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Abstract

Background: Depression is one the most prevalent diseases. It is believed that the level of Brain Derived Neurotropic Factor (BDNF
(protein is reduced in the hippocampus of depressed patients and animal models of depression. Antidepressants, such as serotonin
reuptake inhibitors, increase BDNF levels in the brain. The present study investigated the effect of vitamin D, a possible drug for
depression treatment, on BDNF levels in the hippocampus in a rat model of depression.
Methods and Materials: Male Wistar rats (n = 42,180 to 200g) were undergone a series of Chronic Mild Stressful (CMS) procedures
on a daily bases for 3 weeks and after approval of their depression by Sucrose Preference Test (SPT), they were divided to 5 groups (n
= 6); two received vitamin D treatment with either 5 or 10 microgram/kg; one, vehicle of vitamin D; one, antidepressant fluoxetine
5mg/kg, and the other group did not receive any treatment for 5 weeks. In parallel, there were 3 control non-CMS groups; one treated
with vitamin D, the other with fluoxetine, and the last one without any treatment. At the end of the 8-week experiment, SPT was
repeated, the hippocampus was extracted, and BDNF protein was assayed using the Enzyme Linked Immunosorbent Assay (ELISA).
Results: The SPT at the end of 3 weeks of CMS revealed a significant difference (P < 0.0001) in sucrose preference to water between
the CMS treated (mean ± SEM, 35.18 ± 4.86) and non-CMS treated group (82.72 ± 5.73), showing the induction of depression by the
CMS procedure. Treatment with vitamin D and fluoxetine improved SPT in CMS-treated rats to the level of control rats (CMS, 33.43
± 6.26 versus vit D treated 68.78 ± 5.07, P < 0.001; CMS versus fluoxetine treated 87.19 ± 3.62, P < 0.001). The BDNF levels did not
show any change in depressed versus non-depressed rats (P = 0.12). Neither vitamin D nor fluoxetine could change BDNF levels in
depressed rats, though fluoxetine significantly increased protein in non-depressed rats (P < 0.0001).
Conclusion: The current study showed that vitamin D did not affect BDNF protein level in the hippocampus of the depressed ani-
mals, suggesting that vitamin D could alleviate the symptoms of depression via BDNF-independent mechanisms.
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1. Background

Depression is one of the most prevalent mental dis-
eases that currently influences about 21% of the world’s
population. It is diagnosed by clinical symptoms, such
as depressed mood, anhedonia or loss of interest, fatigue,
feeling guilty, and worthlessness. Previous studies in-
dicate that alterations in the signaling complex in the
Hypothalamic-Pituitary-Adrenal Axis (HPA), production of
neurotrophins, and neuroinflammatory cytokines are the
main factors contributing to depression. However, in-
creasing evidence indicates that neurotrophins like Brain-
Derived Neurotrophic Factor (BDNF) may play an impor-
tant role in the pathology of depression and many an-

tidepressant medications produce their effects through
regulation of BDNF in the brain. Furthermore, BDNF is
extremely important for survival, growth, maintenance,
and plasticity of brain limbic and cognitive circuits. Evi-
dence indicates that BDNF levels decrease in depressed pa-
tients and animal models of depression (1, 2). Also, ge-
netic studies point to the polymorphisms in the BDNF gene
(Val66Met) that may lead to an increase in the susceptibil-
ity to depression (3).

Stress is known to be an important factor in the patho-
physiology of depression. Chronic stress or prolonged
exposure to glucocorticoids causes important changes in
HPA, and decrease the production of neurotrophic fac-
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tors, such as BDNF (4). Stress also leads to morphological
changes, in particular in the hippocampus, which is the
most sensitive part of the brain to neurotoxic effects of
stress (5). Changes in dendrite ramifications and spines as
well as their loss and consequently reduced synaptic plas-
ticity, decreases the hippocampal volume, and hippocam-
pal neurogenesis suppression are common changes ob-
served following chronic mild stress or CMS, in rodents
and patients with major depression. Brain-Derived Neu-
rotrophic Factor is abundantly expressed in the hippocam-
pus and studies have reported that chronic stress and de-
pression are associated with reduced BDNF synthesis and
activity of its receptor in the hippocampus and prefrontal
cortex (4). On the other hand, infusion of BDNF into the
hippocampus has an antidepressant effect. Also, based on
other studies, chronic administration of antidepressants
increases BDNF mRNA and protein along with neurogene-
sis and neural survival in the hippocampus and prefrontal
cortex.

Chronic Mild Stress (CMS) is a validated animal model
of depression based on the reaction of the animal to re-
ward, when it is subjected to a series of mild stressors
within a period of time (6, 7). The procedure is similar to
certain symptoms of human depression (8). Chronic Mild
Stress induces anhedonia in rats and mice, which is mea-
surable by sucrose preference test, a test based on prefer-
ring consumption of sucrose solution over tap water (4, 8).

In parallel, there is some epidemiological evidence re-
garding the association between low vitamin D and depres-
sion in populations (8). Vitamin D, or in the active form,
1,25-dihydroxyvitamin D3 (1,25 (OH)2D3) is an active neu-
ral steroid. In vitro studies have shown that pre-treatment
with vitamin D could protect the hippocampal neural pro-
genitor cell lines from glucocorticoid negative effects on
neurite growth, differentiation and cell survival (1). Vita-
min D exerts neuroprotection through anti-oxidative (4)
and anti-inflammatory effects (9), enhances the expres-
sion of neurotrophic factors, such as Neurotrophic Factor-
3 (NT3) and Glial-Derived Neurotrophic Factor (GDNF),
specifically in the hippocampus (1, 5, 9), and likewise, it in-
duces protection against calcium-induced neurotoxicity,
specifically in the hippocampus (5).

Since BDNF reduction in the hippocampus in depres-
sion has been reported by some studies, and regarding the
neuroprotective effect of vitamin D, this study aimed at
investigating the vitamin D effect on depression induced-
BDNF reduction in a model of CMS in rats.

2. Materials and Methods

2.1. Animals

A total of 42 adult male Wistar rats (house bred, Phys-
iology research Center, Semnan University of Medical Sci-
ences, Semnan, Iran), weighing 180 to 200g, were housed
individually in 45 × 25 × 15 cm plastic cages. Rats were
maintained on a 12/12 light/dark cycle with food and wa-
ter available ad libitum. They were kept for 7 days in the
cages for adaptation to the environment before the exper-
imental procedures began. All experiments were carried
out during the day. All procedures were approved by the
Animal Care and Use Committee of the Semnan University
of Medical Sciences. All efforts were made to minimize an-
imal pain and suffering.

2.2. Drugs

Vitamin D3 (kindly provided by Iran Hormone Co.,
Tehran, Iran) was dissolved in 5% ethanol in distilled wa-
ter. Injections were made intraperitoneally (IP) at 2 con-
centrations of 5 and 10 mg/Kg (1, 10), twice a week. The
vehicle group only received the same volume of vehicle
solution. Fluoxetine HCl (Aborayhan pharmaceutical Co.,
Tehran, Iran) was dissolved in physiological saline (0.9%)
and injected IP daily at a concentration of 5 mg/Kg (1).

2.3. Chronic Mild Stress (CMS)

Chronic Mild Stress procedure was performed follow-
ing the method described previously (6) with some modi-
fications. The procedure consisted of a series of mild stres-
sors (Box 1). After each stress procedure, animals were left
for 30 minutes to 1 hour undisturbed to rest and feed. Each
day a combination of 3 stressors were applied.

Box 1. Types of Stressors in Chronic Mild Stress Model of Depression

Types of Stressors

•Restraining + tail pinch (2 X 2 hours)

•White noise (4 hours)

•Standing on the High platform (5 min)

•Soiled cage (4 hours)

•Food deprivation (overnight)

•Water deprivation (overnight)

•Grouped housing (overnight)

•Grouped housing (overnight)

•Light on (overnight)

•Tilted cage (4 hours)

•White noise (2 hours)
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The order of stressors based on the days of the
week were: Sat: restraining (2hours)-white noise (2
hours)-restraining (2 hours ), Sun: placed on high plat-
form (5 minutes)-soiled cage (4 hours)-food deprivation
(overnight), Mon: forced swim stress (5 minutes)-tilted
cage (4 hours)-grouped housing (overnight), Tues: re-
straining (2 hours)-white noise (2 hours)-restraining (2
hours), Wed: forced swim stress (5 minutes)- soiled cage (4
hours)- food deprivation (overnight), thurs: white noise (2
hours)- tilted cage (4 hours)-light (overnight), Fri: restrain-
ing (2 hours)- forced swim stress (5 minutes)- grouped
housing (overnight). The order of stressors was the same
for all groups and also during the 8 weeks of the experi-
ment.

Based on whether animals had received stress or not,
they were randomly divided to the following groups: one
group without any stress nor treatment up to 8 weeks of
stress regime (con), groups without stress treated with vi-
tamin D (5 microgram/kg, convitD) or fluoxetine (5mg/kg,
conflux). Groups that received stress (for 3 weeks) and
treated with vitamin D (5 and 10 microgram/kg, cmsvitD)
or fluoxetine (5 mg/kg, cmsflux) or vehicle for vitamin D
(vehvitD) for the last 5 weeks of the experiment. At the end
of the 8 weeks, SPT was performed and then animals were
sacrificed, the hippocampus was removed, and BDNF pro-
tein was measured by the ELISA method.

2.4. Sucrose Preference Test

Chronic Mild Stress induces anhedonia in rats and
mice and that is measurable by Sucrose Preference Test
(SPT), which is a test based on preferring consumption of
sucrose solution over tap water (4, 7). Prior to testing rats,
they were accustomed to the taste of sucrose solution. Af-
ter 3 and then 8 weeks of mild stress sucrose preference
test, SPT was performed followed by 23 hours of depriva-
tion of food and water, by providing the rats with one bot-
tle of sucrose and one bottle of water for 1 hour. The con-
sumed volume of water and sucrose solution was recorded
and the sucrose preference was calculated using the fol-
lowing equation:

Sucrose preference index (%) = sucrose consumption
volume / sucrose consumption volume + water consump-
tion volume

Only those rats in groups that received stress preceded
to the 4th week of the experiment and the average of SPT
indices at the end of the 3rd week was significantly lower
than the control group, which represented depression.

2.5. Measurement of the Hippocampus BDNF Level

Following the behavioral tests, animals were sacrificed
under ketamine (100 mg/Kg)/xylazine (13 mg/kg) anesthe-

sia. The left hippocampus was extracted on an ice cold sur-
face. The hippocampus tissue homogenates were made by
adding ice cold lyses buffer containing: Tris (100 mM, pH
7.4), NaCl (150 mM), 1% Triton X-100, and 0.5% Sodium de-
oxycholate in combination with Protease inhibitor cock-
tail (Sigma Aldrich, cat. no# 13911) and then homogenized
and centrifuged, and the supernatant was separated and
frozen at -80oC. The BDNF protein in the hippocampus was
measured using the rat BDNF Elisa kit (Hangzhou East Bio-
pharm Co., LTD, China), according to the manufacturer’s
instructions.

2.6. Statistical Analysis

Statistical analysis was done using repeated measures
one way Analysis of Variance (ANOVA) for comparing the
SPT of weeks 3 and 8, followed by posthoc Newman-Keuls
Multiple Comparison Test. Analyzing the effect of CMS and
vitamin D3 treatment on hippocampus BDNF concentra-
tion was also performed using one way ANOVA. Statistical
significance was accepted at P < 0.05.

3. Results

3.1. SPT for Approval of Depression at the End of 3 Weeks of CMS

Sucrose preference test at the end of 3 weeks of CMS re-
vealed a significant difference in sucrose preference to wa-
ter between the CMS treated and non-CMS treated groups
(F (7, 63) = 12.96, P < 0.0001), which approves the induction
of depression by CMS procedure.

3.2. Effect of Vitamin D and Fluoxetine Treatments on CMS

Vitamin D treatment at 2 concentrations of 5 and 10
µg/kg significantly increased the interest in sucrose con-
sumption (P < 0.05 and P < 0.01, respectively) from week
3 to the end of week 8. Treatment with fluoxetine also
increased sucrose preference to water during 5 weeks of
treatment (week 3 to 8) (P < 0.001). The SPT results after
8 weeks of experiment revealed that treatment with vita-
min D and fluoxetine improved sucrose preference in CMS-
treated rats to the level of control rats. There was no sta-
tistically significant difference when comparing the CMS-
treated rats that received vitamin D at 2 concentrations
with the non-CMS group that also received vitamin D. Like-
wise, there was no statistically significant difference when
comparing the CMS-treated rats that received fluoxetine
with the non-CMS group that also received fluoxetine.
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3.3. Effect of CMS and Vitamin D Treatment on Hippocampus
BDNF Protein

In this study, CMS treatment did not change BDNF pro-
tein expression in CMS rats at the end of 8 weeks of stress
(CMS 0.432±0.193 versus non-CMS 0.42±0.01). Also, treat-
ment with vitamin D or fluoxetine did not change the BDNF
protein level during the period of treatment in compari-
son with the CMS group that did not receive medication
or non-CMS groups with or without vitamin D treatment.
However, all groups showed a statistically significant dif-
ference with the non-CMS group that received fluoxetine.
According to the fluoxetine treatment, only the CMS group
that received fluoxetine displayed the least difference with
non-CMS fluoxetine (Figure 1).
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Figure 1. Represents the mean± SEM of BDNF concentration in experimental (CMS-
treated) and control (non-CMS) groups. The control group that received fluoxetine
presented the highest BDNF concentration, which was significantly above experi-
mental and control groups. CMS=Chronic mild stressful group; CMS-vehD=Chronic
mild stressful group treated by vehicle for vitamin D; CMS-vitD-5=Chronic mild
stressful group treated by 5 microgram/kg vitamin D; CMS-vitD-10= Chronic mild
stressful group treated by 10 microgram/kg vitamin D; CMS-flux=Chronic mild
stressful group treated by fluoxetine; Con= control group no treatment; Con-
vitD=Control group treated with vitamin D; Con-flux = Control group treated by flux-
etine. ****P < 0.001, **P < 0.01.

4. Discussion

Previous studies reported that decrease in the level of
hippocampus BDNF is related to long lasting stress and de-
pression. Increased corticosteroid levels lead to decreased
production of neurotrophic factors, such as BDNF in the
hippocampus. In this study in order to investigate the ef-
fect of long lasting CMS on BDNF levels in the hippocam-
pus and vitamin D effect, this study measured BDNF pro-
tein levels by the ELISA method and observed no changes
in hippocampal BDNF levels between groups. Neverthe-
less, BDNF level was significantly increased in non-CMS rats

that were treated with fluoxetine. It has been previously
reported that anti-depressants, especially Serotonin Reup-
take Inhibitors (SSRIs), enhance BDNF levels in the hip-
pocampus (2, 8, 10, 11). In contrast to this, some other stud-
ies have mentioned that fluoxetine did not enhance BDNF
levels in the hippocampus in comparison with other SS-
RIs (2, 12). Also, there are some studies indicating that un-
der Chronic Unpredictable Stress (CUS), the BDNF gene ex-
pression has been increased, explaining that BDNF rela-
tion to mood disorders might not be very simple and per-
haps is related to factors, such as the type and intensity
of stressors, and duration and frequency of exposure to
them (2). Other studies indicate that the relationship be-
tween BDNF and mood disorders is not established, since
the association between BDNF gene and mood disorders
was not shown to be significant in most genomic stud-
ies (10). A number of pharmacological studies have also
produced negative results in exploring the relationship
between depression and BDNF. Since the BDNF knockout
mice do not show the depressive phenotype, and consider-
ing that there are negative results regarding the relation-
ship between BDNF and depression from large population
studies, and conclusions related to BDNF gene polymor-
phisms are inconsistent, it could be suggested that there
is a lack of support for the hypothesis that relates BDNF to
depression (12).

There were some limitations in performing this study,
such as not performing the BDNF analysis at the end of the
3 weeks of CMS in addition to the end of 8 weeks of the ex-
periment. Furthermore, the long duration of the 8 weeks
of experiments might have had an effect on the outcome
of the BDNF protein analysis.

5. Conclusion

In conclusion, the current study provided evidence
that the CMS model of depression in rat did not affect the
BDNF protein levels in the hippocampus and treating de-
pressed rats with vitamin D as well as an antidepressant,
fluoxetine, did not change the level of BDNF. This is the first
time that the level of BDNF changes related to vitamin D
has been evaluated. This study also revealed that fluoxetine
could increase BDNF protein levels in the hippocampus of
non-depressed rats, an effect which is independent of CMS,
though vitamin D was not able to produce any change in
the level of BDNF in the hippocampus of non-depressed
rats.
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