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Light deprivation: An efficient way in inducing depressionlike behavior animal models
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Abstract
Depression as one kind of neuropsychiatric disorder leads to great burden to both the economy and society worldwide. A great number of animal models of depression
emerge with an aim to unveil the underlying pathophysiological mechanism of this serious mental illness. Among of these animal models, depression-like behavior
model induced by light deprivation is of great interest to us. However, the current state of knowledge concerning this kind of animal model of depression has been
relatively few to date. In the current review, we concisely summarized some key historic and recent studies related to depressive-like phenotypes induced by light
deprivation, and emphasized the importance of this efficient, convenient as well as inexpensive method in producing depression-like behavior animal models.
Moreover, it was highlighted that light therapy when combined with some other antidepressant treatment was much more powerful and efficient. Last but not the
least, much more efforts were also made to outline the possible mechanisms underlying how light deprivation producing the depressive-like phenotypes in animal
models, in order to shed some light on the future studies on depression.

Introduction
Depression as one kind of life-threatening mental illness is
prevalent and effects around 20% of the world’s population [1].
Depression is considered as the fourth leading cause of disability, and
is presumed to rank to the second place by 2020 [2]. A large body of
depression-like behavior animal models emerged in order to decipher
the pathophysiological mechanisms underlying this neuropsychiatric
illness [3-11]. Details of some of these animal models of depression
have been extensively documented by two recent reviews [3,5].
However, historic reviews pertaining to animal models of depression
produced by light deprivation, to some extent, have been relatively few
so far. In this short review, we briefly summarized the current state of
knowledge regarding depression-like behavior animal models induced
by light deprivation, and highlighted the relatively high efficiency of
this method in producing depressive-like phenotypes. Also, a short
glance at light therapy in depression and the potential mechanisms
underlying light deprivation inducing depressive-like phenotypes were
provided.
Light plays crucial roles during the occurrence of depressive-like
phenotypes. It has been confirmed that either a chronic constant light
[12] or the light deprivation [11,13,14] could well produce depressionlike behaviors in rodents. In addition, light was also effective in
regulating mood and light deficiency could potentially result in
depression. It was documented that the occurrence of depression was
relatively higher in high latitudes where there was a limitation of light
exposure [15]. A historic study showed that keeping rats in constant
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darkness for 6 weeks could produce obvious anatomical and behavioral
features similar to depressed patients [11], which strengthens the
potentially important association between the light and the occurrence
of depression. Our recent study showed that light deprivation could
successfully lead to a depression-like behavior mouse model [10]. In our
study, mice treated with constant light deprivation for 3 weeks showed
typical depressive-like phenotypes characterized by the significant
increase in immobility time in both the forced swimming test and tail
suspension test. Moreover, the anti-static fatigue test and exhaustive
swimming test were carried out to investigate the effects of light
deprivation on the locomotor activity of this depression-like behavior
mouse model. Interestingly, it was confirmed that the duration of
pole-climbing in the anti-static fatigue test and swimming time in the
exhaustive swimming test were notably decreased in light deprivation
mice, indicating that light deprivation weakens both the static and
dynamic locomotor activity of the depressive-like mice. The decreased
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active behaviors of light deprivation mice revealed the stereotyped
characteristics of depressive-like phenotypes, further highlighting the
efficiency of light deprivation in inducing depression-like behavior
animal models. Moreover, our another recent study confirmed that light
deprivation not only could well produce a depressive-like phenotypes
in mice but also result in sexual dimorphic effects on neural excitability
and depression-like behaviors [9]. Collectively, all these evidence calls
for making some room for the efficient role of light deprivation in
producing depression-like behavior animal models.
On the other hand, nowadays bright light therapy has been
considered as an efficient way in antidepressant treatment [16-21].
One recent study exploring the effectiveness of light therapy on
college students who suffered form depression demonstrated that
light therapy could successfully relieve depressive symptoms and
remarkably increased improvements in overall depression scores [22].
Besides, light therapy could also ameliorate some other symptoms
(bad sleeping behaviors, somatic aches and pains and concentration
difficulties, as well as appetite problems) accompanied with depression.
This promising study strongly suggests that light therapy may be an
effective and inexpensive means for alleviating symptoms of young
adult depression. In addition, it has been confirmed that light therapy
for depression was much more powerful and efficient when combined
with other antidepressant treatment methods [23,24], implying
the meaningful perspectives of light therapy in the treatment of
depression. In sum, as aforementioned above, light therapy is effective
and convenient as well as inexpensive in successfully ameliorating
depression symptoms, which in further underscores the importance
of normal and enough light exposure in avoiding the occurrence of
depression. Also, the effective role of light therapy, from the other side,
is supportive for the feasibility and efficiency of light deprivation as a
convenient way to induce depression-like behaviors in animal models.
Though a great number of studies have been focused on depressionlike behavior rodent models in order to unveil the mechanisms
underlying the pathophysiology of depression [25-29], information
concerning the mechanisms underlying light deprivation producing
depression-like behaviors, however, is still limited to date. In the
study by Gonzalez and Aston-Jones (2008), it was reported that light
deprivation could lead to neural damage in monoamine brain systems,
which, as they presumed, was associated with the depressive behavioral
phenotypes in rats [11]. This suggests that prolonged limited light
exposure may negatively affect mood and underlies the occurrence of
depressive-like phenotypes in rats. Our recent study indicated that light
deprivation could change motor cortical neural microcircuit, which may
underlie the depression-like behaviors of mice [10]. It was confirmed
that light deprivation decreased the proportion of burst firing layer 5
pyramidal cells in the motor cortex. Also, light deprivation suppressed
the intrinsic electrophysiological properties of motor cortical layer 5
pyramidal cells. Moreover, light deprivation could lead to changes of
the proportion of excitatory synaptic subtypes of layer 5 pyramidal
cells. More interestingly, light deprivation decreased the synaptic
connecting probability whereas increased the synaptic transmitter
release probability and the absolute synaptic strength of excitatory
synaptic connections formed by motor cortical layer 5 pyramidal cells.
Our findings strongly support that light deprivation could well produce
a depression-like behavior mouse model, and highlights the changes in
motor cortical neural microcircuit induced by light deprivation being
a potential mechanism underlying depression. The other possible
underlying mechanism of light deprivation inducing depressive-like
phenotypes is that light deprivation could change some inflammatory
cytokines related to depression [30]. There are some evidence showing
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inflammatory cytokines playing some roles in depression [31-33], and
some inflammatory cytokines were especially increased in patients
with depression [34,35]. Thus, it could be reasonable that light
deprivation as a stress may induce some great changes in the immune
system, which, in the end, will lead to the increase or decrease of some
key inflammatory cytokines closely associated with depression. Last
but not the least, circadian changes resulted from light deprivation
is another quite possible mechanism underlying the pathophysiology
of depression, which was strongly supported by both historic studies
[11,15] and some recent research [36,37]. Though all these existing
evidence, much more efforts are still needed to decipher the potential
mechanisms underlying light deprivation inducing depression-like
phenotypes in the future studies.
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