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ABSTRACT

Background: Stress is a strain on our mental and physical functions
caused by various aversive and harmful events, inducing adaptive biological
responses. However, if a stressful situation is too intense or persists over
time, its repercussions on the individual become pathogenic. Stress also
affects the animal world and represents an ethical and economic problem
for farm animals and their welfare. Aim: The aim of our study is to evaluate
the effect of restraint stress and its consequences. Materials and
Methods: Twenty-four male and female Rattus rattus rats of the Wistar
strain were exposed to two daily sessions of restraint stress over a period
of 5 days. Results: Following this, locomotors exploratory anxiety-like
behaviors were quantified in the elevated plus maze test and the open

INTRODUCTION

According to the World Health Organization and the Health Programme
in 2018, mental and neurological disorders, including various types of
stress, are common worldwide, affecting every community and age
group in countries with varying levels of wealth. These disorders account
for 14% of the global burden of disease.!

Stress not only attributes a negative impact on human life, but also affects
other living organisms that are frequently exposed to variants of intrinsic
and extrinsic stress stimuli.* The brain is the organ that interprets bodily
information, whose triggers are internal or external to the body, imposing
the activation of stress mechanisms when warranted. The value given
to the perceived information (valence), as well as the feeling of control,
explains the difference between the intensity of the stress perceived by
the individual and the actual aggressiveness of the stressor.’

Restraint and immobilization stress are stressors that include limiting
the movement of animals. Restraint stress involves placing the animal in
a plastic tube, wire mesh or soft plastic cone that fits its body,* and has
been widely used as an emotional stress.” Itis considered as a condition
that leads to a disruption of body homeostasis,® producing endocrine
and autonomic responses characterized by increases in glucocorticoids
levels, blood pressure and heart rate.”® These responses are accompanied
by various physiological, emotional and behavioral changes that may
be related to adaptations of the hypothalamic-pituitary-adrenal (HPA)
axis.* "

Stressful events activate the hypothalamic-pituitary-adrenal (HPA) axis
and increase the release of corticotrophin hormone (CRH) from the par
ventricular nucleus of the hypothalamus, which causes the secretion
of adrenocorticotropin (ACTH) from the anterior pituitary. The latter
stimulates the secretion of corticosterone from the adrenal cortex from
cholesterol.'>"?

Glucocorticoids play many roles in the body’s metabolism, inducing
changes in energy storage, carbohydrate and lipid metabolism and
feeding behavior in animals.'*"> Furthermore, studies suggest that these
stress hormones can influence the lipid profile.'¢

In order to assess the concept of stress, one should look at life events
that have long been central and that would be likely to be a source of
stress. These correspond to important events that occur in the life of the
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field test, and compared to control groups. Conclusion: The existence of a
correlation between the behavioral consequences and the variation of the
lipid profile following the induction of restraint stress was noted.
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subjects underlining the hypothesis that stress would result from the
accumulation of changes that impose an adaptation."”

Increasingly, experimental animal models are being developed to identify
the neurobiological disturbances that underlie vulnerability to these
disorders. However, modeling in animals remains relative.'®"® They may
not adequately reproduce human disease, and instead model specific
symptoms. The development of animal models of behavioral disorders
linked to this type of stress (Plus maze test, open field test etc.) may
contribute to a better understanding of the physiological mechanisms
linked to gestation and improve therapeutic strategies.'**

The aim of this study was to establish an inter-sexual comparison
following chronic restraint stress in Wistar rats through the respective
evaluation of their anxiety and exploratory activity levels as well as their
lipid profile variations.

MATERIALS AND METHODS
Animals

White rat of the Wistar strain were obtained from the Pasteur Institute
in Algiers, Algeria and used as the experimental model in this study. The
animals were 51 months old and had a body weight of 200+10g. They
were reared in the animal house of the Biology Department, Faculty of
Sciences, Badji Mokhtar, Annaba University, Algeria.

Male and female rats were housed in standard polyethylene cages, lined

with wood shavings. The cages were cleaned and the bedding changed
every second day. The animals were acclimatized to the conditions of
the animal house, at an average temperature of 18°C and subjected to a
seasonal light-dark cycle. The food provided to the animals is in the form
of sticks made up of corn, barley, milk and vitamin supplements, while
the drinking water is presented in bottles adapted to the cages. Food and
water are served ad libitum.

Experimentation
Stress induction

The restraint stress induction procedure was carried out after identifying
the rats (marks on the tail of each rat) following two daily sessions
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(09:00 “morning” and 14:00 “afternoon”) of 30 min each, over a period
of 5 days. Rats were placed in an 8cm diameter, 12cm long box with their
tails and snouts exposed to air. At day 1 (D01), day 3 (D03) and day 5
(D05), each stress session was followed by a behavioral assessment of
anxiety levels, locomotors and exploratory activity.

Behavioral tests

The tests used in animal experiments are similar to constructions or
enclosures adapted to the size of the animal with the aim of observing its
exploratory behavior, or subjecting it to a constraint or task, for a defined
time. The observation of each passage in a test thus makes it possible to
identify variables, which inform the experimenter about the behavioral
register of the animal.

For these different reasons, we measured the behavior of rats on the
emotional status observed in two unconditioned conflict tests: a test
space open field and raised cross maze (elevated plus maze).

Biochemical parameters

At day 6 (D06), the rats were sacrificed by decapitation. This took place
at the level of the animal facility of the Department of Biology of UBMA.
The blood was collected into test tubes for biochemical determination of
total cholesterol.'®

Statistical data

The results were represented as a mean plus or minus the mean standard
error standard error of the mean (SEM). The comparison between the
different groups was performed using student t test analysis. Statistical
analysis of the data was performed using XLSTAT software (2016
version)

The differences are considered to be;

e *Significant when (p< 0.05)

«  ** Highly significant when (p<0.01)

o ** Highly significant when (p<0.001)

RESULTS

The anxiety level of the rats in the elevated cross test (Figure 1), reveals
that in session 1 and session 2 more time was spent in the open arms
of the test system, as well as the time spent in the center in female rats
compared with the male rats The time spent in the closed arms was
higher for males rats, with significant differences noted between the
averages of the three days of group evaluation.

Exploration and locomotion performance in the open field test.
In session 1 and 2, there was a higher time spent in the periphery and
a highly significant difference between the means of the male rats
evaluated over three days, every other day it was lower in the female rats
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Figure 1: The Elevated plus maze parameters of the rats of the test
groups (n=24) for (a) session 1 and (b) session 2.
Expressed as Mean + SEM. OA: Open Arms, C: Control, CA: Closed Arms

and Ce: Center.

*p < 0,05, ** p < 0,01, *** p < 0,001.
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Figure 2: The open field parameters of rats of the 04 groups (n=24).
Expressed as Mean + SEM. C: Controls, P: Periphery and Ce: Centre. *
p <0.05,** p < 0.01, *** p < 0.001.
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Figure 3: Total cholesterol changes in rats of the 04 groups (n=24).
Expressed as Mean + SEM. C: Controls. * p < 0.05, ** p < 0.01, *** p < 0.001.

The time spent in the center of the arena was greater for females than for
males (Figure 2).

The total cholesterol level (g/l) measured on the sixth day of the
experiment was very low in female rats, and highly elevated in male rats
(Figure 3).

DISCUSSION

Stress causes complex physiological and behavioural changes in the body,
which adjust homeostasis.**> Changes in physiological and behavioural
responses to chronic stress may be related to adaptations of the HPA axis.
In rodents, these adaptations have been monitored, mainly by measuring
corticosterone levels in response to stress.”2

Life stress and genetic predisposition are major contributors to the
development of psychiatric illnesses, including major depression and
anxiety.*” Anxiety is often comorbid with other psychiatric disorders,
particularly depression. Gender differences in the clinical manifestations,
morbidity and prevalence of these psychiatric disorders are well
established.”® In rodents, anxiety can be defined by a quantification of
exploratory behaviour, defecation and urination.” Indeed, the different
tests used are based on the ability of the rat to explore a new field
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(usually aversive situation) and to stay in a protected field (usually safe
situation) to escape a predator. Studies on anxiety behaviour use different
paradigms (protocols) including open field testing,® and elevated cross
maze “elevated Plus maze”!

Our study reveals that Wistar rats undergoing restraint stress show
disturbances, including an increase in anxiety represented by a high
amount of time spent in closed arms compared to open arms of the test
system, and in the centre, both sexes.

Open field activity is the oldest and simplest measure of anxiety
behavior in rodents.** The open field test is used to assess the effects
of environmental manipulations or genetic factors on rodent anxiety.**
The device used in our study is known to present a natural conflict for
the rodent to actively explore a novel environment in order to establish
cues to form a representation of its environment, and its difficulty in
venturing away from a wall that offers relative safety from predators.”
As a result, anxious rats tend to spend more time in the corners and
periphery of the apparatus rather than in the center.’

From these studies and our results, it was noted that restraint-stressed
rats spent more time near the walls than in the central arena, indicating
increased anxiety levels in the latter.

Activation of the sympathetic nervous system during acute or episodic
stressors could lead to a cascade of events, beginning with increased
catecholamine and cortisol release, elevated blood pressure (BP) and
altered lipase activity, to alter blood lipid concentrations producing
increased lipid energy mobilisation and higher metabolic demand,
potentially leading to altered sensitivity to long-term stressors.*”

The use of cholesterol as a essential substance for the synthesis
of glucocorticoids, thus causing a decrease in cholesterol levels.”®
Furthermore, studies suggest that these stress hormones can influence
the lipid profile. Ronsein et al. (2004)* suggested that stressed individuals
have increased TC and low-density lipoprotein (LDL) and decreased
HDL level.

A relationship between stress level and lipid profile disorders.
demonstrated by Shahnam and colleagues in 2010°As well as a decrease
in cholesterol and the development of mental status disorder has been
suggested by Nagaraja and his team in 1999.4

Mossner and colleagues in 2007*? indicate that the biochemical profile
of depression is often characterized by low blood cholesterol levels and
elevated triglycerides.

These studies and our results show a significant decrease in cholesterol
levels in both male and female rats that were subjected to chronic
restraint stress, indicating increased levels of anxiety in these rats.
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SUMMARY

A remarkable decrease in cholesterol levels in both male and female rats
that were subjected to chronic restraint stress, indicating increased levels
of anxiety in these rats.

REFERENCES

1. ..Retrieved from. 29/jul/2021. On.

2. Poleschuk TS, Sultanov RM, Ermolenko EV, Shulgina LV, Kasyanov SP.
Protective action of alkylglycerols under stress. Stress. 2020;23(2):213-20. doi:
10.1080/10253890.2019.1660316. PMID 31450997,

3. Prabhjot K, Thakur Gurjeet S, Amarjot K, Sonia D, Sandeep A. Ameliorative
effect of trigonelline in restraint stress-induced behavioral alterations in mice. J
Appl Pharm Sci. 2021;11;Suppl 1:054-62. doi: 10.7324/JAPS.2021.11s106.

4. Canini F  Stress: Physiologyand pathophysiology. Rev Neuropsychol.
2019;11(4):251-8.

5. Buynitsky T, Mostofsky DI. Restraint stress in biobehavioral research: Recent
developments. Neurosci Biobehav Rev. 2009;33(7):1089-98. doi: 10.1016/.
neubiorev.2009.05.004, PMID 19463853.

6. Selye H. Stress without distress. Brux Med. 1976;56(5):205-10. PMID 1009491.
7. Ader R. Psychoneuroimmunology Shock. 2007;27(5):590-1.

8. Tavares RF, Corréa FM. Role of the medial prefrontal cortex in cardiovascular
responses to acute restraint in rats. Neuroscience. 2006;143(1):231-40. doi:
10.1016/j.neuroscience. 2006.07.030, PMID 16938408.

9. Hsu HR, Chen TY, Chan MH, Chen HH. Acute effects of nicotine on restraint
stress-induced anxiety-like behavior, c-Fos expression, and corticosterone
release in mice. Eur J Pharmacol. 2007;566(1-3):124-31. doi: 10.1016/].
ejphar.2007.03.040, PMID 17459372.

10. Kulkarni MR Juvekar AR. Attenuation of acute and chronic restraint stress
induced perturbations in experimental animals by Nelumbo nucifera Gaertn. Ind
J Pharm Sci. 2008;11:327-32.

11. Ruder EH, Terryl JH, Jeffrey B, Goldman MB. Oxidative stress and antioxidants:
Exposure and impact on female fertility. Hum Rep Update. Adv Acc. 2008;4:345-57.

12. Levine S. Developmental determinants of sensitivity and resistance to
stress.  Psychoneuroendocrinology. 2005;30(10):939-46. doi:  10.1016/j.
psyneuen.2005.03.013, PMID 15958281.

13. Ferndndez ME, Alfonso J, Brocco MA, Frasch AC. Conserved cellular function
and stress-mediated regulation among members of the proteolipid protein
family. J Neurosci Res. 2010;88(6):1298-308. doi: 10.1002/jnr.22298, PMID 19937804.

14. Shuichi C, Tadahiro N, Midori N, Misty CR, Chisato W, Hiroshi K. Chronic
restraint stress causes anxiety and depression-like behaviors, down regulates
glucocorticoid receptor expression, and attenuates glutamate release induced
by brain-derived neurotrophic factor in the prefrontal cortex. Progr Neuropsychol
Pharmacol Bio Psych. 2012;39:112-9.

15. Apple JK, Dikeman ME, Minton JE, McMurphy RM, Fedde MR, Leith DE,
et al. Effects of restraint and isolation stress and epidural blockade on endocrine
and blood metabolite status, muscle glycogen metabolism, and incidence of
dark-cutting longissimus muscle of sheep. J Anim Sci. 1995;73(8):2295-307.
doi: 10.2527/1995.7382295%, PMID 8567466.

16. Dallman MF, La Fleur SE, Pecoraro NC, Gomez F, Houshyar H, Akana SF
Minireview: Glucocorticoids-food intake, abdominal obesity, and wealthy
nations in 2004. Endocrinology. 2004;145(6):2633-8. doi: 10.1210/en.2004-
0037 PMID 15044359.

17. Da Silva CC, Lazzaretti C, Fontanive T, Dartora DR, Bauereis B, Gamaro GD.
Estrogen-dependent effects on behavior, lipid-profile, and glycemic index of
ovariectomized rats subjected to chronic restraint stress. Behav Processes.
2014;103:327-33. doi: 10.1016/j.beproc.2014.01.022, PMID 24496020.

18. Graignic-Philippe R, Tordjman S, GranierDeferre C, Ribeiro A, Jacquet AY,
Cohen-Salmon C, et al. 2005. Gérardin P Prenatal stress: State of the issue
and prospects. Neuropsychiatry of childhood and adolescence., 5; 53: 54-61.

19. Weiss A, Herzig A, Jacobs H, Lehner CFE Continuous cyclin Eexpression
inhibits progression through endoreduplication cycles in Drosophila. Curr Biol.
1998;8(4):239-42. doi: 10.1016/s0960-9822(98)70090-9, PMID 9501988.

20. Ho YJ, Eichendorff J, Schwarting RK. Individual response profiles of male
Wistar rats in animal models for anxiety and depression. Behav Brain Res.
2002;136(1):1-12. doi: 10.1016/s0166-4328(02)00089-x, PMID 12385785.

21. Chrousos GR Gold PW. The concepts of stress and stress system disorders.
Overview of physical and behavioral homeostasis. JAMA. 1992;267(9):1244-52,
PMID 1538563.

22. Moustafa A. Changes in nitric oxide, carbon monoxide, hydrogen sulfide and
male reproductive hormones in response to chronic restraint stress in rats. Free
Radic Biol Med. 2021;162:353-66. doi: 10.1016/j.freeradbiomed.2020.10.315,
PMID 33130068.

23. Magarinos AM, McEwen BS. Stress-induced atrophy of apical dendrites
of hippocampal CA3c neurons: Comparison of stressors. Neuroscience.
1995,69(1):83-8. doi: 10.1016/0306-4522(95)00256-i, PMID 8637635.

Pharmacognosy Communications, Vol 12, Issue 2, Apr-Jun, 2022



Retem, et al.: The Effect of Stress in Neurobehavioral Parameters on Wistar Rats

24.

25.

26.

27

28.

29.

30.

31

32.

33.

Gadek-Michalska A, Bugajski J. Repeated handling, restraint, or chronic
crowding impair the hypothalamic-pituitary-adrenocortical response to acute
restraint stress. J Physiol Pharmacol. 2003;54(3):449-59. PMID 14566082.

Cruz FC, Marin MT, Ledo RM, Planeta CS. Behavioral and neuroendocrine
effects of the exposure to chronic restraint or variable stress in early adolescent
rats. Int J Dev Neurosci. 2012;30(1):19-23. doi: 10.1016/j.ijJdevneu.2011.10.005,
PMID 22027619.

Charney DS, Manji HK. Life stress, genes, and depression: Multiple pathways
lead to increased risk and new opportunities for intervention. Sci STKE.
2004;2004(225):reb. doi: 10.1126/stke.2252004reb5, PMID 15039492.

O'Mahony CM, Sweeney FF, Daly E, Dinan TG, Cryan JF Restraint stress-
induced brain activation patterns in two strains of mice differing in their anxiety
behaviour. Behav Brain Res. 2010;213(2):148-54. doi: 10.1016/j.bbr.2010.04.038,
PMID 20435071.

Bekhbat M, Neigh GN. Sex differences in the neuro-immune consequences of
stress: Focus on depression and anxiety. Brain Behav Immun. 2018;67:1-12.
doi: 10.1016/j.bbi.2017.02.006, PMID 28216088.

Ossenkopp KP Sorenson L, Mazmanian DS. Factor analysis of open-field
behavior in the rat (Rattus norvegicus): Application of the three-way PARAFAC
model to a longitudinal data set. Behav Proc. 1994;31(2-3):129-44. doi:
10.1016/0376-6357(94)90001-9.

Clément Y, Martin B, Venault P Chapouthier G. Involvement of regions of the
4™ and 7™ chromosomes in the open-field activity of mice. Behav Brain Res.
1995;70(1):51-7 doi: 10.1016/0166-4328(94)00177-h, PMID 8519428.

Griebel G, Belzung C, Perrault G, Sanger DJ. Differences in anxiety-related
behaviours and in sensitivity to diazepam in inbred and outbred strains of mice.
Psychopharm. 2000;148(2):164-70. doi: 10.1007/s002130050038, PMID 10663431.
Henderson ND. Prior treatments on open field behavior in mice: A genetic
analysis. Anim Behav;5: 3-76:1.1967.

Hall CS. Emotional behavior in the rat. lll. The relationship between emotionality
and ambulatory activity. Journal of Comparative Psychology. 1936;22(3):345-52.
doi: 10.1037/h0059253.

Pharmacognosy Communications, Vol 12, Issue 2, Apr-Jun, 2022

34.

35.

36.

37

38.

39.

40.

41.

42.

Wall PM, Messier C. Methodological and conceptual issues in the use of the
elevated plus-maze as a psychological measurement instrument of animal
anxiety-like behavior. Neurosci Biobehav Rev. 2001;25(3):275-86. doi: 10.1016/
s0149-7634(01)00013-6, PMID 11378181.

Finn DA, Rutledge-Gorman MT, Crabbe JC. Genetic animal models of anxiety.
Neurogenetics. 2003;4(3):109-35. doi: 10.1007/s10048-003-0143-2, PMID
12687420.

Elizalde N, Gil-Bea RJ, Ramirez MJ, Aisa B, Lasheras B, Del Rio J, et al. Long-
lasting behavioral effects and recognition memory deficit induced by chronic
mild stress in mice: Effect of antidepressant treatment. Psychopharmacology.
2008;199(1):1-14. doi: 10.1007/s00213-007-1035-1.

Stoney CM, West S. Lipids, personality, and stress: Mechanisms and
modulators. Spitz. 1997:533p.

Coussons-Read ME, Dykstra LA, Lysle DT. Pavlovian conditioning of morphine-
induced alterations of immune status: Evidence for peripheral beta-adrenergic
receptor involvement. Brain Behav Immun. 1994;8(3):204-17. doi: 10.1006/
brbi.1994.1019. PMID 7865892.

Ronsein GE, Dutra RL, Silva EL, Martinello F Hermes EM, Balen G, et al.
Influence of stress on blood levels of lipids, ascorbic acid, zinc and other
biochemical parameters. Acta Bioguim Clin L.2004;38:39-46.

Shahnam M, Roohafza H, Sadeghi M, Bahonar A, Sarrafzadegan N. The
correlation between lipid profile and stress levels in central Iran: Isfahan Healthy
Heart Program. ARYA Atheroscler. 2010;6(3):102-6. PMID 22577424.

Nagaraja HS, Jeganathan PS. Effect of short and long-term restraint stress
on some physiological and biochemical parameters in rats. Indian J Med Res.
1999;109 (FEB):76-80.

Mossner R, Mikova O, Koutsilieri E, Saoud M, Ehlis AC, Mdller N, et al.
Consensus paper of the WFSBP Task Force on Biological Markers: Biological
markers in depression. World J Biol Psychiatry. 2007;8(3):141-74: Document
de consensus du groupe de travail WFSBP sur les marqueurs biologiques :
Marqueurs biologiques dans la dépression. doi: 10.1080/15622970701263303,
PMID 17654407.

55



