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Previous studies have shown that caffeine has beneficial effects on cognitive impairment in
sleep deprived male rats. Therefore in the present study, we examined the effects of chronic
caffeine administration on learning and memory impairments induced by sleep deprivation
(SD) in the intact and ovarectomized (OVX) female rats. Two sets of animals including intact
and OVX were randomly recruited into the following subgroups: control, SD, wide platform
(Sham platform), caffeine, and caffeine plus SD. Multiple platform method was used for SD
induction. Spatial learning and memory were determined using Morris water maze (MW M)
task. Throughout behavioral investigation, significant learning impairment was observed in
sleep-deprived OVX rats compared to the intact and the other OVX groups (P<0.05). Short
term memory impairment was observed in both sleep-deprived OVX and intact groups
(P<0.05). 4weeks caffeine administration improved these impairments.

Based on these findings we propose that sleep deprivation impaired cognitive function
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whereas caffeine treatment reversed these impairments.

Introduction

Sleep is a natural physiological process that plays a
pivotal role in normal biological functions (Smith, 1995).
Growing reports show that sleep may be a fundamental
contributor to memory consolidation (Blissitt, 2001;
Diekelmann and Born, 2010). It is also know that there
is a strong correlation between sleep deprivation and
memory impairment (Ferrara et al., 2008). For instance,
sleep deprivation causes the impairment of long term
potentiation in the dentate gyrus (DG) area (McDermott
et al, 2003; Marks and Wayner, 2005), and
hippocampus becomes more active when the
individuals are allowed to sleep after learning task. In
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fact, increased hippocampal activity during sleep
contributes to the acquisition and consolidation of
memory (Gais et al., 2007).

It seems that some features such as sleep patterns,
sleep quality, learning and memory capacity and even
sleep disorders are gender dependent (Reyner et al.,
1995; Tsai and Li, 2004). Moreover, it has been shown
that daily functioning in men who sleep less than seven
hours at night is better than women, suggesting that
women are more vulnerable to sleep deprivation
(Barnett et al.,, 1987). In addition, sleep difficulty
increases markedly at menopause because of unclear
hormonal mechanisms (Eichling and Sahni, 2005).
Evidence indicates that steroid hormones have some
effects on sleep and central nervous system processes
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related to sleep (Manber and Armitage, 1999). Previous
studies suggested a neural basis for sex difference in
hippocampus dependent learning task (Maren et al.,
1994). Estrogen level can alter memory during the
lifespan of the female. Indeed, when estrogen
increases, dendrite spine density increase on pyramidal
cells in the prefrontal cortex and hippocampus and
improve memory functions (Luine and Frankfurt, 2013).
Estrogen in its acute form facilitates the effect of
glutamatergic transmission, and long-term potentiation
(LTP) which provides a potential explanation for the
considerable influence of steroid on behavior pattern.
Recent works have identified the mechanism which
underlies this synaptic action (Kramar et al., 2013).
Caffeine is used commonly as a central nervous
system stimulant (Ferré, 2008) which is found in
several beverages and food. Caffeine has beneficial
effects on cognitive impairment and neurodegenerative
disease including Alzheimer’s and Parkinson’s disease
because of its neuroprotective effects (Dall'lgna et al.,
2004; Dall'lgna et al., 2007).

Previous studies have shown that low doses of caffeine
administration have positive effects on learning and
memory (Angelucci et al.,, 2002); additionally chronic
caffeine consumption prevents learning and memory
impairment in Alzheimer disease (Dalllgna et al.,
2007). The beneficial effects of caffeine administration
on memory may be related to its nonselective
antagonistic effects on adenosine receptors (Takahashi
et al., 2007; Pires et al., 2009).

Indeed, another study has shown that caffeine prevents
spatial short-term memory and E-LTP impairments
induced by 24-h sleep deprivation in CA1 area of the
hippocampus of male rats (Alhaider et al., 2010b).
However, no information is available about the effect of
caffeine administration on the damaging effects of SD
on the cognitive function in female rats. The aim of the
present study was to examine the effects of chronic
caffeine treatment on SD-induced impairment of
learning and memory in the intact and ovarectomized
female rats.

Materials and methods

All experimental protocols and treatments were
approved by the Ethical Committee of the Kerman
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Neuroscience Research Center (EC/KNRC/92-30) that
was completely in agreement with the “NIH Guide for
the Care and Use of Laboratory Animals”. Adult intact
and OVX female Wistar rats, weighing 200— 250 g,
were randomly assigned into five subgroups: Control,
SD, wide platform (sham platform), Caffeine and
Caffeine/SD. A sham surgery was also performed on a
separate group of rats. All OVX and sham surgery
(submitted to surgery without removing the ovaries)
underwent ovariectomy surgical procedure (n = 8 for
each group). Rats were caged individually and
maintained under constant temperature (23 £ 1 °C) and
12-h light—dark cycle (light on at 07:00). They had free
access to standard food and water.

All female were bilaterally ovariectomized under
general anesthesia (60 mg/kg ketamin and 10mg/kg
xylazin). All of the ovarectomized rats were used after 1
month of surgery to prevent or minimize any hormonal
influence originating from their reproductive cycle
(Saadati et al., 2015)

Caffeine (Sigma Aldrich) was orally consumed for 4
weeks in drinking water (0.3 g / L) (Alhaider et al.,
2010b). The range of the daily consumption of caffeine
by each rat was between 16-20 mg. The amount of
water consumed by rats in the caffeinated groups
during the 4 weeks was not significantly different than
that of the control group. During sleep deprivation of
the caffeine/sleep deprivation group, we added the
same concentration of caffeine in the aquarium water in
case the rats drink from aquarium water rather than
water bottles.

The rats in SD and caffeine / SD groups were sleep-
deprived for 72 h using the columns-in-water method
(modified multiple platform model). Four rats from the
same cage were placed in an aguarium containing 10
circular platform platforms (10 cm height, 7 cm
diameter) whose tops were 2 cm above the water.
Platforms arranged in two rows and spaced 10 cm
apart (edge to edge) so that the rats could move freely
around by leaping from one platform to another.
Because the animals can move freely within such
multiplatform chamber, it is reported that they
experience less immobilization stress compared to the
widely used single platform model. Rats woke as they
fell into the water each time they reached the REM
sleep phase because of loss of muscle tone. During the
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sleep deprivation period, rats had free access water
bottles and food pellets baskets hanging from the top of
the chamber. We also tested the effects of possible
stress causing elements of the chamber environment
by using a wide platform (15 cm in diameter), which
allowed the rats to sleep without falling into the water
(Hajali et al., 2012).

The Morris water maze is one of the most greatly.
Widely used models in behavioral neuroscience for
evaluating the potential effects on spatial learning and
memory in experimental manipulation.

This device is a black circular pool (160 cm in diameter
and 80 cm in height) that was filled to a depth of 40 cm
with water and kept at room temperature. The pool was
separated into four equal quadrants. A black square
platform (10 cm in diameter) was centered in northeast
guadrant of the pool and submersed 1.5 cm into the
water so that it was imperceptible at water level. The
experiments were done in the dimly lit light room with
spatial cues which were attached to the walls around
the maze at different points. Noldus Ethovision system,
version 7.1, is a smart video tracing system that
recorded the performance of rats. Also, it can be traced
on the monitor of the computer.

In this test there are three blocks with 30 minutes. Each
block included four sequential trials each taking 60s
(Inter-trial interval=30s). Rats were release randomly in
the water maze while facing the wall of each quadrant.
After each rat found the platform, it was allowed to stay
there for 20s and then it was relocated to its cage to
rest for 10s before starting the next trial. In case a rat
did not discover the platform in 60s it was led to that
platform by the experimenter. The data on time and
distance to find the hidden platform were collected and
analyzed later.

A single probe trial was given 2 h after the last training
trial to test the short term spatial memory in the water
maze. In this trial the platform was removed and rat
was allowed to swim for 60 s. The time and distance
spent in the target quadrant (quadrant 4) were
analyzed as a measure of spatial memory retention
(Saadati et al., 2015).

All comparisons among the groups were also analyzed
with two-way ANOVA followed by Tukey's post hoc
multiple comparison test. The averages for different
groups also were compared using one-way ANOVA,
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followed by Tukey test. Data was explained as Means +
SEM of eight rats per group. The statistical significant
level was considered as P < 0.05.

Results

To investigate whether sleep deprivation and/or
caffeine administration affects learning and memory in
female rats, the Morris water maze was used in the
present study. The result of mean distance and escape
latency to find the hidden platform in the Morris water
maze test in the intact female rats were shown in figs. 1
and 2A. Our results showed that there was no
significant difference (P>0.05) in spatial learning among
control, wide platform, SD, caffeine and caffeine/SD in
the intact female rats. Therefore SD and caffeine
couldn’t impair the spatial learning in intact female rats.
As shown in Figs. 1 and 2B, the mean distance and
escape latency were increased in the SD-OVX group
compared to other groups. These result showed that
SD impaired the spatial learning in SD-OVX female
rats.

In the MWM test the mean of the traveled distance
(986.03 + 47.08 vs. 598.32 + 12.82; P<0.001) and
escape latency (46.43 +1.37 vs. 36.87 + 2.37; P <0.05)
were also both increased in the SD-OVX group in
comparison with the SD- intact female rats. Meanwhile,
the ability of the sleep deprived OVX rats to find the
hidden platform was obviously enhanced through
caffeine administration (Figs. 1 and 2B). This was also
indicated by the significant reduction in their swimming
distance (577.75 £ 46.15 vs. 986.03 + 47.08, P = 0.001;
Fig 1B) and a reduction in the escape latencies (25.74
+2.04 vs. 46.43 £ 1.37; P = 0.001; Fig 2B) in caffeine
/SD group compare to SD group in OVX female rats in
the MWM test.

Among sham (wide platform), control, caffeine and
caffeine /SD groups of intact and OVX female rats,
the distance and escape latency to find the hidden
platform in the water maze was did not show any
major significant (Figs.1 and 2). Therefore, the caffeine
and caffeine/sleep deprived rats of intact and OVX
female groups did not perform significantly better than
those of the control groups in their learning phase.

Two hours after the acquisition phase, a probe test was
performed to determine short term spatial memory
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Fig. 1. Effect of sleep deprivation (SD) and/or chronic caffeine treatment on the spatial learning in the Morris water maze test in
the intact (A) and ovariectomized (OVX)(B) female rats. Traveled distance to find the hidden platform in the OVX (B) female rats
increased compared with other groups .Therefore 4 weeks caffeine treatment attenuated this impairment. Each point is the
Meant SEM. ***P<0.001 indicating the significant differences from all the other groups.

retention. The results of the probe test indicated that
the sleep deprived intact and OVX female rats spent
less time and shorter distance in the target quadrant
compared to the control, sham (wide platform), caffeine
and caffeine/SD groups (intact females: P<0.05 for time
and distance in the target quadrant; OVX females: P <
0.01 for time and P<0.05 for distance in the target
guadrant; Fig. 3 A and B respectively), which showed
short term memory deficit. However, this impairment
was treated by a 4-week caffeine administration in the
caffeine/ sleep deprived (intact and OVX female)
groups since they spent more time and distance in the
target quadrant than the sleep deprived rats (Fig. 3).
There was no significant difference between the
performance of the caffeine and caffeine / sleep
deprived rats, and that of the control and sham (wide
platform) group in the short term memory test in both
intact and OVX female rats.

Additionally, the sham operation and control groups of
intact and OVX female rats had similar performance in
MWM test (results not shown).

The result of the swimming speed and visual test
showed no difference in escape latency in search for
the visible platform among all female rats (Table 1).

Discussion

In the present study, the effect of chronic caffeine
treatment on SD-induced impairment of spatial learning
and memory were investigated in intact and
ovarectomized female rats. Our findings indicated that
72h SD could impair the learning ability only in the OVX
and memory in both intact and OVX rats, but this
memory impairment severely worsened in SD-OVX
group. Meanwhile caffeine administration reversed
these impairments.Much evidence verify the harmful
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Fig. 2. Effect of sleep deprivation (SD) and/or chronic caffeine treatment on the spatial learning in the Morris water maze test in
the intact (A) and ovariectomized (OVX) (B) female rats. Escape latency to reach the hidden platform in OVX female rats
enhanced compared with other groups. Meanwhile caffeine administration improved this impairment. Each point is the

mean+SEM. ***P<0.001 vs. all groups.

impact of SD on hippocampus-dependent learning and
memory (Alvarenga et al., 2008). Additionally,
numerous studies have shown that sleep deprivation
unfavorably, effects functions of the central nervous
system, it especially impairs the ability to form new
information and disrupts memory consolidation
(Dubiela et al., 2010). Our previous studies indicated
that sleep deprivation impaired cognitive function
(Hajali et al., 2012; Saadati et al., 2015) and long term
potentiation in the CAl1 area of the hippocampus of
female rats (Saadati et al., 2014b).

In addition, our results show that the sleep deprived
OVX female rats have the most impaired learning
ability in the MWM task. Therefore, sleep deprived OVX
female rats are more susceptible to the effects of sleep
deprivation on cognitive functions as compared with
intact female animals (Hajali et al., 2012; Hajali et al.,
2015; Saadati et al., 2015), furthermore cognitive

impairment is induced by sleep deprivation probably by
decreasing BDNF protein and mRNA expression in the
ovariectomized female rats (Saadati et al., 2014a).

In addition, other experiments has provided evidence
that estrogens have been suggested as possible
therapeutic agents for improving cognition in
postmenopausal women, Indeed certain types of
hormone therapy improve cognition and reduce the
incidence of Alzheimer's disease in postmenopausal
women (Barha and Galea, 2013). Moreover it was
previously shown that estrogen therapy given to
postmenopausal women might protect against specific
cognitive declines (Sherwin and Henry, 2008).
Therefore, it is reasonable to postulate that
reproductive hormones have protective effects against
cognitive impairments.

In the current investigation, we used the multiple
platform method to induce sleep deprivation. This
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Fig. 3. Effect of sleep deprivation (SD) and/or chronic caffeine treatment on the spatial short term memory in the Morris water
maze test in intact (A) and ovariectomized (OVX)(B) female rats. The time and distance in the target quadrant decreased
significantly in the SD intact and OVX female groups in compared to the other groups. However, impairment in short- term
memory caused by SD in intact and OVX female rats was reversed by 4 weeks caffeine administration.

Each point is the mean+ SEM. **P< 0.01 and *P<0.0 5 indicating the significant differences from all the other groups.

method disrupt 95% rapid eye movement (REM) sleep
because of loss of muscle tone and can also
interferewith NREM sleep (Machado et al., 2004). The
best way to control for the aquarium environment in SD
studies was the use of wide platform columns. The
advantages of these platforms allow rats to be
undisturbed. Evidence indicated that cognitive ability of
rats on a wider platforms held in aquarium for 24 hours
was not significantly different from the home cage
control rats (Zagaar et al., 2012). Because animals in
the wide platform groups did not show any significant
alterations in cognitive performance compared with
control groups, as well as the result of the visible
platform experiment and swimming speed we have
evidence to suggest that 72h of SD has no significant

effect on mood, motivation or sensorimotor
coordination of rats. Additionally, there was no
significant difference in plasma corticosterone levels
among all groups of the female rats in the recent study
(Hajali et al., 2012; Saadati et al., 2015). Therefore, we
can conclude that such observed impairments do not
appear to be related to a non-specific effect of multiple
platform technique.

Our data indicated that 4 weeks caffeine administration
prevented cognitive impairments induced by sleep
deprivation in female rats. Previous studies reported
that caffeine prevents the SD-induced reduction in the
levels of P-CAMKII and subsequent impairment of LTP
in the DG region in male rats (Alhaider et al., 2010a).
The protective mechanism of chronic caffeine treatment
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Table 1: Swimming speed and latency to escape onto the visible platform in the intact and ovariectomized female rats.

Group Swimming speed (cm/s) Escape latency (s)

Intact

Control 23.25+0.4 25.33+1.97
Wide platform 21.08 £0.48 25.28 + 3.53
SD 22.57 +0.58 27.14 + 3.76
Caffeine 23.67 +0.50 22.71 +2.65
Caffeine/SD 23.16 +0.48 26.71 +1.30
OoVvX

Control 2148 +1.83 23.13 +2.37
Wide platform 24.35+1.48 24.37+1.43
SD 23.72 +1.15 21.54 +3.43
Caffeine 21.64+1.12 22.86 +2.48
Caffeine/SD 2448 +1.74 24.31 +2.87

Comparisons of swimming speed and latency to escape onto the visible platform in Morris
water maze among groups were performed using one way analysis of variance (ANOVA)
(the differences were not significant). Data are means + S.E.M. (8 rats/ group).

against SD-induced E-LTP impairment may involve
preventing the decrease in the level of P-CAMKII in
sleep-deprivation rats (Pettit et al., 1994). Although
caffeine can act by way of several mechanisms of
action inclusive of antagonism of adenosine receptors
(Kerr et al., 1991). It has been proposed that the
concentration of caffeine typically consumed by human
may act mostly by inhibiting adenosine receptors
(Fredholm, 1995). Nevertheless, some reports show
that caffeine has negative effects on cognitive
performance (Angelucci et al., 1999). Such discrepancy
may be attributed to differences in type of memory test
experimental protocols.

Under our experimental situation, 4 weeks caffeine
treatment alone has no effect on spatial learning and
memory in control groups of intact and OVX animals.
However, in the presence of sleep deprivation, caffeine
antagonizes the deleterious effect of sleep deprivation
on learning and short-term memory. This is consistent
with a recent report (Alhaider et al., 2010a). These
findings support the concept that maybe caffeine exerts
positive effects, when there is cognitive impairment.
Therefore, caffeine seems to be a protector rather than
a enhancer of cognitive performance.

Conclusion

Collectively, our result showed that sleep deprivation
for 72h impaired cognitive performance in the intact
and OVX female rats. Also we found that caffeine
administration for 4 weeks attenuated this impairment.
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