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ABSTRACT
Objective: To study the effect of sleep deprivation on memory in rats.
Methods: The experiment was done at Department of Physiology, Meenakshi Medical College &
Research Institute, Enathur, Kanchipuram. Ethical clearance was obtained from CPCSEA. 12 male
Wistar albino rats were used in the study, control group (6) and study group (6). Sleep deprivation was
performed by using single platform method (Flower pot method). Study group was exposed to 5 hours
of sleep deprivation for 5 days. Behavior, learning and memory was assessed using T maze and radial
arm maze.
Results: Rats subjected to sleep deprivation showed alteration in behavior and memory impairment. In
T maze, there was significant increase in time spent in left arm, number of fecal bolus count with
significant decrease in number of rearing, grooming and number of urination were decreased when
compared with control group. In Radial arm maze impairment in memory was observed when
compared with the control group.
Conclusion: Rats showed memory impairment after subjected to sleep deprivation, which was assessed
by standardized T maze and Radial arm maze.
Keywords: Single platform method, T Maze, Radial arm Maze.
INTRODUCTION
Sleep is a naturally or artificially induced state of
sensory and motor activity1. Sleep occupies
approximately one-third of a person’s life19.
Normal adult have 8 – 9 hours of sleep in a day.
Sleep has two phases; Non-rapid eye movement
sleep (NREM) and rapid eye movement sleep
(REM). Sleep includes 5-6 cycles / day. Each cycle
has NREM sleep for 70 minutes and REM sleep for
20 minutes12. NREM sleep is generated by pre optic
region of hypothalamus and its adjacent basal
forebrain. REM sleep is generated by pons and
adjacent portions of midbrain10. Suprachiasmatic
nucleus (SCN) maintains the circadian cycle in the
mammalian body. One of the most prominent
circadian rhythm is the cycle of sleep and

wakefulness. All physiologic and behavioral
functions are generated by a circadian pacemaker of
SCN located in the anterior hypothalamus11. Sleep
plays a major role in wound healing, basal
metabolic rate, energy conservation, development
of brain, learning and memory processing,
cognitive functions, dreaming22.
Sleep deprivation is the condition of not having
enough sleep. It is considered as an extreme case of
sleep reduction, in that the organism is simply
awake for a prolonged period of time2. Deprived
sleep may occur due to various reasons like
physiological stress, a poor sleep environment and
an inconsistent sleep schedule. Common
physiological effects of deprived sleep are
headache, malaise, increased blood pressure,
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increased stress hormone levels, irritability,
confusion, memory lapses, and depression21.
Recalling of learned events at conscious or sub
conscious level is called memory, which includes
non-declarative
(procedural)
memory
and
declarative memory constituting short term
(working) memory and long term memory9.
Memory consolidation is a slow process which
converts learned events into a more permanent or
enhanced form by uniting the medial temporal
lobes and neocortical areas7. Paradoxical sleep (PS)
has a major role in the development of nervous
system and neural plasticity; it is also assumed that
immediate or short term memory storage takes
place during PS4. Brain-derived neurotrophic factor
(BDNF) is a member of the neurotrophin family,
which plays important roles in the survival,
maintenance, and growth of neurons. It supports the
growth of many neurons, complexity of dentrites in
the cerebral cortex. It also enhances synaptic
transmission and long term potentiation which is
considered to be a potent cellular mechanism in
learning and memory. The purpose of this
experiment is to study the effect of paradoxical
sleep deprivation on memory in rats.
MATERIALS AND METHOD
The experiment was carried out in the Department
of Physiology, Meenakshi Medical College hospital
and Research Institute, Enathur, Kanchipuram.
Proper ethical clearance was obtained from
Institutional Animal Ethical Committee. 12 male
Wistar albino rats weighing 800 to 900g were used
for the study. The animals were grouped into 2
groups with 6 animals in each; Control group (6)
and study group (6). The animals were adapted to
the laboratory environment 7 days prior to the
initiation of the experiment and 12 hours dark/light
cycle was maintained (4). Study group rats were
subjected to sleep deprivation by single platform
method. Control group rats were left free in home
cage with free access to food and water in the same
environment were sleep deprivation is performed
during the period of experiment.

Single platform method: This apparatus consists
of a small platform (6.5 cm in diameter and 10 cm
high) inside the chamber (22 x 22 x 35 cm) (Fig:1).
The platform was submerged in water until 1-2 cm
below its surface (Jouvet et. al. 1964)16. Rats were
placed over the small platform for 5 hours for 5
days between 9.00 am to 2.00 pm for sleep
deprivation. After 5 days of sleep deprivation the
rats were allowed to explore in T maze and radial
arm maze.
T maze: It is used to assess rodent behavior with
reference and working memory. A wooden T maze
apparatus was made which has a stem (50x16 cm),
right arm and left arm (50x10 cm). The side walls
are raised to 30 cm height4 (Fig: 2). Rats were
exposed to T maze for 10 minutes then observed for
side preference.
Radial arm maze: It is used to evaluate working
memory. It consists of eight equally spaced arms
from octagonal central platform. Each arm
measures 50x12 cm extends from octagonal shaped
central hub of 30 cm diameter. The platform is
elevated 40 cm above the floor. Small food wells
(3cm in diameter) were placed at the end of each
arm (Fig:3). Rats were exposed for 10 min to
observe how rats were using the spatial cues and
working memory for choice of arm. Rearing,
grooming, urination and fecal bolus count were also
observed to assess the level of stress due to sleep
deprivation method.
RESULTS
The scores were tabulated, mean and standard
deviation was calculated using student t-test (Table
1.1) Significant increase (P< 0.05) in the time spent
in left arm of T maze was observed in sleep
deprived rats when compared with control group
rats. In T maze rearing, grooming & fecal bolus
count were also increased and urination was
decreased in sleep deprived rats than control group
(Table 1.2). In Radial arm maze, impairment in the
memory level was observed by significant increase
(P< 0.05) in the error scores of sleep deprived rats
than control rats (Table 2).
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DISCUSSION
In our study, we have found that 5 hours of sleep
deprivation for 5 days produces various behavioral
alterations linked with memory impairments. Sleep
is a common feature of many sleep disorders in
humans. For this reason effect of behavioral and
memory performances were seen in animal models
of interest2. Sleep deprivation can have negative
consequences on both the body and the mind
interfering with physical energy and cognition.
Memory loss is often associated with old age, but
even young people may experience the cognitive
impairment if they have sleep reduction.
This study also correlates well with the report given
by Health News Team (2011) which shows that
adenosine reduction after sleep deprivation that
could be due to the increased levels of nucleosides
which might lead to decrease in memory loss and
attention deficits.
In our study, we have identified that sleep
deprivation is a potent stressor inducing behavioral
changes which is also similar to the findings of
Shyamala et. al., (2012) reported that REM sleep
deprivation enhanced the plasma corticosterone
level. Increased level of lipid peroxidation was also
reported with free radical induced neuronal
damage, in thalamus and hypothalamus.
The sleep deprivation performed by using flower
pot method showed a significant increase in error
scores of radial arm maze when compared with
control group rats which indicates impairment in
memory level which is also similar to the findings
Shenghui Li, 2009, who reported that 48 hours of
REM sleep deprived rats showed impairment in
retention of acquired spatial reference memory in
Morris water maze than control group. The
impairment continuously existed even after 24 and
48 hours of release from sleep deprivation could be
due to decrease in the levels of acetylcholine and
synaptic connections in hippocampus, which
mainly impairs spatial reference memory. This
shows REM sleep is mainly required for memory
consolidation (Chumin Zhu et. al., 2008).

The increase in error scores in Radial arm maze
also correlates well with the findings of Saha et.
al.,2010, who explained that the alteration of
memory & behavior could be due to decrease in
level of melatonin which leads to increase in free
radicals, a probable effect of sleep deprivation.
Simultaneously, there was an increase in the time
spent in left arm of T maze of sleep deprived rats
showing inability to recognize the spatial cues
which might be due to inactivation of Zif268 gene
during
sleep
deprivation
which
inhibits
consolidation of memory. (Carmel et. al., 2003). He
also reported that sleep deprivation impaired
performance on hippocampus – dependent spatial
learning task, reduced neuronal excitability in CA1
pyramidal neurons. He also explains that
consolidation of memory was reduced due to
inhibition of CA1 pyramidal neurons and dendate
gyrus granule cell because of long term potentiation
of synaptic strength inhibition.
CONCLUSION
Thus rats on exposed to sleep deprivation showed
impairment in memory. Failure to acquire adequate
sleep produces various changes in the development
of memory due to several cellular and molecular
level
alterations
inhibiting
hippocampal
functioning. But still the exact mechanism causing
the alterations in memory remains unclear. Hence
further studies involving molecular parameters
might help in understanding the mechanism of
memory impairment following sleep deprivation.
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Fig:2 Rat in T Maze

Fig:3 Rat in Radial arm maze

Table 1.1 Time spent in T maze (Memory)
T MAZE
(Time spent in sec)
STEM
CENTER
LEFT ARM

CONTROL(n=6)
MEAN SD
231.66
67.75
215.50
129.76
108.00
69.83

STUDY GROUP (n=6)
MEAN
SD
137.67
54.55
385.17
143.27
34.88
19.75

P VALUE
0.0259**
0.0573*
0.0484**

* Significant value (P<0.05)
** Highly significant
Table 1.2: Behavioral assessment (T maze)
CONTROL GROUP
(n=6)

STUDY GROUP
(n=6)

MEAN

SD

MEAN

SD

URINATION

1.33

0.81

1.66

0.75

0.3604

FECAL BOLUS

5.16

1.60

1.66

1.03

0.0008*

REARING

21.66

11.34

17.00

6.69

0.2052

GROOMING

13.66

9.17

12.16

9.04

0.3906

BEHAVIORAL
ASSESSMENT
(Number of times)

*Significant value (P<0.05)
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Table 2: Working memory assessment (Radial arm maze)

SCORES
ERROR
(Rat entering the arm
previously entered)
CORRECT
(Rat entering only once
in a arm)

CONTROL GROUP
(n=6)
MEAN
SD

STUDY GROUP
(n=6)
MEAN
SD

P VALUE

10.17

2.14

6.33

4.366

0.0466*

6.67

1.50

5.83

1.4

0.1776

*Significant value (P<0.05)
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