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Introduction: Stress predisposes organisms to depression and cognitive impairments, and 
seems to interact with metabolic homeostasis. The inflammatory response and the upregulation 
of proinflammatory cytokines are some of the consequences related to chronic stress. In this 
study, we investigated the preventive effect of chronic administration of ibuprofen, as an 
inhibitor of cyclooxygenases, on the cognitive and behavioral alterations and the weight gain 
reduction induced by simultaneous chronic restraint stress in rats.

Materials and Methods: Male Wistar rats were subjected to chronic restraint stress and 
injected daily with the variable doses of ibuprofen or vehicle, for 21 consecutive days. Then, 
all animals were tested with the forced swim test and passive avoidance conditioning. Also, 
the weight of the animals was recorded before and after the interventions. Ultimately, plasma 
interleukin 6 (IL-6) levels were measured. 

Results: Chronic stress increased depressive-like behaviors, impaired learning, and disrupted 
the normal weight gain. However, the animals that received the highest dose of ibuprofen 
showed less depressive-like behaviors, a better avoidance memory, and a higher weight gain. 
However, the level of plasma IL-6 did not differ significantly between the study groups.

Conclusion: The administration of ibuprofen prevents the cognitive and behavioral 
consequences of chronic stress. During the recovery, the plasma levels of IL-6 were not 
elevated by stress, and the IL-6 levels did not predict the behavioral performance of the 
stressed animals. The exact mechanisms of the protective effects of ibuprofen against chronic 
stress need to be further investigated.
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1. Introduction

tress is defined as an imbalance in homeo-
stasis. Every unknown new situation may 
activate the stress response that modulates 
the homeostasis. The stress response is the 
organism’s intrinsic reaction to physically 

or psychologically disturbing factors (Garcia-Bueno et 
al., 2008). Short-term stress reactions have evolved as 
adaptive strategies to foster survival (Buchanan, 2000; 
Miller & Raison, 2016). However, long-term ongoing 
stress may lead to mental and physical health problems 
(Munhoz et al., 2008). Therefore, neuropsychiatric con-
ditions are expected to follow long-lasting chronic stress 
(Rivat et al., 2010). Repeated, unpredictable, and chron-
ic stress is the critical trigger factor for depression (Ham-
men, 2005; Grippo & Scotti, 2013) and inflammatory 
response, within the brain and periphery (Garate et al., 
2013; Grippo & Scotti, 2013; Raison & Miller, 2013). 
The reciprocal link between the immune and central ner-
vous systems plays a key role in stress-induced neuroin-
flammation and depression (Grippo & Scotti, 2013). The 
upregulation of Cyclooxygenase 2 (COX-2) is proposed 
as one of the underlying mechanisms of stress-induced 
depression (Munhoz et al., 2008; Garate et al., 2013). 
Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) are 
agents that exert the anti-inflammatory and analgesic ef-
fects through the inhibition of the COX (Rao & Knaus, 
2008). Although the efficacy of the NSAIDs as an anti-
depressive and anti-inflammatory adjuvant (Köhler, 
Petersen, Mors, & Gasse, 2015) is well established, the 
protective potential of NSAIDs against chronic stress 
has partially become clear.

Administering the ibuprofen (as a prominent NSAID 
and nonselective cyclooxygenase inhibitor), we aimed 
to prevent the stress-induced behavioral, cognitive, and 
weight alterations following a chronic restraint stress 
model in rats. In the present study, the passive avoid-
ance learning task and the shuttle box were used as an 
indicator of stress-induced cognitive impairments. Also, 
we used the Forced Swimming Test (FST) to measure 
depressive-like behaviors. Finally, the plasma level of 
interleukin 6 (IL-6) was measured, because the IL-6 is 
an indicator of inflammation in depressed patients; the 
plasma level of IL-6 increases after the chronic stress test 
in rodents (Mehrpouya et al., 2015). 

2. Materials & Methods 

2.1. Animals and treatments

A total number of 40 adult male Wistar rats with the 
weight range of 200 to 250 g, and the age range of 7 
to 9 weeks (Pasteur Institute of Iran, Karaj, Iran) were 
kept under the standard light-dark cycle (12 h:12 h), 
temperature (21°C -25°C), and humidity (45-55%) with 
free access to food and water. All handling procedures 
complied with the international guidelines for the care 
and use of laboratory animals (EU Directive 2010/63/
EU for animal experiments) and approved by the Ethics 
Committee of Iran University of Medical Sciences. Also, 
the experiments complied with the ARRIVE (Animal 
Research: Reporting of In Vivo Experiments) guidelines 
for reporting experiments involving animals. 

For behavioral experiments, all animals were trans-
ported to the test room, one hour before the test. Using a 
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completely randomized design, the animals were catego-
rized. They received sham (non-stress+vehicle), or stress 
and the intraperitoneal injection of ibuprofen (Ibuprofen; 
Damavand Darou, Tehran, Iran) in the volume of 15, 30, 
or 60 mg per each kilogram of body weight. Ibuprofen 
was dissolved in distilled water before the injection (de 
la Puente et al., 2015). The doses were based on previous 
studies (Zaminelli et al., 2014). Table 1 summarizes the 
treatments for each group of the study animals. (As the 
sign and symptoms were not responsive to 15 and 30 mg/
kg of ibuprofen, we didn’t mention them later on.)

2.2. Experimental procedures 

As illustrated in Figure 1, the animals were weighed 
before any handling (on day 0). The animals of the stress 
group were daily injected with ibuprofen or vehicle for 
21 consecutive days (day 1-21). Also, 30 minutes after 
each injection, they were restrained for 6 hours (8 AM to 
2 PM) with the standard rat Plexiglas restrainers (Cam-
pos, Fogaça, Aguiar, & Guimaraes, 2013). While the re-
strained rats were completely immobile with no access to 
food and water, the rats of the sham group were not sub-
jected to stress and returned to their home cages after the 
vehicle injection. On day 23, the animals were trained for 
passive avoidance in the shuttle box and tested on day 24.

On day 28, the subjects were habituated for the FST 
that was performed on day 29. Ultimately, on day 36, 
the animals were weighed and deeply anesthetized with 
ketamine. The blood samples were taken for the assess-
ments of IL-6 and corticosterone plasma levels with the 
Enzyme-Linked Immunosorbent Assay (ELISA) meth-
od. The animals were euthanized afterward. All the ex-

periments were carried out by two observers who were 
blinded to the treatments.

2.3. Passive Avoidance Memory test

The custom-built shuttle box was made of two wooden 
compartments (each, 30×20×20 cm) separated by a guil-
lotine door (20×15 cm). One of the boxes was equipped 
with a 20 W lamp, but the other one was dark and had a 
grid floor (3 mm diameter, 10 mm distance). For habitu-
ation, the animals were placed in the bright part and the 
guillotine door was opened after five seconds. Once the 
animal passed through the door, it was closed and the 
animal was returned to the home cage, after 20 seconds. 
Thirty minutes later, one trial training session was per-
formed similar to the habituation procedure, but once the 
animal entered the dark compartment, it received a foot-
shock (50 Hz, 1 mA, 3 s). Then, the animal was returned 
to the home cage. On the next day, the animal was placed 
in the bright compartment and the guillotine door was 
opened after 20 seconds. The latency time to enter the 
dark compartment was measured with a stopwatch; the 
cut off time was 300 seconds (Hosseinzadeh, Roshan, & 
Pourasghar, 2013; Barzegar et sl., 2015).

2.4. Forced Swimming test

Pretest: The animals were individually placed at a depth 
of 18 cm in a transparent cylinder (80 cm height, 30 cm 
diameter) filled with 24°C water, for 15 minutes. Then, 
they were dried with a towel and returned to their cages. 

Swim test: At the same conditions as the pretest, the ani-
mals were placed in the cylinder, and the video was record-
ed. After five minutes, they were dried and returned to their 

Table 1. Treatments and group sizes (n: 8)

Treatment Abbreviation 

Sham Control

Chronic restraint stress CRS

CRS and ibuprofen 60 mg/kg CRS+Ibu-60

CRS and ibuprofen 30 mg/kg CRS+Ibu-30

CRS and ibuprofen 15 mg/kg CRS+Ibu-15

Weighing animals 
Blood sampling 

and sacrifice

Forced swim test
Recovery period

Passive avoidanceStressinduction
and injections

Weinghing
animals TestHabituationRetentionTraining

Day 36Day 29Day 28Day 25-27Day 24Day 23Day 1-21Day 0
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cages. Cumulative immobility duration was measured by 
two observers who were blinded to the treatments (Cryan, 
Valentino, & Lucki, 2005; Slattery & Cryan, 2012).

2.5. IL-6 ELISA

The animals were recovered for a week to avoid tran-
sient increments in the IL-6 levels because of the be-
havioral experiments. Next, the rats were anesthetized 
with ketamine (100 mg/kg) and xylazine (10 mg/kg), 
then, the heart apex was exposed and blood samples (1 
mL) were taken. The samples were centrifuged (10 min, 
664×g), and the plasma was stored at -20°C. The plasma 
IL-6 levels were quantified using commercially avail-
able ELISA kit (eBioscience, Vienna, Austria), accord-
ing to manufacturer’s instructions. 

2.6. Corticosterone ELISA

The rat blood samples were centrifuged at 664×g for 
10 minutes. The sera were immediately separated and 
stored at -80oC until the examination. The corticosterone 
level was measured using the ELISA kit (Zellbio GmbH, 
Germany), according to the manufacturer's protocol.

2.7. Transmission electron microscopy

Two rats of each group were anesthetized with the in-
traperitoneal injection of ketamine-xylazine combina-
tion (10:1) and perfused intracardially with 0.9% sodium 

chloride, 10X phosphate-buffered saline, and 4% para-
formaldehyde. Then, they were decapitated and their 
brains removed. After tissue processing, 5-µm paraffin-
embedded sections were provided. These structures be-
come visualized in the electron microscope at the mag-
nifications range of 50 to 1000000 times. The protocols 
given hereafter can be used for light microscopy and 
transmission electron microscopy.

2.8. Statistical analysis

Values were expressed as Mean±Standard deviation. 
The SigmaPlot-14 (Systat Software Inc.) was used to 
analyze the obtained data. To analyze variations among 
three or more groups, the one-way analysis of variance 
followed by the Tukey test for post hoc analysis was 
performed. The P-value of less than 0.05 (P<0.05) was 
considered statistically significant.

3. Results

3.1. Ibuprofen protects against stress-induced 
weight loss

According to Figure 2, chronic stress disturbs normal 
weight gain, and ibuprofen is preventive against these 
changes. The stress group had the smallest weight gain, 
while the CRS+Ibu-60 group showed a high mean of 
weight gain. The CRS+Ibu-60 group had significantly 
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Figure 2. Ibuprofen treatment facilitating weight gain in 
chronically stressed rats 

The results of the one-way ANOVA and the Tukey post hoc 
test (n=8) revealed that the animals in the CRS group gained 
significantly lower weight than the control group. Also, the 
CRS+Ibu-60 group gained significantly more weight than 
the CRS group; 

*** P<0.001;

### P<0.001.
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Figure 3. Ibuprofen improving passive avoidance learning in 
chronically stressed rats

The results of the one-way ANOVA and the Tukey post hoc test 
(n=8) revealed that the animals in the CRS group gained signifi-
cantly lower memory function scores than the control group. 
Also, the CRS+Ibu-60 group had significantly better avoidance 
memory function, compared with the control and CRS groups;

* P<0.05; 

*** P<0.001.
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higher weight gain, compared with the stress group (F6, 35= 
6.46, P<0.001). 

3.2. Ibuprofen improves stress-induced learning 
deficits

Chronic stress impairs learning processes and negatively 
impacts learning avoidance (Chida, Sudo, Mori, & Kubo, 
2006; Radahmadi, Alaei, Sharifi, & Hosseini, 2013). 
Here, chronically stressed animals that were treated with a 
high dose of Ibuprofen (60 mg/kg) significantly improved 
avoidance performance. Compared with the control (P<0.05) 
and CRS (P<0.001) groups, the CRS+Ibu-60 group had 
significantly (F6, 35= 15.60, P<0.001) better performance in 
avoidance memory (Figure 3).

3.3. Ibuprofen prevents depressive-like immobil-
ity in the FST

The FST is one of the most frequently used tests for 
both the assessments of depressive-like behavior in ro-
dents and the antidepressant-like properties of the phar-
macological agents (Cryan, Valentino, & Lucki, 2005; 
Slattery & Cryan, 2012). Compared with the control 
group (217.83±25.40 s), the CRS group showed a higher 
immobility time (86.50±5.49 s, P<0.001). However, the 

CRS+Ibu-60 group (100.33±9.95 s) had a significantly 
(F6,35= 36.38, P<0.001) shorter immobility time, compared 
with the CRS group (Figure 4).

3.4. Plasma IL-6 level 

The one-way ANOVA did not indicate any significant 
difference in the plasma levels of IL-6 between the study 
groups (F6,35=0.824, P=0.559; Figure 5).
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Figure 4. Ibuprofen protection against stress-induced de-
pressive-like immobility in FST

The results of the one-way ANOVA and the Tukey post hoc 
test (n=8) revealed that the animals in the CRS group had 
significantly higher immobility time than the control group. 
Also, the CRS+Ibu-60 group had significantly shorter immo-
bility during the FST, compared with the CRS group;

*** P<0.001; 

### P<0.001.
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Figure 5. Plasma IL-6 level in chronically stressed animals 
during recovery

The results of the one-way ANOVA and the Tukey post hoc 
test (n=8) revealed that the study groups did not significant-
ly differ in the IL-6 levels (P=0.559). 

Figure 6. Ibuprofen improving the lower level of corticoste-
rone in chronically stressed animals 

The results of the one-way ANOVA and the Tukey post hoc 
test (n=8) revealed that the animals in the CRS group had sig-
nificantly higher corticosterone levels than the control group. 
Also, the CRS+Ibu-60 group had significantly lower corticos-
terone levels compared with the CRS group;

***P<0.001;

###P<0.001.
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3.5. Plasma corticosterone level 

Compared with the control group (217.83±25.40 s), 
the CRS group had a significantly higher plasma corti-
costerone level (86.50±5.49 s, P<0.001). However, the 
corticosterone plasma level of the CRS+Ibu-60 group 
(100.33±9.95 s ) was significantly (F6,35=33.38, P<0.001) 
lower than the CRS group (Figure 6).

3.6. Ibuprofen protects against stress-induced 
apoptotic changes

The transmission electron microscopy results of the 
CA1 region showed apoptotic changes, including the 
chromatin margination and dissolution in the cell nu-
cleus of stressed rats. However, we found the large and 
round nuclei and the intracellular organelles within the 
cytoplasm of both the control and CRS+Ibu-60 groups 
(F6, 35= 36.27, P<0.001; Figure 7).

4. Discussion

The present study is the first research investigating the 
preventive effect of ibuprofen on chronic stress-induced 
depressive-like behavior in rats. Our results provided 
a better insight into the stress-induced depressive-like 
behaviors and examined the potential of ibuprofen as 
a preventive medication during chronic stress. In the 
present study, a dose-dependent manner of ibuprofen 
administration showed that the highest dose of ibupro-
fen (60 mg) had the best efficiency, and prevented all the 
stress-induced symptoms. However, the moderate dose 

(30 mg) just improved the immobility behavior during 
the FST. Also, the lowest dose of ibuprofen (15 mg) had 
no detectable effect on any measurements. Therefore, we 
focused on the highest dose of ibuprofen (60 mg/kg) in 
the following. It should be emphasized that ibuprofen 
plays an anti-inflammatory role in higher doses, which is 
seen over the weeks following the administration.

Ibuprofen plays a role both as an anti-inflammatory and 
a neuroprotective agent in conditions, such as Parkinson 
and Alzheimer diseases (Wilkinson et al., 2012). Also, 
chronic ibuprofen administration can reverse depressive 
behavior in the Parkinson disease model of the rats (Zami-
nelli et al., 2014). Restraint-induced stress results in oxi-
dative stress, inflammation, and depressive-like symptoms 
(Gárate et al., 2013). Ibuprofen as a non-specific COX in-
hibitor may protect against restraint-induced chronic stress 
via the blockage of this process (Mancuso et al., 2007). 
In response to stressors, there is a fundamental, dynamic, 
and reciprocal relationship between the corticosterone and 
the immune system (Bowers, Bilbo, Dhabhar, & Nelson, 
2008). Following the stressors, pro-inflammatory cyto-
kines, such as tumor necrosis factor-α increase, and result 
in the overactivity of the HPA axis. The increased corti-
costerone would suppress the high levels of inflamma-
tory modulators (Leakey et al., 1994). Consequently, both 
the corticosterone and the inflammatory modulators rise 
(Besedovsky et al., 1991).

The normal body weight gain of the rats was reduced 
by the CRS paradigm; this result is in line with the pre-

 Control CRS CRS+Ibu-60 

Figure 7. Ibuprofen improving apoptotic changes in chronically stressed animals 

Electron microscopy imaging showed that the animals in the CRS group had significantly higher apoptotic changes than the 
control group. Also, the CRS+Ibu-60 group had significantly lower apoptotic changes, compared with the CRS group. The 
images were at an original magnification of×5 000. The data were compared using the one-way ANOVA and the Tukey post 
hoc test (n=8).
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vious reports about the impaired weight gain induced by 
depression following the CRS (Christiansen, Olesen, Wört-
wein, & Woldbye, 2011). Chronic restraint stress increases 
the activity of the HPA axis and induces the signs and symp-
toms of depression, such as decreased appetite and reduced 
body weight gain (Kaestner et al., 2005). 

In the present study, we found an increased immobility 
behavior in the CRS group, compared with the control and 
CRS+Ibu-60 groups. Immobility behavior could be trans-
lated into behavioral despair (Cryan & Mombereau, 2004). 
The restraint-induced chronic stress and depression result in 
the various modifications of the brain, including decreased 
dopamine level and reduced hippocampal volume and plas-
ticity, which are almost the result of neuroinflammation 
(Lee et al., 2013). 

Abnormal HPA axis activity is correlated with stress-related 
conditions, such as mental depression (Chang et al., 2009). 
In such conditions, the HPA activity is usually exaggerated 
(Chang et al., 2009). As mentioned earlier, the activity of the 
inflammatory modulators increased HPA activity. It seems 
that the high dose of ibuprofen has interrupted this loop and 
decreased behavioral despair. The high dose of ibuprofen 
could improve the passive avoidance task in the rat depression 
model. Hippocampus is the main organ involved in learning 
and memory and is susceptible to inflammation, apoptosis, 
and damage following the mental depression. The hippo-
campus function is best evaluated by the passive avoidance 
task (Ho, Sommers, & Lucki, 2013). Our findings indicated 
a normal passive avoidance task in the CRS+Ibu-60 group, 
compared with the control group. Observing a functional hip-
pocampus in the rats of both intact group and CRS+Ibu-60 
group indicates the preventive effect of Ibu 60 on hippocam-
pal damage in stressful situations.

We found no significant increase in plasma IL-6 levels in 
our stress-induced model. Explaining this result, it is sug-
gested that the time of sampling has been overlapped with 
the decrement of IL-6 by the first surge of corticosterone. 
The short course of stress induction (21 days) in our model 
may be another possible reason. It seems that the rats re-
quired more duration and the time of the CST to develop 
high levels of IL-6. Several studies have shown that chronic 
neuro-inflammatory and depressive-like behavior are essen-
tial for the elevation of plasma IL-6 (Voorhees et al., 2013). 
Another study confirmed the IL-6 increase following 28 days 
of restraint-induced stress in mice (Biesmans et al., 2015). 
It seems that 21 days of restraint stress is not an appropriate 
protocol for the IL-6 studies. Possibly, if we continued this 
phase, we could see the plasma IL-6 increment. The three-
week protocol carried out in the present study explains why 
we could not find a significant increase in IL-6. 

The electron microscope findings showed the signs of 
apoptotic changes in the CA1 area of the CRS group. 
Mental depression as a neuro-inflammatory process is 
associated with apoptosis, and the hippocampus is one of 
the most susceptible organs for such changes (Zunszain, 
Anacker, Cattaneo, Carvalho, & Pariante, 2011). Al-
though there are reports about the apoptotic effect of ibu-
profen in various conditions, a study revealed that all the 
NSAIDs, including ibuprofen, inhibit the nitric oxide-
induced apoptosis in a non-cyclooxygenase-dependent 
manner in chondrocytes (Borutaite & Brown, 2005). The 
NSAIDs inhibit the nitric oxide-induced apoptosis and 
the differentiation of articular chondrocytes independent 
of cyclooxygenase activity (Borutaite & Brown, 2005). 

Currently, there are controversial discussions regard-
ing the efficacy of NSAIDs against depression. In the 
present study, we did not investigate the efficiency of 
ibuprofen as an antidepressant-like drug, but we rather 
tried to determine the protective value of chronic ibupro-
fen administration against depression during a chronic 
restrained stress period. Based on our results, the chronic 
and simultaneous administration of ibuprofen during 
stress dose-dependently prevents the metabolic, cog-
nitive, and behavioral consequences of the chronic re-
straint stress in rats.
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