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Sleep deprivation has deteriorating effects on cognitive functions
and activation of brain inflammation mechanisms has been reported
by some studies following total sleep deprivation. Some studies have
reported the health benefits of punicalagin, a main abstract from
Punica granatum L., including those for the treatment of Alzheimer's
disease. The antioxidant characteristic of punicalagin and the fact
that sleep deprivation accelerates mediators of inflammation led us
to further explore the possible neuroprotective role of punicalagin in
total sleep deprivation memory impairment in a rat model. In this
study, male Wistar rats were implanted with a canula in the lateral
ventricle to receive intracerebroventricular injections (drug or vehi-
cle). Theanimals were trained for the passive avoidance testand then
received intracerebroventricular injections of different doses of puni-
calagin (0.001,0.01,0r0.1 ug/rat). Then, they were placedin the sleep
deprivation apparatus for 24 hours and tested afterwards for mem-
ory retrieval and locomotion. Our results indicated that 24 hours of
total sleep deprivation impaired memory processes. PG microinjec-
tion before TSD did not prevent the deteriorating effect of total sleep
deprivation on memory, and only showed a tendency of restoring the
memory impairment. Comparison of the locomotor activity between
the animals in different groups showed a significant increase in the
total sleep deprivation sham groups that received two of the highest
doses of punicalagin. Considering the reported beneficial actions of
PG by other studies, further investigation is needed into the possible
effects of PG in memory alterations.
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1. Introduction

Sleep deprivation has profound adverse effects on cog-
nitive functions including information processing speed [1]
and learning and memory [2, 3]. Sleep deprivation not only
leads to a decline in cognitive functions but also generates
higher levels of inflammatory cytokines [4, 5]. Previous stud-
ies have indicated that physiological and biochemical morbid-
ity following sleep disorders is related to oxidative stress [6-
8]. Besides, cognitive decline following sleep deprivation has
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been reported to correlate with increased oxidative stress in
the brain and body [9, 10].

The cycle of sleep, as a homeostatic process, is generally
divided into two main phases: rapid eye movement (REM)
and non-rapid eye movement (NREM) [11]. Theta waves
are dominant in REM sleep and the phase is accompanied
by low muscle tone. On the other hand, EEG in NREM
sleep is composed of waves with high amplitude and low
frequency, and the phase is accompanied by decreased mus-
cle activity [12, 13]. Sleep cycle in rats takes about 12-20
minutes [14] and the NREM sleep-related model of REM-
sleep proposes that REM sleep is homeostatically linked to
NREM sleep rather than to waking and occurs in response to
NREM-sleep expression to compensate certain processes of
NREM sleep [15, 16]. Similar to the sleep cycles, sleep depri-
vation is divided into total sleep deprivation (TSD) and rapid
eye movement sleep deprivation (RSD). Reports showed that
TSD impaired consolidation of declarative memory [17] and
motor adaptive task memory [18]. However, selective REM
sleep deprivation disrupted spatial memory consolidation in
an eight-box task [19] and water maze [20]. TSD and RSD
both inhibit the induction of long-term potentiation (LTP)
[21, 22]. Considering that REM sleep is not the only phase
that is involved in the consolidation of memory [23], in the
present study we selected a 24-hour TSD model to investigate
its effects on memory deficit.

Punicalagin (PG), as a potent antioxidant, is a hydrolyz-
able polyphenol in Punica granatum L. and is a major compo-
nent of pomegranate responsible for its health benefits [24].
PG also has an anti-amyloid beta (1-42) fibril aggregation ef-
fect, a potency that can be considered in the treatment of
Alzheimer’s disease [25]. The usefulness of pomegranates has
also been reported by a clinical study for memory recovery af-
ter ischemic stroke [26]. Nevertheless, several issues central
to a basic understanding of the modulation of cognitive per-
formance and the possible prevention of memory decline by
this natural herbal component remain unresolved.
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Fig.1. The experimental design. The animals that received surgery were given one week recovery period and then passive avoidance training was conducted.

Vehicle or punicalagin (PG) injection was then performed and the animals were placed in the total sleep deprivation apparatus. The apparatus was either was

kept ‘off or turned ‘on’ for the sham and experimental groups, respectively. All animals underwent a passive avoidance test followed by a locomotion test.

The mentioned antioxidant characteristic of PG and the
fact that sleep deprivation accelerates mediators of inflamma-
tion inspired us to investigate the possible neuroprotective
effect of PG in a TSD memory impairment model in rats.

2. Materials and methods
2.1 Animals

Male Wistar rats (weighing 200-220 g, age 9-11 weeks)
were purchased from Institute for Cognitive Science Studies
and kept in standard conditions (Temperature: 23 + 1 °G;
light-dark cycle: 12/12 h; lights on at 7:00 p.m.) in an ani-
mal house for one week before the experiments. The animals
had free access to water and food and kept in groups of 4 in
Plexiglas cages. Each experimental group included 8 rats and
each animal was used only once. All the experiments were
conducted between 9:00 a.m. to 1:00 p.m. under the Guide
for the Care and Use of Laboratory Animals (National Insti-
tutes of Health Publication No. 80-23, revised 1996). The
experiments were approved by the Research and Ethics Com-
mittee of Tehran Medical Sciences, Islamic Azad University,
Tehran, Iran.
2.2 Drugs

Punicalagin was purchased from Sigma-Aldrich (> 98%
(HPLC); Cat. No.: P0023) and based on pilot studies doses of
0.001, 0.01, and 0.1 ug/rat were prepared by first dissolving
PG in 0.1% alcohol (Merck, Germany, 99%) and then dilut-
ing the solution with normal saline (0.9%). All doses of PG
were prepared freshly before injection. Ketamine (Alfasan,
Holland) and Xylazine (Pantex, Holland BV) were purchased
and used for stereotaxic surgery.

2.3 Study design

Fig. 1 illustrates the general design of the study. The ex-
planation for each step has been provided in the respective
following sections:

2.3.1 Stereotaxic surgery

Each rat was anesthetized using 2 mL/kg intraperitoneal
injection of ketamine hydrochloride 10% (50 mg/kg) and xy-
lazine 2% (4 mg/kg). The animal’s head was then fixed in a
Kopf stereotaxic frame. A stainless steel guide cannula (22
gauge) was implanted above the left lateral ventricle (AP = -
0.9, ML = 1.3, DV = -4.5 from skull surface) according to rat
brain atlas by Paxinos and Watson [27] and fixed to the skull
with instant glue and acrylic resin. After surgery, an injec-
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tion of meloxicam (1 mg/kg; s.c.), as a painkiller, was made
and followed by an injection of penicillin-G 200,000 IU/mL
(0.2-0.3 mL/rat, single dose, intramuscular). A stainless-steel
stylet was inserted into the guide cannula to prevent its oc-
clusion during the recovery period (one week).

2.3.2 Sleep deprivation protocol

An automatic TSD apparatus (BorjSanatazma Co, Tehran,
Iran) was used [28]. The apparatus has four equal-sized boxes
(30 x 30 x 50 cm?) that can be used for sleep deprivation
of four rats at the same time (Supplementary Fig. 1). The
boxes are connected to a water tank at the bottom (120 X
30 x 50 cm?), filled with room temperature water. Inside
each box, two perforated circular platforms (15 cm) move up-
ward and downward, in opposite directions (1.5 cm/sec), us-
ing a time-controlled motor. Initially, both platforms slightly
emerged from the water level. Then, each platform alterna-
tively moved below and above the surface of the water, forc-
ing the animal to continuously move from one platform to
another at a normal pace to avoid contact with water. The
speed of movement was set at 1.5 cm/sec, hence the motion
cycle of the platforms was 20 sec. Once the platform was at
its highest position, the rats had access to water and food pel-
lets that we placed in a basket mounted on the top of each
box. The animals were acclimatized to the apparatus for 30
min before the start of sleep deprivation period to learn how
to save themselves from sinking in the water tank. Animals
in the TSD groups spent 24 hours in the apparatus while the
apparatus was kept on. The animals in the T'SD sham groups
spent 24 hours in the apparatus while the apparatus was kept
off [28].

2.3.3 Intracerebroventricular injections

To inject PG, we used a 2 L. Hamilton syringe connected
by a polyethylene tube (PE 20) to an internal cannula (27-
gauge, terminating 1.3 mm below the tip of the guide can-
nula). Each injection (2 uL) was made over a 2 min period
and the injection cannula was left in place for an additional
30 sec to prevent the backflow of fluid. Injections were made
following the training section of the passive avoidance test
and the animal was placed in the sleep deprivation appara-
tus after 30 minutes. The animals could not sleep during the
30-min period due to being handled by the experimenter.
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Table 1. The experimental groups.

Group

Surgery Passive avoidance training Punicalagin (i.c.v. injection) TSD apparatus Passive avoidance test Locomotion test

Normal control -
TSD sham control ~ +
TSD control +
TSD sham vehicle +
TSD vehicle +
TSD sham + PG +
TSD + PG +

+ 4+ + o+ o+ o+ o+

vehicle

vehicle

+

+

- + +
off + +
on + +
off + +
on + +
off + +
on + +

i.c.v., Intracerebroventricular; PG, Punicalagin; TSD, Total sleep deprivation.

2.3.4 Passive avoidance memory test

Passive avoidance emotional memory test apparatus in-
cluded a Plexiglas box composed of two equal-sized partitions
(20 x 20 x 30 cm?) separated by a wall, in which a guillo-
tine door was installed to permit rat’s passage when neces-
sary. The white partition was lit with a 25-watt electric lamp
hanged 50 cm above the apparatus floor. The floor of the
dark partition was made of steel rods (1 cm intervals from
each other) connected to a stimulator to provide foot shocks
(Settings used: Square wave, frequency 50 Hz, 1 mA applied
for 3 seconds) generated by an insulated stimulator [28].

2.34.1 Habituation, training, and retrieval test. To habituate the
animals to the passive avoidance apparatus, the animals were
allowed to habituate in the experiment room for at least 30
min prior to the experiments. Each animal in each exper-
imental group was gently placed in the white partition of
the apparatus and then, the guillotine door was raised 5 sec
later. As rats are inclined to move to the dark partition, the
entrance latency to the dark partition (step-through latency;
STL) was recorded when the rat placed all four paws in the
dark partition. The gate was closed after 10 sec. and the ani-
mal was returned from the dark partition into the home cage.
Animals with a STL more than 100 sec were excluded from
the experiments (2 rats).

The training trial was performed 30 min after the habit-
uation. The animal was placed in the light compartment
and 5 sec later, the guillotine door was opened. As soon as
the animal crossed to the dark compartment, the door was
closed and a foot shock was immediately delivered to the grid-
floor of the dark compartment. After 20 sec, the animal was
removed from the apparatus and temporarily placed in its
home-cage. The procedure was repeated in 2 min time. The
training was terminated when the rat remained in the light
partition consecutively for 120 sec. The number of trials (en-
tries into the dark partition) was also recorded. All animals
learned within a maximum of three trials.

For the retrieval test of the long-term memory, each ani-
mal was placed in the light partition 24 hours after the train-
ing for 20 sec, then the door was raised and the STL to enter
the dark partition was measured. The test session was ended
once the animal entered the dark partition. A cut-off time
of 300 sec was applied for those animals which remained in
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the light partition. No electric shock was applied during the
retrieval session [28, 29].

2.3.5 Measurement of locomotor activity

Following the passive avoidance test, the rats were tested
using a locomotor activity test apparatus (BorjSanatazma Co,
Tehran, Iran). The animals were acclimatized to the test
room (15 min) and then put into a clear Plexiglas container
box as the test chamber (30 x 30 x 40 cm?). The apparatus
has a gray Perspex panel (30 x 30 x 2.2 cm?®) with 16 photo-
cells dividing the box into 16 equal-sized squares. The num-
ber of crossings from one square to another during a 5-min
period was measured as the locomotion index [30].

24 Histological verification

To verify the cannula placement, each rat was deeply anes-
thetized with Ketamine and Xylazine, the brain was removed
and kept in formaldehyde (10%) for 5 days, the brain was
sliced (50 pm) and the cannula path into the left ventricle
was verified. The data of misplaced injection sites were elim-
inated (Three animals).

2.5 Experimental design

Seven groups of animals were used in this study (Table 1).
The animals that received surgery were given one week re-
covery period and then the passive avoidance training was
conducted. Vehicle or PG injection was then performed and
the animals were put in the TSD apparatus. The apparatus
was either kept off or turned on for the sham and experimen-
tal groups, respectively. Then, all the animals underwent the
passive avoidance test followed by the locomotion test.

2.6 Statistical analysis

Data were analyzed by GraphPad Prism® (Version 9.0).
Kolmogorov-Smirnov statistical test did not show the nor-
mality of STL data for all the experimental groups. Thus,
a Kruskal-Wallis test followed by Dunn’s multiple compar-
isons was used to identify possible differences. STL data are
expressed as median (interquartile) values. The data regard-
ing distance traveled followed a normal distribution in all
groups and were analyzed using one-way ANOVA test fol-
lowed by Tukey-Kramer post-hoc test, as appropriated. Dis-
tance traveled data are expressed as mean + SEM (standard
error of the mean). P-values less than 0.05 were considered
to be statistically significant.
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Fig. 2. The effects of post-training administration of punicalagin (PG)
on: A) memory consolidation; B) locomotor activity. In this study,
eleven groups of animals were used - from left to right: (i) The animals in
the normal control group did not receive surgery and were tested in pas-
sive avoidance test and locomotion test; All animals in the TSD sham groups
went through the procedures while the apparatus was kept off; (ii) The an-
imals in the TSD sham group received surgery and spent 24 hours in the
TSD apparatus (the apparatus was kept off) before being tested in passive
avoidance test and locomotion test; (iii to vi) The animals received vehicle
or different doses of PG (0.001, 0.01, or 0.1 pg/rat); (vii to xi) The animals
in the TSD groups went through the similar procedures as the TSD sham
groups but the apparatus was kept on during the 24-hour period to prevent
animals from sleeping.

STL data (A) are expressed as median (interquartile) values for eight animals
per group (Kruskal-Wallis test followed by Dunn’s multiple comparisons).
Distance travelled data (B) are expressed as mean =+ S.E.M. for eight animals
per group. (Univariant one-way ANOVA followed by Tukey-Kramer post-
hoc test ).

#* P < 0,01, as compared to the normal control group; ¥ ¥ ¥¥ P < 0.0001,

as compared to the respective vehicle group.
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3. Results
3.1 Effects of TSD on the retrieval of long-term memory

To test the possible effects of TSD on the retrieval of
long-term memory, Kruskal-Wallis test was used on con-
trol groups data (normal control, TSD sham control, and
TSD control). The test revealed that there was a statisti-
cally significant difference between all the three groups being
tested [Chi-Square (2) = 11.54; P < 0.01]. Post-hoc analysis
with Dunn’s multiple comparisons revealed a significant de-
crease in median STL of the animals that received 24 hours of
TSD (TSD control group) as compared to the normal control
group (P < 0.01; Fig. 2A).

To analyze locomotor activity, univariant one-way
ANOVA test was performed. The test revealed no statisti-
cally significant difference between all the three groups being
tested [F (2, 21) = 1.820; P = 0.1867; Fig. 2B].

Our data revealed that 24 hours of T'SD impaired retrieval
of long-term memory without affecting the locomotor activ-
ity.

3.2 Effects of intracerebroventricular microinjection of PG on the
retrieval of long-term memory following TSD

Comparison of the TSD sham groups using Kruskal-
Wallis test revealed that there were no statistically signifi-
cant differences between the groups being tested as compared
to the vehicle group [Chi-Square (3) = 6.001; P = 0.1852;
Fig. 2A-TSD sham groups]. Comparison of the TSD groups
using Kruskal-Wallis test also revealed no statistically signif-
icant differences between the groups being tested, as com-
pared to the vehicle group [Chi-Square (3) = 7.68; P = 0.0471;
Fig. 2A-TSD groups].

Comparison of the TSD sham groups using one-way
ANOVA on the results obtained from locomotion activity
tests indicated a statistically significant difference between
the experimental groups being tested [F (4, 35) = 15.20,
P < 0.0001; Fig. 2B-TSD sham groups]. Post-hoc analysis
with Tukey-Kramer test revealed that the two highest doses
of PG (0.01 and 0.1 pg/rat; P < 0.0001 and P < 0.0001)
had significant effects on the locomotion (Fig. 2B-TSD sham
groups). Application of one-way ANOVA on the results ob-
tained from locomotion activity tests of the TSD groups indi-
cated a statistically significant difference between all the ex-
perimental groups being tested [F (4, 35) = 1.259, P = 0.3047;
Fig. 2B-TSD groups].

Our data revealed that none of PG doses altered memory
consolidation by themselves (TSD sham groups). Also, PG
microinjection before TSD did not alter memory consolida-
tion significantly and only a tendency of memory restoration
was observed. While PG changed the locomotive activity in
the TSD sham group, no changes was observed in the TSD

group.

4. Discussion

Lifestyle changes in modern societies have made sleep de-
privation a major challenge that can increase the risk of some
neurologic diseases [31]. Sleep plays a prominent role in the
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maintenance of mental and physical performance and inad-
equate sleep has deteriorating effects on cognitive functions
[32] including memory functions [33].

In line with previous studies [28, 34], we here showed that
acute TSD impaired memory processes in the passive avoid-
ance task. The data also showed that PG, per se, did not have
any significant effects on the memory functions in this test,
but it increased the locomotor activity at the two highest ap-
plied doses. PG microinjection before TSD only showed a
tendency of restoring the memory impairment and did not
alter the locomotor activity. Hence, the observed tendency
was not under the influence of changes in locomotor activ-
ity. Although some reports indicated no changes in locomo-
tor activity following TSD [35, 36], other reports have indi-
cated an increase in locomotion following sleep deprivation
[37] and a recent research on the effects of pomegranate on
parkinsonism proposed changes in the level of brain-derived
neurotrophic factor (BDNF) as a possible mechanism for the
observed increase in the locomotor activity [38]. Applied
methods for sleep deprivation and the duration of sleep de-
privation might be the reason for the observed differences.
Sleep deprivation leads to brain inflammation [10, 39], and
reports indicate the protective effect of PG in brain inflam-
mation [40, 41].

Our results showed that 24 hours of TSD impaired re-
trieval of memory in the passive avoidance test. Signal-
ing pathways underlying the deficit in LTP have been in-
vestigated by some researchers. For example, the expres-
sion of BDNF and its downstream targets (Synapsin I, cAMP
response-element-binding, CREB, and calcium-calmodulin-
dependent protein kinase II, CAMKII) reduced in the hip-
pocampus following 8 and 48 h of sleep deprivation [12]. In
addition, the role of a compensatory increase in cAMP sig-
naling [42] and reduction of extracellular adenosine [43] in
preventing LTP deficit following sleep deprivation have been
reported. Maintaining CREB at its beneficial level might be
a possible mechanism for the observed tendency, as a study
showed that hydro-alcoholic leaf extract of Terminalia cattapa,
which also contains PG, regulates BDNF and CREB levels
[44].

Sleep deprivation promotes the production of pro-
inflammatory proteins both in humans and rodents [45, 46].
The anti-inflammatory effects of PG have been reported in
rats [41] and its neuroprotective effect on glutamate-induced
oxidative stress has been reported in the mouse hippocam-
pal cell line, HT22 [47]. It has also been reported that PG
can inhibit lipopolysaccharide-induced inflammation in cer-
tain types of macrophages [40] and anti-inflammatory prop-
erty of PG works against memory deficit via the prevention of
neuroinflammation [48]. Furthermore, it has been reported
that PG inhibited the expression of NF-xB and the inflam-
matory proteins, expression of which is mediated by NF-xB
in mice, resulting in the reduced expression level of TNF-q,
IL-133, iNOS, Cox-2, ROS, and NO in the brain [48]. Hence,
another possibility that must be considered is the antioxidant
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and anti-inflammatory properties of PG.

It has been shown that sleep stages and its pattern vary
in different animals, which is a point for consideration while
the results are interpreted [49]. For example, other studies
are reporting that sleep deprivation, for 96 hours, did not in-
duce necrotic or apoptotic cell loss in rat’s brain [50]. An-
other study that measured antioxidant and oxidant markers
in the hippocampus reported short- and long-term memory
impairment after 72 hours of sleep deprivation, but found no
significant differences in the markers compared to the con-
trol group [51]. Also, another study reported no significant
rise in oxidative stress in 24-hour sleep-deprived rats [52].

5. Conclusions

PG only showed a tendency of restoring the memory im-
pairment following 24 hours of TSD in the passive avoidance
test. Considering the reported beneficial actions of PG by
other studies, further investigation is needed into the possible
effects of PG on memory alterations.
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ANOVA, Analysis of Variance; BDNF, Brain-derived
neurotrophic  factor; CAMKII, Calcium-calmodulin-
dependent protein kinase II; CREB, cAMP response-
element-binding; LTP, Long-term potentiation; NREM,
Non-rapid eye movement; PG, Punicalagin; REM, Rapid eye
movement; RSD, Rapid eye movement sleep deprivation;
TSD, Total sleep deprivation.

Author contributions

Shahram Zarrabian and Mohammad Nasehi were respon-
sible for the study concept and design. Mohammad-Hossein
Mohammadi-Mahdiabadi-Hasani contributed to the acqui-
sition of behavioral data. Shahram Zarrabian, Mohammad
Nasehi, and Mohammad-Reza Zarrindast assisted with data
analysis and interpretation of findings. Shahram Zarra-
bian drafted and finalized the manuscript. Shahram Zarra-
bian and Mohammad Nasehi provided critical revision of the
manuscript for important intellectual content. All authors
critically reviewed content and approved the final version for
publication.

Ethics approval and consent to participate

All the experiments were conducted under the Guide for
the Care and Use of Laboratory Animals (National Institutes
of Health Publication No. 80-23, revised 1996). The ex-
periments were approved by the Research and Ethics Com-
mittee of Tehran Medical Sciences, Islamic Azad University,
Tehran, Iran.

Acknowledgment

We would like to thank the three anonymous reviewers
for their excellent criticism of the article.

91



Funding

This project was supported by grant No. 1369704250005
received from Tehran Medical Sciences, Islamic Azad Uni-

versity, Tehran, Iran.

Conflict of interest

The authors report no conflict of interest. Given his role
as the Review Board Member of JIN, Dr. Shahram Zarrabian
had no involvement in the peer-review of this article and has
no access to information regarding its peer-review.

Supplementary material

Supplementary material associated with this article can be
found, in the online version, at https://jin.imrpress.com/E
N/10.31083/.jin.2021.01.378.

References

(1]

92

Cohen-Zion M, Shabi A, Levy S, Glasner L, Wiener A. Effects of
partial sleep deprivation on information processing speed in ado-
lescence. Journal of the International Neuropsychological Society.
2016; 22: 388-398.

Feng L, Wu H, Song G, Lu C, Li Y, Qu L, et al. Chroni-
cal sleep interruption-induced cognitive decline assessed by a
metabolomics method. Behavioural Brain Research. 2016; 302:
60-68.

Tripathi S, Jha SK. Short-term total sleep deprivation alters delay-
conditioned memory in the rat. Behavioral Neuroscience. 2016;
130: 325-335.

Chennaoui M, Arnal PJ, Drogou C, Leger D, Sauvet F, Gomez-
Merino D. Leukocyte expression of type 1 and type 2 purinergic
receptors and pro-inflammatory cytokines during total sleep de-
privation and/or sleep extension in healthy subjects. Frontiers in
Neuroscience. 2017. 11: 240.

Mullington JM, Simpson NS, Meier-Ewert HK, Haack M. Sleep
loss and inflammation. Best Practice & Research Clinical En-
docrinology & Metabolism. 2010; 24: 775-784.

Ramanathan L, Gulyani S, Nienhuis R, Siegel JM. Sleep depriva-
tion decreases superoxide dismutase activity in rat hippocampus
and brainstem. Neuroreport. 2002; 13: 1387-1390.

Suzuki Y], Jain V, Park A, Day RM. Oxidative stress and oxidant
signaling in obstructive sleep apnea and associated cardiovascular
diseases. Free Radical Biology & Medicine. 2006; 40: 1683-1692.
Copinschi G. Metabolic and endocrine effects of sleep deprivation.
Essential Psychopharmacology. 2005; 6: 341-347.

Noguti J, Andersen ML, Cirelli C, Ribeiro DA. Oxidative stress,
cancer, and sleep deprivation: is there a logical link in this associ-
ation? Sleep & Breathing. 2013; 17: 905-910.

Periasamy S, Hsu D, Fu Y, Liu M. Sleep deprivation-induced
multi-organ injury: role of oxidative stress and inflammation. EX-
CLI Journal. 2015; 14: 672-683.

Stickgold R. Sleep: off-line memory reprocessing. Trends in Cog-
nitive Sciences. 1998; 2: 484-492.

Guzman-Marin R, Ying Z, Suntsova N, Methippara M, Bashir T,
Szymusiak R, et al. Suppression of hippocampal plasticity-related
gene expression by sleep deprivation in rats. The Journal of Phys-
iology. 2006; 575: 807-819.

Greenstein Y], Pavlides C, Winson J. Lonf-term potentiation in
the dentate gyrus is preferentially induced at theta rhythm period-
icity. Brain Research. 1988; 438: 331-334.

Gottesmann C. The transition from slow-wave sleep to paradox-
ical sleep: evolving facts and concepts of the neurophysiological
processes underlying the intermediate stage of sleep. Neuroscience
and Biobehavioral Reviews. 1996; 20: 367-387.

[15]

(25]

[26]

(33]

Benington JH, Heller HC. REM-sleep timing is controlled homeo-
statically by accumulation of REM-sleep propensity in non-REM

sleep. The American Journal of Physiology. 1994; 266: R1992-
R2000.

Benington JH, Heller HC. Does the function of REM sleep concern
non-REM sleep or waking? Progress in Neurobiology. 1994; 44:
433-449.

Backhaus J, Junghanns K, Born J, Hohaus K, Faasch F, Hohagen
F. Impaired declarative memory consolidation during sleep in pa-
tients with primary insomnia: influence of sleep architecture and
nocturnal cortisol release. Biological Psychiatry. 2006; 60: 1324-
1330.

Hill S, Tononi G, Ghilardi MF. Sleep improves the variability of
motor performance. Brain Research Bulletin. 2008; 76: 605-611.
Bjorness TE, Riley BT, Tysor MK, Poe GR. REM restriction per-
sistently alters strategy used to solve a spatial task. Learning &
Memory. 2005; 12: 352-359.

Smith C, Rose GM. Evidence for a paradoxical sleep window for
place learning in the Morris water maze. Physiology & Behavior.
1996; 59: 93-97.

Ravassard P, Pachoud B, Comte JC, Mejia-Perez C, Scoté-Blachon
C, Gay N, et al. Paradoxical (REM) sleep deprivation causes a large
and rapidly reversible decrease in long-term potentiation, synaptic
transmission, glutamate receptor protein levels, and ERK/MAPK
activation in the dorsal hippocampus. Sleep. 2009; 32: 227-240.
Campbell IG, Guinan MJ, Horowitz JM. Sleep deprivation impairs
long-term potentiation in rat hippocampal slices. Journal of Neu-
rophysiology. 2002; 88: 1073-1076.

Siegel JM. The REM sleep-memory consolidation hypothesis. Sci-
ence. 2001; 294: 1058-1063.

Seeram N, Adams L, Henning S, Niu Y, Zhang Y, Nair M, et al.
In vitro antiproliferative, apoptotic and antioxidant activities of
punicalagin, ellagic acid and a total pomegranate tannin extract
are enhanced in combination with other polyphenols as found in
pomegranate juice. The Journal of Nutritional Biochemistry. 2005;
16: 360-367.

Das S, Stark L, Musgrave IF, Pukala T, Smid SD. Bioactive
polyphenol interactions with beta amyloid: a comparison of bind-
ing modelling, effects on fibril and aggregate formation and neu-
roprotective capacity. Food & Function. 2016; 7: 1138-1146.
Bellone JA, Murray JR, Jorge P, Fogel TG, Kim M, Wallace DR,
et al. Pomegranate supplementation improves cognitive and func-
tional recovery following ischemic stroke: a randomized trial. Nu-
tritional Neuroscience. 2018; 22: 738-743.

George P, Charles W. The rat brain in stereotaxic coordinates (pp.
32). Qingchuan Zhuge translate. Beijing: People’s Medical Pub-
lishing House. 2007.

Norozpour Y, Nasehi M, Sabouri-Khanghah V, Torabi-Nami M,
Zarrindast MR. The effect of CA1 alpha2 adrenergic receptors on
memory retention deficit induced by total sleep deprivation and
the reversal of circadian rhythm in a rat model. Neurobiology of
Learning and Memory. 2016; 133: 53-60.

Najar F, Nasehi M, Haeri-Rohani S, Zarrindast M. The involve-
ment of medial septum 5-HT1 and 5-HT2 receptors on ACPA-
induced memory consolidation deficit: possible role of TRPC3,
TRPC6 and TRPV2. Journal of Psychopharmacology. 2015; 29:
1200-1208.

Nasehi M, Ketabchi M, Khakpai F, Zarrindast M. The effect of
CA1 dopaminergic system in harmaline-induced amnesia. Neuro-
science. 2015; 285: 47-59.

Palma J, Urrestarazu E, Iriarte J. Sleep loss as risk factor for neu-
rologic disorders: a review. Sleep Medicine. 2013; 14: 229-236.
Dutil C, Walsh JJ, Featherstone RB, Gunnell KE, Tremblay MS,
Gruber R, et al. Influence of sleep on developing brain functions
and structures in children and adolescents: a systematic review.
Sleep Medicine Reviews. 2018; 42: 184-201.

Killgore WDS. Effects of sleep deprivation on cognition. Progress
in Brain Research. 2010; 29: 105-129.

Volume 20, Number1, 2021


https://jin.imrpress.com/EN/10.31083/j.jin.2021.01.378
https://jin.imrpress.com/EN/10.31083/j.jin.2021.01.378

[35]

Eydipour Z, Vaezi G, Nasehi M, Haeri-Rouhani S, Zarrindast M.
Different role of CA1 5HT3 serotonin receptors on memory ac-
quisition deficit induced by total (TSD) and REM Sleep Depriva-
tion (RSD). Archives of Iranian Medicine. 2017; 20: 581-588.
Onaolapo JO, Onaolapo YA, Akanmu AM, Olayiwola G. Caffeine
and sleep-deprivation mediated changes in open-field behaviours,
stress response and antioxidant status in mice. Sleep Science. 2016;
9: 236-243.

Morzelle MC, Salgado JM, Telles M, Mourelle D, Bachiega P, Buck
HS, et al. Neuroprotective effects of pomegranate peel extract after
chronic infusion with amyloid-beta peptide in mice. PLoS ONE.
2016; 11: e0166123.

de Souza L, Andersen ML, Smaili SS, Lopes GS, Ho PS, Papale
LA, et al. Age-related changes during a paradigm of chronic sleep
restriction. Behavioural Brain Research. 2010; 214: 201-205.

Ali A, Kamal M, Khalil M, Ali S, Elariny H, Bekhit A, et al. Be-
havioral, biochemical and histopathological effects of standardised
pomegranate extract with vinpocetine, propolis or cocoa in a rat
model of Parkinson’s disease. 2020. (in preparation)

Manchanda S, Singh H, Kaur T, Kaur G. Low-grade neuroinflam-
mation due to chronic sleep deprivation results in anxiety and
learning and memory impairments. Molecular and Cellular Bio-
chemistry. 2018; 449: 63-72.

Xu X, Yin P, Wan C, Chong X, Liu M, Cheng P, et al. Punicalagin
inhibits inflammation in LPS-induced RAW264.7 macrophages
via the suppression of TLR4-mediated MAPKs and NF-kappaB
activation. Inflammation. 2014; 37: 956-965.

Lin CC, Hsu YF, Lin TC. Effects of punicalagin and punicalin on
carrageenan-induced inflammation in rats. The American Journal
of Chinese Medicine. 1999; 27: 371-376.

Vecsey CG, Baillie GS, Jaganath D, Havekes R, Daniels A, Wim-
mer M, et al. Sleep deprivation impairs cAMP signalling in the hip-
pocampus. Nature. 2009; 461: 1122-1125.

Alhaider A, Aleisa AM, Tran TT, Alkadhi KA. Caffeine prevents
sleep loss-induced deficits in long-term potentiation and related
signaling molecules in the dentate gyrus. The European Journal of
Neuroscience. 2010; 31: 1368-1376.

Volume 20, Number1, 2021

[44]

[45]

(51]

Chandrasekhar Y, Ramya EM, Navya K, Phani Kumar G, Ani-
lakumar KR. Antidepressant like effects of hydrolysable tannins
of Terminalia catappa leaf extract via modulation of hippocam-
pal plasticity and regulation of monoamine neurotransmitters
subjected to chronic mild stress (CMS). Biomedicine & Pharma-
cotherapy. 2017; 86: 414-425.

Wright KP, Drake AL, Frey DJ, Fleshner M, Desouza CA, Gron-
fier C, et al. Influence of sleep deprivation and circadian misalign-
ment on cortisol, inflammatory markers, and cytokine balance.
Brain, Behavior, and Immunity. 2015; 47: 24-34.

Chennaoui M, Gomez-Merino D, Drogou C, Geoffroy H, Disper-
syn G, Langrume C, et al. Effects of exercise on brain and periph-
eral inflammatory biomarkers induced by total sleep deprivation
in rats. Journal of Inflammation. 2015; 12: 56.

Pathakoti K, Goodla L, Manubolu M, Tencomnao T. Metabolic
alterations and the protective effect of punicalagin against
glutamate-induced oxidative toxicity in HT22 cells. Neurotoxicity
Research. 2017; 31: 521-531.

Kim YE, Hwang CJ, Lee HP, Kim CS, Son DJ, Ham YW, et
al. Inhibitory effect of punicalagin on lipopolysaccharide-induced
neuroinflammation, oxidative stress and memory impairment via
inhibition of nuclear factor-kappaB. Neuropharmacology. 2017;
117: 21-32.

Prince T, Abel T. The impact of sleep loss on hippocampal func-
tion. Learning & Memory. 2013; 20: 558-569.

Hipélide DC, D’Almeida V, Raymond R, Tufik S, Nobrega JN.
Sleep deprivation does not affect indices of necrosis or apopto-
sis in rat brain. International Journal of Neuroscience. 2002; 112:
155-166.

Nabaee E, Kesmati M, Shahriari A, Khajehpour L, Torabi M. Cog-
nitive and hippocampus biochemical changes following sleep de-

privation in the adult male rat. Biomedicine & Pharmacotherapy.
2018; 104: 69-76.

M Melgarejo-Gutiérrez M, Acosta-Pefia E, Venebra-Muiioz A,
Escobar C, Santiago-Garcia J, Garcia-Garcia F. Sleep deprivation
reduces neuroglobin immunoreactivity in the rat brain. Neurore-
port. 2013; 24: 120-125.

93



	1. Introduction
	2. Materials and methods
	2.1 Animals
	2.2 Drugs
	2.3 Study design
	2.3.1 Stereotaxic surgery
	2.3.2 Sleep deprivation protocol
	2.3.3 Intracerebroventricular injections
	2.3.4 Passive avoidance memory test
	2.3.5 Measurement of locomotor activity

	2.4 Histological verification
	2.5 Experimental design
	2.6 Statistical analysis

	3. Results
	3.1 Effects of TSD on the retrieval of long-term memory
	3.2 Effects of intracerebroventricular microinjection of PG on the retrieval of long-term memory following TSD

	4. Discussion
	5. Conclusions
	Abbreviations
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	Supplementary material
	References

