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Objective(s): MgO nanoparticles (MgO NPs) could be effective on anxiety-related
behaviors in animal models but their exact mechanism of action compared to
their conventional form (C MgO) is unclear. This study investigated and compared
the effect of MgO NPs and its conventional form on anxiety-related behavior in
the sleep-deprived rats and biochemical parameters changes in the serum.

Methods: Male Wistar rats (180-220g) were divided into groups of control, sleep
deprivation induction, and 72 h sleep deprivation+ different doses of MgO NPs or
C MgO. Components were injected a day after sleep deprivation induction and
30 min after injection animals passed anxiety test. Multiple platforms method
was used for sleep deprivation induction. Serum oxidant/ antioxidant parameters,
magnesium, and brain-derived neurotrophic factor were assessed after anxiety
test.

Results: Sleep deprivation decreased anxiety-related behavior without change
in the serum biochemical parameters. The anxiolytic effect of sleep deprivation
decreased in the MgO NPs 1 mg/kg group. C MgO showed limited antioxidant
activity, while MgO NPs did not change oxidant /antioxidant parameters, just the
serum magnesium increased in the MgO NPs 10 mg/kg group.

Conclusions: MgO NPs changed anxiety behavior without changing the oxidant/
antioxidant factors, while C MgO changed some antioxidant factors but did not
affect anxiety behavior. Therefore, the place or extent of action of MgO NPs and C
MgO on anxiety-related behaviors is different (central or peripheral), which needs
more investigation.
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INTRODUCTION

Todays, nanotechnology has been expanded
and used nano scale components with size less
than 100 nm in drug delivery, tissue engineering,
and diagnosis such as imaging [1, 2]. Despite
the widespread application of nanoparticles in
medicine and even at the cellular level, many of
their side effects on central nervous system (CNS)
activity and especially behavioral responses are still
unknown [1-3].

Nanoparticles can easily pass through the
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blood-brain barrier, reach the brain and produce
different physiological effects [4]. Magnesium
oxide nanoparticles (MgO NPs) have been used in
biological research, and the efficacy of MgO NPs
can be different compared to conventional MgO
(C MgO) on the CNS and behavioral responses in
animals [5-7].

MgO NPs could influence behavioral
parameters including anxiety, learning and
memory, pain perception, depression and
motor activity and even change gene expression,
biochemical factors and neurotransmitters level in
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the CNS of laboratory animals [5-8]. MgO NPs can
change oxidative stress markers in the body [9, 10].
It is while, magnesium ion plays several important
roles in many biochemical reactions of the body
and magnesium is essential for neural protection
and its deficiency can increase oxidative stress and
impact sleep quality [11-14].

Magnesium ions did not easily pass through the
biological barriers, and systemic treatment of the
magnesium causes little change in its ion level of
the cerebrospinal fluid [15].

So that, comparing the effect of elements in
nano with their conventional forms in physiological
processes can increase our knowledge regarding
the advantages and disadvantages of nanoparticles
action. With this flaw, and to study the effects of
magnesium ion on the CNS activity, we need
compounds that can increase the loading of this
ion in the brain.

On the other hand, sleep is a phase of a
circadian cycle in which the level of consciousness
decreases and is easily reversed [16]. Sleep is a
physiological process for the maintenance of health
quality and sleep deprivation can lead to anxiety,
as well as, induce oxidative stress, and impair the

'.'\ \ A
D4 = 30.88 nm

SEM HV: 10.0 kV
View field: 1.27 pm
SEM MAG: 100.0 kx

WD: 9.49 mm
Det: SE

antioxidative mechanisms of the body [17-19].
Also, some studies have reported positive results
about the impact of magnesium on insomnia and
sleep indices [15, 20, 21].

Previously, we have shown that sleep deprivation
causes memory deficits and MgO NPs improved
memory, and eliminated anxiety better than C
MgO in animal models [6, 7, 22].

In this study, for the first time we have try to
clarify whether sleep deprivation affect anxiety-
related behaviors and whether MgO NPs, compared
to their conventional form, can play a role in
improving anxiety-related behaviors in the sleep
deprivation (SD) model of rats and biochemical
parameters changes in the serum of them.

MATERIALS AND METHODS
Animals and treatments

Male Wistar rats (180-220 g) were divided
randomly into groups of: control (saline), 24, 48,
and 72 h SD, 72 h SD+ MgO NPs (1 mg/kg), 72 h
SD+ MgO NPs (5 mg/kg), 72 h SD+ MgO NPs (10
mg/kg), 72 h SD + C MgO (1mg/kg), 72h SD + C
MgO (5 mg/kg), and 72 h SD + C MgO (10 mg/
kg). MgO NPs (US Nano Co, USA) (particle size
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Fig. 1. The scanning electron microscopic image of MgO NPs. The size of particles is lower than 100 nm
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Sleep deprivation induction (24-72 h )
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Fig. 2. Protocol of study. EPM= elevated plus maze; C MgO= conventional magnesium oxide; MgO NPs= magnesium oxide nanopar-
ticles.

<50 nm) (Fig 1) and C MgO (Merck Co, Germany)
(particle size >100nm) were dispersed in normal
saline and injected intraperitoneally (1 ml/kg).

Drugs were injected into rats 24 hours after
SD induction, and animals were subjected to
the elevated maze (EPM) test, 30 minutes after
injection. Number of animal in each group was
six. All procedures were done under ethical code
number of EE/96.24.3.88375/scu.ac.ir, approved
by the Ethics Committee of the Shahid Chamran
University of Ahvaz, Ahvaz, Iran.

Figure 2 shows the study protocol.

Sleep deprivation

Sleep deprivation was induced by the multiple
platform method, which uses a rapid eye movement
technique to manipulate sleep deprivation. Each
tank has ten columns, which designed in two rows
and spaced 10 cm apart. Rats were placed in each
tank for different hours, as previously described
[23].

Elevated plus maze (EPM)

Anxiety parameters were measured by the EPM
test. The EPM has two cross shaped open and closed
arms without aroof, which were connected by a central
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square. Animals were placed in the central square
facing the open arm for testing and were allowed to
explore the maze. The anxiety-related parameters
including the percentage of open arm time (%OAT)
and the percentage of open arm entries (%OAE) were
investigated during 5 min. The motor activity of each
rat was calculated with the total number of animal
entrance to the closed arms.

Serum biochemical parameters measurement

After completing the EPM test, all rats
were killed using chloroform according to the
instructions, and whole blood was immediately
collected through cardiac punctuation, and then
centrifuged to obtain the serum.

Brain-derived neurotrophic factor (BDNF)
was measured using ELISA (Enzyme-Linked
Immunosorbent Assay) Kit method (CK-E30666
produced by East Bio pharm) in the serum. Total
antioxidant capacity (TAC), superoxide dismutase
(SOD), Catalase activity, glutathione (GSH), and
malondialdehyde (MDA) levels were measured
according to the methods have been described in
our previous study (7, 22). The serum magnesium
level was measured using a magnesium kit (Pars
Azmoun, Iran).
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Fig. 3. Effects of sleep deprivation on anxiety-related behaviors. *p<0.05 and *** p<0.001 show the significant differences compared to
control group at the same parameter. xp<0.05 shows the significant difference compared to 48 h SD at the same parameter.

Statistical Analysis

Data were analyzed by the Instat 3 software.
One-way analysis of variance (ANOVA) with
Tukey Post-hoc was used for data analyses and a
P-value less than 0.05 was considered statistically
significant.

RESULTS
Effects of sleep deprivation on anxiety-related
behaviors

Figure 3 shows that the %OAT significantly
(p=0.05 and p=0.001, respectively) was increased
in 48 and 72 h SD groups, while 24 h SD had no
effect. Also, 72 h SD increased %OAE compared to
the 48 h SD (p =0.0342).

Figure 4 shows that 48 h SD increased motor
activity even thought it was not significant.

Effects of C MgO and MgO NPs on anxiety-related
behaviors in sleep-deprived rats

Figure 5 (A and B) shows that in 72 h SD rats,
%OAT (p=0.181) and %OAE (p= 0.296) were not
affected by the C MgO, while % OAT was decreased
by the MgO NPs 1 mg/kg (p=0.0018).

Figure 6 shows that in 72 SD rat, motor activity
was not affected by all doses of C MgO (p=0.0867)
and MgO NPs (p=0.0759).
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Serum biochemical factors

Catalase activity (p=0.3826), TAC (p= 0.0528),
GSH level (p= 0.1766), SOD activity (p= 0.2641),
MDA level (p= 0.0861), and BDNF level (p=
0.3592) were not affected by the sleep deprivation
(Table 1).

Table 1 shows TAC (p = 0.5268), SOD activity
(p= 0.1898), MDA level (p= 0.4083) and BDNF
level (p= 0.4398) were not affected by C MgO.
But, Catalase activity (p= 0.033) was significantly
increased in C MgO 1 mg/kg in comparison 72 h
SD group and GSH level (p =0.0482) were changed
significantly between C MgO 1 and 10 mg/kg
groups.

Catalase activity (p=0.5104), TAC (p= 0.2335),
GSH level (p= 0.359), SOD activity (p=0.2498),
MDA level (p=0.4083), and BDNF level (p=
0.9112) were not changed significantly by the MgO
NPs injection in 72 h SD rats.

Sleep deprivation and C MgO had no effect on
serum magnesium levels (p= 0.0537 and p= 0.3624,
respectively), while magnesium level was increased
by the MgO NPs 10 mg/kg (p= 0.0435) (Table 1).

DISCUSSION
In this study, sleep deprivation significantly
decreased anxiety parameters; as well as 48 h sleep
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Figure 4. Effects of sleep deprivation on motor activity. No difference was observed between the groups.
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Fig. 5. Effects of MgO NPs and C MgO on anxiety-related behaviors in sleep-deprived rats. **p<0.01 is compared to the saline group.
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Fig. 6. Effects of MgO NPs and C MgO on motor activity in sleep-deprived rats. No significant differences were observed between
motor activities of all groups.

Table 1. Serum biochemical factor in all groups

BDNF i
Groups Catalase (Iu/l) TAC (umol/l) GSH (umol/l) SOD (Iu/l) MDA (umol/l) magnesium(mg
(ng/mg pr) dl)
) 1.150714+
Control(saline) 1.16303 £0.4272 759.2 £67.615 71.08571+11.957 1.081272+0.01986 3.759717 £0.1814 0.1065 2.1154+ 0.02
1025776+
24hSD 0.702307+0.4166  855.5% 54.843 7651786+7.695 1090106001272  3.094529+0.1856 0107 2.1158+ 0.01
0.840667
48 h SD 1.404411+0.3406 604 +29.16 41.42857+5.977 1.035337+0.03085 3.223498 +0.07462 +0.1724 2.0563+ 0.02
0.5974454+ 1.141192+0.1
72h SD 0.1266 772+ 73.624 62.28571+16.526 1.1053 +0.03141 4.19788 £0.5670 403 2.1698+ 0.03
CMgO1 1.9375193 1.141343552+0.016
808.25+86348x  101.2142 +19.166 3413428007133 2224002 2.2240.02
mg/kg £0.2256 19
CMgO 5 0.979631 1.077032552
& 580.5333£15.147  55.96429 +3.858 3756184 £0.1574  2.19:0.04 2.1920.04
mg/kg +0.2624 +0.01754
CMgO 10 1.209546 1115194552
& 8 538.4 £58.626 44.84286 £8.779 3696113£02449 2255003 225£0.03
2 mg/kg £0.3977 £0.004688
=
~ MgO NPs 1
.\ ol 137555 £0.2021 7002 £23.161 7751786 £8.974 1091873 +0.01193  3.630177 01795  2.1740.02 2.1750.02
M. P 1921 1.1321 2 1.1434¢
gONPs 5 0921865 583 £82.621 5107143 £3.134 3215555 3.992933 £0.3287 349 2.1820.04
mg/kg +0.2576 +0.02572 +0.1088
MgO NPs 10 1225949 1164664552 1129371+
658.6 £55.08 63.9 +6.701 3.886926 +0.3638 2.28+0.02*
mg/kg +0.6498 +0.03076 0.129

'p<0.05 and " p<0.01 are the significant difference compared to 72 h SD group. *p<0.05 is a significant difference compared to C MgO 10 mg/kg.

deprivation increased closed arms entry which was
not significant.

Serum oxidative stress markers were not
changed by the sleep deprivation, just 72 h SD
briefly decreased catalase activity and increased
MDA level in the serum of rats.

Although one of the most critical outcomes of
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sleep deprivation is an increase in anxiety levels,
there is no general agreement on the correlation
between the different types of sleep deprivation
and anxiety level [24]. There are experimental
evidences denoting that anxiety could be negatively
influenced by the sleep loss [25-27]. Garg and
colleagues showed that 72 h SD significantly
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increased anxiety levels in the EPM test [19]. In
our previous study, 72 h SD could impair memory
in rats, so that probably losing memory could be
adequate in anxiety decrement [23].

There is evidence that in the multiple platforms
method because of methodological issues, animals
can move freely on platforms and eliminate the
social isolation stress; in contrast, a single platform
generates immobilization and oxidative stress
due to movement restriction and social isolation
[16]. Atrooz and Salim have reported that sleep
deprivation had no oxidative damage in rats [28].
By contrast, Garg and colleagues showed that
72 h SD increased lipid peroxidation, decreased
glutathione levels and catalase activity in mice [19].

On the other hand, C MgO and MgO NPs did
not affect anxiety indices and motor activity in 72
h SD rats, and only the lowest dose of MgO NPs
significantly decreased the anxiety index (Fig 5&
6). As well as, C MgO showed limited antioxidant
activity with increasing catalase and total
antioxidant level, while significant changes were
not observed following MgO NPs administration
in serum oxidative stress markers (Table 1).

There is a doubt on nanoparticles usage, in one
side magnesium is necessary for neuroprotective
and on the other side nanoparticles can change
oxidative stress parameters in animals [6, 7,
9,10,13,]. Our results showed that although MgO
NPs 1 mg/kg could reverse the anxiolytic effect
of 72 h SD in rats, but did not cause significant
oxidative stress changes. Notably, catalase activity
increased in the serum of MgO NPs treated groups,
specifically in the MgO NPs 1mg/kg group, but it
was not significant.

In this study, serum magnesium levels were not
changed by the sleep deprivation. Also MgO NPs
and C MgO increased serum magnesium levels and
this increment was only significant in MgO NPs 10
mg/kg treated group.

Our results showed that the serum BDNF
level had not any significant changes in all groups;
just it was briefly increased in MgO NPs 1 mg/kg
group. Contrary to our results, Torabi-Nami and
colleagues revealed that total and chronic partial
sleep restriction could significantly decrease serum
BDNF levels [27]. Some scholars showed a negative
correlation between BDNF concentration and
anxiety [29, 30]. Nevertheless, our results showed
anxiety was decreased by the 72 h SD, without
changes in the serum BDNF concentration. In line
with our study, Alzoubi and colleagues showed
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that SD cannot affect the BDNF level in the
hippocampus [31].

CONCLUSION

In conclusion, these results suggested that
decrement of anxiety level following sleep
deprivation induction in rats is not related to the
serum oxidant/ antioxidant markers, magnesium,
and BDNF levels. Also, administration of MgO NPs
could reverse anxiolytic effects of sleep deprivation,
whereas did not change serum biochemical
factors. In contrast, the C MgO administration
could change some antioxidant factors but did not
affect anxiety related parameters. It seems that, the
place or extent of MgO NPs and C MgO action on
anxiety-related behaviors is different (central or
peripheral), which needs more research.

ACKNOWLEDGEMENTS

We would like to acknowledge the Shahid
Chamran University of Ahvaz for their financial
support (grant number= 98/3/05/14909).

CONEFLICT OF INTERESTS
NO

REFERENCES

1. Sim S, Wong K N. Nanotechnology and its use in
imaging and drug delivery (Review). Biomedical Reports.
2021;14(5). https://doi.org/10.3892/br.2021.1418

2. Silva DE, Melo ALP, Uchoa AFC, Pereira GMA, Alves AEF,
Vasconcellos MC, Xavier-Junior FH, Passos ME. Biomedical
Approach of Nanotechnology and Biological Risks: A Mini-
Review. International Journal of Molecular Sciences. 2023;
24(23):16719. https://doi.org/10.3390/ijms242316719

3. Khan S, Mansoor S, Rafi Z, Kumari B, Shoaib A, Saeed
M, Alshehri S, Ghoneim MM, Rahamathulla M, Hani
U, Shakeel F. A review on nanotechnology: Properties,
applications, and mechanistic insights of cellular uptake
mechanisms, Journal of Molecular Liquids. 2022; 348:
112008. https://doi.org/10.1016/j.molliq.2021.118008

4. Hersh AM, Alomari S, Tyler BM. Crossing the Blood-
Brain Barrier: Advances in Nanoparticle Technology for
Drug Delivery in Neuro-Oncology. International Journal
of Molecular Sciences. 2022; 23(8): 4153. https://doi.
org/10.3390/ijms23084153

5. Kesmati M, Torabi M, Pourreza NR. Abdollahzadeh
R. Rahiminezhadseta, Badavi Banitorof M. Effects
of Nanoparticle and Conventional-Size Suspensions
of MgO and ZnO on Recognition Memory in Mice.
Neurophysiology. 2020; 52: 23-30. https://doi.org/10.1007/
511062-020-09847-4

6. Torabi M, Kesmati M, Galehdari H, Varzi HN, Pourreza
N. MgO and ZnO nanoparticles anti-nociceptive effect
modulated by glutamate level and NMDA receptor
expression in the hippocampus of stressed and non-stressed
rats. Physiological Behavior. 2020; 214:112727. https://doi.
org/10.1016/j.physbeh. 2019.112727

170


https://doi.org/10.3892/br.2021.1418
https://doi.org/10.3390/ijms242316719
https://doi.org/10.1016/j.molliq.2021.118008
https://doi.org/10.3390/ijms23084153
https://doi.org/10.3390/ijms23084153
https://doi.org/10.1007/s11062-020-09847-4
https://doi.org/10.1007/s11062-020-09847-4
https://doi.org/10.1016/j.physbeh.%202019.112727
https://doi.org/10.1016/j.physbeh.%202019.112727

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

171

M. Kesma et al. / Comparative effects of MgO nanoparticles and conventional M

Kesmati M, Tamoradi N, Rezaie A, Shahriyari A, Torabi M.
Evaluating behavioral, biochemical and histopathological
effects of the MgO nanoparticles administration on memory
in the Alzheimer-like model of male rat. Nanomedicine
Journal. 2021; 8(2): 140-146. https://doi.org/10.22038/
nm;j.2021.08.007

Zadedarvish F, Kesmati M, Khajehpour L, Torabi M Effect
of magnesium oxide nanoparticles on memory impairment
induced by postpartum depression model.. Physiology
and Pharmacology. 2020; 24 (1): 63-73. https://doi.
org/10.32598/ppj.24.1.80

Manke A, Wang L, Rojanasakul Y. Mechanisms of
nanoparticle-induced oxidative stress and toxicity. BioMed
Research International. 2013; 2013: 942916. https://doi.
org/10.1155/2013/942916

Min Y, Suminda GGD, Heo Y, Kim M, Ghosh M, Son
Y-O. Metal-Based Nanoparticles and Their Relevant
Consequences on Cytotoxicity Cascade and Induced
Oxidative Stress. Antioxidants. 2023; 12(3):703. https://doi.
org/10.3390/antiox12030703

Fiorentini D, Cappadone C, Farruggia G, Prata C.
Magnesium: Biochemistry, Nutrition, Detection, and Social
Impact of Diseases Linked to Its Deficiency. Nutrients.
2021; 13(4):1136. https://doi.org/10.3390/nu13041136.
Mah J, Pitreb T. Oral magnesium supplementation for
insomnia in older adults: a Systematic Review & Meta-
Analysis. BMC Complementary Medicine and Therapies.
2021; 21(1): 1-11.  https://doi.org/10.1186/s12906-021-
03297-z

Ring M, Marchlewski A, Kaplan J. Dietary Supplements
for Insomnia. Current Sleep Medicine Reports. 2017; 3:
306-315. https://doi.org/10.1007/s40675-017-0091-2
Orhan C, Er B, Deeh PB, Bilgic AA, Ojalvo SP, Komorowski
JR, Sahin K. Different sources of dietary magnesium
supplementation reduces oxidative stress by regulation
Nrf2 and NF-kB signaling pathways in high-fat diet rats.
Biological Trace Element Research. 2021; 199(11):4162-70.
https://doi.org/10.1007/s12011-020-02526-9

Abbasi B, Kimiagar SM, Shirazi MM, Sadeghniiat K,
Rashidkhani B, Karimi N, Doaee S. Effect of Magnesium
Supplementation on Physical Activity of Overweight
or Obese Insomniac Elderly Subjects: A Double-Blind
Randomized Clinical Trial. Zahedan Journal of Resarch in
Medical Sciences. 2013; 15(3): 14-19. https://www.sid.ir/en/
journal/ViewPaper.aspx?id=334333

Villafuerte G, Miguel-Puga A, Rodriguez EM, Machado
S, Manjarrez E, Arias-Carrién O. Sleep deprivation and
oxidative stress in animal models: a systematic review.
Oxidative Medicine and Cellular Longevity. 2015; 2015:
234952. https://doi.org/10.1155/2015/234952

KongJ, Zhou L, Li X, Ren Q. Sleep disorders affect cognitive
function in adults: an overview of systematic reviews and
meta-analyses. Sleep and Biological Rhythms. 2023; 21:
133-142. https://doi.org/10.1007/s41105-022-00439-9
Babson KA, Trainor CD, Feldner MT, Blumenthal H. A
test of the effects of acute sleep deprivation on general and
specific self-reported anxiety and depressive symptoms: an
experimental extension. Journal of Behavior Therapy and
Experimental Psychiatry. 2010; 41(3):297-303. https://doi.
org/10.1016/j.jbtep.2010.02.008

Garg R, Kumar A. Possible role of citalopram and
desipramine against sleep deprivation-induced anxiety like-
behavior alterations and oxidative damage in mice. Indian
Journal of Experimental Biology (IJEB). 2008; 46(11):770-

20

21

22

23

24

25

26

27

28.

29

30

31.

776. PMID: 19090348.

.Rondanelli M, Opizzi A, Monteferrario F, Antoniello N,
Manni R, Klersy C. The effect of melatonin, magnesium,
and zinc on primary insomnia in long-term care facility
residents in Italy: a double-blind, placebo-controlled
clinical trial. Journal of the American Geriatrics Society.
2011;59(1):82-90. https://doi.org/10.1111/j.1532-
5415.2010.03232.x

. Takase B, Akima T, Uehata A, Ohsuzu F, Kurita A. Effect of
chronic stress and sleep deprivation on both flow-mediated
dilation in the brachial artery and the intracellular
magnesium level in humans. Clinical Cardiology. 2004;
27(4): 223-227. https://doi.org/10.1002/clc.4960270411

. Nabaee E, Kesmati M, Shahriyari A, Khajehpour L, Torabi
M. Magnesium oxide nanoparticle effects on the central
nervous system biochemical parameters and memory
deficit induced by a sleep-deprivation. Nanomedicine
Journal. 2022; 9(2):170-179. https://doi.org/10.22038/NM].
2022.62787.1656

. Nabaee E, Kesmati M, Shahriari A, Khajehpour L, Torabi
M. Cognitive and hippocampus biochemical changes
following sleep deprivation in the adult male rat.
Biomedicine & Pharmacotherapy. 2018 ;104:69-76. https://
doi.org/10.1016/j.biopha.2018.04.197

. Silva RH, Kameda SR, Carvalho RC, Takatsu-Coleman AL,
Niigaki ST, Abilio VC, Tufik S, Frussa-Filho R. Anxiogenic
effect of sleep deprivation in the elevated plus-maze test in
mice. Psychopharmacology (Berl). 2004;176(2):115-122.
https://doi.org/10.1007/500213-004-1873-z

. Pires GN, Bezerra AG, Tufik S, Andersen ML. Effects of
acute sleep deprivation on state anxiety levels: a systematic
review and meta-analysis. Sleep Medicine. 2016; 24:109-
118. https://doi.org/10.1016/j.sleep.2016.07.019

. Vollert C, Zagaar M, Hovatta I, Taneja M, Vu A, Dao A,
Levine A, Alkadhi K, Salim S. Exercise prevents sleep
deprivation-associated anxiety-like behavior in rats:
potential role of oxidative stress mechanisms. Behavioural
Brain Research. 2011; 224(2): 233-240. https://doi.
0rg/10.1016/j.bbr.2011.05.010

. Torabi-Nami M, Nasehi M, Razavi S and Zarrindast R M.

Aversive Memory, Anxiety-Related Behaviors, and Serum

Neurochemical Levels in a Rat Model of Labored Sleep

Loss. Shiraz E-Medical Journal. 2014; 15(3): 1-10. https://

doi.org/10.17795/semj22358

Atrooz F, Salim S. Sleep deprivation, oxidative stress

and inflammation.  Advances in Protein Chemistry

and Structural Biology. 2020; 119: 309-336. https://doi.
0rg/10.1016/bs.apcsb.2019.03.001

. Yin XL, Ma YY, Liu YL, Wang LX, Du N, Yang L. Changes
of brain-derived neurotrophic factors in rats with
generalized anxiety disorder before and after treatment.
European Review for Medical and Pharmacological
Sciences. 2022; 26(5): 1500-7. https://doi.org/10.26355/
eurrev_202203_28214

. Ristevska-Dimitrovska G, Shishkov R, Gerazova VP, Vujovik

V, Stefanovski B, Novotni A, Marinov P, Filov 1. Different

serum BDNF levels in depression: results from BDNF

studies in FYR Macedonia and Bulgaria. Psychiatria

Danubina. 2013; 25(2):123-127. PMID: 23793275.

Alzoubi KH, Khabour OF, Abu Rashid BE. The combined

effect of sleep deprivation and western diet on spatial

learning and memory: the role of BDNF and oxidative

stress. Journal of Molecular Neuroscience. 2013; 50: 124-

133. https://doi.org/10.1007/5s12031-012-9881-7

Nanomed Res J 9(2): 164-171, Spring 2024
(@)or |


https://doi.org/10.22038/nmj.2021.08.007
https://doi.org/10.22038/nmj.2021.08.007
https://doi.org/10.32598/ppj.24.1.80
https://doi.org/10.32598/ppj.24.1.80
https://doi.org/10.1155/2013/942916
https://doi.org/10.1155/2013/942916
https://doi.org/10.3390/antiox12030703
https://doi.org/10.3390/antiox12030703
https://doi.org/10.1186/s12906-021-03297-z
https://doi.org/10.1186/s12906-021-03297-z
https://doi.org/10.1007/s40675-017-0091-2
https://doi.org/10.1007/s12011-020-02526-9
https://www.sid.ir/en/journal/ViewPaper.aspx?id=334333
https://www.sid.ir/en/journal/ViewPaper.aspx?id=334333
https://doi.org/10.1155/2015/234952
https://doi.org/10.1007/s41105-022-00439-9
https://doi.org/10.1016/j.jbtep.2010.02.008
https://doi.org/10.1016/j.jbtep.2010.02.008
https://doi.org/10.1111/j.1532-5415.2010.03232.x
https://doi.org/10.1111/j.1532-5415.2010.03232.x
https://doi.org/10.1002/clc.4960270411
https://doi.org/10.22038/NMJ.%202022.62787.1656
https://doi.org/10.22038/NMJ.%202022.62787.1656
https://doi.org/10.1016/j.biopha.2018.04.197
https://doi.org/10.1016/j.biopha.2018.04.197
https://doi.org/10.1007/s00213-004-1873-z
https://doi.org/10.1016/j.sleep.2016.07.019
https://doi.org/10.1016/j.bbr.2011.05.010
https://doi.org/10.1016/j.bbr.2011.05.010
https://doi.org/10.17795/semj22358
https://doi.org/10.17795/semj22358
https://doi.org/10.1016/bs.apcsb.2019.03.001
https://doi.org/10.1016/bs.apcsb.2019.03.001
https://doi.org/10.26355/eurrev_202203_28214
https://doi.org/10.26355/eurrev_202203_28214
https://www.psychiatria-danubina.com/
https://www.psychiatria-danubina.com/
https://doi.org/10.1007/s12031-012-9881-7

	Comparative effects of MgO nanoparticles and conventional MgO on anxiety and serum biochemical param
	Abstract
	Keywords
	INTRODUCTION
	MATERIALS AND METHODS 
	Animals and treatments 
	Sleep deprivation   
	Elevated plus maze (EPM) 
	Serum biochemical parameters measurement  
	Statistical Analysis 

	RESULTS
	Effects of sleep deprivation on anxiety-related behaviors 
	Effects of C MgO and MgO NPs on anxiety-related behaviors in sleep-deprived rats  
	Serum biochemical factors 

	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTERESTS 
	REFERENCES


