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Abstract

Objective Depression results from oxidative and inflammatory neural damages caused by life stressors. Flaxseed (FS) oil exerts antioxidant
activity in various studies. In this study, we aimed to evaluate the antidepressant effects of FS oil on the depressive-like behavior following
immobility stress in mice.

Methods In this study, 32 male mice were divided into 4 groups: Control group; FS oil group; Model group: The immobility stress (using
falcon for 20 day, 6 h a day) + feeding with normal saline by oral gavage for another 20 days); Model+FS group: The immobility stress +
feeding with 0.2 ml/kg of FS oil by oral gavage for another 20 days. At the end, all mice were evaluated with tail suspension test (TST) and
sacrificed through cardiac puncture method. The brain was isolated and prepared for molecular and histopathological studies.

Results The gene expression and protein level of brain-derived neurotrophic factor and glial cell line-derived neurotrophic factor were
significantly increased in FS oil treated groups (P<0.05). In microscopic evaluations, the number of dead neurons significantly deceased
in FS group (P<0.05). TST results showed a significant decrease in immobility time and depressive-like behaviors in FS oil treated group
(P<0.05).

Condlusions FS oil feeding may be effective in treatment of depressive like disorders through its antioxidative and neurotrophic promoting

features. Therefore, it can be used as an appropriate alternative choice in daily diet to prevent depression in clinical investigations.
Keywords Depression, Immobility stress, Flaxseed, Neurotrophic factors, Antioxidant

Introduction

Nowadays, the human life style cause a lot of stress for indi-
viduals which could be ended to depression and anxiety dis-
orders.! Stress affect different body organs and their functions
and also increase the level of cortisol in blood. High level of
cortisol decreases the muscle mass, increases the blood glu-
cose and body fat, induces insomnia, anorexia, fatigue, and
brain atrophy.>*® The neurotrophins including brain-derived
neurotrophic factor (BDNF) and glial cell line-derived neu-
rotrophic factor (GDNF) have important roles in central
nervous system like neuroprotective effects against neuroin-
flammation and oxidative toxicity that help the neurons to
survive, maintain, migration, and differentiation.* > But, as
a consequence of stress, these neurotrophic factors (NTFs)
decrease and cause mood disorders specially depression.®’
NTFs, including BDNF and GDNE, are involved in the differ-
ent steps of development and function of neurons.® Previous
studies demonstrated that the level of BDNF and GDNF was
significantly lower than healthy individuals.” ' Exposure to
the chronic stress induced hippocampal atrophy and decrease
of neurogenesis in hippocampus and impairments in cog-
nition and memory.""* Impairment of serotonergic system
lead to depression and anxiety disorders. BDNF and GDNF
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stimulate the growth of 5-HT neurons and also have direct
effect on gene expression in serotonergic system.'*

Various drug treatments are used in anxiety disorders and
depression but the harms of side effects for the patients lead
to evaluation of herbal drugs as a natural harmless treatment.
Flaxseed (FS, Linum usitatissimum) is a 1-year planet which
is a valuable source of phenol complex, antioxidant agents,
alpha-linolenic acid (ALA), fibers, minerals, and vitamins.!> !¢
The ALA of FS oil increase the expression of BDNF gene and
related mRNA in hippocampus. In rats with middle cerebral
artery occlusion, nutrition with FS, increase the BDNF and
GDNF gene expression in motor cortex and CA1 area of hip-
pocampus.”” According to decrease of BDNF and GDNF in
depression,"” we designed this study to evaluate the effect of
FS oil on BDNF and GDNF gene expression in CAl area of
hipocampus in mice with immobility stress.

Method and Materials

Animals

In this study, 32 white laboratory male mice (20-25 g, 12-week
old) were enrolled. They were kept in a room with temperature
of 18-24°C, 40-70% humidity, 12h light-12h dark cycle, and
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free access to food and water. They were treated according to
the guidelines of Iranian council for use and care of animals
and approved by Ethical Committee of Tehran University of
Medical Science.

The mice were randomly divided in 4 groups with 15
mice:

Group 1: Control; the mice were fed with water and rou-
tine food for 20 days without any stress or treatment.

Group 2: Flaxseed (FS) oil; mice were fed with water and
routine food, and they also received FS oil (0.2 ml/daily by
gavage) for 20 days without any stress.

Group 3: Immobility stress model (Model); mice with
depressive-like behavior (immobility stress for 6 h/day for
20 days) and feeding with normal saline by oral gavage for
another 20 days.

Group 4: Model+FS oil; mice with depressive-like behav-
ior (immobility stress for 6 h/day for 20 days) and FS oil
(0.2 ml/daily by gavage) for another 20 days.

Immobility stress induction

For model induction, the mice were kept in 50 ml Falcon tubes
which made them totally immobile for 6 h a day. During this
period, other stressors like noise, light, or temperature changes
were omitted. At the end of induction period, the mice were
returned to their cage. After 20 days, all the mice were sac-
rificed by cardiac puncture under anesthesia to extract their
whole brain for more evaluation.

Brain tissue sampling

Fresh samples of hippocampus were extracted immediately
after sacrificing and put in freezing tube and kept in -80°C. For
histological studies, the brains were prefixed by a transcardial
perfusion of normal saline (NS) followed by 4% paraformal-
dehyde (PFA, Sigma in 0.1 M phosphate buffer pre-fixation).
The post-fixed was done by using 10% formalin at 4°C for 72 h.

Hematoxylin & eosin staining

After fixation and tissue processing, the 5 um-thick cor-
onal sections were prepared by rotary microtome (Leica
Biosystems, Milan, Italy). For light microscopy observation,
the tissue sections stained with Hematoxylin and eosin (H &
E) according to the standard protocol and analyzed via a light
field microscope (Olympus, CX31, Tokyo, Japan). The photo-
micrographs were prepared from CA1 region and the num-
ber of dead neurons (eosinophilic neurons) were calculated in
each photomicrographs.

Total RNA extraction and quantitative
real-time PCR

Gene expression of BDNF and GDNF were evaluated after 24 h
of sacrificing. Under anesthesia, the brain was extracted and
placed in ice-cold saline (0.9%). Then, the hippocampal CA1l
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region was isolated. The expression of BDNF and GDNF genes
in CA1 region was assessed by quantitative real-time PCR
(ABI PRISM 7500 real-time PCR system, Roche Diagnostics,
Germany). The total RNA was extracted, and cDNA was syn-
thesized from 1 pug total RNA using PrimeScript RT Reagent
Kit (Takara Bio Inc., Otsu, Japan). Quantitative real-time
PCR was performed in a Cycler (Light Cycler 2.0, Roche) by
SYBR Green (Takara Bio Inc., Otsu, Japan). The primers were
designed using Generunner software (Table 1). The b-actin
gene was as the internal control standard.

Protein concentration

The protein concentrations of BDNF and GDNF in hippocam-
pal CAL1 region were assessed by ABCAM ELISA Kkits in accor-
dance with their manufacturer’s guidelines. Hippocampus CA1
area was homogenized and after the centrifuge (14,000 rpm, 4°C
for 3 min), the supernatant was diluted with sample buffer. Then,
it was incubated in 96-well flat-bottom plates, coated by anti-
BDNF and anti-GDNF monoclonal antibodies. Then, the plates
were incubated with polyclonal anti-rabbit antibody for 2 h. For
measuring the protein concentration, the color reaction with
tetramethyl benzidine was quantified in a plate reader at 450 nm.

Tail Suspension Test (TST)

The test was performed in a container with posterior, left, and
right lateral white walls that a rod (50 cm length) was fixed
between left and right lateral walls at a distance of 70 cm from the
floor. The mice were hanged in the way that about 1 cm length of
tail end was fixed at the rod using an adhesive tape and left dan-
gling for 6 min. Immobility time was the seconds that hanged
mouse remained inactive and immobile. For 6 min, all the move-
ment of mice was recorded by a video camera and analyzed."®

Statistical analysis

Results were expressed as mean+S.EM. The data were
analyzed via one way ANOVA with Tukey’s post hoc. Non-
parametric test of Kruskal-Wallis and Dunns Multiple
Comparisons for post-test. P<0.05was considered as the sig-
nificance level.

Results

Effects of FS oil on depressive-like behavior

TST was used for evolutions of S oil effects on depressive like
behavior. The mean time of immobility was compared between
groups. An increased time of immobility was seen Model
group (P<0.05, Fig. 1). Treatment of normal mice with FS oil
(FS group) decreased the mean time of immobility compared
to Control group (P<0.05, Fig. 1). Also, a decreased mean time
of immobility was observed in Model +FS group compared to
Model group (P<0.05, Fig. 1).

Table 1. List of primers.

Gene Forward primer Reverse Primer
BDNF CAGGATTGACAGTTTGATAGCTCTATC ATCGCTCCAGCAACTAACAACG
GDNF AATGTGTCCGTCGTGGATCTG CAACCTGGTCCTCAGTGTATC
b-actin CTGGGACTACATGGAGAAGAGC GTCTCAATCACGATCTGGGTCATT
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Fig. 1 Effects of treatment with FS oil on immobility time (s) in
TST in mice with depressive-like behavior.

a, P<0.05 compared to Control group, b, P<0.05 compared to FS group,

¢, P<0.05 compared to Model group. Control: Normal mice, FS: Flaxseed oil
group (0.2 ml/daily for 20 days), Model: Immobility stress group and received
normal saline (20 days), Model+FS: Immobility stress+flaxseed oil.

Effects of FS oil on gene expression of NTFs in CA1
region of mice with depressive-like behavior

The mean gene expression of NTFs, including DDNF and
GDNEF was evaluated in CA1 region of hippocampus in each
group. According to Fig. 2, there was a significant decrease
in the gene expression of BDNF and GDNF in Model group
compared to Control and FS groups (P<0.05, Fig. 2a,b). There
was a significant increase in the gene expression of BDNF and
GDNF in Model+FS group compared with Control, FS, and
Model+FS groups (P<0.05, Fig. 2a,b).

Effects of FS oil on protein concentration of
NTFs in CA1 region of mice with depressive-like
behavior

The mean protein concentration of NTFs, including DDNF
and GDNF was evaluated in CA1 region of hippocampus in
each group. Fig. 3 showed that there was a significant decrease
in the protein concentration of BDNF and GDNF in Model
group compared to Control and FS groups (P<0.05, Fig. 3a,b).
There was a significant increase in the protein concentration of
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BDNF and GDNF in Model+FS group compared to Control,
FS, and Model+FS groups (P<0.05, Fig. 3a,b).

Effects of FS oil on histopathological alterations
of CA1 region of mice with depressive-like
behavior

The mean number of dead neurons was evaluated in the CA1l
region of hippocampus in each group. Fig. 4 showed that there
was an increase in the number of dead neurons of CA1 region
in Model group compared to Control and FS groups (P<0.05,
Fig. 3a,b). Also, a significant decrease in the number of dead
neurons of CAl region of Model+FS group was recorded
compared to Control, FS, and Model+FS groups (P<0.05,
Fig. 3a,b).

Discussion

In the present study, we evaluated the effects of FS oil on the
depressive-like behavior induced by immobility stress. We
used immobility stress to induce depressive like behavior in
mice. In this group, the immobility time increased in TST
which confirmed the depressive behavior of these animals.
Additionally, the number of dead neurons increased and gene
expression and protein concentration of NFs decreased in CA1
region of hippocampus. A group of models have been devel-
oped to induce depressive-like behaviors in animals through
exerting chronic stress. Chronic immobility stress is one of the
most convenient models used in preclinical studies in case of
time, cost, and energy and its similarity to the available stress-
ors causing depression in human life.'>?

Chronic stress is supposed to disrupt oxidant/antioxidant
balance and lead to oxidative stress which damage the neuronal
cell components such as DNA, plasma membrane and stimu-
lates the inflammatory signaling pathways, results in neuronal
death in hippocampal region and depression.? Another stud-
ies reported that enhanced inflammation and oxidative stress
in brain tissue can lead to depression.?» ? BDNF and GDNF
are well-known neurotrophic factors, being in a continuous
interaction with serotonergic system.?* Reduced levels of NTFs
in hippocampus were seen in several neurological disorders.”
In the preclinical and clinical studies, the important role of
BDNF in depression has been proven. Exposure of animal
models to chronic stress may decrease the levels of BDNF in

GDNF gene expression/b-actin

Groups

Fig. 2 Effects of FS oil on gene expression of a) BDNF and b) GDNF in CA1 region of mice

with depressive-like behavior.

a, P<0.05 compared to Control group, b, P<0.05 compared to FS group, ¢, P<0.05 compared to Model
group. Control: Normal mice, FS: Flaxseed oil group (0.2 ml/daily for 20 days), Model: Immobility stress
group and received normal saline (20 days), Model+FS: Immobility stress+flaxseed oil.
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Fig. 3 Effects of FS oil on protein concentration of a) BDNF and b) GDNF in CA1
region of mice with depressive-like behavior.

a, P<0.05 compared to Control group, b, P<0.05 compared to S group, ¢, P<0.05 compared
to Model group. Control: Normal mice, FS: Flaxseed oil group (0.2 ml/daily for 20 days),
Model: Immobility stress group and received normal saline (20 days), Model+FS: Immobility
stress+flaxseed oil.
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Fig. 4 Effects of FS oil on histopathological changes of CA1 region of
hippocampus of mice with depressive-like behavior.

(a) H&E staining (scale bar: 50 um), (b) Comparing the mean number of dead neurons
(arrows) of CA1 region in different groups. a, P< 0.05 compared to Control group; b, P<0.05
compared to FS group; ¢, P<0.05 compared to Model group. Control: Normal mice, FS:
Flaxseed oil group (0.2 ml/daily for 20 days), Model: Immobility stress group and received
normal saline (20 days), Model+FS: Immobility stress+flaxseed oil.

the hippocampus.® On the other hand, treatment of patients
with major depressive disorder with antidepressants resulted in
alterations in serum BDNF and GNDF levels after 12 weeks.”
Targeting the BDNF and GDNF pathways and developing
antidepressive strategies to enhance the levels of these NTFs in
serum and brain were considered in several studies.?**
Nowadays, it is possible to extract herbal concentrates
with acceptable qualities to be used for pharmaceutical pur-
poses.** Among a wide range of herbs with beneficial
characteristics, FS has been shown to have antioxidant and
anti-inflammatory features.** As a functional food, this seed
or its oil can be consumed in daily diets.*® In the present
study, we used oral FS oil for treatment of depressive like dis-
orders following chronic stress. Administration of FS oil for
20 days could decrease the immobility time in TST, reduced
dead neurons of CA1 region following induction of depres-
sive behavior. This neuroprotective effects were shown to be
related to enhanced levels of NTFs in this critical region. The
neuroprotective effects of FS has been demonstrated in several
studies. Gholamineghad et al. confirmed the antioxidative and
neuroprotective properties of FS in a rat model of spinal isch-
emic injury. In this study, disrupted functions of rats due to
ischemia were significantly improved after treatment with FS
daily diet (10% FS ) for 4 weeks after ischemic surgery.*® FS
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could significantly decreased the levels of inflammatory med-
itators.”” Furthermore, Navaie et al showed the antioxidative,
protective, and preventive effects of FS (10% FS for 4 weeks) on
hypoxia-induced hippocampal impairment in rat model.*® FS
oil compounds, such as ALA, are capable to enhance the gene
expression of neurotrophic factors like BDNF and GDNE**
% Rahmati et al also indicated that FS oil administration
(10 mg/kg) for 10 weeks enhanced the levels of BDNS in hip-
pocampus and changed the pain feeling in rat model.*! Bagheri
et al also reported that FS oil administration (0.2 ml daily for 3
weeks) also increased the levels of BDNF and GDNF in motor
cortex of brain stroke model of rats.*

Taken together, FS oil (0.2 ml daily for 3 weeks) could
decrease the depressive-live disorder via decreasing the neural
death in hippocampal CA1 region of mice following a chronic
immobility stress for 20 days. Accordingly, it seems that FS
oil enhanced the levels of NTFs (BDNF and GDNF) in CA1l
region and protected the pyramidal cells of this region against
increased levels of inflammatory mediators and oxidative fac-
tors, and survived these neurons.
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