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Abstract | Stress is involved in several neurological disorders of human beings. Mice are frequently used in biomedical
research, including stress research. However, mice respond differently to stress. Therefore, we conducted this study to
screen the behavioral and biochemical responsiveness of two different strains of mice, Balb/c (B) and Swiss (S). A total
of fourteen adult males, each of (S) and (B) mice, were housed in either the control group or the multiple concurrent
acute stress (MAS) group that was exposed to different physical and emotional stressors for 3-hours. Serum corti-
costerone level, brain levels of interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), malondialdehyde (MDA),
and glutathione (GSH) were measured. Mice were subjected to open field, plus maze, and dark light activity box tests.
Swiss Multiple Acute concurrent Stress (SMAS) showed more responsiveness to MAS than Balb/c Multiple Acute
concurrent Stress (BMAS) in most biochemical and behavioral parameters, with an elevated level of corticosterone
and MDA IL-6, and TNF-a and reduced levels of GSH. In conclusion, SMAS showed a more effective response to
MAS than BMAS, making them a selection model in stress research.

Keywords | Multiple concurrent acute stress, Balb/c, Swiss albino, Oxidative stress, Open field.

Received | August 01, 2021; Accepted | December 16, 2021; Published | June 20, 2022

*Correspondence | Mohamed Youssef Matoock, Veterinary Hygiene and Management Department, Faculty of Veterinary Medicine, Cairo University, Giza,
12211, Egypt.; Email: mysmatoock@hotmail.com

Citation | Mohamed RS, Matoock MY, Abdelrazek AH (2022). Behavioral and biochemical performance of swiss and balb/c mice exposed to multiple concurrent
acute stress. Adv. Anim. Vet. Sci. 10(7): 1577-1583.

DOI | http://dx.doi.org/10.17582/journal.aavs/2022/10.7.1577.1583

ISSN (Online) | 2307-8316

Copyright: 2022 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.
org/licenses/by/4.0/).

Rodent models are highly appropriate for investigating the
outcomes of disruption patterns such as stress on behavior
and physiology (Karatsoreos et al., 2011). However, Swiss
and Balb/c are considered animals of choice in several bio-
medical studies related to stress disorders (IMcVey Neufeld

INTRODUCTION

S everal studies on stress have made fundamental progress
contributions in recent years on animals and humans

(Hammen, 2016; Hariri and Holmes, 2015; Mayo et al.,

2020). Stress is defined as a single stereotypic response that
evolved by any demand upon the body (Rosmond, 2005).
All acute stressful events induce several negative long-term
effects, such as post-traumatic stress disorder (PTSD) in
many individuals (Torrisi et al., 2019). Different preclinical
studies have reported that social stress-induced in rodent
models outputs several behavioral and physiological effects
that differ from those induced by nonsocial stress (Patki et
al., 2013; Atrooz et al., 2021).

et al., 2018). Multiple concurrent acute stress (MAS) is
one of the recognized stresses that can provide a more op-
timal model for the concurrent acute life stresses that pro-
voke negative long-term results (Hokenson et al., 2020).
In MAS, mild to moderate stressors such as bright light,
restraint, loud noise, and shaking are delivered to the ani-
mal simultaneously.

Previous research has documented that Balb/c mice are
more sensitive to chronic stress than Swiss albino mice
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(Yalcin et al., 2008). To the best of the author’s knowledge,
no research was conducted to screen the responsivity of
Swiss and Balb/c mice in response to MAS, so we aimed
in this study to screen the behavioral and biochemical re-

sponsivity of Swiss and Balb/c mice to MAS.
MATERIALS AND METHODS

ANIMALS HOusING AND MANAGEMENT

A total of 14 Swiss male albino mice and 14 male Balb/c
mice weighing 25-30 grams before starting the experiment
were measured using an analytical balance (SHIMADZU,
model TXB2201L, the Philippines) purchased from The-
odor Bilharz -Institute (Cairo, Egypt) were used in this
study. The animals were housed in four shoebox-type plas-
tic cages, and each cage was covered with galvanized wire
lids. The minimum floor area for each animal was 65 cm?,
and a constant temperature of 22+2°C was maintained us-
ing an automatic system of air conditions, with a relative
humidity of 40% -70%. The ventilation rates was10 -15 air
changes per hour, and a lighting cycle of 12- h light and
12- h dark was adjusted inside the laboratory animal house
during the study period. The mice were fed on a commer-
cial balanced pellet diet (Meladco Company, Obour city,
Egypt), with free access to high-quality purified filtered
water inside the cage. Individual identification was per-
tormed by a color-marking technique using a permanent
marker to write numbers on the tail to differentiate the an-
imals during observations. Cleaning procedures were ap-
plied by changing the bedding twice per week, washing the
cages with soap and water, applying acetic acid to remove
debris and odor, and then rewashing.

'The animal facility was provided with an electric fly trap-
per. The disinfection program was applied through a three-
step process. The first step is the mechanical removal of
organic material from cages, floors, and surfaces (urine,
blood, feces, hair, etc.). Then, all surfaces were thoroughly
cleaned with soap and water, rinsed, and then dried well.
Next, the disinfectant was applied and allowed to settle for
a contact time of 3-10 min. Finally, the disinfectant was
removed with a damp cloth, and then the area was dried
well. The facility has only a good drainage system through
top mesh gutters to facilitate the drainage cycle. All pro-
cedures were approved by the Institutional Animal Care
and Use Committee of the Faculty of Veterinary Medicine
Cairo University Vet. CU. IACUC (approval number Vet.
CU.28/4/2021/276).

EXPERIMENTAL DESIGN

A total of 28 male mice were distributed into four groups
(seven mice in each group) as follows: group 1 Balb/c con-
trol (BC), group 2 Balb/c multiple acute stress (BMAS),
group 3 Swiss control (SC), and group 4 Swiss multiple

acute stress (SMAS). Each mouse was subjected to multi-
ple acute stressors in the MAS groups for 3-hours (Hoken-
son et al., 2020).

SRESS PROCEDURES

The stress procedures were performed by applying four
stressors on the mice simultaneously for 3-hours as shown
in (Table 1 and Figure 1) as described previously (Hoken-
son et al., 2020). All mice were checked during the stress
procedures (every 10 or 15 min).

Table 1: The types of stressors and procedures

Stressors type  Procedures

Restrainer 50ml conical falcon tube with 5 holes to
permit animal breathing

Shaker 200 rpm

Noise high radio sound stereo85-90 db

Light Direct light from surgical lamp

: |

Mice falcon restramer

Shakerv mice falcon restrainer

Surgical lamp
\
Radio high sound stereo

Figure 1: Mice falcon restrainer and MAS procedure.

BEHAVIORAL EVALUATIONS

Open field test: An open-aired Plexiglas black color cube
measuring 40 cm Lx 40 cm W x 30 H cm was used in the
study. The floor of the apparatus was divided into 16 equal-
sized squares, with 4 squares in the center and 12 squares
in the periphery. At the beginning of the test, each animal
was allowed to explore the arena freely for 5 min. A record-
ing camera was mounted above the open field apparatus to
video record the movements of each animal, and then the
videos were analyzed by ANY-maze maze video analysis
(version 4.5; Stoelting Co., Wood Dale, IL) Anxiety be-
havior was analyzed by measuring the distance traveled by
each mouse in the center squares vs. the peripheral squares.
Total immobility time (s), within the apparatus and the
total distance traveled by each mouse were also calculated
as described previously (Bailey and Crawley 2009; Solo-
monow 2015).
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Elevated plus-maze test: Anxious-like behavior was
measured using the elevated plus-maze test (EPM) (Krae-
uter et al., 2019). The EPM is made of a Plexiglas platform
(Figure 2) containing four perpendicular black color arms,
two open arms, two closed arms measuring35 cm L x5 cm
W, and the wall height of the closed arm is 20 cm, with a
central open square of 5 cm? The plus-maze is elevated on
legs 50 cm above the ground surface. Before each mouse
was introduced, the EMP surface was cleaned with cot-
ton and alcohol to remove any residues, after which the
mouse was introduced into the central open square facing
a closed arm and then was allowed to move around freely
in the maze for 5 min. A recording camera was mount-
ed above the maze with a sufficient distance to record the
movement of each animal, and the videos were analyzed by
any maze video analysis. This is to analyze anxiety behavior
for the number of entries in the open and the closed arms
and time spent exploring the open and closed arms of the
EMP according to (Bailey and Crawley, 2009). The maze
was regularly cleaned with 70% ethyl alcohol to prevent
odor bias (olfactory cues) of the previous mouse.

Closed arm

é Open arm

A

Figure 2: Plus maze test.

Dark Light activity box test: This test is performed in the
same arena as the open field test, but with some modi-
fication that included an opaque black box inserted in-
side the open field which was divided into equal halves
(light and dark) with a door containing a small opening
between them (Solomonow, 2015). The mice were tested
for 5 min in the light-dark box test. A recording camera
was mounted above the dark light activity box to record the
movement of each tested animal, and then the videos were
analyzed by ANY-maze video analysis. The time spent by
each mouse in the light vs. the dark compartments and to
monitor the locomotors activity and the number of times
the animal crossed between the two compartments were

analyzed (Bailey and Crawley, 2009; Serchov et al., 2016).

BLooD SAMPLING
Blood samples were collected by using the orbital sinus
puncture method by heparinized capillary tubes under

the effect of ketamine xylazine cocktail anesthesia (Hoff,
2000). The samples were transferred into Eppendorf tubes
and centrifuged at 14,000 rpm for 10 min at 4°C. Then
the resulting serum was separated and stored at -80 °C for
biochemical analysis.

BiocHEMICAL PROFILE SAMPLING

Preparation of tissue homogenate: After sacrificing, the
brain tissues of mice were washed thoroughly and rinsed
on ice. They were gently blotted between the folds of a
filter paper and weighed in an analytical balance. A 10%
homogenate was prepared in 0.05 M phosphate bufter
(PH 7) (Fisher Scientific Co., Norway) using the polytron
homogenizer at 4°C. The homogenate was centrifuged for
20 min at 10,000 rpm to remove the cell debris, erythro-
cytes, unbroken cells, mitochondria, and nuclei. Then the
levels of MDA, GSH, IL-6, and TNF-a in the supernatant
(cytoplasmic extract) were determined according to
manual instructions. The protein content of the brain tissue
was determined using the protein estimation kit (Genei,

Bangalore) according to the method of (Bradford, 1976).

Determination of tissue protein: All enzyme-linked im-
munosorbent assay (ELISA) kits were evaluated using the
ELISA reader. The color absorbance was read at OD 490
-630 nm using an ELISA plate reader (Stat Fax 2200,
Awareness Technologies, Florida, USA).

Estimation of corticosterone: The mice corticosterone
ELISA kit (#catalog#k7430-100) was used according to

the manufacturer’s instructions.

Estimation of oxidative stress and antioxidant biomark-
ers: The mice ELISA kit (competitive (MDA) EIA) (cata-
log LS-F28474) and the mice (GSH) ELISA kit (catalog
AMS.EA1490Mo) were used according to the manufac-

turer’s instructions.

Estimation of inflammatory biomarkers:The mice (IL-
6) ELISA kit (catalog ab100713) and the mice (TNF-a)
ELISA kit (catalog E-EL-MO0049) were used according to

the manufacturer’s instructions.

STATISTICAL ANALYSES

All data were tested for normality and variance homoge-
neity before statistical analysis. Being normally distribut-
ed and variances homogeneous, the data were analyzed by
one-way analysis of variance (ANOVA) followed by Bon-
ferroni post hoc analysis (SPSS 24.0 software; SPSS Inc,
Armonk, NY, USA). Significance was set at P<0.05.
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Table 2: Effect of MAS on the locomotor activity of mice in the open field test.

Open field test. (BC) Balb/c control group, (BMAS) Balb/c multiple acute stress, (SC) Swiss control, and (SMAS)
Swiss multiple acute stress groups. Data are expressed as mean + standard error; (a, b, ¢, d) denote statistically significant
differences at 0.005 between groups.

Treatment Total distance Total time immobile Time in the Distance travelled in Distance travelled in the
travelled (m/s) centerzone (s)  the center zone (m)  peripheral zone (m)

BC 9.1883+3.809*  132.7 +41.94* 0.2 +0.2° 0.038 +0.0380 8.269 +3.6848:*

BMAS 16.987+3.408>  145.48 +34.82° 2.13 £0.6° 0.2917 +0.0836 13.5805 +2.8055°

SC 10.987+1.272*  108.13 £15.79¢ 0.03 +0.03" 0 +0.000 10.4217 £1.5087¢

SMAS 9.4358 £2.635* 191.65 +28.26¢ 2.17 £0.7° 0.029 +0.0941 4.9600 +2.0249¢

Table 3: Effect of MAS on the anxiety-like behavior of mice in the plus-maze test. Plus-maze test. (BC) Balb/c control
group, (BMAS) Balb/c multiple acute stress; (SC) Swiss control, and (SMAS) Swiss multiple acute stress groups. Data

are expressed as mean =+ standard error; (a, b, ¢) denote statistically significant differences at 0.005 between groups.

Treatment Number of entries to Number of entries to Timein theopen  Time in the close arm
the open arm zone the close arm zone arm zone (s) zone (s)

BC 7.86 +3.13 15 +4.57* 51.35 £15.0* 218.37 +28.0°

BMAS 4 £1.53 9.33 £2.96P 38.2 £22.6° 271.43 +49.1°

SC 6.17+1.56 12.33 +2.40° 64.8 +18.3* 227.63 +24.62°

SMAS 4.67+0.88 10.83 +1.76* 23.6 +5.23¢ 360.1 £33.68

Table 4: Effect of MAS on the anxiety-like behavior of mice in the dark light activity box test.

Dark and light activity box test. (BC) Balb/c control group, (BMAS) Balb/c multiple acute stress, (SC) Swiss control, and
(SMAS) Swiss multiple acute stress groups. Data are expressed as mean =+ standard error; (a, b, ¢, d) denote statistically
significant differences at 0.005 between groups.

Treatment Time in light zone (s) Time in the dark Number of entries to  Number of entries to
zone (s) the light zone the dark zone

BC 171.83 £75.25* 119.27 £76.94 2 +0.58 1.67 £0.88

BMAS 129.54 +£58.40P 181.7 +60.62° 34  £1.21 2.8 +1.36

SC 250.82 +27.41 ¢ 62.95 +16.36 © 5.25 £1.75 5.25 +1.75

SMAS 155.63 +67.71¢ 217.77 £117.13¢ 5 +3.51 5+3.51

Table 5: Effect of MAS on corticosterone, oxidative stress parameters (MDA and GSH), and inflammatory parameters
(IL-6 and TNF-a)) in mice blood serum.

MDA, GSH, IL-6, and TNF-a levels in the brain tissue. (BC) Balb/c control group, (BMAS) Balb/c multiple acute
stress, (SC) Swiss control, and (SMAS) Swiss multiple acute stress groups. Data are expressed as mean * standard error;
(a,b, ¢, d) denote statistically significant differences at 0.005 between groups.

Treatment Corticosterone MDA GSH IL6 TNF
BC 4.7333 3.96 201.4667 32.7667 42.00
+0.26034* +0.38* +8.5218° +3.33483* +2.2942°
BMAS 8.1667 5.3000 155.700 55.9000 72.7333
+0.35277° +(0.38442* +11.75004° +6.89855° +2.6295°
SC 11.400 9.1333 117.4333 93.0667 95.600
+1.15902° +0.2333° +5.6875¢ +2.94184¢ +3.8656°
SMAS 24.566 13.1333 72.7667 167.4333 188.366
+1.61692¢ +0.7446¢ +2.85268¢ +8.8197¢ +14.8416¢
RESULTS tance with a significant difference compared with BMAS
mice. SMAS mice also showed highly significant increases
BEHAVIORAL EVALUATIONS in the total immobility time compared with BMAS mice.

Open field test: SMAS mice displayed a marked increase (Table 2 and Figure 3). However, SMSA mice traveled

in locomotors activity as evidenced by traveling less dis- shorter distances in the peripheral zone of the open field
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Figure 3: Open field track plots.

Open field track plots showing the position of the center
of the animal (a) BC Balb/c control, (b) BMAS Balb/c
multiple acute stress, (¢) SC Swiss control, and (d) SMAS

Swiss multiple acute stress groups.

IR

(k) (©) (d)
Figure 4: Plus-maze track plots.
Plus-maze track plots show the position of the center of
the animal, where (1) is the open arm, and (2) is the closed
arm. (a) BC Balb/c control, (b) BMAS Balb/c multiple
acute stress, (c) SC Swiss control, and (d) SMAS Swiss

multiple acute stress groups.
p group

Al [ J g (3

(a) )] (c) )

Figure 5: Dark light activity box track plots.

Dark light track plots showing the position of the center
of the animal in the light portion, where (a) BC Balb/c
control, (b) BMAS Balb/c multiple acute stress, (c) SC
Swiss control, and (d) SMAS Swiss multiple acute stress
groups.

than BMAS mice.

Plus-maze test: SMAS mice spent more time the in closed
arm along with a significantly high number of entries in
the closed arm compared to BMAS mice. However, they
spent less time in the open arm compared with BMAS
mice (Table 3 and Figure 4).

Dark light activity box test: SMSA mice spent more time
in the dark zone than BMAS mice (Table 4 and Figure 5).
'They also spent highly significantly more time in the light
zone than the time spent by BMAS mice (Table 4).

BiocHEMICAL PROFILE

'The serum corticosterone levels in both SMSA and BMAS
mice were significantly higher than those in the control
groups SC and BC (Table 5). However, SMAS mice had
high serum corticosterone levels compared with BMAS

mice (Table 5).

In brain tissue, MDA levels were significantly higher in
SMAS mice than in BMAS mice (Table 5). GSH levels
showed significant differences between all the groups,
SMAS mice had lesser GSH levels than BMAS mice (Ta-
ble 5).The levels of IL-6 in SMAS mice were significantly
higher than those in BMAS mice (Table 5). The levels of
(TNF-a) in SMAS mice were also significantly high than
those in BMAS mice (Table 5).

DISCUSSION

Mice have a pivotal role in biomedical research as they ex-
hibit comprehensive strain variations that could affect the
results of experiments. Therefore, it is important to exam-
ine the responsivity of two mice strains that are commonly
used in stress research. In the present study, we exposed
two mice strains (Swiss and Balb/c) to MAS for 3-hours
and measured their behavioral and biochemical responses.
'The behavioral response included the anxiety-like behavior
measured using the open field test, EPM, and light-dark
box. The open-field test is widely used and depends on the
natural fear of rodents from open spaces. It is used to meas-
ure anxiety-like behavior, locomotion, and exploration.

We observed that SMAS mice traveled less distance pe-
ripherally and centrally in the total distance, but their total
immobility time was more than that of had BMAS. These
results were consistent with previous studies (Solomonow,

2015; Perals et al., 2017).

The plus-maze test is also used to measure anxiety-like
behavior. It is based on the normal propensity of mice
to avert an open or elevated arena counterbalanced with
their natural inquisitiveness to explore places that are new
to them. Mice that exhibit less anxiety will visit the open
arms of the maze more frequently. However, mice that
exhibit high anxiety will tend to visit closed arms more
frequently (Kraeuter et al., 2019). Thus, SMAS mice spent
more time in closed arms and less time in open arms than
BMAS mice. These results are consistent with previous re-
search (Solomonow, 2015) and indicated that Swiss mice
were more affected by the applied MAS than Balb/c. mice.:
In addition, the dark light activity box test is also used to
measure anxiety-like behavior by analyzing the animal’s
preferences for the light and dark compartments of the
box, especially in response to mild stressors. This test is
based on the normal disfavor of mice toward light spaces
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and susceptibility toward an exploratory behavior (Belovi-
cova et al., 2017). SMAS mice spent more time in the dark
compartment and less time in the open compartment than
BMAS mice. These results are in agreement with the study
of (Serchov et al., 2016), who showed that the SMAS mice

were more stressed than BMAS mice.

All of these findings reveal that Swiss mice demonstrated
more stressful behavior than Balb/c mice in response to

MAS.

Furthermore, the pattern in which stress affects pheno-
typically varies considerably across all individuals. How-
ever, similar stressors can provoke a high risk for different
neuropsychiatric states in different individuals (Yehuda
and LeDoux, 2007). This was obvious in the biochemical
analysis of the serum for corticosterone levels, which is a
steroid hormone that is induced by acute and chronic stress
in mice and produced by the adrenal cortex it’s levels are
increased in the serum in both types (acute and chronic)
of stress (Barlow et al., 1975). Its levels are also increased
in the case of acute restraint stress (Thakare et al., 2016).
SMAS mice showed higher serum levels of corticoster-
one than BMAS mice, and both SMAS and BMAS mice
showed higher corticosterone levels than SC and BC mice.
Stress also affects the cellular functions of the body through
oxidative damage via the release of free radicals. Acute re-
straint stress is one of the stressors that stimulate several
cellular events which result in the production of reactive
oxygen species (ROS). These free radicals cause damage
to the body system, especially the central nervous system
as the brain is the organ with high oxygen consumption.
Stress exposure in mice induces several neurochemical,
hormonal, and behavioral abnormalities (Sulakhiya et al.,
2016). Therefore, MDA is the often-used biomarker of ox-
idative stress in several health problems, including mood
disorders (Popovic etal.,2019).In the present study, SMAS
mice exhibited higher MDA levels than BMAS mice, and
both SMAS and BMAS mice showed higher (MDA) lev-
els than SC and BC mice. We also observed depleted lev-
els of GSH which is implicated in cell death that causes
various neurological diseases (Saharan and Mandal, 2014).
The levels of GSH in SMAS mice were lower than those in
BMAS mice, indicating that Swiss mice are more aftected
and more exposed to neurological diseases under the effect

of MAS than Balb/c mice.

Although neuroinflammation is involved in the process
of neurodegeneration, all inflammatory cytokines such as
(IL-6) and (TNF-0) participate in the inflammation pro-
cess, which leads to an inflammatory response in the cen-
tral nervous system (Li et al., 2017). IL-6 is up-regulated
in several animal models of brain injury (Galiano et al.,

2001). Hence, IL-6 levels were found to be significantly

high in individuals who had suffered a traumatic brain in-
jury (Kossmann et al., 1995). These data were very clearly
to indicate that MAS exposure results in high IL-6 levels
in SMAS mice compared to those in BMAS. However,
each of SMAS and BMAS mice showed higher levels of
IL-6 than the control groups SC and BC, respectively.
TNF-a is an important factor for the onset of neurodegen-
erative diseases, and elevated levels of this cytokine were
detected in the affected areas in the brain (Dickson, 1997).
Consequently, we also observed elevated concentrations of
TNF-a in SMAS mice compared with BMAS mice be-

cause of the effect of multiple stressors on them.

CONCLUSION

MAS exposure to different mice strains as Swiss and Bal-
b/c resulted in elevated levels of behavior and biochemical
parameters in Swiss mice compared with Balb/c mice, con-
cerning strain difference in all parameters in both strains.
From the aforementioned results, we could conclude that
Swiss albino mice are more adequate for use in stress re-

search because of their high responsivity to MAS.
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