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Abstract The lack of appropriate animal models for

affective disorders is a major factor hindering better

understanding of the underlying pathologies and the

development of more efficacious treatments. Because cir-

cadian rhythms play an important role in affective disor-

ders, we recently suggested that diurnal rodents can be

advantageous as model animals. We found that in diurnal

rodents, short photoperiod induces depression- and anxi-

ety-like behaviors, with similarities to human seasonal

affective disorder. In a pilot study we also found that these

behaviors are ameliorated by morning bright light admin-

istration. In the present study we further evaluated the

effects of morning and evening bright light administration

on short photoperiod-induced depression- and anxiety-like

behaviors in diurnal fat sand rats. Animals were maintained

under short (5L:19D) or neutral (12L:12D) photoperiod

and treated with morning or evening bright light or red dim

light as control. Morning bright light ameliorated the

behavioral deficits in the elevated plus maze and social

interaction tests whereas evening bright light was effective

only in the social interaction test. This is the first detailed

presentation of the effects of bright light treatment in an

animal model and a clear demonstration to the advantages

of utilizing diurnal rodents to study interactions between

circadian rhythms and affect.

Keywords Depression � Diurnal � Nocturnal � Animal

models � Bright light therapy � Forced swim test

Introduction

Affective disorders have significant implications for

patients, society and economy (Kessler et al. 2005). Cir-

cadian rhythms play an important role in the etiology,

expression and treatment of affective disorders in humans

(Goodwin et al. 1982; Monteleone and Maj 2008; Kronfeld-

Schor and Einat 2012). One disorder that is most clearly

associated with circadian rhythms is seasonal affective dis-

order (SAD) (Lam and Levitan 2000; Westrin and Lam

2007), a subtype of major depression which flares up as days

get shorter during autumn and winter, with remissions as

days get longer during summer and spring (Rosenthal et al.

1984; Rosenthal 1993; Lam and Levitan 2000).

Despite major advances in the psychiatric research field,

sufficient treatments for affective disorders are yet to

be found (Nestler et al. 2002). One factor hindering the

development of such treatments is the absence of suitable

animal models which properly emulate the disorders

(Markou et al. 2009). Better models will support better

understanding of the underlying biological mechanisms of

diseases and treatments and enable the development of new

and improved treatments (Markou et al. 2009). One way to

identify and develop better models is to search for the best

model animal, the species or strains that are the most

appropriate to model a specific biological system or dis-

order and have the best homology with humans in that

respect (Insel 2007; Flaisher-Grinberg et al. 2010). In that
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context, the fact that the majority of model animals used in

psychiatric research are nocturnal mice and rats may hinder

the development of such a model as circadian rhythms,

behavior and physiology differ in many ways between

nocturnal and diurnal animals including humans (Lee and

Labyak 1995, 1997; Redlin 2001; Smale et al. 2003, 2005,

2008; Challet 2007).

We have previously proposed that because of the dif-

ferences in circadian physiology between nocturnal and

diurnal animals (Kronfeld-Schor and Dayan 2003, 2008;

Smale et al. 2003, 2008; Challet 2007; Cuesta et al. 2009)

and because of the critical importance of circadian rhythms

in affective disorders (Monteleone and Maj 2008; Kripke

et al. 2009; Kronfeld-Schor and Einat 2012), models based

on diurnal animals might be more appropriate for use in the

research of circadian-related domains of these disorders

(Einat and Kronfeld-Schor 2009; Flaisher-Grinberg et al.

2010).

To this end we have shown that when the diurnal rodents

fat sand rat (psammomys obesus) and grass Nile rat (arvi-

canthis niloticus) are acclimated to a short photoperiod

regimen, they develop a set of depression- and anxiety-like

behaviors compared to animals maintained under neutral

(12L:12D) photoperiod conditions (Einat et al. 2006;

Ashkenazy-Frolinger et al. 2009) and that these changes do

not occur in nocturnal mice (Flaisher-Grinberg et al. 2011).

These behavioral changes were suggested to model some

of the behavioral domains of SAD (Einat et al. 2006;

Ashkenazy-Frolinger et al. 2009; Flaisher-Grinberg et al.

2010). Additional support for the model came from a study

showing that the depression- and anxiety-like behaviors

can be induced by administration of melatonin in a regimen

that mimics short photoperiod (Ashkenazy et al. 2009a)

and can be partially ameliorated with antidepressant drug

treatment (Krivisky et al. 2011). The most commonly used

and possibly most effective treatment for SAD is bright

light exposure (Kasper et al. 1989; Golden et al. 2005), but

for the lack of appropriate animal models, the effects of

this treatment were, to our knowledge, never demonstrated

in animals. The lack of a good animal model in that context

obstructs the possible investigation of the underlying bio-

logical therapeutic mechanism of action of bright light

treatment. In a pilot study we showed that morning

bright light administration ameliorated short photoperiods-

induced anxiety- and depression-like behavior in the fat

sand rat (Ashkenazy et al. 2009b). The present study was

designed to further explore these effects and to compare

morning and evening administration of bright light. We

hypothesized that like in humans, bright light administra-

tion will ameliorate short photoperiod-induced depression-

and anxiety-like symptoms and that as reported in humans,

morning application of light will be more effective com-

pared with evening application (Lewy et al. 1998). We

therefore evaluated the interactions between photoperiod

length and bright light treatment in tests that represent

depression-like behavior, anxiety and sociability. Depres-

sion is a core component of SAD and related anxiety and

social withdrawal were reported to be very common

comorbidities (e.g. Krauss et al. 1992; Levitt et al. 1993;

Goel et al. 2002; Magnusson and Partonen 2005).

Materials and methods

Animals

Fat sand rats (Psammomys obesus) are large, burrow-

dwelling gerbils (160 ± 30 g; 20 cm long ? 20 cm tail)

that inhabit wadi beds, saline and saline-marsh areas of

loess plains in the deserts of North Africa, from Mauritania

to Egypt, Sudan and Israel (Mendelssohn and Yom-Tov

1999). Sand rats are entirely diurnal, spending extended

periods in foraging on and under shrubs in the high light

levels of the deserts that they inhabit (Kaiser et al. 2005;

Haim et al. 2006). During winter they are active outside

their burrows for about 5 h daily around midday, while

during summer their activity starts in the early hours of the

morning and ends in the late afternoon, with a pause during

the midday hours of extreme desert heat (Ilan and Yom-

Tov 1990; Khokhlova et al. 2005). Under 12L/12D con-

ditions, fat sand rats have robust body temperature and

urinary 6-SMT (6-sulphatoxymelatonin, the major mela-

tonin metabolite) daily rhythms in which the acrophase

(peak time) of body temperature is during the light phase,

whereas that of 6-SMT is during dark phase (Schwimmer

et al. 2010). Sand rats are not very seasonal rodents; in their

natural habitat, they show no seasonal fluctuations in body

mass (Degen et al. 1991) and are active year round (Ilan

and Yom-Tov 1990). Reproduction can take place year

round, depending on weather conditions and food avail-

ability (Ilan and Yom-Tov 1990; Fichet-Calvet et al. 1999).

In addition, sand rats provide a practical modeling animal

as they breed well in captivity and a familiar model animal

in medical research (Saidi et al. 2011; Fichet-Calvet et al.

1999; Preis et al. 2009; Zimliki et al. 2009; Schwimmer

et al. 2010).

Forty adult male fat sand rats (*6 months old; Harlan,

Jerusalem) were used for each of the two experiments.

Animals were individually housed in standard plastic cages

(42 cm 9 26 cm 9 15 cm) positioned in four different

temperature-controlled rooms (25�C). Animals were pro-

vided ad-lib with tap water. Because sand rats develop

diabetes when fed with regular rodent chow, they were

provided with special low-energy pellets (product

19560, Koplock, Israel). All experimental procedures were

approved by the Tel-Aviv University IACUC (protocol #

K. Krivisky et al.
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L-09-007, L-09-037) and followed NIH guidelines for the

care and treatment of laboratory animals.

The study consisted of two experiments. Experiment one

tested the effect of chronic morning bright light exposure

and Experiment two tested the effects of chronic evening

bright light exposure. Both experiments explored these

effects in the context of short photoperiod induced

depression- and anxiety-like behaviors.

Photoperiod conditions

Sand rats (n = 40 in each experiment) were distributed

into two photoperiod length groups (n = 20/group): short

photoperiod (5 h light/19 h dark) and neutral photoperiod

(12 h light/12 h dark). Lights were turned on at 09:00 in all

rooms and light intensity was 800 lux. These photoperiod

regimens were selected based on previous results demon-

strating that this short photoperiod regimen resulted in the

development of depression- and anxiety-like behaviors

compared with the neutral photoperiod conditions (Einat

et al. 2006; Ashkenazy et al. 2009a; Krivisky et al. 2011).

Animals were maintained under these conditions for

3 weeks, a time period that was found to be sufficient for

physiological acclimation (Kronfeld et al. 2000) and syn-

chronization of circadian rhythms (Cohen and Kronfeld-

Schor 2006). After 3 weeks of acclimatization to these

photoperiod conditions, groups were sub-distributed to

subgroups (n = 10/group) and treatment groups were

exposed to chronic bright light in the morning or in the

evening. The photoperiod conditions were maintained

throughout the bright light treatment period and the

behavioral testing period.

Treatment

Bright light treatment was applied by exposing the ani-

mals to a full spectrum light box with a light intensity of

10,000 lux (Sunlight Jr 220v, Sunbox Company, USA).

Due to the spreading of light in the room, each animal

was exposed to a light intensity of about 2,500 lux.

Treatment was applied daily, for 1 h, for a period of

3 weeks prior to behavioral testing and continued during

the days of behavioral testing. For Experiment one

(morning treatment), animals were exposed to the bright

light during the first hour after ‘‘lights on’’ (09:00–10:00).

For Experiment two (evening treatment), animals were

exposed to bright light during the last hour before ‘‘lights

off’’ (13:00–14:00 for short photoperiod group and

20:00–21:00 for neutral photoperiod group). Control

groups were exposed to red dim light on top of the reg-

ular room lighting. Behavioral tests started after twenty

one (21) treatment days.

Behavioral tests

For each experiment, one cohort of animals was tested in

three consecutive behavioral tests performed on consecu-

tive days in this order: elevated plus maze test, social

interactions test, and forced swim test. This paradigm was

previously demonstrated to be sensitive to photoperiod

manipulations and treatment (Einat et al. 2006; Ashkenazy

et al. 2009b). All behavioral tests started 1 h after light

onset in the rooms (10:00) and all animals were tested

within about 4 h and within the light hours of all groups.

Elevated plus maze test

The Elevated plus maze test (EPM) is a widespread and

efficient test for anxiety-like behavior in rodents such as

mice (Rodgers et al. 1997), voles (Grippo et al. 2008),

hamsters (Prendergast and Nelson 2005) and rats (Pellow

et al. 1985) and can also be utilized in sand rats (Ashkenazy

et al. 2009a).

A black aluminum EPM was used with two open arms

and two closed arms (50 cm long, 10 cm wide and 15 cm

walls in the closed arms). The maze was elevated 50 cm

from the floor and light levels were about 200 lux. Sand

rats were individually placed in the center of the maze, and

allowed to freely explore for 5 min. The behavior was

recorded and recordings were later used for manual scor-

ing. At the end of each session, animals were placed back

in their cages and the maze was wiped clean with 70%

ethanol. In the rare case that an animal repeatedly fell or

jumped from the maze (five falls), the test was terminated.

Anxiety-like behavior index was calculated as the ratio

between time spent in open arms and time spent in closed

arms. The total number of entries to all arms was also

scored and analyzed as a measure for activity levels.

Forced swim test

The Forced swim test (FST) is commonly used to assess

depression-like behavior and antidepressant effects in rats

and mice (Porsolt et al. 1978). Whereas initially validated

to evaluate antidepressant action, the test can also be used

to explore the expression of depression-like behavior after

environmental (e.g. Elizalde et al. 2008) or genetic (e.g.

Monteggia et al. 2007) manipulations. With several meth-

odological alterations, this test was successfully used to

evaluate depression-like behavior induced by photoperiod

manipulations in sand rats (Einat et al. 2006; Ashkenazy

et al. 2009a, b; Krivisky et al. 2011). Animals were

exposed to the FST over two consecutive days, a training

day and a test day, similar to the standard procedures for

rats (Porsolt et al. 1978). Each animal was individually

placed in a white opaque plastic cylinder, 30 cm in

Effects of morning compared with evening bright light
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diameter and 45 cm high, filled with water (21–23�C to a

depth of 25 cm). Behavior was recorded and recordings

were later used for manual scoring. Unlike rats and mice,

sand rats are not usually able to float. When placed in the

cylinder they actively swim and struggle and when they

stop they sink (entire body including snout immersed in

water). Sinking usually prompts additional period of

struggle and sinking and so on. We have previously

established that duration for first and second sinking events

in sand rats are qualitatively similar to immobility time in

rats and mice and that depressogenic-like manipulations

including short photoperiods or administration of melato-

nin in a schedule that mimics short photoperiods shorten

these times (Einat et al. 2006; Ashkenazy et al. 2009b)

whereas antidepressant drug treatment lengthens it

(Krivisky et al. 2011). Animals are therefore placed in the

cylinder and their behavior monitored and recorded until

two sinking events occur. At that time they are removed

from the water and placed in their home cages. In an event

that an animal sinks and stays completely immersed in the

water for 5 s it is immediately rescued and the test is ter-

minated. Water in the cylinders was replaced between

animals. The main measures in this version of the FST are

the time to first and second sink.

Social interactions test

The social interactions test can be used to evaluate anti-

depressant and anxiolytic effects in rodent species includ-

ing rats (File and Hyde 1979), mice (File et al. 1980) and

gerbils (Starkey et al. 2007). For the present experiments,

two animals from the same sub-group were placed in an

unfamiliar testing arena (42 cm 9 26 cm with 15 cm

walls) and their behavior was recorded for a 10 min ses-

sion. Recordings were used to score the time spent in social

interaction including any type of contact between the ani-

mals. At the end of a session, animals were taken out of the

arena and returned to their home cages and the arena was

cleaned with alcohol. Because the behavior of each animal

affects the behavior of its partner, each couple tested is

referred to as one unit (File and Seth 2003).

Statistical analysis

Elevated plus maze and social interaction data were ana-

lyzed using two-way ANOVA (factorial ANOVA), with

Photoperiod (5 h light/12 h light) and Treatment (bright

light/red dim light) as main factors. Data from the forced

swim test was analyzed with mixed ANOVA with Photo-

period and Treatment as main factors and Sink 1 and Sink 2

as a repeated measure factor.

When results of the ANOVA were significant, data were

further analyzed using LSD post hoc comparisons. Sig-

nificance was set at p \ 0.05.

In the EPM morning light experiment, three animals,

one from the short photoperiod-bright light group and two

from the short photoperiod—control group, were not ana-

lyzed as they repeatedly jumped from the maze during the

experiment.

Results

As previously demonstrated, short photoperiod conditions

resulted in depression- and anxiety-like behaviors in both

experiments. Exposure to morning bright light resulted in a

significant reduction in these behaviors whereas exposure

to evening bright light treatment had only partial effects.

Elevated plus maze

Morning bright light

Animals maintained under short photoperiod conditions

showed reduced open/closed arms time ratio compared

with animals maintained under neutral photoperiods,
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Fig. 1 Open/closed arms time ratio in fat sand rats acclimated to

short or neutral photoperiod and treated with a Morning or b Evening

bright light or dim light control. Light bars represent dim light and

dark bars represent bright light, N = 8–10 per group. Statistically

significant difference from other groups (*p \ 0.05)
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indicating increased anxiety-like behavior. Morning bright

light treatment restored behavior to the level of animals

under neutral photoperiods [Fig. 1a; ANOVA—Photope-

riod: F(1,33) = 3.14, p = 0.09; Light treatment: F(1,33) =

4.62, p \ 0.04; Photoperiod 9 Light treatment interaction:

F(1,33) = 4.88, p \ 0.04, Post hoc: short photoperiod-

control group, different from all other groups, p B 0.01 in

comparison with all other groups]. No effects of photope-

riod regimen or bright light were shown on the total

number of entries to both arms suggesting no effects on

activity levels [data not shown, ANOVA—Photoperiod:

F(1,33) = 1.0, p = 0.32; Light treatment: F(1,33) = 0.48,

p = 0.5; Photoperiod 9 Light treatment interaction:

F(1,33) = 0.6, p = 0.45].

Evening bright light

Animals maintained under short photoperiod conditions

showed reduced open/closed arms time ratio compared with

animals maintained under neutral photoperiods indicating

increased anxiety-like behavior. Evening bright light

treatment had no effects [Fig. 1b; ANOVA—Photoperiod:

F(1,36) = 8.84, p \ 0.01; Light treatment: F(1,36) = 0.01,

p = 0.92; Photoperiod 9 Light treatment interaction:

F(1,36) \ 0.01, p = 0.92]. No effects of photoperiod regi-

men or bright light were shown on the total number of entries

to both arms suggesting no effects on activity levels [data not

shown, ANOVA—Photoperiod: F(1,36) = 3.0, p = 0.09;

Light treatment: F(1,36) = 0.11, p = 0.74; Photoperiod 9

Light treatment interaction: F(1,36) = 1.3, p = 0.27].

Forced swim test

Data for the FST for animals in the morning bright light

experiment was not collected properly due to technical

problems and is not reported.

Evening bright light

As previously demonstrated, short photoperiod conditions

resulted in decreased time to sink in the test session of the

sand rat FST. Evening bright light exposure had no effects

[Fig. 2; ANOVA—Photoperiod: F(1,36) = 8.43, p \ 0.01;

Light treatment: F(1,36) = 0.4, p = 0.54; Photoperiod 9

Light treatment interaction: F(1,36) = 1.1, p = 0.3]. As

expected, photoperiod manipulation and bright light had no

effects in the training session (data not shown).

Social interactions test

Morning bright light

As expected, short photoperiod conditions resulted in

shorter duration of social interaction compared with ani-

mals maintained under neutral photoperiods. Morning

bright light treatment restored behavior to the level of

animals under neutral photoperiods [Fig. 3a; ANOVA:

Photoperiod F(1,16) = 1.32, p = 0.27; Light treatment:
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Fig. 2 Time to 1st and 2nd sink in fat sand rats acclimated to short or

neutral photoperiod and treated with evening bright light or dim light

control. N = 8–10 per group. *Statistically significant difference

form from neutral photoperiod groups (b)
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Fig. 3 Duration of social interactions in fat sand rats acclimated to

short or neutral photoperiod and treated with a Morning or b Evening

bright light or dim light control. Light bars represent dim light and

dark bars represent bright light, N = 5 pairs per group. Statistically

significant difference from all other groups (*p \ 0.05)
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F(1,16) = 12.54, p \ 0.01; Photoperiod 9 Light treatment

interaction: F(1,16) = 4.55, p \ 0.05. Post hoc: short

photoperiod-control group differs from all other groups;

p = 0.03 compared with neutral photoperiod-control;

p \ 0.01 compared to neutral- and short-photoperiod

bright light groups].

Evening bright light

As expected, short photoperiod conditions resulted in

shorter duration of social interaction compared with ani-

mals maintained under neutral photoperiods. Evening

bright light treatment restored behavior to the level of

animals under neutral photoperiods [Fig. 2; ANOVA—

Photoperiod: F(1,16) = 12.17, p \ 0.01; Light treatment:

F(1,16) = 12.74, p \ 0.01; Photoperiod 9 Light treatment

interaction: F(1,16) = 0.43, p = 0.52. Post hoc: short

photoperiod-control group differs from all other groups,

p \ 0.01 for all comparisons].

Discussion

Daily rhythms are an external expression of an interaction

between internal timing mechanism and environmental

conditions. The circadian clock is synchronized by external

cues, the most prominent of which being the light–dark

cycle (Golombek and Rosenstein 2010). A well-tuned cir-

cadian clock is of great importance in ensuring the syn-

chronization between physiological and behavioral

rhythms (Reppert and Weaver 2001; Kronfeld-Schor and

Dayan 2008) and disruptions of circadian rhythms have a

significant role in the etiology of affective disorders

(McClung 2007; Kronfeld-Schor and Einat 2012). Appro-

priate animal models are critically needed to explore the

relationship between circadian mechanisms and affective

disorders. Utilization of diurnal rodents in this context may

be advantageous (Smale et al. 2005; Einat and Kronfeld-

Schor 2009; Flaisher-Grinberg et al. 2010; Workman and

Nelson 2011). The present study demonstrates this advan-

tage by showing that when using the diurnal fat sand rat as

a model animal it is possible to demonstrate the positive

effects of bright light administration and distinguish

between the effects of morning or evening bright light.

Bright light effects were evaluated in three behavioral

tests related to anxiety and depression, the elevated plus

maze (EPM), the forced swim test (FST) and the social

interaction test. In the EPM, morning but not evening

administration of bright light reduced the anxiety-like

behavior in animals maintained under short photoperiod

conditions (Fig. 1a, b). Neither photoperiod manipulation

nor bright light had an effect on activity levels of animals

in the EPM suggesting other behavioral changes are

specific and not the result of a generalized effect on activity

levels. This assumption is supported by a previous study

that showed that short photoperiod conditions had no

effects on locomotor activity of fat sand rats in a large open

field (Einat et al. 2006). In the FST, evening administration

of bright light had no effects (Fig. 2). Unfortunately, due to

technical problems the data for the FST in the morning

bright light experiment was not properly collected and are

not reported. However, we have previously reported the

antidepressant-like effect of morning bright light on short

photoperiod acclimated fat sand rat to increase the time to

sink in this test (Ashkenazy-Frolinger et al. 2009). In the

social interaction test, short photoperiod regimen reduced

interactions and the administration of bright light in the

morning or evening returned the level of interactions to the

level of animals maintained under neutral photoperiod

(Fig. 3a, b). In contrast with the other tests, the social

interaction test was sensitive to both morning and evening

administration of bright light. It is therefore possible to

suggest that in sand rats as in humans, administration of

bright light is an effective treatment and that morning

administration of bright light is more effective than even-

ing administration although evening administration may

still have some benefit.

Similar to effects in humans (Wehr et al. 1986; Golden

et al. 2005), bright light treatment improved depression-

and anxiety-like behaviors induced by a short photoperiod

regimen while having no effects on animals maintained in

neutral photoperiods. Moreover, similar to the effects in

humans, application of morning bright light was more

effective than application of evening bright light (Lewy

et al. 1998). Together with the previously published data

(Ashkenazy et al. 2009a) the results support the advantages

of using a diurnal rodent model to explore interactions

between circadian rhythms and affect. Moreover, the

results support the benefit of bright light in the treatment of

seasonal affective disorder and offer a new tool to study the

underlying biological mechanisms of this effect.

The mechanism through which bright light treatment

affects anxiety and depression behaviors is yet unknown.

One assumption is that morning bright light treatment

causes a phase-advance of the circadian clock (Lewy et al.

1998). In line with this hypothesis, giving melatonin to

patients in the morning (which causes phase delay) made

them feel worse while giving melatonin in the afternoon

(which causes phase advance) made patients feel better.

Another possibility is that morning bright light treatment

ameliorates anxiety and depression by reducing and timing

the secretion of melatonin as bright light suppresses mel-

atonin secretion, and more so in the morning (Rosenthal

et al. 1984). It is also possible that depression and anxiety

results from a combination of the two. Having a diurnal

animal model that shows such a similarity to human

K. Krivisky et al.

123

Author's personal copy



depression and responds to bright light treatment will allow

us to test these hypotheses.
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