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Effects of selenium yeast on anxiety like behaviours and
oxidative stress biomarkers of restraint male Wistar rats
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Objective: This experiment is to determine if selenium
yeast modulates behavioural changes in male Wistar
rats subjected to restraint stress.
Methods: The experiment was carried out with 15 male
Wistar rats, randomly divided into three groups; Group
I-normal control, Group II-stress control group, Group
III- selenium yeast (0.1mg/kg) + restrained stress. Restraint stress was induced using restraint meshes for 6
hours (between 9.00-15.00 h) for 15 days. Behavioural
changes were assessed, using open-field apparatus and
elevated plus maze.
Results: In open-field test; stress control group
showed increased value of line cross, neck stretch and
rearing, administrations of selenium yeast shows decrease activity in open field. In elevated plus maze,
time spent in open arms, number of entries in open arms
and number of entries in closed arms were significantly
higher in stress control group when compared to normal
control group. Selenium yeast group shows a significant decrease in entries and time spent in open arms but
increase time spent and entries in close arms. Stress
control shows increase catalase and malondialdehyde
activities when compared to normal control and selenium yeast groups. That of super oxidase and glutathione peroxidase concentration in selenium yeast group
was significant (P ˂ 0.05) higher when compared to
stress control.
Conclusion: restraint stress decreased anxiety-like behaviour and induces oxidative stress. Antioxidants selenium yeast ameliorates oxidative stress, but did not
exert modulatory effect on anxiety-like behaviours in
restraint Wistar rats.
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Introduction
Stress is regarded as the perception of threat, which results
in discomfort, emotional tension and anxiety. From an endocrinology perspective, it is any stimulus that provokes
the release of adrenocorticotrophic hormone and glucocorticoid [1]. Stress is caused by psychological, physiological
and environmental extraneous factors called stressors [2].
It may be induced in laboratory animals by cold water immersion, electrical foot-shock, food deprivation, noise and
restraint stress [3]. Restraint or immobilisation stress occurs due to impermissible movement. It is a convenient and
reliable model to mimic psychological stress, resulting to
ill-effect on various systems of the body [4]. Studies have
shown that restraint stress induces oxidative stress, decreasing glutathione peroxidase activity and impairs behaviour
[5-6]. Behavioural alterations include impaired feed-back
mechanism and altered neuroplasticity [7]. It has been
shown that prenatal restraint stress could be translated into
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anxiety-like behaviour during early life [8]. During restraint stress, there is excess production of reactive oxygen
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species (ROS) which coincide with a decrease in antioxidant concentration in experimental animals [9].
Hence, the excess ROS can be scavenged through the use
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of antioxidants [10]. Studies have shown that antioxidants-
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enriched diets slow down the progression of behavioural
decline [11]. Antioxidant mineral, selenium is a component
of endogenous antioxidant enzymes glutathione peroxidase
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and thioredoxin [12]. However, selenium can be enriched

ad libitum, and allowed to acclimatize in their home cages

with yeast, which induces fast restoration of antioxidants

for two weeks prior to the commencement of the experi-

systems after oxidative stress [13]. Though yeast minimizes

ment in a 12-h light and dark cycle. All procedures pertain-

oxidative damage due to its ability to induce high activities

ing to the use of the animals were prepared in accordance

of glutathione peroxidases and catalase in cells, studies on

to the Animal Ethical Committee and ethical clearance was

chicks suggest that selenium-yeast supplementation in-

issued.

creased the body resistance to oxidative stress, associated
with enteric bacterial infection and high temperature exposure. The increased resistance to stressors, induced by the
supplementation was apparently due to an improved redox
status [14]. It also exhibits a high level of nitric oxide-scav-

Experimental design
Rats were divided into three groups, each comprising of 5
animals (n=5), and were treated as follows: Group I rats

enging activity [15]. Selenium yeast is potent in protecting

were given rat feed and distilled water. These groups

the brain cells from oxidative stress [16]. It abolishes patho-

served as normal control group. Group II were fed, and sub-

logical changes, associated with the brain, and appears to

jected to restraint stress; serving as stress control group.

be the primary antioxidant involved in the prevention and

Group III rats were fed and administered with selenium

management of pro-oxidants, inducing brain damage [17].

yeast at dose of 0.1 mg/kg, orally using a cannula, 8:30 h

Selenium status was observed to decrease with ageing and

daily for 15 days and subjected to restraint stress one rat

may contribute to decline in neuropsychological functions

per restraint wire mesh cage restrainer; having dimensions

among older people. The preferential retention of selenium

of 8 cm (length) x 4 cm (width) x 4 cm (height) [20]. A pad

yeast in brain suggests that it plays important functions in

lock and latch was use to secure the rat in the restrainer.

the regulation of mood and prevention of tardive dyskinesia

The study was carried out between 9:00 – 15:00 h and ade-

[18]. Its supplementation improves mood in aged individuals, making them happier, thus affecting their life quality
by its ability to protect entire brain cells from oxidative
stress [19]. The aim of the present study was to investigate
the effect of selenium yeast on anxiety-like behavioural re-

quately monitored to ensure all rats were unharmed. The
rats were deprived of food and water, within 6-h of restraint
induction. The anxiety-like behaviour was evaluated using
an elevated plus maze test and an open-field test. At the

sponses and biomarkers of oxidative stress in restraint male

end of the behavioural test, rats were anaesthetized prior to

Wistar rats.

being decapitated, brain tissue was harvested and homogenized with phosphate buffered saline (pH =7.4). Superna-

Materials and methods

tant was use to assay for biomarker of oxidative stress.

Chemicals
All reagents were of analytical grade. Selenium yeast was

Elevated plus maze test

purchased from Sigma Aldrich (St. Louis, USA), except

The elevated plus maze test can be used to evaluate anxiety-

for phosphate buffer which was prepared on the day of de-

related behaviour [19]. This was constructed from ply-

capitation.

wood, having a height of 55 cm from the floor and consists
of two opposite close arms and two opposite open arms of

Animals

(50 x 11 cm) with 40 cm high walls of thin wood, painted

Fifteen young adult male Wistar rats, weighing between

black. Rats were placed in the middle of the plus maze fac-

140-145 g of two-month old were used for the experiment.

ing towards the open arms for 5 minutes. Behaviour meas-

They were obtained from a breeding stock and maintained

ured included; total time spent in both close and open arms

in the animal house of the Department of Human Physiol-

and total entries in both close and open arms.

ogy, Faculty of Medicine, Ahmadu Bello University, Zaria,

After each trial the maze was wiped with a cloth dipped in

Nigeria. They were given access to grower mesh and water

70% ethyl alcohol, which was allowed to dry up before,
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cleaned with bleached.

activity assay kit (Product NWK-CAT01, Specificity: Catalase, Sensitivity: 6.0 Catalase/mL). Activities of catalase

Open-field test

were assayed based on the principle of catalase consump-

Open-field allows evaluation of animal basal activity, in re-

tion of H2O2 substrate at 240 nm [24].

sponse to a novelty or anxiogenic environment. It was carried out, as describe by [21]. The apparatus consists of

Glutathione peroxidase activity

square white Plexiglas of 1.22 m size and height of 45 cm.

Glutathione peroxidase (GPx) activity was assessed using

The floor was divided into 16 equal squares 30.5 cm size

NWLSSTM GPx, enzyme-linked immunosorbent assay

which allowed, the assessment of locomotion. The rat was

(ELISA) assay kit (Product NWK-GPX02, specificity:

placed in the centre of open field for a period of 5 minutes

Glutathione peroxidase, Sensitivity: 12.5 pg/ml). The

and the following parameters were being recorded; Line

NWLSSTM cGPx assay is based on a sandwich ELISA,

crossing: When the rat crossed one of the grid lines, which

where sample GPx concentration is determined by compar-

separated the squares in the open field with all four limbs,

ing the 450 nm absorbance, of sample to the absorbance of

centre square entries: The duration and the number of times

known standards [25].

the rat entered one of the center four squares with all four
paws, rearing: Standing on hind-legs or leaning against the

Statistical analysis

walls, grooming: When the rat, while stationed, licked, or

Data collected from this study are expressed in mean (±

scratched using front or back paws, freezing: when the rat

SEM). Values of P < 0.05 is considered to be statistical sig-

is stationed, urination: Number of urine spots on the floor,

nificant. One-way analysis of variance (ANOVA) and tuk-

defecation: Number of faecal boli excreted.

eys post-hoc test was used to differentiate between the
means. Statics packaged used is Graph pad prism 5.0 (San-

Assessment of Oxidative Stress Makers in Brain Tissue

Diego, California USA).

The level of thiobarbituric-acid reactive substance, MDA,
as an index of lipid peroxidation was evaluated. Quantita-

Results

tive measurement of lipid peroxidation of malondialdehyde

The data of anxiety like behavioral analysis following im-

(MDA) was determined using NWLSS

TM

MDA assay kit

mobilization stress with respect to control group was ana-

(Northwest Life Sciences Specialties, Product NWK-

lyzed below. Exposure to immobilization stress showed

MDA01, Vancouver WA, specificity: Malondialdehyde,

significant changes in animal behaviour in open field and

Sensitivity: 0.08 µM). The principle was based on the re-

elevated plus maze.

action of MDA with thiobarbituric acid (TBA); forming an
MDA-TBA2 adduct that absorbs strongly at 532 nm [22].

Effect of selenium yeast on anxiety like behaviour in elevated plus Maze Test

Superoxide dismutase (SOD) activity
Activity of superoxide dismutase (SOD) in brain tissue was

Close arms

determined using NWLSS SOD assay kit (product NWK-

No significant difference (P < 0.05) was observed in time

SOD02, Specificity: copper (Cu)/ zinc (Zn), manganese

spent at close arms in the normal control groups when com-

(Mn) and iron (Fe) superoxide dismutase, Sensitivity: 5

pared with the stress control groups and the selenium yeast

U/mL) the assay kit is based on the principle of superoxide

groups in (Fig 1). In the number of entries into close arms

inhibition of autooxidation of hematoxylin as described by

the stress control groups (4.2 ± 0.8) were significantly (p <

[23].

0.05) higher when compared to the normal control (1.5 ±
0.08) and the selenium yeast groups (1.4 ± 0.06) in (Fig 2).

Catalase activity
Catalase (CAT) activity was assessed using NWLSS CAT
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Figure 1. Effects of selenium yeast on time spent in close
arm of elevated plus maze in Wistar rats subjected to restraint stress

(p < 0.05), decrease in freezing was observed in stress control when compared with the selenium yeast group.
Figure 3. Effect of selenium yeast on time spent in open
arm of elevated plus maze in Wistar rats subjected to restraint stress

Data are expressed in mean ± SEM. a, b = Means with different superscript letters
are significantly (P < 0.05) different; Group I = Control, Group II = Stress Control,
Group III = Selenium-yeast Administration, n=5.

Figure 2. Effect of selenium yeast on entries into close arm
of elevated plus maze in Wistar rats subjected to restrained
stress

Data are expressed in mean ± SEM. a, b = Means with different superscript letters are
significantly (P < 0.05) different; Group I = Control, Group II = Stress Control,
Group III = Selenium-yeast, n = 5.

Though no significant difference was observed in grooming and defecation, however the stress control shows decrease in number of faecal presence during open field test
when compared to the rest of the groups. However, in
grooming, normal control group groomed higher when
compared to both selenium yeast and stress control group.
Figure 4. Effects of selenium yeast on Wistar rats subjected
to restrained stress in open arms of elevated plus maze.

Data express in mean ± SEM. a, b = Means with different superscript letters within
rows are significantly (P < 0.05) different; Group I = Control, Group II = Stress Control, Group III = Selenium-yeast Administration, n = 5.

Open arms
In (Figure 1) the stress control spent more time in open
arms and was statistically (p < 0.05) higher when compared
to the normal control and the selenium yeast groups. A significant (p < 0.05) increase (Figure 2) in entries into open
arm was observed in the stress control (2.8 ± 0.96) when

Data are expressed, in mean ± SEM. a, b = Means with different superscript letters are
significantly (P < 0.05) different; Group I = Control, Group II = Stress Control,
Group III = Selenium-yeast administration, n = 5.

compared to the normal control (0.05 ± 0.09) and the selenium yeast groups (0.9 ± 0.1). Hence both event in open
and close arms indicate locomotion, and the time spent in

Table 1. Effect of Selenium yeast on Anxiety-like Behaviour in Open-Field of Wistar Rats subjected to Restraint
Stress

open arms by Wistar rats indicates calmness in animal usPARAMETERS

ing elevated plus maze model

Group I

Group II

Group III

Line Crossed

6.8±3.1

b

a

15.0±5.9

0.00±0.00c

Neck Stretch

3.4±1.5a

5.0±1.4a

2.6±0.24b

Grooming

6.2±2.5

5.0±1.8

3.6±1.4

Effect of selenium yeast on anxiety-Like behaviour in

Rearing

1.2±0.49a

5.4±1.5b

0.80±0.40a

open-field of Wistar rats subjected to restraint stress

Defaecation

2.8±1.0

1.8±1.2

3.0±0.95

Freezing

0.20±0.20a

0.00±0.00b

0.60±0.40a

In the open field (Table, 1) the rats showed a significant (P
< 0.05) increase in line crossed, rearing and neck stretch in
stress control group when compared with the normal con-

Data are expressed in mean ± SEM. a, b = Means with different superscript letters
within rows are significantly (P < 0.05) different; Group I = Control, Group II =
Stress Control, Group III = Selenium yeast Administration, n= 5.

trol and the selenium yeast group. However, a significant
ANNALS OF MEDICAL AND BIOMEDICAL SCIENCES. 2016; 2 (1): 28-34

ISSN 2059-9447

32 | P a g e
Effect of selenium yeast on biomarkers of oxidative

finding [32]. That showed a decrease in line cross and rear-

stress in restrained Wistar rats

ing in open field, when exposed to immobilisation stress.

In (Table 2) no significant difference (P < 0.05) was ob-

However, administration of selenium yeast decreases loco-

served in SOD, CAT and MDA among groups, although

motive activities in open field.

the stress control shows higher level of MDA (1.7 ± 0.08)

In the Elevated plus maze (Figure 1-4), there was a signifi-

and CAT (1.3 ± 0.22), and decreased level of SOD (63 ±

cant (P < 0.05) increase in time spent (Fig 3) and entries

4.1), when compared to the normal control (1.6 ± 0.13),

(Fig 4) in open arm, in the stress control group, when com-

while the selenium yeasts group shows lesser levels of

pared with the normal control group. This result disagreed

MDA (1.6 ± 0.17) and CAT (0.85 ± 0.15 , and increased

with the finding of [9], which showed that restraint stress

level of SOD (104 ± 32). However, a significant (P < 0.05)

suppressed entries and time spent in open arm. In close

increase was observed in reduce glutathione in the selenium

arms there was a significant (P < 0.05) increase in entries

yeast group (2.3 ± 0.52) when compared to the stress con-

(Fig 1) and time spent (Fig 2) by the stress control, when

trol (0.66 ± 0.33).

compared with the normal control. However, the selenium
yeast group showed a significant (P < 0.05) decrease in en-

Table 2. Effect of the selenium yeast on oxidative stress
parameters in restrained Wistar rats

tries and time in open arms, and also an increase in time
spent and entries in close arms.
Biomarkers of oxidative stress assayed (Table 2) in this

Total protein
Superoxide
Dismutase
(U/g protein)
Catalase
(k/g protein)
Reduce
Glutathione
(mmol/mg-protein)
Malondialdehyde
(mmol/mg-protein)

study include superoxide, catalase, glutathione reductases

Group I
74 ± 4.8

Group II
63 ± 4.1

Group III
104 ± 32

1.2 ± 0.26

1.3 ± 0.22

0.85 ± 0.15

the normal control group. The decrease MDA level in se-

0.52a

lenium yeast group agrees with the study obtained by [34],

and malondialdehyde. In this study, malondialdehyde level
was higher in the stress control group, when compared to

1.1 ± 0.26

0.66 ±

0.33b

2.3 ±

which showed that administration of selenium yeast was
not different when compared to the normal control MDA
1.6 ± 0.13

1.7 ± 0.08

1.6 ± 0.17

concentration. In this study SOD activity was lowered compared with that obtained in the stress control group or the

a, b

Data are expressed, in mean ± SEM.
= Means with different superscript letters
within rows are significantly (P < 0.05) different; Group I = Normal Control, Group
II = Stress Control, Group III = Selenium-yeast Administration, n = 5.

normal control. This finding agrees with the study of [36],
who showed that immobilisation stress decreases activity
of SOD. In antioxidant administered groups, SOD activity

Discussion

was higher. The increase in SOD of selenium yeast group

Exposure of humans and animals to stress is absolutely un-

agreed with the finding of [16], indicating the role of sele-

avoidable, restraint or immobilisation stress is a laboratory

nium yeast in activating enzymes. The result obtained for

model to mimic psychological stress, leading to various ill-

catalase showed an increase in catalase activity in the stress

effects on body systems [4]. Studies have linked restraint

control group, when compared to the normal control group.

stress to excess production of ROS and RNS [5]. ROS and

This finding corresponded to that of [37], who showed that

RNS have been implicated in the pathology of various neu-

3 h of restraint stress increased catalase activity. However,

rological disorders that alter behaviour [25].

there was a decrease in catalase activity in selenium yeast.

In the present study behavioural performance was evalu-

Results obtained for reduced glutathione showed lesser

ated using open-field and elevated plus maze apparatus

value in the stress control group, when compared with the

both were used to assess anxiety-like behaviours. In the

normal control, and this agreed with the finding of the study

open-field test (Table 1), the stress control group showed

of [38]. Administration of selenium yeast showed an in-

increased value of line cross, neck stretch and rearing, with

crease in reduced glutathione concentration when com-

rearing (5.4 ± 1.5) being significantly (P < 0.05) higher

pared to that of the stress control group. The result is in

when compared with that of the normal control group of

agreement with the finding of [2], which showed that pre-

values (1.2 ± 0.49), this result disagreed with the previous

treatment with selenium restored glutathione content, prior
to 4 h of restraint stress in Rats.
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The results obtained from the present study demonstrated

selenium yeast ameliorates oxidative stress, but did not ex-

that restraint impairs anxiety-like behaviour and induced

ert effect on anxiety-like behaviours in rats.

oxidative stress. However, administration of antioxidants

Conflict of Interest
We declare that we have no conflict of interest.

References
1

Fink G. Stress controversies: Post‐traumatic stress
disorder, hippocampal volume, gastro duodenal
ulceration. J Neuroendocrinol. 2011; 23(2): 107117.
2 Atif F, Yousuf S. and Sandeep KA. Restrain stress
induced oxidative damage and amelioration with
selenium. Eur J Pharmacol. 2008; 600(1-3): 5963.
3 Jaqqi AS, Bhatia N, Kumar N, Anand P, Dhawan,
R. A review of animal models for screening potential anti-stress agents. J Italian Neurol Soc Clin
Neurobiol. 2011; 36(60): 993-1005
4 Hong IS, Lee HY, Kim HP. Anti-oxidative effects of rooibos tea (aspalathus linearis) on immobilization-induced oxidative stress in rat brain.
Plos One. 2014; 9(1): e87061.
5 South PK., Smith AD, Guidry CA, Levander OA.
Effect of physical restraint on oxidative stress in
mice feed a selenium and vitamin E deficient diet.
Bio Trace Elements Res. 2006; 109(3): 293-299.
6 Kondam A, Purushothaman Q, Qairunnisa S,
Madhuri BA, Sundararavadivel M, Chandrasheka S.
Effect of sub-acute restraint stress on mice in various
neurobehavioural studies. Indian J Basic Appl Med
Res. 2013; 8(2): 859-864.
7 Maccari S, Morley-Fletcher S. Effects of prenatal
restraint stress on the hypothalamus– pituitary–adrenal axis and related behavioural and neurobiological alterations. Psychoneuroendocrinol. 2007; 32:
S10-S15.
8 Laloux C, Mairesse, J, Van Camp G, Giovine A,
Branchi I, Bouret S, Maccari S. Anxiety-like behaviour and associated neurochemical and endocrinological alterations in male pups exposed to prenatal
stress. Psychoneuroendocrinol. 2012; 37(10): 16461658.
9 Chakraborti A, Gulati K, Banerjee BD, Ray A. Possible involvement of free radicals in the differential
neurobehavioral responses to stress in male and female rats. Behav Brain Res. 2007; 179(2): 321–325.
10 Lemmens KJ, van de Wier B, Vaes N, Ghosh M, van
Zandvoort MA, van der Vijgh WJ, Haenen GR. The
flavonoid 7-mono-O-(β-hydroxyethyl)-rutoside is
able to protect endothelial cells by a direct antioxidant effect. Toxicol. In Vitro. 2014; 28(4): 538-543.
11 Willis LM, Shukitt-Hale B, Joseph JA. Modulation
of cognition and behavior in aged animals: role for
antioxidant-and essential fatty acid–rich plant foods.
The Am J Clin Nutrition. 2009; 89(5): 1602S1606S.
ANNALS OF MEDICAL AND BIOMEDICAL SCIENCES. 2016; 2 (1): 28-34

12 Rivera RE, Christensen VL, Edens FW. and Wineland, M. J. Influence of selenium on heat shock protein 70 expression in heat stressed turkey embryos
(Meleagris gallopavo). Comparative Bioche Physiol.
Part A, Mol Phys. 2005; 142(4): 427-32.
13 Jozanov-Stankov O, Demajo M, Djujic I, Mandic M.
Selenium intake as a modulator of responsiveness to
oxidative stress. J Enviro, Pathol, Toxicol and Oncol. 1998;17(3-4): 251-257.
14 Mahmoud KZ, Edens FW. Influence of organic selenium on hsp70 response of heat-stressed and enteropathogenic Escherichia coli challenged broiler
chickens (Gallus gallus). Comparative
Bioche
Physiol. Part C, Toxicol Pharmacol. 2005; 141(1):
69-75.
15 Padival MA, Blome SR, Rosenkranz JA. Repeated
restraint stress exerts differences impact on structure
of neuron in the lateral and basal nuclei of the amygdala. J Neuroscience. 2013; 246: 230-242.
16 Khera A, Vanderlalie JJ, Perkins AV. Selenium supplementation protects trophoblast cells from mitochondrial oxidative stress. Placenta. 2013; 34(7):
594-598
17 Adebayo OL, Adenuga GA. Protective effect of selenium on protein-under nutrition induced brain
damage in rats. Bio Trace Element Res. 2007;
116(2): 224-234.
18 Benton D. Selenium intake mood and other aspect
of psychological function. Nutr Neurosci. 2002;
5(6): 363-374.
19 Walf AA, Frye CA. The use of elevated plus maze
as anxiety related behaviour in rodent. Nat Prot.
2007; 2(2): 322-328.
20 Kumar RS, Rao MS, Nayak S, Sareesn NN. Effect
of ocimun sanctum extract on restraint stress induced
behavioural deficit in male Wistar rats. Pharmacol
Online. 2007; 3: 394-404
21 Roth KA, Kathz RJ. Stress behavioural arousal, and
open field activity a re-examination of emotionality
in rat. Neuroscience and Biobehavioral Rev. 1979; 3:
247-26
22 Janero DR. Malondialdehyde and thiobarbituric
acid-reactivity as diagnostic indices of lipid peroxidation and peroxidative tissue injury. Free Radic
Biol Med. 1990; 9(6): 515-540.
23 Martin Jr JP, Dailey M, Sugarman E. Negative and
positive assays of superoxide dismutase based on hematoxylin autoxidation. Arch Biochem Biophys.
1987; 255(2): 329-336.
24 Beers RF, Sizer IW. A spectrophotometric method
for measuring the breakdown of hydrogen peroxide
by catalase. J Biol Chem. 1952; 195(1): 133-140.
25 Takebe G, Yarimizu J, Saito Y, Hayashi T, Nakamura H, Yodoi J, Takahashi KA .comparative study
on the hydroperoxide and thiol specificity of the glutathione peroxidase family and selenoprotein P. J Bio
Chem. 2002; 277(43):41254-41258.
26 Priya HP, Reddy PS. Effect of restraint stress on
lead‐induced male reproductive toxicity in rats. J

ISSN 2059-9447

34 | P a g e

27

28

29

30

31

32

Exp Zool A Ecol Genet Physio Part A: Ecological
Genetics and Physiolog. 2012; 317(7): 455-465.
Radak Z, Sasvari M, Nyakas C, Kaneko T, Tahara S,
Ohinou H, Goto S. Single bout of exercise eliminates the immobilisation stress in brain. Neurochem
Int. 2001; 39(1): 33-38.
Taylor SE, Klein LC, Lewis BP, Gruenewald TL,
Gurung RA, Updegraff JA. Biobehavioral responses
to stress in females: tend-and-befriend, not fight-orflight. Psychol Rev. 2000; 107(3): 411-458
Issler O, Haramati S, Paul ED, Maeno H, Navon I,
Zwang R, Chen A. MicroRNA 135 is essential for
chronic stress resiliency, antidepressant efficacy, and
intact serotonergic activity. Neuron. 2014; 83(2):
344-360.
Liebl AL Martin LB. Exploratory behaviour and
stressor hyper-responsiveness facilitate range expansion of an introduced songbird. Proceedings of the
Royal Society B: BioSciences. 2013; 279(1746):
4375-4381.
Nemati F, Kolb B, Metz GA. Stress and risk avoidance by exploring rats: Implications for stress management in fear-related behaviors. Behav Proc.
2013; 94: 89-98.
Kaur R, Singh K, Jaggi AS, Singh N. Studies on effect of stress preconditioning in restrain stress-induced behavioural alterations. J Pharm Soc of Japan, 2010; 130(2): 215-221.

ANNALS OF MEDICAL AND BIOMEDICAL SCIENCES. 2016; 2 (1): 28-34

33 Sahin, M, Sağdiç G, Elmas O, Akpinar D, Derin N,
Aslan M, Agar A, Alicigüzel Y, Yargiçoğlu P. Effect of chronic restraint stress and alpha-lipoic acid
on lipid peroxidation and antioxidant enzyme activities in rat peripheral organs. J of Italian Pharmacol
Soc. 2006; 54(3): 247-52.
34 Liu LL, Zhang JL, Zhang ZW, Yao HD, Sun G, Xu,
SW. Protective roles of selenium on nitric oxide-mediated apoptosis of immune organs induced by cadmium in chickens. Bio Trace Elements Res. 2014;
159(1-3): 199-209.
35 Kakkar, P. M., Das. B. B. and Viswanathan, P. N. A
modified spectrophotometric assay of superoxide
dismutase. Indian J Biochem Biophys. 1984; 21:
130-132.
36 Fontella F U, Cimarosti H, Crema LM, Thomazi AP,
Leite MC, Salbego C, Goncalves CAS., Wofchok S,
Dalma C, Nelto CA. Acute and repeated restraint
stress influences cellular damages in rat hippocampal
slices exposed to oxygen and glucose deprivation.
Brain Res Bull. 2005; 65 (2005): 443-450.
37 Sahin E, Gümüşlü S. Immobolization stress in rat
tissues: Alteration in protein oxidation, lipid peroxidation and antioxidant defense system. Comparative
Biochemistry and Physiology Part C: Toxicol Pharmacol. 2007; 144(4): 342-347.
38 Şahin E, Gümüşlü S. Alterations in brain antioxidant
status, protein oxidation and lipid peroxidation in response to different stress models. Behav Brain Res.
2004; 155(2): 241–248

ISSN 2059-9447

