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Abstract. Stress‑related disorders are extremely complex 
and current treatment strategies have limitations. The present 
study investigated alternative pathological mechanisms using 
a combination of multiple environmental approaches with 
biochemical and molecular tools. The aim of the present 
study was to evaluate blood‑brain‑barrier (BBB) integrity in 
socially manipulated animal housing conditions. Multiple 
environmentally‑related models were employed in the current 
study. The main model proposed (chronically isolated rats) 
was biochemically validated using the level of peripheral 
corticosterone. The current study examined and compared 
the mRNA levels of certain inflammatory and BBB markers 
in the hippocampal tissue of chronically isolated rats, 
including claudin‑5 (cldn5) and tight junction protein (tjp). 
Animals were divided into four groups: i) Standard housed 
rats (controls); ii) chronically isolated rats; iii) control rats 
treated with fluoxetine, which is a standard selective serotonin 
reuptake inhibitor; and iv) isolated rats treated with fluoxetine. 
To further examine the effect of environmental conditions 
on BBB markers, the current study assessed BBB markers in 
enriched environmental (EE) housing and short‑term isolation 
conditions. The results demonstrated a significant increase 
in cldn5 and tjp levels in the chronically isolated group. 
Despite some anomalous results, alterations in mRNA levels 
were further confirmed in EE housing conditions compared 
with chronically isolated rats. This trend was also observed 
in rats subjected to short‑term isolation compared with paired 
controls. Additionally, levels of IL‑6, an inflammatory marker 
associated with neuroinflammation, were markedly increased 
in the isolated group. However, treatment with fluoxetine treat‑
ment reversed these effects. The results indicated that BBB 

integrity may be compromised in stress‑related disorders, 
highlighting a need for further functional studies on the 
kinetics of BBB in stress‑related models.

Introduction

Stress serves a primary role in the pathogenesis of psychiatric 
disorders (1). Previous studies have demonstrated that stress 
may eventually trigger or exacerbate mood disorders (2‑4). 
Exposure to stress has profound consequences on physi‑
ological, biochemical and neurobehavioral function (5,6).

Environmentally induced depression, such as chronic social 
isolation, has long been implicated as a risk factor for depres‑
sion in humans and also induces anxiety and depression‑like 
behavior in rodents. To date, environmental models are most 
commonly used for studying depression (7,8).

Although depression and anxiety are highly prevalent 
serious stress‑related psychiatric disorders, they are poorly 
understood (9,10). In Saudi Arabia, the overall prevalence 
of depression has been reported to be ~12% (11). Current 
treatment strategies have several major limitations, demon‑
strating the need to investigate pathological mechanisms and 
thus determine the most effective treatment strategy.

The blood‑brain‑barrier (BBB) is composed of endothelial 
cellular units and astrocytes interconnected by tight junction 
proteins. The integrity of BBB vascularity relies on the func‑
tion of these tight junctions. The tight junction unit consists 
of various proteins, including claudin‑5 (Cldn5) and certain 
tight junction proteins, such as tight junction protein 1 (TJP1). 
These are critical components that modulate BBB perme‑
ability  (12). They are affected in multiple psychiatric and 
neurological diseases such as depression, Alzheimer’s and 
other neurodegenerative disorders, brain trauma, stroke and 
multiple sclerosis (13).

A previous study demonstrated that cldn5 levels were 
decreased in the nucleus accumbens in depressed model rats. 
Furthermore, the introduction of a Cldn5 adeno‑associated 
virus adeno‑associated virus delivering shRNA against cldn5 
in different brain regions increased the passage of peripheral 
IL‑6 into the central nervous system (CNS), leading to 
depression‑like behavior (14).

In a pharmacological model of depression (lipopolysac‑
charide‑injected mice), tight junction proteins, including cldn5 
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and tip, were significantly reduced. These results indicated 
that BBB dysfunction is associated with the dysregulation of 
ion transport, homeostasis and the passage of immune cells 
into the CNS (13). A widely recognized hypothesis is that of 
inflammation and depression. This theory explains the rela‑
tionship between immune system function and its contribution 
to the neurobiology of depression (15,16). It was previously 
reported that chronically isolated rats exhibited depressive‑like 
behavior and, at a molecular level, multiple members of the 
Toll‑like receptor (TLR) family were increased in the hippo‑
campus (17).

Accumulating evidence has uncovered an association 
between mood disorders, particularly depression, and 
neuroinflammation (18). Clinical and preclinical studies have 
suggested that alterations in IL‑6 levels are fundamental in the 
provocation of depression (19‑21).

The present study aimed to: i)  Examine the impact 
of stressful chronic social isolation on IL‑6 levels in the 
hippocampal region of the brain; ii) investigate the mRNA 
expression of BBB markers in the hippocampus; iii) analyze 
the effect of acute fluoxetine treatment, a standard antidepres‑
sant; and iv) analyze the mRNA expression of BBB markers 
in different environmental conditions, such as an enriched 
environment and short‑term isolation. To address these aims, 
the current study utilized different environmental conditions 
and pharmacological treatments.

Materials and methods

Animals. A total of 46 adult, 5‑7 weeks of age, male Wistar 
rats (150‑175 g) were obtained from the Animal Care Centre 
at the College of Pharmacy, King Saud University (Riyadh, 
Saudi Arabia). Animals were housed under a 12‑h light/dark 
cycle at a temperature of 25±1˚C, with ad libitum access to food 
and water. Rats were left to adapt to the laboratory environment 
for 1 week prior to experimentation and were randomly divided 
into three main experiments. All experiments were carried out 
in accordance with the recommendations of the Experimental 
Animals Ethics Committee Acts of King Saud University, The 
Research Ethics Committee (approval no. KSU‑SE‑18‑20).

Experiment one. For a 6‑week period, rats were divided into 
four groups as follows (n=10): i) Paired ii) isolated; iii) isolated 
with fluoxetine treatment; and iv) paired with fluoxetine treat‑
ment. Fluoxetine (25 mg/kg p.o.) was administered to isolated 
and paired rats on the 6th week (22) and to minimize stress 
during the experimental procedure, fluoxetine was administered 
in drinking water (17). The acutely treated group was used to 
examine the effects of short‑term treatment. The paired‑treated 
group served as a control. Antidepressants are known to 
significantly alter synaptic plasticity as these agents massively 
modulate multiple pathways and physiological mechanisms. 
They influence mood‑related circuits, adult neurogenesis, 
neuronal survival, resiliency and adaptability (23).

After euthanizing the animals by CO2, using up to 
30% displacement rate (approximately 5 l/min), and the absence 
of reflexes verified death, trunk body blood was collected and 
brains were rapidly removed, snap‑frozen in liquid nitrogen 
and stored at ‑80˚C until further use. Molecular changes in 
levels of BBB inflammatory markers (cldn5 and tjp1) and 

the central inflammatory marker (IL‑6) were examined via 
reverse transcription‑quantitative PCR (RT‑qPCR) analysis. 
Levels of corticosterone, a peripherally stress‑related marker, 
were additionally determined using ELISA.

Experiment two: Enriched environment (EE) housing as 
described previously  (17). Parallel with experiment one, 
experiment two, involving EE conditions, was conducted. 
EE housing criteria was selected to further our under‑
standing of the effect of environmental conditions on the 
molecular expression of BBB parameters at the mRNA level. 
A total of 10 rats were housed in a cage with dimensions of 
1.5x0.5x0.7 m. Bedding was changed every day for a 6‑week 
period. The animals were also provided with 8‑10 toys, which 
were removed and washed three times a week, at which point 
half were then changed (22).

Experiment three: Short‑term isolation as described previ‑
ously (24). A total of 6 rats were divided into two groups (each, 
n=3). The first group was housed in standard conditions with 
three animals per cage. The second group had one rat per cage, 
where animals were housed for a total of 5 days. Rats were 
then sacrificed.

Serum corticosterone level determination. A trunk blood 
sample from each sacrificed rat was collected in regular tubes. 
Samples were then centrifuged at 30,588 x g at 4˚C for 30 min 
to obtain serum. After serum was collected in Eppendorf 
tubes, samples were stored at ‑80˚C. Serum corticosterone 
levels were analyzed using an ELISA kit in accordance with 
the manufacturer's protocol (Abcam; cat. no.  ab108821). 
The absorbance of the standards and samples was measured 
using a BioTek® Synergy™ HT microplate reader (Bio‑Tek 
Instruments, Inc.) at a wavelength of 450 nm.

Quantification of mRNA using RT‑qPCR. RT‑qPCR was 
conducted as described previously (24). Isolated hippocampal 
RNA was purified and converted to cDNA using a 
High‑Capacity cDNA Reverse Transcription kit in accordance 
with the manufacturer's protocol. The following primers were 
utilized: IL‑6 forward, 5'‑CTT​CCT​AAA​GAT​GGC​TGC​ACT​
A‑3' and reverse, 5'‑CTG​ACT​TGG​CAG​AGG​ACA​AA‑3'; 
cldn5 forward, 5'‑AGC​CCG​CGT​TCG​GAA​A‑3' and reverse, 
5'‑ATT​CAG​CGG​TGG​TCG​TCA​TC‑3'; tjp1 forward, 5'‑CGA​
GGC​ATC​GTT​CCT​AAT​AAG​AA‑3' and reverse, 5'‑ATC​
GCC​ACC​TGC​TGT​CTT​TG‑3'; GAPDH forward, 5'‑GAC​
ATG​CCG​CCT​GGA​GAA​AC‑3' and reverse, 5'‑AGC​CCA​
GGA​TGC​CCT​TTA​GT‑3'. RT‑qPCR analysis was conducted 
using SYBR Green based detection (Applied Biosystems 
7500 QPCR detection system) with 7500 software (version 
2.0.1) in accordance with the supplier's recommendations 
(each, Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The relative expression of target mRNA was computed from 
the target cycle threshold (CT) value and the GAPDH CT 
value using the quantitative comparative CT (∆∆CT) method. 
These normalized values were then used to calculate a value 
expressing the fold change of the gene relative to the control 
according to the Livak method. The RT‑qPCR was set up as 
follows: 50˚C for 2 min, 95˚C for 10 min, then 40 cycles: 95˚C 
for 15 sec, 60˚C for 1 min (25).
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Statistical analysis. All statistical analyses were conducted 
using GraphPad Prism version 8 (GraphPad Software, Inc.). 
Differences between two groups were determined using an 
unpaired Student's t‑test and a Mann‑Whitney U‑test. Differences 
between paired isolated, isolated + fluoxetine and paired + fluox‑
etine groups were determined using two‑way ANOVA followed 
by Tukey's multiple comparisons post hoc tests (α level, 0.05). 
Data are presented as the mean ± SEM and P<0.05 was consid‑
ered to indicate a statistically significant difference.

Results

Corticosterone levels in the periphery. As corticosterone is an 
indicator of stress, the present study examined serum levels 
in paired, chronically isolated, treated paired and isolated rats 
using two‑way ANOVA followed by a Tukey post hoc test. 
Treatment by housing condition interaction was not significant 
(F1, 17=4.689; P=0.5809); however the overall effect of housing 
conditions was significant (F1, 17=11.37; P=0.0036). Serum 
corticosterone levels in the chronically isolated group were 
increased when compared with the paired group. Furthermore, 
a significant difference between the levels of serum corticos‑
terone in chronically isolated rats and paired rats treated with 
fluoxetine was determined (P=0.0168; determined using a 

Tukey's post‑hoc multiple comparisons test). Similarly, the level 
of serum corticosterone was significantly higher in isolated 
treated rats compared with paired treated rats (P=0.0498). The 
results indicated that the 1‑week treatment with fluoxetine did 
not have a significant effect on serum corticosterone levels in 
the isolated groups compared with non‑treated isolated groups 
(P=0.9000; Fig. 1).

Inflammatory mediator levels in the hippocampus of 
chronically isolated rats, isolated rats treated with fluoxetine 
and paired rats treated with fluoxetine. Levels of IL‑6 in 
the hippocampus were assessed in the four tested groups. 
Two‑way ANOVA indicated significant effects following 
housing (F1, 24=25.69; P<0.0001) and treatment (F1, 24=9.960; 
P=0.0043); however, the interaction between the two was not 
significant (F1, 24=3.529; P=0.0725). A significant increase in 
IL‑6 mRNA levels were demonstrated in the chronic social 
isolation‑induced group compared with the paired housing 
group (P=0.0003), as determined using a Tukey's post‑hoc 
multiple comparisons test. Additionally, IL‑6 mRNA was 
significantly increased in the hippocampi of isolated rats when 
compared with paired rats treated with fluoxetine (P<0.0001). 
Treatment with fluoxetine significantly reduced IL‑6 levels 
in the isolated group compared with non‑treated isolated rats 
(P=0.0081; Fig. 2).

Figure 2. Central expression of inflammatory markers in the experimental 
groups. The mRNA expression levels of IL‑6 in the hippocampus of the 
tested groups were determined by reverse transcription‑quantitative PCR 
analysis with GAPDH as an internal control. Data are expressed as fold 
change. Data are presented as the mean ± SEM (n=7 per group). Data were 
analyzed using a one‑way ANOVA followed by a Tukey‑Kramer post hoc 
test. **P<0.01, ***P<0.001 and ****P<0.0001. IL‑6, interleukin 6.

Figure 1. Determination of serum corticosterone levels in paired, chronically 
isolated, treated paired and treated isolated rats. Data were analyzed using 
two‑way ANOVA followed by Tukey's multiple comparisons post hoc test 
and expressed as (ng/ml). Data are presented as the mean ± SEM (n=5‑6 per 
group). *P<0.05.

Figure 3. mRNA levels of BBB markers in the experimental groups. The 
expression of (A) cldn5 and (B)  tjp1 mRNA were determined. Data are 
expressed as fold change and were normalized to the paired control and 
paired housed rats. Dara are presented as the mean ± SEM (n=7‑8 per group). 
Data were analyzed using a one‑way ANOVA. ***P<0.001 and ****P<0.0001. 
BBB, blood‑brain‑barrier; cldn5, claudin‑5; tjp1, tight junction protein 1.
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Neurovascular integrity at the molecular level. The current 
study investigated whether alterations in tight junction 
proteins were associated with changes in BBB integrity at the 
mRNA level. To achieve this, the mRNA levels of cldn5 and 
tjp1 were assessed in the four tested groups (paired, isolated, 
isolated + fluoxetine and paired +fluoxetine). Two‑way ANOVA 
was utilized to quantify cldn5 mRNA expression. The results 
indicated no significance between tight junction proteins and 
BBB integrity. However, the effect of housing conditions was 
substantial (F1, 27=170.4; P<0.0001). Tukey's post hoc analysis 
indicated that cldn5 mRNA expression was increased in both 
isolated and fluoxetine‑treated isolated groups compared to the 
paired housed group (P<0.0001). Additionally, the expression of 
cldn5 was significantly higher in the isolated group compared 
with the paired fluoxetine‑treated group (P<0.0001). In each 
treated group, post hoc analysis revealed that Cldn5 expression 
was significantly increased in the isolated group compared 
with the paired group (P<0.0001; Fig. 3A). BBB in conditions 
of stress was further assessed by measuring tjp1, an additional 
BBB‑related gene. tjp1 acts as a tight junction adaptor protein 
that also regulates adherence junctions (26). Two‑way ANOVA 
analysis indicated that the interaction between tjp1 and treat‑
ment was not significant, while the effect of housing conditions 
was (F1, 27=170.4; P<0.0001). Tukey's post hoc analysis indi‑
cated that tjp1 mRNA expression was increased in the isolated 

and fluoxetine‑treated isolated groups compared to the paired 
housed group (P<0.0001). Additionally, TJP1 expression was 
significantly higher in the isolated group compared with the 
paired fluoxetine‑treated group (P<0.0001). In each treated 
group, post hoc analysis demonstrated that TJP1 expression 
was significantly increased in the isolated group compared 
with the paired group (P<0.0001; Fig. 3B).

BBB marker mRNA levels in dif ferent environmental 
conditions. The current study investigated whether BBB 
markers could be affected by two different environmental 
conditions. Short‑term isolation was conducted using two 
main groups, a short‑term isolated group and a standard paired 
housing group. Short‑term isolation is considered a stressful 
condition that has been employed to address questions associ‑
ated with mood disorders (27). The results of the present study 
indicated that cldn5 mRNA was decreased in the short‑term 
isolation conditions compared with standard paired housed 
rats (P=0.0008; Fig. 4A). Although tjp1 mRNA levels were not 
affected by short term isolation, increased levels were observed 
in rats of the isolated housing group (P>0.05; Fig. 4B).

The second experimental setup comprised an EE approach. 
This was employed for 6 weeks, along with 6 weeks of social 
isolation. The results indicated that cldn5 mRNA levels 
were significantly reduced in EE compared with chronically 
isolated rats (P=0.0004; Fig. 5A). The results suggested that 

Figure 4. Expression of mRNA BBB markers following short term social 
isolation. The mRNA expression of BBB markers in the acute environ‑
mental isolated group was compared with that of the standard paired housed 
group. The mRNA expression of (A) cldn5 and (B)  tjp1 was assessed in 
the hippocampus brain region of rats, as determined by RT‑qPCR analysis 
with GAPDH as an internal control. Data are expressed as fold change and 
presented as the mean ± SEM (n=10‑12 per group). Data were analyzed using 
a two‑tailed unpaired t‑test. ***P<0.0001. BBB, blood‑brain‑barrier; cldn5, 
claudin‑5; tjp1, tight junction protein 1.

Figure 5. mRNA expression of the BBB in the enriched environmental (EE) 
group compared with the chronically isolated group. The mRNA expression 
of (A) cldn5 and (B) tjp1 was assessed in the hippocampus brain region of 
rats, as determined by RT‑qPCR analysis with GAPDH as an internal control. 
Data are expressed as fold change and presented as the mean ± SEM (n=8‑12 
per group). Data were analyzed using a two tailed unpaired t test. ***P<0.0001. 
BBB, blood‑brain‑barrier; cldn5, claudin‑5; tjp1, tight junction protein 1.
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there was a significant reduction in the level of tjp1 mRNA in 
the EE group compared with the chronically isolated group 
(P=0.0006; Fig. 5B).

Discussion

The present study determined that hippocampal IL‑6 levels 
were increased in rats experiencing chronic social isolation. 
Additionally, the mRNA levels of certain blood‑brain‑barrier 
(BBB) markers, including claudin‑5 (cldn5) and tight junc‑
tion protein (tjp1), were increased in the isolated groups. The 
vulnerability of BBB markers was determined at the mRNA 
level in short‑term isolated rats and in those under enriched 
environmental (EE) conditions. The results of the present 
study supports existing research (14,28), which furthers our 
understanding regarding the complexity of pathological 
changes affecting BBB integrity and the level of inflammation 
in stress‑related disorders.

Social isolation has been linked to the development of 
anxiety and depressive‑like behaviors in rodents and depres‑
sion in humans (17,24,29). Different environmental approaches 
were utilized in the current study. EE housing is commonly 
used to investigate mechanisms associated with stress‑related 
disorders and resilience (2,30,31), while acute stress is a valid 
tool for the etiological examination of stress and stress coping 
mechanisms (24,32‑34).

Under physiological conditions, the BBB serves a pivotal 
role in regulating molecular exchange between peripheral 
blood and the central nervous system (CNS). Proper main‑
tenance of this perfusion homeostasis is essential. Aberrant 
structures and functions in endothelial subunits that consti‑
tute the BBB result in an inability to maintain adequate 
CNS perfusion. However, the pathological relevance of 
neurovascular dysfunction is poorly understood (35‑37).

Changes in BBB integrity have been reported in various 
conditions such as poisoning, disruptions to the immune 
system and diabetes  (38). Furthermore, in the context of 
neurological disorders, BBB permeability is altered in cases 
of traumatic brain and spinal cord injury, and in stroke 
patients (39). Furthermore, in a model of major depressive 
disorder, Menard et al (14) reported that Cldn5, a standard 
BBB marker, was altered. Li  et  al  (40) also reported that 
connexin 40, which is a gap junction protein and an indicator 
of astrocytic population general health, was altered in chronic 
mildly stressed rats. It was additionally determined that oral 
administration of fluoxetine reversed these changes. Similarly, 
postmortem studies have revealed that various members of 
the connexin family were altered in the brains of depressed, 
suicidal patients. These tight junction proteins were dysregu‑
lated at the mRNA level in brain regions such as the cerebellar 
cortex, thalamus and caudate nucleus (41). Taken together, 
this evidence supports the hypothesis of BBB dysfunction in 
depression.

The results of the current study demonstrated that chronic 
social isolation decreases BBB permeability, as determined by 
an increase in cldn5 and tjp1 mRNA expression. Conditions 
of acute social isolation reduced the expression of cldn5 
compared with the controls. However, the results also indicated 
a non‑significant elevation in the mRNA levels of tjp1 in the 
hippocampus. This result suggested that cldn5 may be more 

sensitive and vulnerable to stressful social conditions. This 
could be a compensation mechanism that occurs in response 
to prolonged stressful isolation.

In contrast to the results of the present study, 
Menard  et  al  (14) demonstrated that a model of chronic 
social defeat stress reduced the mRNA expression of cldn5 
in the nucleus accumbens. Conversely, cldn5 expression was 
elevated in the hippocampus of socially defeated rats at the 
protein level, suggesting a potential compensatory mechanism 
at the nucleic acid and protein level, as well as region‑specific 
compensation. The discrepancy between these results may 
be attributed to the fact that the increased cldn5 expression 
found in the current study was detected in the hippocampus, 
and different brain regions may have different responses. 
Another explanation is that different animal models might 
affect this mechanism in different ways. For example, the 
present study used an environmental isolation model, whereas 
Menard et al (14) used a social defeat model. Another marker 
is tjp1, which is an indispensable protein of the BBB. It is 
required for the appropriate assembly of tight junctions, which 
are pivotal to the interendothelial integrity of the BBB (42).

In contrast to previous research  (14), the current study 
demonstrated that tjp1 mRNA expression was increased in 
chronically isolated rats. This may be due to inflammatory 
mediators, such as TLR7, residing in close proximity to these 
elements of the BBB, leading to overall inflammation, swelling 
and junction closing. Previous studies have demonstrated that 
tjp1 expression is reduced in patients with depression (14,43).

A reduction in BBB integrity leads to the infiltration of 
peripheral cytokines, including IL‑6, into the brain, which 
affects neuronal populations and leads to observable depres‑
sion‑like behavior (14). Furthermore, tight junction proteins 
control the passage of macromolecules and ionic compo‑
nents in and out of the BBB and, as a consequence, regulate 
homeostasis (44,45). The current study demonstrated that the 
administration of fluoxetine altered the permeability of the 
BBB, indicating that social isolation alters BBB permeability 
and that acute pharmacological treatment with fluoxetine 
normalizes this effect.

A study by Fiorentino et al (46) demonstrated that, in the 
postmortem tissue of patients diagnosed with autism spectrum 
disorders, the BBB was disrupted. CLDN5 expression was 
elevated in different brain regions, including the cortex and 
cerebellum. Furthermore, these alterations were associated 
with a 66% increase in tight junction proteins, including 
claudin, in the intestines of these patients. This change in BBB 
integrity was coupled with peripheral inflammation. However, 
an elevation in BBB markers does not necessarily indicate that 
the protein produced is functional; in fact, these data could 
suggest that the CLDN5 protein produced in patients with 
autism may be disrupted or truncated, and that the body then 
provides additional mRNA to compensate.

Previous research revealed that patients with depression 
exhibit all the cardinal features of an inflammatory response. 
Peripheral blood gene expression profiles are consistent 
with an over‑production of IL‑6 and IL‑8. Furthermore, the 
increased expression of a variety of innate immune genes and 
proteins, including IL‑1β, IL‑6, TNF, TLR3 and TLR4, has 
been found in post‑mortem brain samples from suicide victims 
with depression (16). IL‑6 has been linked to stress‑related 
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disorders such as depression and anxiety. Many patients 
with major depressive disorder also have higher levels of 
IL‑6 (14,47,48). In rodents, both peripheral and hippocampal 
levels of IL‑6 are increased. For example, 4 weeks of constant 
darkness used as a model of seasonal affective disorder, has 
been revealed to cause depression‑like behavior in rodents. 
Moreover, levels of IL‑6 were also altered (49). In line with 
this result, IL‑6 knockout mice have been found to be resistant 
to the development of a depression‑like phenotype following 
exposure to constant darkness. This suggests a functional role 
for IL‑6 in stress susceptibility (47,49).

The results of the present study are similar to those of 
previous reports, with data indicating that exposure to a 
stressful environment leads to changes in the serum levels 
of corticosterone and inflammatory mediators, along with 
an increase in IL‑6 levels of the brain. The current study 
provides evidence that, following exposure to stressful events 
(chronically and acutely isolated housing conditions), rats 
exhibited alterations in the levels of BBB mRNA expression 
in the hippocampus. Some of these changes were reversed by 
acute pharmacological treatment with fluoxetine. The present 
study emphasized the role of the BBB in the pathology of 
stress‑related mood disorders. Future studies should examine 
the functional kinetics of BBB integrity and fully characterize 
the architecture of the BBB unit, which would aid in addressing 
whether elevations in mRNA levels reflect an increase in the 
expression of fully functional tight junction proteins. Future 
studies should also describe the expression and structure of 
other BBB components.
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