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 ABSTRACT: We compared different stress conditions on brain BDNF levels, in rats exposed to social isolation test 
(SIT) and predator scent tests (PST). BDNF expression in the frontal cortex, hippocampus, and amygdala was compared, 
and effects of chronic fluoxetine (FLU) treatment were evaluated. Rats were exposed to SIT and PST for one month. 
FLU was given (5 mg/kg/day, ip) throughout stress procedures. Controls, stress, and treatment groups were evaluated 
in elevated plus maze, anxiety scores were calculated. BDNF expression was determined by Western blot. SIT and PST 
induced anxiety in both sexes, females had greater anxiety scores than males (p<0.05). FLU restored anxiety scores in 
both sexes (p<0.01) in both tests. Male and female rats exhibited reduced cortical BDNF levels in SIT (p<0.001). PST 
reduced cortical BDNF in females, but increased in males. Hippocampal BDNF expression was lowered in SIT (p<0.01) 
and PST (p<0.001) in both sexes. Female rats had 40% lower BDNF expression than males in the amygdala in SIT. FLU 
did not restore cortical BDNF in females in both tests, but reduced increased BDNF levels in males in PST (p<0.001). 
FLU did not restore reduced brain BDNF in males in the hippocampus and amygdala, but restored in hippocampus, in 
females. Our findings indicate that sex differences must be considered in studies related to mood disorders of animal 
models, and suggest that BDNF expression in different brain regions are altered differentially in a gender-dependent 
manner in rats. Antianxiety effect of FLU is not mediated through increasing BDNF activity in cortex in both genders. 
Increased BDNF in hippocampus and amygdala may reflect antidepressant effect of FLU in female rats, but not in males.  
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 1.  INTRODUCTION 

Biological reactions to mental or emotional adverse stimuli disturb psychological homeostasis, and this 
may lead to mood disorders. Stress gives rise to anxiety and anxiety in turn, may lead to (precipitate) 
depression. In the pathogenesis of stress-related mood disorders such as major depressive disorder and 
posttraumatic stress disorder (PTSD), brain-derived neurotrophic factor (BDNF) plays a vital role among other 
factors. The role of BDNF in depression is widely accepted, because pre-clinical and clinical studies provided 
evidence suggesting that reduced BDNF expression is involved in pathophysiology of depression [1-3]. Under 
pathological conditions, expression of BDNF in the hippocampus, limbic system and basal forebrain are 
reported to be reduced. 

Although the human disorder is not identically mimicked in animals, there are several experimental 
stress-induced models of depression. Exposure of the animals to emotional or physical stress causes 
depression-like behavior. In these models, BDNF levels and its mRNA expression are reported to be lower in 
the blood and certain brain areas [2,4-9]. In some experimental models, BDNF is reported to provide protection 
against stress-induced neuronal damage [10,11], and infusion of BDNF into the midbrain showed an 
antidepressant-like effect [12,13]. Animal experiments also showed that antidepressant treatments increased 
the expression of BDNF, especially in the hippocampus [2,14,15]. 
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The neurotrophin hypothesis suggests that since stress and depression are associated with decreased 
expression of BDNF, antidepressants reduce depressive behavior by increasing BDNF levels in the brain 
[1,2,16]. When selective serotonin reuptake inhibitors (SSRI), such as fluoxetine (FLU) is used, BDNF 
expression increases in different brain regions [17,18]. Behavioral response to stress displays gender 
differences. Epidemiological studies indicate that women are more susceptible to stress-induced 
psychopathologies than men and depression occur twice as frequently in women [19-21].  

Stress affects BDNF levels in various brain regions and thus an increased stress response in females 
could be responsible for the increased incidence of depression in females [22]. In rats who were exposed to 
chronic psychosocial isolation stress, BDNF mRNA levels were depressed to a similar extent in hippocampus 
and the chronic FLU treatment increased BDNF mRNA in females but not in males [23].  
            In this study, we used two different stress conditions, social isolation and predator scent tests and tried 
to evaluate if these conditions exerted discriminatory effect on anxiety levels and altered brain BDNF levels 
differentially in the male and female rats. Moreover, the effectiveness of chronic FLU treatment was tested in 
both genders and also the BDNF expression in the hippocampus, frontal cortex and amygdala were compared. 

2. RESULTS  

We observed that SIT and PSTs effectively induced anxiety in both male and female rats. Female rats 
had greater anxiety scores than that of male rats in the SIT (Figure 1a, p<0.05), as well as in the PST (Figure 1b, 
p<0.05). Administration of FLU alone (5 mg/kg) did not appreciably alter anxiety indexes in both stress tests 
and both genders. Chronic FLU treatment restored anxiety scores of rats towards control values and the 
anxiety indexes were found to be significantly lower from that observed in the presence of stressors for both 
female (p<0.01) and male (p<0.001) rats in two settings.   

Female rats had significantly greater basal BDNF density in the frontal cortex than male rats that were 
exposed to SIT (Figure 2a, p<0.01). However, this difference was not observed in the animals that were 
exposed to PST. When their BDNF levels in their frontal cortex in response to stressful stimuli were compared, 
female and male rats displayed a different pattern. Female rats exhibited a significant reduction in BDNF levels 
when they are exposed to both SIT (p<0.001) and PST (Figure 2a and 2b, p<0.001).  

 

 

Figure 1. The effects of social isolation test (SIT, a) and predator scent tests (PST, b) on anxiety indexes in the rats 
and effects of fluoxetine (FLU) treatment. Rats received i.p injection of FLU, 5 mg/kg/day or saline for 1 month. 
Anxiety of the animals were evaluated by using elevated plus maze (EPM) before and on the last day of drug/saline 
treatment. (n=8 for each group).  

*, p<0.05; ***, p<0.001 shows  the difference between the stress groups and the control group. ++, p<0.01; +++, p<0.001 represents the 

differeence treatments between FLU alone and stress groups. , p<0.01; , p<0.001 shows the difference between stress and 
stress+FLU groups. ($, p<0.05; $$, p<0.01) represent the difference between the sexes. The data are expressed as means±SEM. 
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Similar to females, male rats also exhibited a significant reduction in cortical BDNF levels when they 
were exposed to SIT (Figure 2a, p<0.001). However, PST did not reduce cortical BDNF levels, but an increase 
was noted in the male rats (Figure 2b, p<0.05). Chronic FLU treatment did not increase anxiety-induced 
decrease in cortical BDNF levels in the female and male rats in the SIT. However, FLU significantly (Figure 
2b, p<0.001) reduced increased BDNF levels in the male rats in the PST.  

 

Figure 2. The effects of social isolation test (SIT, a) and predator scent tests (PST, b) on brain derived neurotrophic 
factor (BDNF) in the frontal cortex in the rats and effects of fluoxetine (FLU) treatment. Rats received i.p injection 
of FLU, 5 mg/kg/day or saline for 1 month. Anxiety of the animals were evaluated by using elevated plus maze 
(EPM) before and on the last day of drug/saline treatment (n=8 for each group). The representative photographs 
of membranes collected from immunoblotting experiments of rats subjected to SI (a) or PSTs (b) treated with or 
without FLU. For the immunoblotting analysis n=4 rats were used for each group and the analyses were performed 
as duplicate. β-actin was used to normalize the amount of protein loaded in each lane.  

*, p<0.05; ***, p<0.001 shows  the difference between the stress groups and the control group. ++, p<0.01; +++, p<0.001 represents the 

differeence treatments between FLU alone and stress groups. , p<0.001 shows the difference between stress and stress+FLU 
groups. $, p<0.05; $$, p<0.01; $$$ p<0.001 represent the difference between the sexes. The data are expressed as means±SEM.  

 
Hippocampal BDNF levels of rats were similar in both groups before exposure to stressors. SIT and PST 

significantly reduced hippocampal BDNF expression in both sexes (Figure 3a and b, p<0.01 for SIT, p<0.001 
for PST). FLU treatment restored stress-induced reduction in BDNF expression in the female rats in both tests 
(p<0.05 and p<0.01, respectively). Male rats exhibited a different pattern from that observed in the female rats 
in their response to FLU treatment. In the male rats FLU treatment did not restore hippocampal BDNF levels 
in both the PST and the SIT.  

When the stressor-induced alterations in BDNF expressions were compared in the amygdala, male and 
female rats exhibited a different pattern. We observed that female rats had about 40 % lower BDNF expression 
than the male rats exposed to SIT. This difference was not observed in the PST. SIT reduced BDNF expression 
in the female rats (p<0.001) but did not reduce it when the PST was applied. However, BDNF expression in 
the male rats, was not altered in the SIT but was significantly (Figure 4b, p<0.05) reduced in the PST. FLU 
treatment restored stressor-induced reduction in BDNF expression in the females in SIT (Figure 4a, p<0.05). 
In the male rats, FLU treatment did not influence BDNF levels in both experimental settings. FLU 
administration alone did not alter brain BDNF levels in this experimental setting in all brain regions and all 
genders.  
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Figure 3. The effects of social isolation test (SIT, a) and predator scent tests (PST, b) on brain derived neurotrophic factor 
(BDNF) in the hippocampus in the rats and effects of fluoxetine (FLU) treatment. Rats received i.p injection of FLU, 5 
mg/kg/day or saline for 1 month. Anxiety of the animals were evaluated by using elevated plus maze (EPM) before and 
on the last day of drug/saline treatment (n=8 for each group). The representative photographs of membranes collected 
from immunoblotting experiments of rats subjected to SI (a) or PSTs (b) treated with or without FLU. For the 
immunoblotting analysis n=4 rats were used for each group and the analyses were performed as duplicate. β-actin was 
used to normalize the amount of protein loaded in each lane.  

*, p<0.05; **, p<0.01; ***, p<0.001 shows  the difference between the stress groups and the control group. ++, p<0.01; +++, p<0.001 represents 

the differeence treatments between FLU alone and stress groups. , p<0.001 shows the difference between stress and stress+FLU groups. 
The data are expressed as means±SEM.  

 

 

Figure 4. The effects of social isolation test (SIT, a) and predator scent tests (PST, b) on brain derived neurotrophic factor 
(BDNF) in the amygdala in the rats and effects of fluoxetine (FLU) treatment. Rats received i.p injection of FLU, 5 
mg/kg/day or saline for 1 month. Anxiety of the animals were evaluated by using elevated plus maze (EPM) before and 
on the last day of drug/saline treatment (n=8 for each group). The representative photographs of membranes collected 
from immunoblotting experiments of rats subjected to SI (a) or PSTs (b) treated with or without FLU. For the 
immunoblotting analysis n=4 rats were used for each group and the analyses were performed as duplicate. β-actin was 
used to normalize the amount of protein loaded in each lane.  

*, p<0.05; ***, p<0.001 shows the difference between the stress groups and the control group. , p<0.05 shows the difference between stress 
and stress+FLU groups. $, p<0.05 represent the difference between the sexes. The data are expressed as means±SEM. 
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3. DISCUSSION 

Although it is well established that women suffer depressive disorders more frequently than males, 
considerably less attention has been given to gender differences in the animal models of depression. In this 
study, SIT and PSTs exerted discriminatory effects on anxiety indexes in the male and female rats and altered 
BDNF levels differently in both genders. We also found that chronic FLU treatment exerted discriminatory 
effects on BDNF expression in the hippocampus, the frontal cortex and the amygdala in different sexes. 
SIT and PSTs are well-documented methods for inducing depression-like syndrome, and PTSD, respectively, 
in rodents [24, 25]. In our study female rats displayed greater anxiety responses than male rats in both stress 
conditions. This difference could be due to a variety of factors. Differences in hormonal properties, an activity 
of the monoaminergic system, structural changes such as hippocampal atrophy and reduced cyclic AMP 
response element binding (CREB) protein expression/phosphorylation could be considered [26]. 

We found that in the SIT, the expression of cortical BDNF levels was lowered to about 40 % of their 
corresponding control levels in both genders. Although FLU treatment effectively restored reduced anxiety 
scores towards control levels, BDNF expression of these animals was not increased to pre-stress levels in both 
sexes. This finding may suggest that anxiety- reducing effect of FLU is not mediated through cortical BDNF 
activity, but it may be due to other mechanisms, such as inhibition of serotonin reuptake which is the crucial 
mechanism of action of SSRIs in the treatment of depression. In the PST, female rats exhibited increased anxiety 
and also displayed reduced expression of cortical BDNF levels. However, male rats had increased anxiety and 
contrary to the females exhibited an increased cortical BDNF expression. This finding differentiates the 
response pattern of cortical BDNF expression upon exposure to SIT versus PST in the male rats. This increased 
cortical BDNF expression may be genetically encoded in the male rats, rather than in the females, since the 
males are more prone to be exposed to natural predators and this mechanism may initiate effective protective 
neuronal or humoral responses concomitant with increased anxiety. This finding may indicate that BDNF 
expression does not always have to be in parallel with anxiety in different genders. Although FLU effectively 
reduced anxiety indices in both tests and in both sexes, it did not increase cortical BDNF levels in the  females. 
In the PST, after FLU treatment male rats had reduced anxiety scores but FLU treatment reduced increased 
BDNF expression towards normal. This difference may be explained by assuming cortical BDNF expression 
may not be directly involved in the development of depressive symptoms in the male rats.     

In the SIT, the expression of hippocampal BDNF levels was similarly lowered in both genders. Although 
FLU treatment effectively restored anxiety scores towards control levels, hippocampal BDNF expression in 
female rats was increased to pre-stress levels, but not in the male rats. Female and male rats displayed similar 
patterns in the PST in their hippocampal BDNF expression. However, FLU treatment increased BDNF levels 
in the females, but not in the male rats. The reason for this discrepancy in the male rats may be due to an 
anxiety reducing effect of FLU is not solely mediated through hippocampal BDNF activity, but may be due to 
other mechanisms shared by other SSRIs. Hormonal and structural differences between female and male rats 
may also contribute to this discrepancy. In literature, acute immobilization in rats leads to stress causing a 
decrease in BDNF levels [5, 27]. It has also been reported that stress-induced changes in the hippocampus may 
be due to development of depression and together with volume decrease and the expression of BDNF levels 
is decreased. Types of stress such as social isolation, immobilization, restraint, and footshock decrease the 
expression of BDNF in the hippocampus and FLU increases hippocampal BDNF levels in some studies 
[2,14,15]. Our results indicate that there is a definite response to FLU treatment for both social isolation and 
predator stress groups regarding hippocampal BDNF levels. 

In the SIT, female rats displayed reduced BDNF levels markedly in the amygdala when compared with 
other brain regions, and FLU treatment normalized this reduction concomitantly with its antidepressant effect. 
In the same test, in the male rat’s stressor did not reduce BDNF levels in the amygdala and FLU treatment did 
not alter neurotrophin levels. PST was found to be less effective in reducing BDNF levels in the amygdala in 
both genders. Examination of BDNF expression in the amygdala in PST may not be suitable for evaluation in 
rat models of depression. These findings may indicate that alteration of BDNF expression to stressful 
conditions in the amygdala is less prominent than that observed in the frontal cortex and hippocampus. 

4. CONCLUSION 

Our findings may appear to be partially contrary to the neurotrophin hypothesis of depression, but may 
implicate that alteration of BDNF levels in the cortical structures does not play a critical role in the 
pathophysiology of depression in rat models. Preclinical and clinical studies have focused on mood disorders 
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such as stress and depression and its effects on different brain regions as hippocampus, amygdala and frontal 
cortex. Moreover, hippocampus has connections with frontal cortex and amygdala, both are contributed to 
regulation of cognition and emotional states [2, 27, 28]. Imaging studies have shown that hippocampal volume 
is decreased in those patients with mood disorders [29, 30]. It is known that SSRIs increase the expression of 
BDNF in the brain and this effect is related to the duration of antidepressant drug therapy [2, 15]. 
Antidepressants have been effective in alleviating depressive mood but have been less effective in decreasing 
the symptoms of re-experiencing the fear conditions.  

Our findings indicate that sex differences must be considered in studies related to mood disorders of 
animal models suggesting that BDNF expression in different brain regions are altered differentially in a 
gender-dependent manner in rats. Antianxiety effect of FLU appears to be not mediated through increasing 
BDNF activity in the cortex in both genders. Increased BDNF expression in hippocampus and amygdala may 
reflect  an antidepressant effect of FLU in the female rats, but not in the males.  

5. MATERIALS AND METHODS  

5.1. Animals and Conditions 

After the approval from the Institutional Ethical Committee of Marmara University was obtained for 
this study, all experiments and treatment procedures were initiated (MÜHDEK approval no: 86.2013.mar). 
Sprague-Dawley rats of both sexes weighing 180–200 g supplied from Marmara University Animal Center 
(DEHAMER) were used in the study. The rats were sheltered to the housing conditions for 10 days with at 

21±3 C and 50±10% humidity and reversed 12h light/dark cycle with ad libitum and with access to standard 
rat chow and water. All experiments were carried out in the dark phase using a dim light source. 

5.2. Stress Tests 

For experimental design random selection was performed to construct control, FLU alone, stress, 
stress+FLU treatment groups for each stress tests after 10 days of acclimation period. The same procedure was 
repeated for both male and female rats. Total 128 rats were used including eight rats per group.  

5.2.1. Predator scent test 

The stress condition was produced by placing the rats in a plexiglass 30  30 × 40 cm sized cage on 125 
ml of dirty cat litter for 10mins. The cat litter had been used for 2 days by the same cat and had been sifted for 
stools. The control animals were placed in an identical cage with fresh, unused litter for 10 mins [31-33]. The 
rats were subjected to clean cat litter as a situational reminder 1 month after the onset of the stress. Anxiety 
indices were calculated using elevated plus maze (EPM) setup on the first and last days. 

5.2.2. Social isolation test 

The stress condition was applied by placing only one rat for each 30× 30 × 20 cm sized cage for all 
groups. Each animal was kept for a habituation period for one month. Anxiety indices were calculated using 
EPM setup on the first and last days. 

5.3. Drugs and Solutions 

For both stress conditions, treatment groups received intraperitoneal (i.p) injections of 5 mg/kg FLU 
(Eli Lilly, Turkey) suspended in physiological saline, for 1 month. Control groups received physiological saline 
injections. The injections were applied 10mins before the test, and continued daily, at the same time of the day.  

5.4. EPM Experiments 

The rats exposed to PST were placed on an EPM for 5mins, immediately after that they were subjected 
to stituation reminder. However, for SIT, rats were placed on the EPM after the injections. The EPM had two 

opposing closed (50cm  10cm) and two opposing open (50cm  10cm) arms. The closed arms were surrounded 
by 10cm high opaque walls on three sides. The height of EPM was 50 cm from the ground. The maze was 
cleaned with 5% alcohol solution before the rats were placed on EPM. Each rat was placed in the central square 
of the EPM facing towards one of the open arms. The behavioral experiments were recorded during 5mins 
using a video camera placed on top of the setup and recordings were observed to score behavioral parameters. 
An arm entry was defined as an animal entering the arm with all four feet and the number of entries into open 
and enclosed arms were scored [34, 35]. The anxiety indices (Nanxiety) was calculated by using A (cumulative 
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time spent in open arms (s)), B (open arm entries), C (total arm entries) parameters and the formula: Nanxiety = 
1− 1/2 [(A/300 s) + (B/C)] 

5.5. Tissue Collection, Sample Preparation and Immunoblotting 

Following decapitation, brains were removed, the hippocampus, the frontal cortex and the amygdala 

were dissected by the Rat Brain Atlas [36]. Obtained tissues were stored at −80C for immunoblotting. The 
frozen tissues were weighed and homogenized in 10 mM Tris–HCl (pH 7.2) buffer containing 1 mM EDTA 
and protease inhibitors including 0.2 mM PMSF, 1 µg/ml leupeptin, 1 µM pepsitatin, 10 µg/ml soybean 
trypsin inhibitor with Ultraturrax homogenizer. Samples from each region of every rat were processed and 

centrifuged at 4 C at 300 × g for 5 mins. Obtained from first centrifuge supernatant was centrifuged again at 

13.200  g for 90 mins. The protein content was determined by Lowry method [37]. Hundred micrograms of 
protein was loaded onto 12% sodium dodecyl sulfate-polyacrylamide gels and electrophoretically transferred 
onto nitro-cellulose membranes (0.45 µm, Schleicher and Schuell, Germany) for 90 mins at 80 V. The 
membranes were blocked with tris-buffered saline (TBS) containing 1% bovine serum albumin and 0.05% 

Tween-20 at room temperature for 1 h and incubated overnight at 4C with the primary antibodies against 
BDNF (1:200 each). The BDNF specific antibodies and secondary antibodies were supplied by Santa Cruz 
Biotechnology, Inc. (Santa Cruz, CA, USA). The blots were washed three times with TBS containing 0.05% 

Tween-20 and incubated with alkaline phosphatase-conjugated secondary antibodies for 60 mins at 21±3C 
temperature. Nitroblue tetrazolium/ 5-bromo-4-chloro-3-indole phosphate was used to detect the antibody-
antigen complex. For the immunoblotting analysis n=4 rats were used for each group and the analyses were 
performed in duplicate. The densitometric analyses were performed with Bio-Rad Molecular Analyst 
software. 

5.6. Statistics 

Statistical analysis was carried out using GraphPad Prism (GraphPad Software, San Diego; CA; USA). 
The data were presented as means ± SEM. To analyze anxiety indices in the treatment groups, two-way 
analysis of variance followed by Bonferroni post hoc test was used. Values of p< 0.05 were considered 
significant for all statistical calculations. One-way analysis of variance followed by Tukey’s multiple 
comparison tests was used for the comparison of the immunoblotting data. 
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