruption. On the other hand, it is highly likely that non-circadian effects of light 

on sleep, alertness, mood, and neuroendocrine status also contribute to these phenomena 

(Stephenson et al., 2012; LeGates et al., 2014).

Human alcohol consumption varies as a function of season and latitude (Lemmens and 

Knibbe, 1993; McGrath and Yahia, 1993; Uitenbroek, 1996; Paschane, 1998; World Health 

Organization, 2018), and substantial comorbidity is observed between alcohol abuse and 

seasonal affective disorder (Allen et al., 1993; Sher, 2002; 2004), suggesting that 

photoperiod may affect human alcohol drinking. In one of the few relevant studies done in 

mice, Millard and Dole (1983) found reduced voluntary ethanol intake under an LD 6:6 

cycle, relative to standard LD 12:12 conditions. Importantly, mice showed high levels of 

fluid intake only during one of the two daily 6-hour dark periods under LD 6:6, indicating 

that the circadian clock “interpreted” the LD 6:6 schedule as though it were a 24-hour, long-

photoperiod lighting cycle (i.e., LD 18:6), and not as a 12-hour LD cycle. These 

observations suggest that photoperiod-related effects on ethanol intake may be mediated by 

differences in circadian entrainment pattern, rather than by differences in total daily light 

exposure, which was identical under both lighting regimens. This interpretation would be 
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entirely consistent with the more well-studied effects of photoperiod on reproductive and 

immune functions.

We recently examined voluntary ethanol intake in mice housed under either short (LD 6:18) 

or long (LD 18:6) photoperiods (Rosenwasser et al., 2015). Consistent with the results of 

Millard and Dole (1983), mice displayed significantly lower ethanol intake under long 

relative to short photoperiods. Further, we observed similar effects under both normal and 

so-called “skeleton” photoperiods, in which the daily light-to-dark and dark-to-light 

transitions are replaced by brief light pulses in otherwise constant darkness. These results 

strengthen the argument that photoperiodic modulation of ethanol intake is related to 

circadian entrainment pattern rather than to the total duration of daily light exposure.

Other studies have examined the effects of constant darkness and/or constant light on 

voluntary ethanol intake. While early studies reported that ethanol intake is increased in DD 

relative to standard LD cycles in both rats (Geller, 1971; Burke and Kramer, 1974) and 

hamsters (Reiter et al., 1974; Geller and Hartmann, 1977), more recent studies have found 

reduced ethanol intake under DD in both rats (Goodwin et al., 1999) and mice (Trujillo et 

al., 2011; Rosenwasser and Fixaris, 2013). Similarly inconsistent findings have been seen in 

LL, including increased, decreased, and unchanged ethanol intake (hamsters: Hammer et al., 

2010; rats: Goodwin et al.,1999; mice: Rosenwasser and Fixaris, 2013; Ruby et al., 2014). 

While it is not clear how to resolve these discrepant findings, it should be noted that both LL 

and DD are associated with depression- and anxiety-like like behaviors in animal models 

(Tapia-Osorio et al., 2013; LeGates et al., 2014). Since LL generally results in far greater 

circadian disruption than DD, and since LL and DD typically have opposite effects on 

photoperiodic responses, neither circadian disruption nor photoperiodic mechanisms are 

likely to fully account for the behavioral effects of LL and DD.

The present experiments were designed to further explore the effects of both DD and LL on 

voluntary ethanol intake in mice, and to extend such observations to include additional 

genotypes and both sexes. The results of these experiments confirm and extend the 

generality of previous findings that voluntary ethanol intake is generally lower in both DD 

and LL, relative to normal LD entrainment conditions.

2. Methods

2.1 Animals and apparatus

Two separate experiments were conducted using similar methods but with different mouse 

populations. For Experiment 1, male C3H/HeJ inbred mice (N = 10) were obtained at 8 

weeks of age from the Jackson Laboratory (Bar Harbor, ME). For Experiment 2, male and 

female WSC-2 (Withdrawal Seizure Control, replicate 2) mice (N = 15 per sex) were 

obtained at about 8 weeks of age from the breeding facility of the Portland Alcohol Research 

Center (Portland, OR). WSC-2 mice were originally derived from an 8-way cross among 

inbred strains for use as controls for comparison to selectively-bred Withdrawal Seizure 

Prone (WSP) and Withdrawal Seizure Resistant (WSR) mice (Crabbe et al., 1985), but in 

this study, WSC mice were employed simply as a non-selected genetically heterogeneous 

line. This work employed the moderatedrinking C3H/HeJ strain and the moderate-drinking 
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WSC lineage because our previous study (Rosenwasser and Fixaris, 2013) had used the 

high-drinking C57BL/6J and the low-drinking DBA/2J strains, and because we wanted to 

maximize the generality of our findings and to confirm that similar effects could be seen 

across a range of ethanol-preference phenotypes.

Upon arrival in the lab, mice were individually housed in commercial cages equipped with 

running wheels (Coulbourn Instruments, Whitehall, PA; model ACT 551; wheel diameter = 

11.5 cm). Running wheels were freely available throughout the experiments, and wheel-

turns were logged in 1-minute bins using the ClockLab interface system (Coulbourn 

Instruments, Whitehall, PA). The cages were held three per shelf within modified steel 

supply cabinets equipped with computer-controlled lighting and ventilation fans that also 

provided masking noise. Each cabinet could hold a total of 15 running-wheel cages, and 

both males and females were housed within each cabinet. Food (Prolab RMH 3000, PMI 

Nutrition International, Saint Louis, MO), plain tap water, and 10% (v/v) ethanol solution 

were all available continuously throughout the experiments.

2.2 Procedures

2.2.1 Experiment 1—Mice in Experiment 1 were maintained under a series of lighting 

conditions for six weeks per condition, as follows: LD 12:12 (LD1); DD; LD 12:12 (LD2); 

LL; LD 12:12 (LD3). Water and ethanol intake and body weight was recorded on a weekly 

basis, and bottle positions were switched after each measurement. As is typical in studies of 

2-bottle preference drinking, ethanol intake is expressed as g/kg/day, while water intake is 

reported as ml/day. In addition, ethanol, preference ratios were computed by dividing the 

intake of ethanol solution in ml by total fluid intake. Circadian period and amplitude were 

estimated for each animal in each lighting condition using the Lomb-Scargle periodogram, 

as implemented in the ClockLab program.

2.2.2 Experiment 2—Mice in Experiment 2 were maintained under one of two distinct 

sequences of lighting conditions for four weeks per condition, as follows: Sequence 1: LD 

12:12 (LD1); DD; LD 12:12 (LD2); Sequence 2: LD 12:12 (LD1); LL; LD 12:12 (LD2). All 

other procedures were identical to those employed in Experiment 1.

2.2.3 Statistics—Experiment 1: Data were analyzed using repeated-measures ANOVA, 

with lighting condition as the within-subjects factor. Following identification of significant 

effects of lighting condition, specific pairs of conditions were compared using paired t-tests 

with alpha set at 0.05, adjusted for multiple comparisons. In Experiment 2, the two 

sequences were analyzed separately using mixed ANOVA, with lighting condition as a 

within-subjects factor and sex as a between-groups factor. Identification of sex effects was 

followed by separate tests for simple main effects in each sex using ANOVA, and significant 

effects of lighting conditions were followed by alpha-adjusted pairwise t-tests, as in 

Experiment 1.
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3. Results

3.1 Experiment 1

3.1.1 Circadian activity rhythms—Qualitative and quantitative aspects of circadian 

activity rhythms conformed to expectations for nocturnal mice. Thus, male C3H mice 

displayed largely nocturnal activity patterns under LD cycles and free-running circadian 

rhythms under both DD and LL (Fig. 1). As is typical for mice, free-running periods were 

generally shorter than 24 hours in DD and longer than 24 hours in LL. While it is well 

known that LL of sufficient intensity can induce dramatic circadian disruption (Rosenwasser 

and Adler, 1986), animals in the present experiment generally maintained clearly distinct 

activity and rest phases in both DD and LL.

Quantitative analysis of circadian activity rhythms confirmed the qualitative observations 

described above (Fig. 2). Circadian period varied across lighting conditions (F4,36 = 89.96, p 

< 0.001) and was significantly shorter in DD and significantly longer in LL than in any of 

the three LD conditions. Unexpectedly, period was longer in LD2 than in LD1, possibly 

reflecting incomplete resynchronization in some animals. Periodogram amplitude (F4,36 = 

4.394, p = 0.005) and daily wheel-turns (F4,36 = 6.135, p = 0.001) also varied across lighting 

conditions, in that both tended to decrease over the course of the experiment and to be 

lowest in LL.

3.1.2 Fluid consumption—Figure 3 shows ethanol intake for each individual animal 

over the 30-week course of the experiment. While ethanol intake varied among individuals, 

especially under LD conditions, changes in ethanol intake across lighting conditions 

generally emerged within the first week of each 6-week condition. Thus, ethanol intake was 

consistently lower in the first week of both LL and DD relative to the preceding LD 

condition, and was consistently higher in the first week of LD2 and LD3 relative to the 

immediately preceding non-entrained condition. Further, there were no apparent trends in 

intake across weeks within conditions. Thus, data were collapsed by averaging across weeks 

within each of the five sequential lighting conditions for subsequent statistical analyses.

ANOVA revealed significant effects of lighting condition on both ethanol intake (F4,36 = 

12.284, p < 0.001) and ethanol preference (F4,36 = 2.689, p = 0.046) (Figure 4). Pairwise 

comparisons showed that ethanol intake and ethanol preference were significantly lower in 

both DD and LL than in any of the three LD conditions, while no differences were seen 

between DD and LL. ANOVA also revealed a significant effect of lighting condition on 

water intake (F4,36 = 13.977, p < 0.001) (Figure 4), while pairwise comparisons showed that 

water intake was higher in LD1 and lower in LL than in any other condition.

3.2 Experiment 2

3.2.1 Circadian activity rhythms—Both male and female WSC mice displayed 

activity patterns that were typical for nocturnal mice, with free-running periods generally 

less than 24 hours in DD (Sequence 1) and greater than 24 hours in LL (Sequence 2) (Fig. 

5). WSC activity rhythms were characterized by clearly distinct activity and rest phases and 

by very high levels of activity. As in Experiment 1, all animals displayed coherent 

Rosenwasser et al. Page 5

Alcohol. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



rhythmicity in both DD and in LL, and there were no obvious differences between males and 

females.

ANOVA revealed significant effects of lighting condition on circadian period for both 

Sequence 1 (F2,24 = 17.477, p < 0.001) and Sequence 2 (F2,26 = 409.455, p < 0.001), but no 

main effects or interactions with sex (Figs. 6, 7). Pairwise tests showed that periods were 

shorter in DD (Sequence 1) and longer in LL (Sequence 2) than in either LD1 or LD2.

Analysis of periodogram amplitude revealed significant interactions between lighting 

condition and sex for both Sequence 1 (F2,24 = 3.484, p = 0.047) and Sequence 2 (F2,26 = 

17.191, p < 0.001) (Figs. 6, 7). In Sequence 1, males showed a progressive decrease in 

amplitude across the experiment (F2,10 = 6.457, p = 0.016), while amplitudes were stably 

maintained in females (Fig. 6). In contrast, amplitudes were significantly reduced under LL 

relative to both LD1 and LD2 in both males (F2,14 = 19.463, p < 0.001) and females (F2,12 = 

18.293, p < 0.001) (Fig. 7). Thus, while DD appear to not affect periodogram amplitude, 

amplitude was significantly reduced in LL relative to LD in both males and females.

Analysis of daily activity levels revealed significant main effects of lighting condition for 

both sequences (Sequence 1: F2,22 = 37.071, p < 0.001; Sequence 2: F2,22 = 12.123, p < 

0.001) (Figs. 6, 7). While activity levels tended to decrease across the course of the 

experiment in both Sequences, examination of pairwise comparisons indicated that activity 

levels were reduced under LL (Fig. 7) but not under DD (Fig. 6), relative to the preceding 

LD1 condition. Finally, females ran marginally more than males in Sequence 1 (F1,11 = 

4.836, p = 0.050) but not in Sequence 2.

3.2.2 Fluid consumption—Lighting condition by sex ANOVA revealed significant 

effects of lighting condition on ethanol intake for both Sequence 1 (F2,24 = 49.880, p < 

0.001) and Sequence 2 (F2,26 = 50.012, p < 0.001), a significant effect of sex for Sequence 1 

(F1,12 = 14.940, p = 0.002), and a non-significant trend in the same direction for Sequence 2 

(p = 0.091); however, no lighting by sex interactions were found (Figs. 8, 9). Ethanol intake 

was reduced in both DD (Fig. 8) and LL (Fig. 9) relative to both LD1 and LD2, in both 

males and females.

The effects of lighting condition on ethanol preference was very similar to those seen for 

ethanol intake. Thus, ANOVA revealed significant effects of lighting condition on ethanol 

preference for both Sequence 1 (F2,24 = 13.599, p < 0.001) and Sequence 2 (F2,26 = 21.799, 

p < 0.001), and a significant effect of sex for Sequence 1 only (F1,12 = 6.639, p = 0.024) 

(Figs. 8, 9). In contrast to the effects on ethanol intake, however, significant lighting 

condition by sex interactions were seen for both Sequence 1 (F2,24 = 4.551, p = 0.021) and 

Sequence 2 (F2,26 = 4.594, p = .020). Examination of pairwise comparisons indicated that 

ethanol preference was significantly reduced in both DD and LL relative to both LD1 and 

LD2 in males, while in females, ethanol preference was significantly reduced in both DD 

and LL only when compared to LD2 (Figs. 8, 9).

ANOVA revealed significant effects of lighting condition on water intake in both Sequence 1 

(F2,24 = 26.713, p < 0.001) and Sequence 2 (F2,26 = 26.995, p < 0.001) (Figs. 8, 9). While 
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there were no main effects of sex in either sequence, there was a significant lighting 

condition by sex interaction for Sequence 2 (F2,26 = 6.063, p = 0.007) and a non-significant 

(p = 0.066) trend in the same direction in Sequence 1. Analysis of pairwise comparisons 

showed that water intake gradually decreased across lighting conditions in females in, and 

was lower in LD2 than in any other condition in males, in both Sequence 1 and Sequence 2.

4. Discussion

The present results confirm previous reports that voluntary ethanol consumption is reduced 

in both DD and LL, relative to standard LD conditions, in both rats (Goodwin et al., 1999) 

and mice (Rosenwasser and Fixaris, 2013). Taken together with the results of Rosenwasser 

and Fixaris (2013), we have now seen reduced ethanol consumption under DD in high- 

(C57BL/6J), low- (DBA/2J) and moderate-drinking (C3H/HeJ, WSC) genotypes, and 

reduced ethanol consumption under LL in all but the DBA/2J mice. Further, in the case of 

the WSC mice, males and females showed essentially identical responses to both DD and 

LL. Thus, we have identified a novel, reliable and generalizable environmental manipulation 

that significantly alters free-choice ethanol drinking in mice, regardless of strain and sex 

differences in innate ethanol preference.

Nevertheless, our results appear to contrast with early studies reporting increased ethanol 

intake under DD in rats (e.g., Geller, 1971, Burke and Kramer, 1974). On the other hand, the 

Geller (1971) study has been criticized as being poorly controlled for possible spontaneous 

changes with time (Sinclair, 1972; Choca et al., 1977). While a number of early studies also 

reported increased ethanol intake in Syrian hamsters under DD (Reiter et al.,1974; Geller 

and Hartmann, 1977), this species – unlike mice and rats – is known to display strongly 

photoperiodic reproductive and immune responses. Given the reported failure of hamsters to 

alter their ethanol intake in LL relative to LD (Hammer et al., 2010; Ruby et al., 2014), it 

would not be surprising to find species differences in the response to DD as well.

Animals in the present study were maintained in running-wheel cages throughout the 

experiments. While this allowed us to characterize entrained and free-running circadian 

activity rhythms under the various lighting regimens, access to running wheels has itself 

been reported to alter free-choice ethanol intake (McMillan et al., 1995; Ehringer et al., 

2009; Hammer et al., 2010; Piza-Palma et al., 2014). In two previous studies, however, we 

found that wheel-housed mice displayed increased water intake, but no significant effect on 

ethanol intake (Rosenwasser et al., 2012; 2015). Similarly, Ehringer et al. (2009) found that 

reduced ethanol preference in wheel-housed male mice was mainly due to increased water 

intake, rather than to changes in ethanol consumption per se. Thus, while it is possible that 

the presence of running wheels influenced the present results, it seems unlikely that running-

wheel access is a major factor limiting the generalizability of these findings.

Another factor potentially limiting the generalizability of our findings in our use of the 2-

bottle continuous-access free-choice model of voluntary ethanol intake. While this model 

has been widely employed to study the genetic, pharmacological, and environmental factors 

influencing voluntary ethanol intake, it must be noted that 2-bottle free-choice drinking is 

thought to model non-pathological, non-dependent, moderate drinking in humans (Tabakoff 
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and Hoffman, 2000; Sanchis-Segura and Spanagel, 2006; Green and Grahame, 2008). With a 

few possible exceptions in selectively-bred lines, the literature indicates that rats and mice 

do not become either intoxicated or ethanol-dependent under these conditions, and 

researchers have developed numerous other models to better simulate factors such as 

dependence, tolerance, and withdrawal in experimental animals (Tabakoff and Hoffman, 

2000; Sanchis-Segura and Spanagel, 2006). While two-bottle free-choice drinking is known 

to be influenced by factors including the taste and caloric value of the ethanol stimulus, free-

choice intake is strongly correlated with tests of ethanol reward and aversion (Green and 

Grahame, 2008). Therefore, while mice in the present study showed educed ethanol intake 

under LL and DD, it is certainly possible that different results would be seen with models of 

excessive or dependence-based drinking.

A growing body of research has revealed that atypical laboratory lighting regimens – 

including both DD and LL – are associated with affective disturbances in a variety of animal 

models (Stephenson et al., 2012; Bedrosian and Nelson, 2013; Landgraf et al., 2014; 

LeGates et al., 2014). Since ethanol intake is known to be strongly modulated by affective 

state, we believe that our findings may be directly related to other work on the affective 

consequences of lighting manipulations. Several non-exclusive chronobiological 

mechanisms are commonly advanced to explain the effects of atypical lighting schedules on 

affective behavior. These include circadian disruption, alterations in nocturnal melatonin 

secretion, and photoperiodism. However, since LL and DD have dissimilar effects on 

circadian rhythms, melatonin secretion, and photoperiodic responses, it is difficult to see 

how these factors could account for the apparently similar affective-behavioral effects of 

both LL and DD. In the present study, we concurrently assessed circadian activity rhythms 

and ethanol intake in animals exposed to different lighting conditions, and found that 

changes in circadian parameters did not covary with changes in ethanol intake. While 

ethanol intake was reduced in both LL and DD, free-running circadian period lengthened in 

LL and shortened in DD, while periodogram amplitude and locomotor activity were 

generally reduced in LL but not in DD. Thus, while chronobiological factors may contribute 

to the effects seen in the present study, it seems unlikely that any specific chronobiological 

hypothesis can account fully for the alterations in ethanol intake seen in both DD and LL.

While it might seem counterintuitive that lighting conditions that have been associated with 

increased depression- and anxiety-like behaviors would also be associated with reduced, 

rather than increased ethanol intake, the relationship between stress and ethanol intake is by 

no means simple. Thus, an extensive review of the literature (Becker et al., 2011) revealed 

that environmental stressors are at least as likely to reduce as to increase voluntary ethanol 

intake, especially in studies (such as this one) examining free-choice drinking in non-

dependent animals. Indeed, a reasonable hypothesis is that stress-related affective disruption 

may reduce non-dependent, reward-based ethanol intake, while at the same time promoting 

ethanol intake in models of ethanol dependence (Becker et al., 2011). These considerations 

suggest the hypothesis that the reduced ethanol intake seen under LL and DD in the present 

study and in our previous work (Rosenwasser and Fixaris, 2013), as well as the reduced 

ethanol intake in rats housed under chronic shift-lag lighting regimens (Clark et al., 2007; 

Rosenwasser et al., 2010), are due to dysphoric effects induced by the stressfulness of living 

in the absence of a stable environmental LD cycle. Such a hypothesis could also account for 
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recent findings that health and longevity are compromised in animals that display free-

running periods deviating substantially from 24 hours in either direction (Wyse et al., 2010; 

Libert et al., 2012). Thus, both physiological and psychological homeostasis may be 

optimized when the circadian clock is entrained to a strict 24-hour period.

Taken together with previous studies, the present results confirm that maintenance under 

atypical lighting regimens, including DD and LL, extreme long and short photoperiods, and 

shift-lag lighting, can alter voluntary ethanol intake. These effects may be related to changes 

in affective behavior seen in response to similar lighting manipulations, but the specific roles 

of chronobiological and non-chronobiological factors remains to be elucidated. Finally, these 

results may be relevant to understanding the seasonal and geographic variations in alcohol 

consumption in diverse human populations.
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1. Voluntary ethanol intake is reduced in mice housed under either constant 

darkness (DD) or constant light (LL), relative to animals maintained in a 

standard light-dark (LD) cycle.

2. These results are difficult to explain based on circadian disruption, 

photoperiodism, or direct effects of light and darkness on arousal.

3. Instead, we suggest that the lack of circadian entrainment per se may be 

mildly stressful.

4. Alternately, the suppressive effects of DD and LL may be mediated by 

separate and distinct mechanisms.
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Figure 1. 
Raster-style circadian actograms for two representative male C3H/He mice, illustrating the 

temporal patterning of wheel-running activity over the entire course of Experiment 1. Time 

of day is double-plotted (48-hour span) along the x-axis, and successive experimental days 

are plotted top to bottom along the y-axis. A symbol is plotted for each 10-minute epoch, 

with height proportional to the number of wheel-turns in that time bin; thus, dark areas 

indicate times of high activity. Lighting conditions are indicated to the right. LD1, LD2 and 

LD3: periods during which mice were held under light-dark 12:12; DD: constant darkness; 

LL: constant light.
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Figure 2. 
Ethanol intake (g/kg/day) for each individual male C3H mouse (n=10) across the 30 weeks 

of the experiment. Animals were maintained under a series of five successive lighting 

conditions for six weeks per condition. LD1, LD2, and LD3 refer to maintenance in light-

dark 12:12 conditions; DD, maintenance in continuous darkness; LL, maintenance in 

continuous light.
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Figure 3. 
Means +/− standard errors for circadian activity parameters. Circadian Period: top panel; 

Periodogram Amplitude: middle panel; Daily Wheel-Turns: bottom panel. Data are 

collapsed across weeks within each lighting condition. Lighting conditions are identified as 

in Fig. 2. Superscripted letters are used to indicate significant pairwise differences between 

conditions; bars with no shared letters are significantly different from one another.
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Figure 4. 
Means +/− standard errors for fluid intake parameters. Ethanol Intake: top panel; Water 

Intake: middle panel, 10% Ethanol Preference ratio: bottom panel. All other conventions as 

in Fig. 2.

Rosenwasser et al. Page 16

Alcohol. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Raster-style circadian actograms for two representative WSC male mice (left) and two 

representative female WSC mice (right) from Experiment 2. All other conventions as in 

Figure 1.
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Figure 6. 
Means +/− standard errors for circadian activity parameters in male and female WSC mice 

(n=15 per sex) tested in Sequence 1 (LD1, DD, LD2). Circadian Period: top panels; 

Periodogram Amplitude, middle panels; Daily Wheel-Turns: bottom panels. Males are on 

the left and females on the right. Other conventions as in Fig. 2.
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Figure 7. 
Means +/− standard errors for circadian activity parameters in male and female WSC mice 

(n=15 per sex) tested in Sequence 2 (LD1, LL, LD2). Circadian Period: top panels; 

Periodogram Amplitude, middle panels; Daily Wheel-Turns: bottom panels. Males are on 

the left and females on the right. Other conventions as in Fig. 2.
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Figure 8. 
Means +/− standard errors for fluid intake parameters in male and female WSC mice (n=15 

per sex) tested in Sequence 1 (LD1, DD, LD2). Ethanol Intake: top panels; water intake: 

middle panels; 10% Ethanol Preference ratio: bottom panels. Males are on the left and 

females on the right. Other conventions as in Fig. 2.
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Figure 9. 
Means +/− standard errors for fluid intake parameters in male and female WSC mice (n=15 

per sex) tested in Sequence 2 (LD1, LL, LD2). Ethanol Intake: top panels; water intake: 

middle panels; 10% Ethanol Preference ratio: bottom panels. Males are on the left and 

females on the right. Other conventions as in Fig. 2.
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