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A B S T R A C T

Aims: The current study aims to evaluate the possible protective effect of omega-3 fatty acids on memory im-
pairment induced by sleep-deprivation in rats.
Materials and methods: Animals were chronically sleep deprived using the modified multiple platform model
(8 h/day for 8 weeks). Omega-3 fatty acids were administered as fish oil via oral gavage at a daily dose of 100mg
omega-3 PUFA/100 g BWT. The spatial learning and memory were evaluated using the radial arm water maze
(RAWM). Additionally, the following oxidative stress biomarkers were measured in the hippocampus: glu-
tathione (GSH), oxidized glutathione (GSSG), GSH/GSSG, glutathione peroxidase (GPx), catalase, superoxide
dismutase (SOD), and thiobarbituric acid reactive substance (TBARS).
Key findings: Animals in the SD group committed significantly more errors in both short- and long- term memory
tests of the RAWM compared to other groups. On the other hand, animals that were sleep deprived and treated
with omega-3 fatty acids committed similar number of errors compared to the control group. This indicates that
SD impaired both short- and long- term memories, and that chronic omega-3 fatty acids administration pre-
vented these effects. Omega-3 fatty acids also prevented the decreases in hippocampal GPx, catalase and GSH/
GSSG ratio and normalized the increases in GSSG levels, which were impaired by SD model. No changes were
observed on hippocampal TBARS levels, or activity of SOD among experimental groups.
Significance: In conclusion, a protective effect of omega-3 fatty acids administration has been observed against
chronic SD-induced memory impairment probably via improving hippocampus antioxidant effects.

1. Introduction

One of the important elements of human welfare and general health
is memory that requires enough and comfortable sleep. Sleep is a pro-
tective mechanism that maintains homeostasis of autonomic, neu-
roendocrine and immune system [1–5]. Sleep is divided into two major
categories: the rapid eye movement (REM) and the non-rapid eye
movement (NREM) [6]. An essential cognitive benefit of sleep is to set
newly acquired memory for long-term durations [7]. In fact, REM sleep
duration is increased after active learning processes [8,9].

Sleep deprivation (SD) is increasingly spreading through modern
lifestyles [10,11]. As a result, studying the relationship between sleep
deprivations and cognitive function mainly memory and learning is of
increased importance. The hippocampus region of the brain is affected
by sleep deprivation resulting in memory impairment [12,13]. This
memory impairment is related to increased oxidative stress in the brain,
in particular, the hippocampus [14–18].

Long chain omega-3 polyunsaturated fatty acids (ω-3 PUFA) that
consist of eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) have anti-inflammatory and anti-oxidative properties [19–21].
They also augment beta-oxidation of free fatty acids [22–25], which
reduces the accumulation of toxic free fatty acids derivatives [26,27].
Existing evidence shows that the consumption of ω-3 PUFA plays a
protective role in age-related cognitive decline [28] and Alzheimer's
disease [29]. The effect of Omega-3 fatty acids on memory impairment
is not fully characterized. In this study, the possible preventive effect
Omega-3 fatty acids on chronic sleep deprivation-induced impairment
of hippocampal memory was investigated.

2. Methods

Adult male Wistar rats weighing 200–250 g (8–10weeks old) were
obtained from Jordan University of Science and Technology (JUST)
animal care facility. Animals were kept in plastic cages (around 6 rats

https://doi.org/10.1016/j.lfs.2019.04.028
Received 28 February 2019; Received in revised form 5 April 2019; Accepted 13 April 2019

⁎ Corresponding author at: Department of Clinical Pharmacy, Faculty of Pharmacy, Jordan University of Science and Technology, P.O. Box 3030, Irbid 22110,
Jordan.

E-mail address: khalzoubi@just.edu.jo (K.H. Alzoubi).

Life Sciences 227 (2019) 1–7

Available online 15 April 2019
0024-3205/ © 2019 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00243205
https://www.elsevier.com/locate/lifescie
https://doi.org/10.1016/j.lfs.2019.04.028
https://doi.org/10.1016/j.lfs.2019.04.028
mailto:khalzoubi@just.edu.jo
https://doi.org/10.1016/j.lfs.2019.04.028
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lfs.2019.04.028&domain=pdf


per cage) under suitable hygienic conditions and were left one week to
acclimate before experimental manipulations started. The animals were
kept at room temperature (24 ± 1 °C) with free access to water and
food. Rats were tagged by labeling their tails and they were housed in
12 h light/dark cycle (light at 7:00 am). The whole experimental work
was done in the light cycle following the Animal Care and Use
Committee (ACUC) approval at JUST.

2.1. Animal groups and treatments

Sixty-five rats were randomly distributed into five categories (13/
group): control, Omeg-3 fatty acids (Omega-3), Sleep deprivation (SD),
Wide platform (WPF), and sleep deprivation with Omega-3 Fatty Acids
(Omega-3/SD). The control, WPF and SD groups received the vehicle
(corn oil: 4 μl/g of body weight (BWT). The Omega-3 and Omega-3/SD
groups received Menhaden fish oil (24.3% EPA and DHA, Sigma-
Aldrich Co., St. Louis, MI, USA) as 4 μl/g BWT, which is equal to 100mg
omega-3/100 g BWT as previously described in [30]. The fish oil was
diluted as needed using corn oil. The SD and Omega-3/SD groups were
sleep deprived for 8 h per day from 8:30 AM-4:30 PM for 8 weeks.

2.2. Procedure time course

For a particular animal, sleep deprivation and/or Omega-3 fatty
acids administration were concurrently started at day 1 of the experi-
ments, and continued for 8 weeks. These manipulations continued
throughout the RAWM experimental days, and until animals' sacrifice
day.

2.3. Induction of sleep deprivation model

The REM sleep deprivation was instituted using the modified mul-
tiple platforms model, as previously described [31–34]. Rats were
placed in a large glass aquarium that contains 20 columns (platforms)
coordinated in two rows. The columns were elevated above the water
level by two cm. Each platform was 5 cm in diameter, and the distance
between the two columns (edge to edge) was 7 cm in order to permit
the rats freely move among the columns. When a rat reached REM
phase of sleep, muscle atonia set in and animals fell into the water and
woke up, and it immediately climbed up to the platform and sat on it.
For the WPF group, wide platforms with 12 cm diameter, which per-
mitted animals to sleep without falling into the water, were used with
the aim of assessing possible stresses of the aquarium environment.

2.4. Radial arm water maze (RAWM)

The RAWM was used to test spatial learning and memory, as ex-
plained in details elsewhere [35–38]. Briefly, the RAWM consisted of
six arms radiating out to an open central area to form six swimming
paths with escape platform located at the end of a goal arm that is kept
constant for each particular rat during all trials/tests with different
starting arm at each trial/test. All four groups were tested using the
RAWM for spatial learning ability and memory performance after
completing twenty-one day treatment period. All experiments were
carried out in a dimly lit room with visual cues fixed on the walls of the
room during the experiment. Water temperature was maintained at
23 ± 1 °C. Each animal had to find the submerged platform (2 cm
beneath water level) located at the end of the one swimming arm (goal
arm) in one minute. There were two phases, the learning phase and the
testing phase. The learning phase consisted of two sessions, each session
had six trials one minute/trial, and 5min rest between the two sessions.
During each trial, the animal was allowed to freely swim to find the
submerged platform. However, it was guided to the platform after
spending one minute of swimming without finding hidden platform.
Once on the platform, the animal was left there for 15 s to observe vi-
sual cues on the walls before the next trial was started. In memory tests,

the animal was neither guided to the platform nor given 15 s on the
platform. Each rat had to undergo 12 learning trials followed by three
memory tests. The short-term memory test, which was done 30min,
and the long-term memory test, which was done 5 h after the last
learning trial. In memory tests, each rat was given one minute to locate
the hidden platform. An error was recorded when the rat entered to any
arm other than the goal arm.

2.5. Animals' brain dissection

Animals were sacrificed by decapitation. “Immediately after, the
brains were removed from the skull and placed over a filter paper sa-
turated with normal saline, which is placed on a cold glass dish filled
with crushed ice. The isolated hippocampus was then, placed in a pre-
labeled Eppendorf tube, then transported in a box filled with liquid
nitrogen. Tissue samples were frozen at −80C° until the analysis [36].

Biochemical tests for oxidative stress biomarkers.
The hippocampus tissue were homogenized manually using a plastic

pestle, and a homogenization buffer that was prepared by the recon-
stitution of two protease inhibitor tablets (Sigma Chemical CO., Saint
Louis, MO), and one tablet of phosphate buffered saline (Sigma
Chemical CO., Saint Louis, MO) in distilled water (200ml). The
homogenized buffer was centrifuged (10,000×g, 15min at 4C°) to
remove insoluble materials. The supernatant was, then, stored at
−20C° for further analysis. The concentration of total proteins was
measured in the supernatant using a commercial kit (Bio-Rad, Hercules,
CA, USA).

For total glutathione measurement, homogenates of hippocampus
tissues were deproteinized using 5% of 5-sulfosalicylic acid (SSA). To
remove the precipitated protein, the homogenates were centrifuged at
10,000×g for 10min at 4 °C. Then, they were assayed photometrically
for glutathione as per instructed in the kit's manual (Glutathione assay
kit, Sigma-Aldrich, MI, USA). The GSSG was quantified by adding 10 μl
of 1M 2-vinylpyridine (Sigma-Aldrich, MI, USA) per 1ml of super-
natant from the sample. Thereafter, the kit's procedure was carried out
as described above for total glutathione. The levels of GSH were then
derived by subtracting GSSG value from total glutathione. The GPx
activity was measured spectrophotometrically using cellular activity
assay kit (CGP1, Sigma-Aldrich, MI, USA). Catalase and superoxide
dismutase (SOD) activities were determined using commercially avail-
able kits as per the instructions of the kit's manufacturer (SOD: Sigma-
Aldrich Corp; Catalase: Cayman Chem, Ann Arbor, MI, USA). The levels
of TBARS were determined via the TBARS assay kit (Cayman
Chem.Com. Ann arbor, MI. USA).The kit's specified wavelengths were
used to read the microplates via an automated reader” (Epoch
Microplate Spectrophotometer, Bio-tek instruments, Highland Park,
Winooski, USA).

2.6. Statistical analysis

Statistics were done using GraphPad Prism software version 6.0
(GraphPad Software, La Jolla, CA). For the RAWM experimental data,
comparisons of the number of errors were done via two-way ANOVA;
followed by Bonferroni posttest. The independent variables were time
(repeated measures factors) and treatment (between-subjects factor).
For biochemical assays data, one-way ANOVA; followed by Bonferroni
posttest were used. Significant differences were considered at
P < 0.05. All values were presented as mean ± SEM.

3. Results

3.1. The effect of chronic sleep deprivation and omega-3 fatty acids on
learning and memory

In the learning phase, a high number of errors were initially ob-
served for rats from all groups. As the learning trials continued, the
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errors slowly started to decrease with no differences among the ex-
perimental groups (p > 0.05, Fig. 1).

In terms of memory testing, the number of errors observed for the
SD group was higher than other groups for both short and long term
memory tests (P < 0.05, Fig. 2). Moreover, the Omega-3/SD group
exhibited a similar number of errors as compared to those made by the
control, WPF and Omega-3 groups.

3.2. The effect of sleep deprivation and/or omega-3 fatty acids on the
hippocampal oxidative stress biomarkers

Both Glutathione Peroxidase (GPx) and catalase activities were
significantly lowered by SD compared to control group (P < 0.05,
Fig. 3A and B). On the other hand, catalase and GPx activities in
Omega-3/SD group were similar to control, WPF, and Omega-3 groups.
No significant difference in SOD activity was noticed in the SD group as

Fig. 1. Animal learning performance in the radial arm water
maze. Learning performance among control (control), wide
platform (WPF), Omega-3 fatty acids, chronic sleep depriva-
tion (SD), and chronic sleep deprivation with Omega-3 fatty
acids (Omega-3/SD) groups. Each rat had to undergo twelve
learning trials that were divided into two sessions, six trials
for each session with five min rest between the two sessions.
No difference was observed in learning ability among ex-
perimental groups. Each point is the Mean ± SEM, N=13
animals/group.

Fig. 2. Omega-3 fatty acids prevented hippocampal memory impairment induced by chronic sleep deprivation. Short-term memory (A) and long-term memory
performance (B) among control, wide plates form (WPF), Omega-3 fatty acids (Omega-3), chronic sleep deprivation (SD), and chronic sleep deprivation with Omega-
3 fatty acids (Omega-3/SD). Each column is the Mean ± SEM, N=13 animals/group. * Indicates significant difference from other groups (P < 0.05).
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compared to other experimental groups (P > 0.05, Fig. 3C).
Levels of GSH were not significantly changed among experimental

groups. The SD group showed increased GSSG levels, and GSH/GSSG
ratio compared to other groups. On the other hand, no significant

change was noted in GSSG level, and the ratio of GSH/GSSG among the
Omega-3/SD, control, WPF and Omega-3 groups (Fig. 4). No changes in
the levels of TBARs among all experimental groups (Fig. 5, P > 0.05).

Fig. 3. Effect of chronic Omega-3 fatty acids treatment on activities of antioxidant enzymes in the hippocampus of chronically sleep-deprived rats. (A) Activity of
glutathione peroxidase (GPx), and (B) activity of catalase, and (C) activity of superoxide dismutase (SOD) among experimental groups. While no change was observed
in the activity of SOD, Omega-3 fatty acids treatment prevented chronic sleep deprivation-induced reduction in the enzymatic activities of GPx and catalase. Each
column is the Mean ± SEM, N=13 animals/group. * Indicates significant difference from other groups (P < 0.05).
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4. Discussion

The goal of the present study was to evaluate the possible protective
effect of chronic Omega-3 administration on SD-induced memory im-
pairment. The REM sleep dysfunction is a major manifestation of sleep
deprivation [31,39–41]. Current results revealed that SD impaired both
short- and long- term memory probably by promoting oxidative stress
in the hippocampus. Previously, it has been shown that twenty-four
hours of sleep deprivation using the modified multiple platform model

resulted in short-term memory impairment as displayed in the RAWM
[31,42]. Results from this laboratory revealed spatial memory in rats
was negatively affected by chronic SD using the RAWM [14,37,40],
which is in correlation with the results of the current study.

Oxidative stress has also been correlated to cognitive function de-
fects in numerous health conditions such as aging [43,44] and Alzhei-
mer's disease [45], high fat diet ingestion [37,46], hyperhomocytie-
nemia [47], post-traumatic stress disorder [48–51], and Parkinson's
disease [52]. It was previously shown that SD increases hippocampal

Fig. 4. Chronic omega-3 fatty acids treatment prevented alteration in the GSSG and GSH/GSSG ratio in the hippocampus during chronic sleep deprivation. Levels of
(A) reduced glutathione (GSH), (B) oxidized glutathione (GSSG) and (C) ratio of GSH/GSSG in SD group compared to control, WPF, omega-3 fatty acids (Omega-3),
and Omega-3/SD groups. Each column is the Mean ± SEM, N=13 animals/group. * Indicates significant difference from other groups (P < 0.05).
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oxidative stress through reducing reduced glutathione levels and ele-
vating GSSG/GSH ratio [40,53,37]. The SD was also shown to reduce
brain GSH, which was associated with increased brain inflammation
and dysfunction in brain activity during [43,44]. In addition, SD re-
duced both hippocampus and brainstem activity of catalase [40,54,37].

The protective effect of Omega-3 fatty acids on SD-induced memory
impairment has not been previously studied. The current study revealed
that administration of Omega-3 fatty acids prevented short- and long-
term memory impairment induced by chronic SD. Treatment with
Omega-3 fatty acids prevented changes in oxidative stress biomarkers
levels and antioxidant enzymes in the hippocampus including GPx,
catalase, and GSH/GSSG ratio. Interestingly, it has been found that
Omega-3 fatty acids have a protective effect on oxidative stress-induced
apoptosis [55]. Omega-3 fatty acids were also reported to ameliorate
cognitive impairment and increased oxidative stress induced by seizure
animal models [56]. Additionally, omega-3 fatty acids were shown to
possess beneficial effects on oxidative stress induced by streptozotocin
induced diabetes in rats ([57], in scopolamine-induced amnesia {Ajami,
2012 #25}), and aging process [58,59].

The levels of TBARs, a marker of lipid peroxidation, were unaltered
among the experimental groups. This indicates that lipid peroxidation is
not affected by chronic sleep deprivation. In contrast, previous studies
using acute, but not chronic, sleep deprivation models showed in-
creased TBARS or lipid peroxidation levels in the hippocampus, hy-
pothalamus, thalamus, and cortex during acute SD [14,60–62].

Collectively, current findings suggest that Omega-3 fatty acids may
protect against SD induced memory by preventing changes in GPx and
catalase activities and ratio of GSH/GSSG in the SD rat's hippocampus.
Further studies are needed to understand the exact mechanisms of
Omega-3 fatty acids effects on memory functions in the hippocampus.
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