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ABSTRACT
Restraint stress causes changes in the brain parameters. Little research has been done on the impact of restraint stress on
other tissues, including adrenal glands and kidneys. This study aimed to determine the effect of restraint stress on eating
behaviors, depressive-like, anxiety-like behaviors, weight gain as well as histopathological changes in the kidneys and
adrenal glands. Twenty adult BALB/c mice were assigned into control male, stressed male, control female, and stressed
female. Restraint stress was applied two hours/day for 14 days. Tail suspension and open field tests were carried out to
perform behavior analyses. Adrenal and kidney histological slides were observed under an Olympus CX-31 microscope and
visualized using an Olympus E330 camera. The two-way ANOVA test was used for statistical analysis using GraphPad Prism
9.0.0 software. We found that restraint stress defeat appetite and reduces weight gain particularly in stressed female.
However, depressive- and anxiety-like behavior were demonstrated in both sexes. Adrenal and kidney tissues of stressed
mice demonstrated a higher number of necrotic cells than control. The pyknosis phase was more common than the
karyorrhexis and karyolitic phases. Interestingly, male mice were more receptive to stress than female mice. These findings
indicate that restraint stress leads to behavioral changes and cellular defects in the adrenal glands and kidneys,
particularly in male mice. The sympathetic activation and hypothalamus-pituitary-axis stimulation are assumed as the
underlying stress effect of the restraint procedure. The restraint stress method has the potential to be used in future
research on stress-responsive target organs.
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ABSTRAK
Stres imobilisasi telah diketahui dapat menyebabkan perubahan berbagai parameter otak pada hewan coba. Namun,
masih terdapat keterbatasan studi tentang dampak stres imobilisasi terhadap jaringan lain seperti adrenal dan ginjal.
Penelitian ini bertujuan untuk mengetahui efek stres imobilisasi terhadap perubahan perilaku makan, perilaku depresi,
perilaku kecemasan, berat badan dan perubahan histopatologi adrenal dan ginjal. Sejumlah 20 ekor mencit galur BALB/c
dibagi menjadi 4 kelompok yaitu kontrol jantan, stress jantan, kontrol betina dan stress betina. Stres imobilisasi diberikan
2 jam/hari selama 14 hari. Analisis perilaku dilakukan menggunakan metode uji suspensi ekor dan uji lapang terbuka.
Preparat jaringan adrenal dan ginjal diamati dibawah mikroskop CX-31 yang terhubung dengan kamera Olympus E330. Uji
statistik dilakukan menggunakan two-way ANOVA dari GraphPad Prism 9.0.0. Hasil penelitian menunjukkan stres
imobilisasi dapat menurunkan perilaku makan diikuti dengan penurunan berat badan terutama pada kelompok betina
stress. Sedangkan perilaku depresi dan kecemasan ditunjukkan baik pada mencit jantan maupun betina. Jumlah sel
nekrosis pada kelompok stres lebih banyak dibandingkan kontrol. Sel pada tahap piknosis lebih dominan dibandingkan
karioreksis dan kariolisis. Menariknya, kelompok jantan tampak lebih rentan terhadap stres dibandingkan betina. Temuan
kami menunjukkan stres imobilisasi dapat menyebabkan perubahan perilaku patologis dan kerusakan seluler jaringan
adrenal dan ginjal terutama pada mencit jantan. Aktivasi saraf simpatis dan aksis hipotalamus-pituuitari-adrenal diduga
mendasari efek dari aplikasi stres imobilisasi. Metode stres imobilisasi berpotensi untuk digunakan dalam penelitian
selanjutnya pada target organ yang responsif terhadap stres.
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INTRODUCTION
Stress is referred to internal perception towards external
source stimuli. Maladaptation to a higher stress level
contributes to biological, psychological, and social
problems (1). In humans, long-term stressful life leads to
behavioral changes and mental health consequences,
such as depression and anxiety (2,3). Several models of
stress stimulation are established in animals to induce
behavioral changes that mimic clinical symptoms in
humans, for example, learned helplessness, chronic
model stress, and social defeat stress (4,5). However, the
most applicable method for generating stress-induced
behavioral changes in rodents is the restraint stress model
(6).
Restraint stress is commonly conducted by immobilizing
the animal in a restrained apparatus to stimulate physical
and psychological stressors (7). Painless, straightforward,
and without long-term debilitating effects are preferable
for restraint stress utilization (8). This method stimulates
the hypothalamus-pituitary-adrenal (HPA) axis, resulting
in increased corticosterone as a stress response hormone
(6). Most studies focus on the effect of restraint on brain
parameters. The brain impacts of restraint stress are
established to degenerate the blood-brain barrier (9),
change the neuronal firing rates on dopaminergic areas
(10), impair neurological reflexes development (11) and
neurochemical differences (12), reduce glucocorticoid
receptor, modify the brain-derived neurotrophic factor
(BDNF) function, and alter glutamate concentration (13)
and memory deficit (14).
However, stress induces systemic tissue oxidation in other
organs such as the liver, kidney, heart (15), and adrenal
gland (15). The adrenal gland is a stress-responsive organ
that involves in homeostatic metabolism by secreting
cortisol hormone. The detriment of adrenal function
results in pathophysiological response changes thorough
the body (16). Several histological changes following stress
on aging mice were previously reported, including adrenal
cell architectural damages, cell hyperplasia, hypertrophy,
and sinusoid dilatation (17). Another organ that responds
to stress is the kidney. The afferent and efferent fiber
regulates the crosstalk between the brain and kidneys.
The efferent sympathetic pathway during stress induces
constriction of kidney vasculature, blood flow changes,
glomerular filtration rate, and kidney ischemia (18). Later
overactivation of sympathetic activity accelerates the
kidney pathology and impairs kidney function (19).
Transient blood oxygen deprivation in ischemia is
associated with high calcium influx, ROS generation and
increase of mitochondrial permeability. These trigger cell
death necrosis pathway activation through receptor
interacting protein kinase (RIP) (20). The step of cell death
in necrosis are initiated by irregular chromatin
condensation (pyknosis), fragmentation of chromatin by
lysosomal enzymes (karyorrhexis) and nuclear rupture
(karyolitic) (21).
Despite the broad effect of stress on organs, little research
focuses on the effect of restraint stress on adrenal and
kidney histology, particularly the impact on the necrosis
cells process. Thus, this study aimed to analyze the effect
of restraint stress on behavior and cellular damage on
histological observation. This study focused on the
application of restraint stress to induce several behaviors
such as eating, depressive-like behavior, anxiety-like
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behavior in mice and observed the histopathological
changes on adrenal glands and kidneys, explicitly
emphasizing the differential necrosis phase in female and
male mice.
METHOD
Experimental Design
Adult 8 weeks old BALB/c mice obtained from a breeding
facility of Bioscience Institute, Universitas Brawijaya, were
housed in a controlled temperature and humidity room at
the Animal Experimental Laboratory of Bioscience
Institute, Universitas Brawijaya and provided standard
laboratory food and water ad libitum (22). A light-dark
cycle was set to 12:12 hours, and all procedures were
conducted in the light phase. A total of 20 mice were
divided into four groups, consisting of control male (n=5),
stressed male (n=5), control female (n=5), and stressed
female (n=5). The control mice were remained
undisturbed in their individual cage. The stress groups
were recorded for behavioral analysis before and after the
stress exposure. All procedures during the experiment
were approved by the Research Ethics Committee of
Universitas Brawijaya through ethical clearance number
1193-KEP-UB.
Stress Exposure
Restraint stress was performed by immobilizing each
animal in a well-ventilated transparent cylinder. The
diameter of the cylinder was fitted to the animal body. The
stressed groups were exposed to a random schedule of
restraint stress in a duration of two hours/day for 14 days
(23).
Food Intake, Water Intake, and Weight Gain Measurement
Food and water intake was measured manually for every
24 hours as total consumed (13). The body weight was
recorded before stress application and every 3 days
following restraint stress procedure (9).
Behavioral Analysis
Tail Suspension Test (TST)
A tail suspension test was performed to evaluate the
depressive-like behavior in mice according to the previous
protocol (22). The mice were individually suspended on
the tips of the tail above the floor using adhesive tape. The
movement was recorded for a duration of six minutes. The
immobilization posture was determined as completely
motionless on four paws of mice(24).
Open Field Test (OFT)
The mice were individually placed in the center of an
acrylic box sizing 40x40x40 cm. In the base of the box were
given square line grids with a dimension of 10x10 cm each.
Four squares in the center of grids were defined as the
inner zone, and twelve peripheral squares as the outer
zone. The observation of movements was recorded for six
minutes (22)(25). The time spent of each mice in the inner
zone and outer zone were calculated as second (26).
Moreover, we determined rearing behavior in OFT as
completely standing on both hind paws in a vertical
upright position. The decrease of rearing behavior is
related to less exploration and anxiety (27).
Histological Analysis
The adrenal glands and kidneys were isolated after cervical
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dislocation at the end of the experiment (28) and given 4%
paraformaldehyde for tissue fixation and stored in 4oC
(29). The tissues were then processed for dehydration,
clearing, infiltrating, embedding, and sectioning (30).
Afterward, the hematoxylin-eosin was used for tissues
staining (31). The histological tissue slides were observed
using a CX-31 microscope connected to a camera
(Olympus E330). The number of cell with pyknosis
(nuclear condensation), karyorrhexis (nuclear
fragmentation), and karyolysis (nuclear dissolution) were
denoted as average from five consecutive high-power
fields observation (32).
Statistical Analysis
The two-way ANOVA using GraphPad Prism version 9.0.0
was used to analyze the experimental data. The significant
value was set as p<0.05. The data were visualized as mean
± SEM.
RESULTS
The Effect of Restraint Stress on the Physiological Parameter

A.

C.

B.

Figure 1. Physiological response changes towards stress
Note: A) The differences in body weight changes in male and female
mice. B) The average food intake. C) The average water intake during
stress application. Data were demonstrated as mean±SEM. The
significant value is denoted as * (p<0,05)

Stress significantly reduces body weight in the female

A.

E.

group. Conversely, stress tends to increase body weight in
the male group. Stress lowers food intake in both stress
groups as well as the water intake in the stressed female
group compared to the control group (Figure 1).
The Restraint Effect on Mice Behaviors
Stress significantly increases the immobilization duration
in both groups. This increment was higher in female than in
male mice, 287±32.31 seconds and 256.80±23.80 seconds,
respectively. It indicates that female mice demonstrated
more depressive-like behavior than male mice following
the stress exposure. The open-field test revealed the total
time spent in the outer zone was higher in stress groups,
328±21.49 seconds in female and 336±22.39 seconds in
male. Inversely, the total duration time spent in the inner
zone decreased in both stress groups, although male
groups showed shorter time than females. The supported
rearing movement was decreasing in stress groups. The
numbers of supported rearing were 24±4.30 times in
stressed female and 22.2±4.65 times in stressed male. We
suggest that stressed male demonstrate more anxiety
behavior than female mice (Figure 2).
The Effect of Restraint Stress on Adrenal and Kidney
Histopathology
Adrenal histopathology analyses demonstrated that stress
reduces normal cells and increases the necrotic cells in
both sexes. However, the stressed male mice showed a
higher number of necrotic cells than the counterpart. Cells
in the pyknosis phase were more predominant than in
karyorrhexis and karyolysis phases in stressed mice,
particularly in male. The number of normal cells in the
kidney was decreasing in stressed mice. Nevertheless, the
ratio of necrotic to normal cells in the kidney was lower
than that of the adrenal in stressed male mice. Similar to
adrenal, pyknosis cells were dominant than another phase
in the kidney (Table 1).
Further, we found adrenal histological architecture
changes in stressed mice (Figure 3H). Stressed female mice
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Figure 2. The differences of behavioral measurement following stress application
Note: A) The immobilization duration was higher after stress exposure both in male and B) female mice. C-D) The increase of time spent in
the outer zone. E-F) The decrease of time spent in the inner zone. G-H) The number of rearing behaviors was decreasing after stress
stimulation. Data were demonstrated as mean±SEM. The significant value is denoted as * (p<0,05).
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Table.1 Differences in profiles of normal cells and type of necrotic cells in adrenal and kidney tissue histopathology
Adrenal
Kidney
Parameter
CM
SM
CF
SF
CM
SM
CF
SF
Normal
194.8±3.45 107.02±1.44* 221.8±5.25 178.36±2.54* 104.32±1.43
82.38±0.78* 110.28±0.92
80.72±0.66*
Necrosis
59.8±0.54
190.6±0.56* 61.62±0.87 107.06±3.01*
81.52±1.23 122.18±1.42*
73.12±0.67 111 .86±1.14*
Pyknosis
12.6±0.10
119±1.16* 11.04±0.18
39.46±0.85*
43.66±1.02
68.08±1.38*
38.78±0.45
51.98±0.93*
Karyorrhexis
5.44±0.09
13.5±0.30*
4.32±0.12
14.28±0.89*
15.82±0.22
22.56±0.26*
14.48±0.45
24.70±0.28*
Karyolysis
41.92±0.49
58.26±0.72* 46.26±0.78
53.40±1.53*
22.04±0.20
31.54±0.11*
19.5±0.22
35.18±0.18*
Note: CM=control male; SM=stressed male; CF=control female; SF=stressed female; * (p<0.05). Number denoted to average cells per 5 high per
field. Pyknosis, karyorrhexis and karyolitic cells were summed as necrosis cells.

Figure 3. Histopathological differences of adrenal tissue section between stressed mice and control
Note: The magnification was 40x for the upper panel. The bold black squares were magnified at 400x (lower panel). The disruption of adrenal
cell architecture was shown as irregular arrange of fasciculata zone (FZ) and glomerulosa zone (GZ) in stressed female mice (H). Adrenal
accessory gland (AG) was observed in stressed female mice.

Figure 4. The differences of phases of necrosis in tubular cells of kidney tissue section on stressed mice (B-D) compared to
control mice (A). The small yellow boxes are enlarged to large yellow boxes. Normal cell nuclei are demonstrated in panel
A. The density of nuclei in the pyknosis phase (B), fragmented nuclei (C) and diminished nuclei in the karyolysis phase (D).

showed that the loose boundaries of glomerulosa layer
and fasciculata layer zones were not arranged as
distinctively straight cords that radiated toward the
medulla. The cortical accessory adrenal gland was
observed in stressed female (Figure 3H). The kidney tissue
section shows that the nucleus in the pyknosis phase is
shown as chromatin condensation and increased density.
Subsequent nuclear fragmentation is marked as
karyorrhexis phase. Further dissolution of the nucleus is
denoted as karyolitic phases (Figure 4).
DISCUSSION
This study found different stress responses on eating
behavior and weight gain in mice. Stress increases the

basal metabolic rates to respond to the higher energy
requirement. Stress is compensated with both activations
of the neuronal and hormonal pathways. The neuronal
pathway is initiated with the stimulation of the
paraventricular nucleus (PVN) on the hypothalamus. Two
subtypes of receptors on PVN cells are a1-adrenoreceptors
and a2-adrenoreceptor that exhibit antagonist effects on
eating. The release of norepinephrine during stress
activates the a1-adrenoreceptors, which then suppress
eating; meanwhile, the activation of a2-adrenoreceptors
leads to increase eating (33). Hormonal pathways arise with
the release of corticotrophin-releasing hormone (CRH).
This hormone has inhibition consequences on
neuropeptide-Y (NPY)/agouti-related peptide (AGRP)
neuron, thus reduces appetite (34). Repeated stress
Jurnal Kedokteran Brawijaya, Vol. 32, No. 1, February 2022
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overtime disrupts the hypothalamic-pituitary-adrenal
(HPA) axis and loss the negative feedback properties of
cortisol, resulting in higher palatability of energy-dense of
food (35). Despite the eating behavior, stress induces
depressive-like behavior and anxiety in mice. Depressivelike behavior is denoted as the increase of immobilization
duration on the tail suspension test (24). Anxiety behaviors
on open field tests are characterized by a longer duration
in the outer zone than in the inner zone and increase the
unsupported rearing behavior (36)(26). Considering those
parameters, we suggest that our restraint stress
application generated stress conditions in mice.
Previous reports revealed the changes in monoamine
neurotransmission in stress-induced mice. Stress
decreases serotonin and dopamine levels in several brain
areas, thus affect the behaviors (37)(38), such as mood,
reward, motivation, and locomotor (39,40). Another
effect of stress on neurotransmitters is the disfunction of
cortical GABAergic neurotransmission. The disturbance of
GABA as an inhibitory neurotransmitter leads to
depression and anxiety behavior (41). Stimulation of
sympathetic nervous systems during stress would
regulate the liberation of epinephrine from the adrenal
medulla and subsequently cause vasoconstriction of the
general blood vessels. Vasoconstriction narrows the blood
vessels and then generates the blood flow demand-supply
mismatch and organ hypoperfusion (42). Ischemia state of
kidney induces inflammation, microvascular injury,
tubular injuries, and lethal cell injuries like necrosis (43).
We assume that the escalation of necrosis cells in the
kidney is associated with prolonged hypoperfusion as a
response to sympathetic activation following repeated
stress exposure.
Further, we observed adrenal histological changes in
stressed mice. Prolonged stress activates the sympathetic
nervous system without an inadequate balance of
parasympathetic, thus releasing higher epinephrine and
norepinephrine, and later induces inflammatory cytokine
as well as hydrogen peroxide and radical hydroxyl, which is
a potential reactive oxygen species (44). Restraint stress

reduces the redox ratio of glutathione (GSH) or per
glutathione disulfide and increases malondialdehydethiobarbituric acid (MDA-TBA); thus, lipid peroxidation
takes place. It is accompanied by physiological
compensation, such as increasing corticosterone and
blood glucose levels (45). Similarly, Herbet et al. (46)
revealed that an increased oxidative stress status leads to
deoxyribonucleic acid (DNA), protein, and lipid
peroxidation. These impacts were mediated through the
reduced level and activity of GSH, increased GSHH, and
increased mRNA expression of the oxidative stress-related
gene. Oxidative stress produces reactive oxygen species
(ROS) that create mitochondrial membrane permeability
and culminate matrix swelling and outer membrane
rupture. Moreover, this pathway stimulates ischemia or
tissue hypoperfusion due to blood supply deprivation (20).
Additionally, the number of cells undergoing necrosis in
male mice is higher than in the counterpart. Estradiol work
on estrogen ß-receptor among neuropeptide neurons cells
that are abundant in the PVN area accordingly reduces the
secretion of adrenocortical releasing hormone (ACTH) and
cortisol. Indeed, PVN plays a vital role in activating the HPAaxis. The binding of estrogen ß-receptor with its ligand
provides inhibition to HPA reactivity to the stressor by
reducing the activation of PVN cells (47). In short, we
suggest that the application of restraint stress exposure
can altering eating behavior, depressive-like and anxietylike behavior in mice as well as histopathological changes
on adrenal and kidney tissue particularly on necrosis
process. This proposed model is beneficial for utilized in
further exploration research of substance-related drug
development in preclinical trials in mice.
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