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Abstract: Anxiety and depressive symptoms are generated after paradoxical sleep deprivation (PSD).
However, it is not clear whether PSD produces differential effects between females and males. The
aim of this study was to assess the effect of PSD on anxiety- and depressive-like behaviors between
sexes. Male and female BALB/c mice were divided in three groups: the control group, the 48-h PSD
group and the 96-h PSD group. Immediately after PSD protocols, the forced swimming and open
field test were applied. Sucrose consumption test was used to evaluate the middle-term effect of
PSD. We found that corticosterone serum levels showed significant differences in the 96-h PSD
females as compared to 96-h PSD males. In the open-field test, the 48-h and 96-h PSD females
spent more time at the periphery of the field, and showed high locomotion as compared to males. In
the elevated plus maze, the 48-h PSD females spent more time in closed arms than males, which is
compatible with anxiety-like behavior. The forced swim test indicated that the 96-h PSD males spent
more time swimming as compared to the 96-h PSD females. Remarkably, the 96-h PSD males had
lower sucrose intake than the 96-h PSD females, which suggest that male mice have proclivity to
develop a persistent depressive-like behavior late after PSD. In conclusion, male mice showed a
significant trend to depressive-like behaviors late after sleep deprivation. Conversely, female have a
strong tendency to display anxiety- and depressive-like behaviors immediately after sleep deprivation.

Key words: anxiety, depression, female, male, sex-dependent effect, sleep disorder

Introduction

Sleep deprivation can be produced by physical or
psychological factors. In both cases, consequences on
organic homeostasis involve disruptions in circadian
rhythm, mental impairments, hormonal changes and
other medical problems [16]. Regardless the etiology of
dreaming disruption, sleep is a physiological need that
must be satisfied to preserve life [4, 57]. Sleep help pre-
serve the homeostasis of spatial learning [3, 58], mem-

ory consolidation [17, 34] and restoration of neural tissue
[4]. Consequently, substantial changes in the sleep pat-
tern are considered neurological disorders, which may
generate systemic alterations in humans [33], such as:
coronary diseases, stress and activation of pro-inflam-
matory cytokines [19, 25, 44, 52]. Some studies indicate
that sleep deprivation can trigger depressive-type behav-
iors [2]. In contrast, other reports indicate that sleep-
deprived subjects show an antidepressant effect, but this
episode may be transient or can even deteriorate the
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Fig. 1. Experimental design and time course of sleep deprivation and behavioral assays.

clinical course of depression [23, 47]. Yet, the neural
mechanism of this paradoxical finding is not well under-
stood.

In humans, recent evidence indicates that males and
females display different electroencephalographic pat-
terns during the sleep period [5, 13, 38]. Women have
better continuity and efficiency of the sleep period than
men [38]. The administration of exogenous female and
male sex hormones modulates sleep process [27]. Inter-
estingly, insomnia, anxiety, depression, and other psy-
chiatric disorders are more frequent in women [38].
Despite these behavioral differences, most of the ex-
perimental studies about paradoxical sleep deprivation
(PSD) and depressive- or anxiety-like behaviors are
performed in male mice. Female mice have rarely been
included in PSD research. Thus, the current understand-
ing of the influence of sex in the development of anxiety-
and depression-like behaviors in PSD remains unclear.
The aim of the present study was to examine the possible
gender difference in depressive- and anxiety-like behav-
iors at different time points of PSD. Our findings indicate
that sleep deprivation affects males and females differ-
ently in the induction of anxiety- and depression-like
behaviors.

Experimental Procedure

Sixty-day-old BALB/c mice were obtained from the
animal research facility of the Biomedical Research
Center of Guadalajara Mexico. All animals were housed
in standard polycarbonate cages, under constant tem-
perature (22 + 2°C) and were maintained in 12-h light-

dark cycle with free access to food and tap water. Only
female mice with synchronized estrous cycle, determined
by vaginal cytology, were included in the study. All ex-
perimental procedures were performed in accordance to
the guidelines of the Committee on Animal Care and
Research of the University of Guadalajara, Mexico and
special efforts were made to minimize the number of
animals used in this study.

Paradoxical sleep deprivation (PSD) procedure

The animals were randomly divided in six groups
(n=12 animals per group): the control group (males and
females), the 48-h PSD (males and females) and the 96-h
PSD (males and females) (Fig. 1). To produce PSD, the
animals were exposed to a multiple-platform device
interconnected by wood bridges, which allowed mice to
walk freely throughout the device [11, 51]. Briefly, the
mice were placed on 3.5-cm-diameter platforms (25 total)
located in a water tank (1.80 m width and 0.50 m height).
All the platforms were placed 1 cm above the water sur-
face. Thus, when the animals reached the paradoxical
phase of sleep, they presented muscle atonia and fell into
the water and woke up. Food and water were provided
ad libitum by individual feeders located on each plat-
form. Throughout this study, the experimental room was
kept under light-dark cycle (lights on at 07:00 h and off
at 19:00 h) and the water in the tank was also under
controlled temperature (26 £ 1°C). The control group
was maintained under similar housing conditions as
those of the PSD groups. To evaluate the immediate ef-
fects of sleep deprivation in all groups, we quantified the
corticosterone blood levels, anxiety-like behavior and



SEX-DEPENDENT EFFECTS IN SLEEP DEPRIVATION 99

depressive-like behaviors immediately after PSD. To
analyze the long-lasting effects of PSD, we used the
sucrose preference test one day after PSD and for ten
consecutive days.

Corticosterone assay

Animals were decapitated (n=4 animals per sex group)
at 0-h, 48-h and 96-h of sleep deprivation. All animals
were gently handled to minimize stress and samples were
obtained immediately after sleep deprivation at 8:00 P.M.
Blood samples were collected into polyethylene tubes
containing EDTA anti-coagulant and were centrifuged
at room temperature for 10 min at 5,000 rpm. The plas-
ma fraction was isolated and stored at —20°C until pro-
cessing. Samples were analyzed by a researcher ‘blind-
ed’ to group assignment and processed by ELISA
following the kit instructions for Corticosterone Enzyme
Immunoassay (Oxford Biomedical Research).

Behavioral analyses

We selected the BALB/c strain because it consis-
tently exhibits higher levels of emotional reactivity in
the open field than other mouse strains [12]. To analyze
the immediate effects of PSD between sexes on anxiety-
and depressive-like behaviors, we used the open field
test [35] and the forced swim test [36] [8, 9, 41]. To
determine the persistent effects of PSD on behavior, we
used the consumption of sucrose test (SC) [40]. Since
rodents are nocturnal animals and most of their activity
occurs at night [26] we performed all the behavioral
assays after 19:00 h, as described below.

Open field test [35]

The OF is a behavioral test commonly used to assess
spontaneous motor and motivational responses associ-
ated with the natural fear of rodents for exploring open
and novel environments [21]. Thus, rodents need to coun-
terbalance between their natural interest for exploring
and their fear for uncovered areas [7]. The procedure was
performed in a temperature-, noise- and light-controlled
room. The locomotor activity on an acrylic cage (60-cm
width X 60-cm length % 20-cm height) was recorded us-
ing a ceiling-mounted camera. Mice (n=8 per sex and
PSD groups) were placed at the center of the open field
and were left to ambulate freely for 5 min. This period
of time help minimize the physical effort that animals
may be suffering after sleep deprivation. We analyzed
grooming, rearing, locomotor activity and time spent in

the center area. The peripheral area was a 15-cm wide
zone bordering the outer sidewall of the device, whereas
the inner area was the remainder of the central zone (45
x 45 cm). The interpretation of data specifies that a re-
duced frequency of grooming/rearing and motor activity
indicate a higher anxiety level [7, 10, 22]. After each test,
the open field was cleaned with 70% ethanol before a
new animal was tested. An evaluator blinded to group
assignments quantified all data.

Elevated plus-maze test

The plus maze apparatus consisted of two open arms
(50 cm length x 10 cm width) and two closed arms
(50 cm length x 10 cm width), which have opaque walls
(25 cm height) with an open roof [21]. The arms were
arranged so as to the open arms were opposite to each
other and all the four arms were opposite to each other.
All the four arms were connected together with a central
square of 10 cm x 10 cm. The maze was elevated at
60 cm height. Immediately after PSD, all animals were
placed in the center of the maze facing towards one of
the closed arms and allowed to freely walk for 5 min.
We quantified the time spent in open and closed arms as
well as the time spent at the center of device. All assays
were video recorded and analyzed by an observer blind-
ed to group assignments.

Forced swimming test

FS is a widely accepted model for assessing depres-
sive-like behavior [29, 41]. We used this test to evaluate
the depressive-like behavior immediately after PSD in
animals that were not previously exposed to another
behavioral test. Briefly, we used a transparent container
(30-cm height x 20-cm diameter) filled with water (at
27 £ 1°C) to reach a 15-cm depth. Animals (n=8 per sex
group and PSD/control group) were then individually
placed into the cylinder for 5 min. The water in the con-
tainer was changed for each assay. We registered the
swimming behavior as defined by the movement around
the surface of water and throughout the swimming cham-
ber. In this test, a reduced swimming behavior sug-
gested depressive-like behavior [29, 41]. Every behav-
ioral session was video recorded and analyzed by a
‘blinded’ observer to group assignments.

Sucrose consumption (SC)
To evaluate persistent depression-type behavior in-
duced by PSD, we quantified the SC for ten days, as
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described previously [29]. For this purpose, we used
animals that were not previously exposed to other be-
havioral tests. Thus, PSD and non-PSD mice (n=8 per
sex group) were placed for 10 days in housing cages with
two 50-ml drinking tubes: one of them containing dis-
tilled water and another one containing distilled water
plus 1% sucrose (1% w/v). This sucrose concentration
was used to minimize the osmotic effect of glucose [6].
To determine sucrose consumption the total drinking
volume of liquid (including distilled water and sucrose
ingestion) was quantified and the percentage of sucrose
intake was then calculated [40]. Thus, animals with
depressive-like behavior (anhedonia) show a reduction
in SC rates [40]. To avoid habituation, the position of
bottles was changed during the task.

Statistical analysis

All results were expressed as the mean + S.E.M. Non-
parametrical analysis was selected after the kurtosis
evaluation. Thus, statistical analysis was performed with
the Kruskal-Wallis ANOVA test followed by the Mann-
Whitney “U” test with Bonferroni correction to deter-
mine significant differences between groups. The level
of confidence was set at 95% (P<0.05)

Results

Analysis of corticosterone levels in males and females
To determine the effects of PSD in corticosterone
blood levels per animal sex, we quantified the corticos-
terone levels at different time points in all groups (Fig. 1).
In the control groups (time point “0”), we did not find
statistically significant differences (U=2; P=0.157) be-
tween males (60.50 + 7.3 ng/ml) and females (41.07 +
4.4 ng/ml) (Fig. 2). At 48-h PSD, females showed slight-
ly higher levels of corticosterone (245.32 + 63.5 ng/ml)
as compared to males (159.30 + 46.5 ng/ml), but no
statistically significant differences (U=2; P=0.157) were
obtained between sexes in these groups. However, at
96-h PSD, females showed a 3-fold increase (238.05 +
19.2 ng/ml) in corticosterone levels as compared to males
(75.20 £ 37.05 ng/ml; U=0; P=0.034). These findings
suggest that 96-h PSD produces a persistent increase in
the corticosterone levels in females. Throughout this
study, we quantified the food consumption and the
weight gain of all animals. Our data showed no statisti-
cally significant differences in these variables. Thus,
corticosterone changes could not be attributed to this

Corticosterone levels
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Fig. 2. Corticosterone serum levels between females and males
after paradoxical sleep deprivation. In male animals, cor-
ticosterone levels showed a transient increase, whereas in
females showed a persistent increase in hormone levels
throughout the study. Bars indicate mean = SEM.
*P<0.05 among females; **P<0.05 between 96-h PSD
males vs. 96-h PSD females. Statistical test: Kruskal-
Wallis ANOVA.

type of physiological changes.

PSD-induced anxiety-like behavior in males and females

To assess anxiety-like behavior associated with PSD,
we analyzed the spontaneous locomotion and motiva-
tional responses on the open-field maze and the elevated
plus maze. Ten min after PSD, we studied grooming
activity, locomotor performance, rearing and time spent
in the inner (center) area of the field. We found that male
and female controls showed lesser grooming activity
than the PSD animals (Fig. 3A). In the 48-h PSD groups,
male mice (1.61 + 0.43) groomed more frequently than
females (0.06 + 0.03; U=15, P=0.022). No statistically
significant differences were found at 96-h PSD between
males (1.06 £ 0.31) and females (0.43 + 0.31). The
analysis of locomotor activity (Fig. 3B) showed that the
48-h PSD males (296.25 &+ 118 cm) covered shorter dis-
tances than the 48-h PSD females (663 = 107 cm; U=18;
P=0.05). After 96-h PSD, we did not find statistically
significant differences between male (394.37 + 166 cm)
and female mice (513.5 + 101 cm; U=32, P=0.47). No
significant differences were found between the control
groups (non-sleeping deprived animals): males vs. fe-
males. The analysis of rearing behavior did not show
statistically significant differences among groups (data
not shown). Finally, we then evaluated the time spent in
the outer (periphery) area of the open-field maze
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Fig. 3. Anxiety assessment with the open field test and elevated plus maze. In the open field test,
the plots show the comparison between female and male mice in grooming behavior (A),
locomotor activity (B) and time spent in the outer area (C). The time spent in the open arms
of the open field (D) revealed that females spent statistically significant less times as com-
pared to male mice. PSD: Paradoxical Sleep deprivation. Bars indicate the mean = SEM.

*P<0.001, Mann-Whitney “U” test.

(Fig. 3C). Throughout the study, female mice spent more
time in the outer area as compared to male mice. Interest-
ingly, sleep deprivation increased this behavior in the
female groups. Thus, female mice spent more time at the
periphery of field as compared to males at 48-h PSD
(female 165.6 = 18 s vs. males 1.76 = 0.63 s; U=0,
P=0.001) and at 96-h PSD (females 162.4 + 29 s vs.
males 1.41 £ 0.55 s; U=0, P=0.001).

To confirm whether the PSD induced anxiety-like
behavior, we exposed the animals to the elevated plus
maze (Fig. 3D). Our results showed that the 48-h PSD
(44 £ 13 s) and the 96-h PSD (59 + 11 s) females spent
less time at the open arms as compared to the 48-h PSD
(129 £+ 18 s; U=3,000; P=0.004) and the 96-h PSD males
(109 £ 15 s; U=6,000; P=0.02). The reciprocal quantifi-

cation as assessed by the time spent in the closed arms
corroborated these observations. Both the 48-h PSD and
the 96-h PSD females spent statistically significant more
time than males in the closed arms (data not shown).
Taken together, the results of open field and plus maze
data suggest that sleep-deprived females showed more
anxiety-like behaviors than PSD males.

Short-term effects of PSD in depressive-type behavior
To analyze the depressive-like behavior immediately
after PSD, we applied the forced swimming test in ani-
mals that were not previously exposed to another behav-
ioral assay. At 96-h PSD, we found statistically signifi-
cant differences in the time of immobility between males
(28 £ 5 s) and females (85 + 16 s; U=10.5, P=0.014)
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Fig. 4. Short-term effects of PSD in depressive-type behavior.
Immobility time in the forced swim test applied immedi-
ately after PSD. Male mice showed lees depressive-type
behavior as exposed to PSD. Statistically significant dif-
ferences between males and females were only found at
96-h PSD. Bars indicate mean + SEM. PSD: Paradoxical
Sleep deprivation. *P<0.05 among male groups; **P<0.05
between control and 48-h PSD females; ***P<0.05 be-
tween the 96-h PSD male group vs. the 96-h PSD female
group. Statistical test: Kruskal-Wallis ANOVA.

(Fig. 4). No statistically significant differences were
found between the 48-h PSD groups (females 46 £ 5 s
vs. males 42.8 + 13.9 s; U=29, P=0.83). In the control
animals, the statistical analysis between females (82.28
+ 9 s) and males (81 = 8 s; U=26, P=0.87) did not show
significant differences. Interestingly, the 48-h and 96-h
PSD males showed a significant decrease in the time of
immobility as compared with the male control group
(Fig. 4). In contrast, the female mice only showed a de-
crease in the immobility time at the 48-h PSD group
(Fig. 4). Taken together, the progressive reduction in the
immobility time in male mice suggests that they are more
resilient than females to develop depressive-like behav-
iors after PSD.

Long-term effects of PSD in depressive-type behavior
To determine long-term effects of PSD on depressive-
like behavior, we returned the animals to their cages and
sucrose intake was then quantified for 10 days after the
sleep deprivation period. Our data indicates that sucrose
consumption was significantly modified by PSD in both
males and females (Fig. 5). The 96-PSD groups showed
statistically significant differences between females 57

Sucrose consumption
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Fig. 5. Long-term effects of PSD in depressive-type behavior.
Sucrose consumption analysis was done for ten days after
the PSD protocols in both sexes. Bars indicate mean +
SEM. PSD: Paradoxical Sleep deprivation. *P<0.05 be-
tween controls and 48-h PSD males; **P<0.05 among
female groups; ***P<0.05 between the 96-h PSD male
group vs. the 96-h PSD female group. Statistical test:
Kruskal-Wallis ANOVA.

+ 4 ml as compared to males 41 = 6 ml (U=15; P=0.034).
Interestingly, The 48-h PSD did not modify the sucrose
consumption between females (37 =4 ml) and males (58
+ 10 ml; U=2, P=0.157). The control animals did not
show statistically significant differences in this param-
eter: female mice 73 + 5 ml vs. male mice 73 + 3 ml
(U=2, P=0.16). Taken together (Table 1), these findings
indicate that PSD induces a sustained anhedonic behav-
ior in both sexes, but male mice appear to be more sus-
ceptible to display this depressive-like behavior.

Discussion

The present study describes the effect of sleep depri-
vation at different time points and compares behavioral
differences between males and females. Particular care
was taken to use female mice with synchronized estrus
cycle, which may reduce the variation of sex hormones
during the study. Our data suggest that PSD generates
differential anxiety- and depressive-like behaviors de-
pending on individual sex. PSD was performed by the
method of multiple platforms, which is one of the most
used protocols for inducing deprivation of paradoxical
sleep and non-REM sleep [22, 31, 32]. The inclusion of
several platforms promotes the social interaction among
the experimental subjects, which appears to reduce the
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Table 1. Summary of data

103

Males Females
Test
Control 48-h PSD 96-h PSD Control 48-h PSD 96-h PSD

Forced swim

Immobility(s) 817 #43 + 14 8+5 82+9 46 +5 #85+ 16
Open field

Rearing 3+1 T+1 2+1 3+1 1+£0.5 2+0.8

Grooming 0.01 +0.005 2+043 "1+0.31 0.01 £0.005  0.06£0.03 0.43+0.31

Locomotor activity (cm) 764 £ 125 296+ 118 394+ 166 764 + 125 663 + 107 513+ 101

Time spend in the outer area  0.493 £0.3 1.76 £0.64 1.41+£0.55 39.37+19 “165.6 £ 18 “162.4 +29
Elevated Plus Maze

Open arms (s) 92+ 11 129+ 18 109 £15 76+ 16 44 +13 *59+ 11

Closed arms (s) 162+ 13 129 +24 130+ 17 170 £22 225+ 15 "31+5

Sucrose consumption (%) 73+3 58+ 10 41+£6 73+4 "37+4 57+ 4

Corticosterone levels (ng/ml)  60.50 7.3 159 £ 46 75+ 37 41+4 245 £ 63 "238 £ 19

#Statistically significant differences between males and females. *Statistically significant among the control vs experimental

groups of the same sex.

stress associated with the PSD model [1]. This was one
of the main reason to choice this method in our study.
Our findings indicate that male mice showed a significant
trend to depressive-like behaviors late after sleep depri-
vation. In contrast, female mice have a strong tendency
to display anxiety- and depressive-like behaviors im-
mediately after sleep deprivation as compared to males.
To the best of our knowledge, this is the first report that
establishes the behavioral differences in depressive- and
anxiety-like behaviors between males and females after
sleep-deprivation.

In both humans and animals, PSD is associated with
the generation of anxiety- and depressive-type behaviors
[39]. Recent evidence indicates that PSD can induce
opposite effects on these behaviors [22]. Some studies
report PSD-induced antidepressant effects [23, 47],
whereas other studies reveal a depressive-like behavior
after sleep deprivation [22]. Similar contradictory find-
ings have been reported in anxiety-like behaviors in-
duced by sleep deprivation [22]. Several experimental
variables may explain these paradoxical data, such as:
PSD period, observer bias, type of PSD model, animal
strain, etc. [22, 47, 48].

Regarding the implication of the sex of individuals in
behavioral assays, it has been found that males and fe-
males show differential performance in memory and
learning tasks [22]. To the best of our knowledge, this
is the first study that compares the effects of PSD in
males vs. females. Our data confirmed that PSD induces
anxiety- and depressive-like behaviors in all animals.
Interestingly, PSD females appeared to be more suscep-
tible to develop anxiety and short-term depressive be-

havior than PSD males. In contrast, males showed a
proclivity to develop long-lasting depressive-type be-
havior upon PSD. These findings suggest that sex hor-
mones modify the vulnerability of the brain to sleep
deprivation.

Corticosterone levels between sexes

Corticosterone blood level is considered a reliable
indicator of anxiety onset and maintenance [18, 20, 37].
In our study, corticosterone levels were higher in the
96-h PSD female group than in the 96-h PSD male group.
Under physiological conditions, male mice show lower
levels of glucocorticoids than females, which has been
related to the regulation of estrogen receptors in the
hypothalamic-pituitary axis [54]. Testosterone seems to
act as neuroprotective against anxiogenic stimulus as
compared to estrogen [22]. In consequence, male mice
may habituate more efficiently to stressful stimuli [37].

A model of stress by sleep deprivation promotes cor-
ticosterone production [49]. In our study, we found that
male mice showed a transient increase in corticosterone
levels. However 96-h PSD male mice did not show this
increment. Our data also indicate that female mice
showed a persistent increase in the corticosterone levels
after sleep deprivation. These findings support the notion
that males may have more efficient mechanisms against
stressors [22]. Female susceptibility may be attributed
to their high estrogen levels that, in turn, can modify the
expression of D2 receptors in the striatum [15], the cho-
linergic function [37] and the enzymatic activity of
monoamine oxidase into the brain [45, 59]. However,
further studies involving corticosterone supplementation,



104 R. GONZALEZ-CASTANEDA, ET AL.

castrations with sex hormone replacement or antidepres-
sant treatment are needed to clarify the role of hypotha-
lamic-pituitary axis and the balance of serotonin-dopa-
mine in sleep-deprived individuals.

Sleep deprivation promotes anxiety-type behavior

In our study, we found that sleep-deprived females
showed an increase in the time spent at the outer area of
the field, which is indicative of anxiety-like behavior.
Tucker ef al. 2015, reported similar behavioral findings
in brain injured female mice [50]. They observed that
locomotor and cognitive performance of female animals
varied according to the estrus cycle of mice, which in-
dicates that female hormones are strong regulators of
behavior. However, some authors suggest that locomotor
performance in the open field is not affect by estrus
cycle variations [56]. The time spent at the corners of
the open field evaluates the natural tendency of animals
to shelter themselves [7]. Herein, we report that PSD-
exposed females remain more time in the outer areas
than males. Locomotion, evaluated in the open field test,
is indicator motivation and anxiety [21, 42, 43]. Our data
indicates that PSD promotes the locomotive activity in
rodents, as reported previously [54, 55]. In the elevated
plus maze the time spent in the open arms is a reliable
indicator of anxiety-like behavior [21], our findings in-
dicated that sleep-deprived females show higher anxiety
level as compared to males. Taken together, this evidence
suggests the presence of sex-dependent behavioral dif-
ferences in PSD animals. Nevertheless, since a 5-min
observation was used in our study, we cannot discard
that longer exposure to the open field may help display
other behaviors in PSD animals.

Grooming activity is considered an adaptive behavior
to stressful situations [24]. Our findings indicate that
males showed more grooming than females. In rodents
as in humans, estrogen hormones appear to promote
anxiety and mood disorders [54]. This may be due to a
positive feedback among the axis hypothalamus pituitary
(HPA), D, dopamine receptors and the monoamine sys-
tem [15, 59]. In fact, sleep deprivation activates dopa-
minergic neurons in the ventral tegmental area [28] and
decreases the expression of dopamine receptors D, and
Dj; in the ventral striatum, which have been associated
with the control of the awakening [53]. Knockout mice
that lack GRs show important sex-dependent differ-
ences in development and hyperactivity of depressive-
type behaviors [14]. This suggests that alterations in the

HPA are associated with the development of depressive-
type behavior in a sex-dependent manner. Yet, the role
of sex hormones in PSD-induced anxiety remains to be
elucidated.

PSD produces a long-term effect in depressive-like
behaviors

A decrease in the activity period in the forced swim
test is an indicator of depressive-type behavior [46]. In
this study, we utilized this test to assess the depressive
behavior immediately after sleep deprivation. Our find-
ings indicate that PSD reduces the depression-type be-
havior when assessed immediately after PSD. In fact,
male mice appeared to be more resilient to display de-
pressive-type behavior as compared to females, but the
biological meaning of these behavioral changes are not
known. An alternative explanation for the changes ob-
served in the forced swim test may be due to an increase
in the locomotive activity induced by PSD [54, 55].
Similar behavioral changes have been related to region-
al changes in neurotransmitter levels [30]. The sucrose
consumption test is a method to evaluate anhedonia
(another depressive-type behavior) in rodents [46]. In
our study, we used this test to investigate the long-lasting
depressive-like behavior. We found that sleep-deprived
males consumed less sucrose compared with females.
Taken together, our findings suggest that males have a
proclivity to show long-lasting depression, but are resil-
ient to develop depressive behaviors immediately after
sleep deprivation. However, a full set of depression as-
says are required to completely determine whether the
sex define depression-like behaviors.

PSD generates sex-dependent effects in anxiety and
depressive-type behaviors. In particular, sleep depriva-
tion promotes anxiety-type behavior in females. Female
mice also show evident depressive-like behavior im-
mediately after sleep deprivation. In contrast, male mice
appear to have proclivity to develop a persistent depres-
sive-like behavior upon sleep deprivation. In summary,
sleep deprivation produces sex-dependent effects in
anxiety and depression.
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