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Mood disorders Results: The results of this study showed that 400 mg/kg of HEC
Receptor tyrosine kinases increased the tendency to drink the sucrose solution. Furthermore,
Gene expression immobility time significantly increased in the depressed group
Hydroalcoholic extract of compared to the control group while it was attenuated by
Cinnamomum administration of 400 mg/kg extract on the 28th day versus the

depressed group. Also the extract at both doses increased swimming
time compared to the depressed group. In addition, an increase in
the BDNF protein and TrkB gene expression levels was observed in
the prefrontal cortex of the treatment groups.

Conclusion: We found that HEC ameliorated depression symptoms
in rats and these effects were probably due to an increase in BDNF
proteins and its receptor, TrkB, gene expressions in the prefrontal
cortex.
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Introduction

Depression is one of the most common
mood disorders which is characterized by a
depressed mood or feelings of sadness, low
self-confidence, and lack of interest in daily
activities, and pleasure (Mansson, 2019). It
has been predicted that depression may be
the second leading cause of death after heart
disease by 2020 (Carney and Freedland,
2017). The prevalence of this disease in
America is 16.9%, 3%in Japan (Andrade et
al., 2003), 1.1% in Taiwan, 15.4% in the
Netherlands (Steptoe et al., 2007), and
5.69-13% in Iran (Montazeri et al., 2013).
Many hypotheses about the
pathophysiology of depression and mood
disorders have been proposed (Moinuddin
et al.,, 2012; Patro et al., 2016). In
monoamine theory, depression is a
monoamine dysfunction that causes mood
disorders, which is also based on the
neurotrophic hypothesis, i.e. depression and
mood disorders is caused by changes in the
brain’s neurotrophic factors (Nestler et al.,
2002).

Neurotrophins are the most important
trophic factors in the nervous system that
affect the proliferation, survival, and death
of neural cells. The neurotrophin family
includes nerve growth factor (NGF), brain-
derived  neurotrophic (BDNF), and
neurotrophin-3 and neurotrophin-4
(NT3/4), (Binder and Scharfman, 2004).
BDNF plays a regulatory role in neural
differentiation (Jiao et al., 2014), synaptic
plasticity (McAllister et al., 1999) and cell
death through two cell surface receptors,
which are TrkB and low-affinity nerve
growth factor receptor (LNGFR) or P75
neurotrophin receptor (p75NTR) (Bamji et
al., 1998). Studies have shown that direct
injection of BDNF into the hippocampus
and lateral ventricle of rodents exerts
antidepressant effects in animal models
(Shirayama et al., 2002). In addition, lower
MRNA expression of BDNF and TrkB has
been shown in the hippocampus of
individuals with depression (Thompson
Ray et al., 2011).

Cinnamomum has two species including
Cinnamomum zeylanicum Blume and
Cinnamomum aromaticum Ness. In the
traditional medicine of Iran, China, and
India, it is used for its exciting properties in
treatment  of  respiratory  disorders,
gastrointestinal pain, and menstrual pain
(Khan et al., 2003; Ouattara et al., 1997;
Shen et al., 2010). In addition, previous
studies have shown that HEC has an
analgesic (lzadpanah et al.,, 2016),
morphine withdrawal symptoms reducing
(Moloudi et al.,, 2018) and anti-seizure
effects (Ghaderkhani et al., 2014).
Furthermore, the useful effects of HEC on
reserpine-induced depression symptoms in
mice were reported (Ghaderi et al., 2018).
In this regards, anti-Alzheimer’s disease,
anti-diabetic, skin-whitening, and
antioxidant effects of the essential oil of C.
zeylanicum were observed (Tepe and
Ozaslan, 2020). Another study confirmed
antioxidant activity of C.zeylanicum
extracts (Mancini-Filho et al., 1998).

According to the published articles, the
right prefrontal cortex is involved in
negative emotions and the left prefrontal
cortex is involved in positive emotions
(Grimm et al., 2008; Murphy et al., 2003).
Also, lvamoto et al. chosed the right
prefrontal cortex to evaluate the molecular
mechanism of depression (Iwamoto et al.,
2005). The majority of functional imaging
studies showed prefrontal lobe
hypometabolism in primary and secondary
depression, with the severity of depression
being often associated with the degree of
frontal inactivity (George et al., 1994).

It has also been shown that prefrontal
dysfunction was associated with a poor
antidepressant response in depressed
elderly patients (Kalayam and
Alexopoulos, 1999) and expression of
depressive symptoms in patients with
dementia of the Alzheimer's type (Akiyama
etal., 2008).

Because of the above-mentioned effects
of Cinnamomum, also due to the fact that
cinnamon is widely used as an additive and
since its underling mechanisms in
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depression have not been experimentally
investigated, this study was designed to
assess the effect of HEC on the BDNF
protein and its receptor gene expression
(TrkB) in prefrontal cortex of depressed
rats.

Materials and Methods
Preparation of plant extract

Cinnamon extraction was prepared from
the bark of C.zeylanicum. The identification
of the plant was done by a pharmacognosist
from the School of Pharmacy, Hamedan
University of Medical Sciences. Here, 100
g of cinnamon bark was ground into a thick
paper filter, which was then loaded into the
main chamber of the Soxhlet extractor. The
solvent (ethanol 70%) was heated at a
temperature above 50°C for 24 hr. To
separate the extract and ethanol, it was
placed in the rotary evaporator at a fixed
temperature 40°C with a round 20 rpm for
1 hr.

Animals and treatments

Thirty-two male Wistar rats weighing
225-275 g were randomly selected and
divided into 4 groups (n=8 rats per group)
including: control group (received daily
extract vehicle for four weeks in the
absence of depression protocol), the
depressed group (received daily extract
vehicle, for four weeks and underwent
depression protocol), Dep +HEC 200 group
(received daily 200 mg/kg HEC, for four
weeks and underwent depression protocol)
and Dep +HEC 400 group (received daily
400 mg/kg HEC, for four weeks and
underwent depression protocol). All
injections were given intraperitoneally (ip).
The vehicle was dimethyl sulfoxide
(DMSO) 25% in normal saline.

Depression protocol

Animals in the control group did not
receive any stimulation. The other three
groups randomly received one of the
following stimulations daily for 28 days:
wet cage-floor for 24 hr, swimming in ice

cold water (4°C) for 5 min, swimming in
hot water (45°C) for 5 min, 45°cage tilting
for 24 hr, day-night reversal for 24 hr,
clamping the tail and shaking for 2 min, 30
times of electric shock at 1 mA for 10 sec,
starvation for 48 hr, and deprivation from
food and water for 24 hr. At the end of each
week, behaviors of the animals were
evaluated. The same stimulation was not be
used consecutively (Huang et al. 2014).

Sucrose preference test (SPT)

After food and water deprivation for 24
hr, 1% sucrose solution was provided for
rats before running the depression protocol
as a base line. After starting the depression
protocol, this test was repeated on days 7,
14, 21 and 28 to observe the amount of 1hr
water or sucrose intake per 100 g body
weight. SPT score was measured using the
following equation, which evaluates the
ratio of 1% sucrose solution consumed to
the total liquid consumed: sucrose
preference = sucrose consumed/ (sucrose
consumed + tap water consumed) (Amiri et
al., 2016).

Forced swimming test (FST)

Animals were placed in an open
cylinder-shaped flask (diameter 40 cm,
height 60 cm) filled with water (45 cm,
24%1°C). The behaviors of animals were
recorded for 5 min. Swimming and
immobility time were considered within the
last 3 min. When animals stopped
struggling and floated motionless on the
water, it was regarded as “immobility”
(Haj-Mirzaian et al., 2015).

Tissue collection

On the 29th day, animals were deeply
anesthetized using a cocktail of 50 mg/kg
ketamine and 4 mg/kg xylazine (ip), then
they were sacrificed and the right prefrontal
cortices were isolated on ice cold plates.
Samples were immediately placed in liquid
nitrogen and then frozen at -70°C.

Extraction of total RNA, cDNA synthesis
and real time PCR
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RNA isolation was performed using the
RNXTM-Plus reagent (Cinna Gen, Tehran)
in accordance with the manufacturer’s
instructions. RNA concentrations and
quality were determined by absorbance
readings at 260 nm using the photometric
method. A reverse transcription was
conducted by an easy cDNA synthesis kit
(Cinna Gen, Tehran) usingl mM dNTPs
mix, 3ug RNA adding 0.2ug random
hexamer and appropriate amount of diethyl
pyrocarbonate (DEPC)-treated water up to
10 upl. Afterwards, the mixture was
incubated at 65°C for 5 min and chilled on
ice for 2 min. Finally, 10ul RT premix was
added and reverse transcription was
performed by incubation for 10 min at 25°C
followed by 60 min at 50°C and the reaction
was terminated by heating for 10 min at
70°C. Real-Time PCR was done using the
Corbett Rotor Gene 6000 Real Time PCR
system (Corbett Research, Australia) and
Syber Green Real Time PCR Master Mix
(Pars Tous, Iran). The total volume was 20
ul, which contained 1pg ¢cDNA, 1 pmol
forward primer, 1 pmol reverse primer, 2X
Syber Green PCR master mix (10ul), and
dH20 (Sul).

Real-time PCR was performed under
following conditions: denaturation at 95°C
for 15 min, 40 cycles of 15sec at 95°C,
57°C for 30sec, 72°C for 30 sec, and final
extension at 72°C forl0 min. The
housekeeping gene beta-actin was used as
an internal control. The gene expression
ratio was obtained by P faffle method using
PCR efficiency for each gene and ACT
values. All PCR products were analyzed by
a melting curve of the rotor-gene and on a
2% agarose gel. The primer sequences used
were:

Rat-TrkB Forward Primer: 5'-
ATTTTGCACCAACCATCACAT-3
'(21bp)

Rat-TrkB Reverse Primer: 5'-

AGCATCACCAGCAGGCAGA-3' (19bp)

B actin Forward (ACTBF)Primer: 5’-
CACCCGCGAGTACAACCTTC-
3’(20bp)

B actin Reverse (ACTBR)Primer: 5’-
CCCATACCCACCATCACACC-
3’(20bp)

BDNF protein levels measured by
enzyme-linked immunosorbent assay
(ELISA)

The tissue BDNF concentrations were
assessed by the ELISA method using
Millipore ELISA kit (Milipore, USA).
Briefly, mouse BDNF-specific monoclonal
antibodies were precoated onto the plates.
BDNF and biotinylated mouse specific
detection polyclonal antibodies were then
added to the wells followed by the addition
of Avidin-Biotin-Peroxidase Complex.
Finally, horseradish peroxidase (HRP)
substrate was used to visualize HRP
enzymatic reaction and the concentration of
BDNF was expressed as pg/ml. Based on
the manufacturer's instructions; the limit of
detection for this method was 15pg/ml.

Statistical analysis

The obtained data from the behavioral
tests and gene expression ratios are given as
the mean+SEM for 8 rats per group. The
difference between the groups was
determined by a one-way ANOVA
followed by the Tukey's post hoc test. The
trends of changes overtime were analyzed
using Repeated measures ANOVA. The
level of significance was set at p<0.05.

Results
The effect of HEC on SPT

The results shown in Figure 1 indicate a
dramatic  decrease in  sucrose-water
consumption in the depressed animals when
compared to the control animals (P<0.05at
7" day, p<0.0lat 14" day, p<0.001at
21tand 28™M). In addition, the percentage of
sucrose-water consumption on days 21 and
28 in the HEC 400 mg/kg group was
significantly more than that of the
depressed group (p<0.05). Also, in within-
group comparison, the sucrose-water
consumption trend was significantly
decreased in depressed (p<0.05, at 7t day
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and p<0.001, at 14th, 21stand 28" days), Dep
+ HEC 200 (p<0.01 and p<0.001) and Dep
+ HEC 400 (p<0.05 and p<0.01) groups
compared to their bases. But on days 21 and
28, in the Dep + HEC400 group, the
downward trend decreased compared to the
depressed group.

The effect of HEC on the swimming time
index in the FST

Figure 2 shows that the swimming time
in the depressed group was significantly
decreased on days 14, 21 and 28 compared
to control group (p<0.01). On the other
hand, HEC at the doses of 200 and 400
mg/kg prevented decreases in swimming
time on days 14, 21 and 28compared to the
depressed group (p<0.05). In addition, in
within-group comparison, the swimming
time trend was significantly decreased on
days 14 (p< 0.05), 21 and 28 (p< 0.01) in
depressed group compared to its base.
While in the Dep + HEC 200 group, on days

7 and 21, there was a significant decrease
compared to its base (p<0.05).

The effect of HEC on the immobility time
inthe FST

The immobility time index in the
depressed group on days 7, 14(p<0.01), 21
and 28 (p<0.001), was significantly
increased compared to the control group.
Furthermore, on the 28th day, this index
was significantly reduced in the group
treated with 400mg/kg HEC compared to
the depressed group (p<0.05). In addition,
in within-group comparison, the immobility
time trend was significantly increased in the
depressed (p<0.01 at 14" day and at 215t and
28" days, p<0.001), Dep + HEC 200
(p<0.05 and p<0.01) and Dep + HEC 400
(p<0.05 and p<0.01) groups compared to
their base. But on days 7 and 14, in the Dep
+HEC 400 group, there was not a
significant increase compared to the base
(Figure 3).
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Figure 1. The SPT in control, depressed and Dep +HEC 200 and Dep +HEC 400 groups. Each marker is
representing the mean+SEM for 8 rats. *p<0.05, **p<0.01 and ***p<0.001 show significant differences compared
to the control group. +p<0.05, ++p<0.01 and ***p<0.001 show significant differences within groups compared to
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Effect of HEC on the BDNF protein level
in the prefrontal cortex

Figure 4 shows the results of the ELISA
test indicating a significant decrease on
BDNF protein levels in the depressed group
when compared to the control group

Effect of HEC on TrkB gene expression
in the prefrontal cortex

The findings of real-time PCR showed
that TrkB gene expression diminished
significantly in the depressed group when
compared to the control group (p<0.001). In

(p<0.001). But, treatment with HEC 200 addition, TrkB gene expression in the HEC-

and 400mg/kg significantly increased treated groups (200 and 400 mg/kg) was
BDNF levels in comparison to the significantly higher than the depressed
depressed group (p<0.001). group (p<0.05, p<0.001; respectively)
(Figure 5).
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Figure 4. The BDNF protein level in the prefrontal cortex of the control, depressed and Dep +HEC 200 and Dep
+HEC 400 groups. Each column represents the mean+SEM for 8 rats. ***p<0.001showsdifferences compared to
the control group. ***p<0.001 shows significant differences compared to the depressed group. Dep=depressed,
HEC=hydroalcoholic extract of Cinnamomum.
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Figure 5. The TrkB gene expression ratio in the prefrontal cortex of the control, depressed and Dep +HEC 200
and Dep +HEC 400 groups. Each column represents the mean+SEM for 8 rats. ***p<0.001 shows significant
differences compared to the control group. +p<0.05 and+++p<0.001 show significant differences compared to the
depressed group. Dep=depressed, HEC=hydroalcoholic extract of Cinnamomum.
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Discussion

The results of the current study showed
that induction of depression reduced
swimming time, SPT, BDNF levels and
TrkB gene expression, but increased
immobility time compared to the control
group. At the same time, administration of
HEC significantly reversed these indices
and trends. Trend analysis in Figures 1, 2
and 3 showed that long-term administration
of the HEC has a greater antidepressant
effect, which is probably due to the
mechanism of action of the extract through
modulation of TrkB gene or BDNF
expression.

In support, Rabadia et al. assessed the
antidepressant effect of Cinnamomum
camphora oil in mice by using forced
swimming and tail suspension tests. Their
results showed that camphor oil
significantly decreased immobility time.
They attributed this antidepressant effect to
terpene and monoterpenoid compounds
such as beta-pinene, beta-thujone,
limonene, and linalool (Rabadia et al.,
2013). These compounds are the main
ingredients of C. zeylanicum (Ranasinghe
et al.,, 2013; Rao and Gan, 2014) which
have anti-depressant properties mediated
by inhibiting monoamine oxidase A and B
(van Diermen et al., 2009). Also, C.
zeylanicum, with its beta-pinene, can
increase the activity of the animal by
increasing the level of dopamine and
reducing the activity of monoamine oxidase
(Lietal., 2018).

One of the most obvious
neuroanatomical changes in depression is a
decrease in the size of the hippocampus in
depressed individuals, and it has been
shown that some antidepressants play an
important role in cell regeneration by
stimulating neurotrophic factors
expression. The most important growth
factor that affects the growth of brain cells
is BDNF which is increased by
antidepressants in the hippocampus
(Ashwani and Preeti, 2012; Hackley, 2010).
Cinnamon contains compounds such as
cinnamaldehyde and eugenol. Eugenol has

a special effect on improving symptoms of
the central nervous system diseases such as
Alzheimer's, Parkinson's, and depression.
Previous studies have shown that eugenol
increased the expression of neurotrophic
factors in the hippocampus that led to brain
cell regeneration. In addition, eugenol can
increase metallothionein-3, a
neuroprotective protein, gene expression in
the  hippocampus.  Therefore, the
antidepressant effects of cinnamon may be
related to  eugenol. Furthermore,
cinnamaldehyde plays an important role in
pain relief and stimulation of the central
nervous system (Algasoumi, 2012).
Studies suggest that natural commands
can be useful for treatment of Parkinson's,
Alzheimer's, and depression. Therefore,
this study has confirmed the antidepressant
effects of cinnamon (Null et al., 2017).
Masi and Brovedani demonstrated that
neurotrophic factors such as BDNF play a
major role in the development of
depression. Neurotrophic factor levels in
depressed patients reduced and decreased
neurogenesis in  the  hippocampus
exacerbated the symptoms of depression.
Additionally, anti-depressant agents can
increase serum BDNF levels via CREB
protein  phosphorylation (Masi  and
Brovedani, 2011). The results of Rabie et
al. study showed that patients with bipolar
disorders had low levels of BDNF in their
brain; however, after treatment, BDNF
levels gradually increased and decreased
disease symptoms. The results of this study
showed that BDNF can be used as a marker
of disease progression in patients with
mood disorders (Rabie et al., 2014). In
support of neurotrophic factor theory, our
results showed a significant decrease of
BDNF levels in the depressed group when
compared to the control group. In addition,
BDNF levels in depressed HEC-treated
groups were significantly increased
compared to the depressed group. These
results confirmed mood improvement by
increased BDNF level. In line with our
study, Jana et al reported that two species of
cinnamon (C.cassia and C.verum) can
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increase the levels of BDNF in the cerebral
cortex (Jana et al., 2013). Also, sodium
benzoate (NaB) the metabolite of
cinnamon, could increase the levels of
BDNF in human astrocytic cell cultures. It
has been proven that the glutamate release
in the CNS improves mood and activates
receptors that can increase BDNF and NGF
levels in the hippocampus (Govitrapong et
al.,, 1998). Also, treatment of chronic
depression can increase the BDNF mRNA
expression in the hippocampus. Also,
injecting BDNF into the hippocampus and
midbrain  has effects similar to
antidepressant agents (Saarelainen et al.,
2003). Taken together, these studies
confirm the possible effect of cinnamon on
mood elevation through increases in BDNF
and its receptor gene expressions. On the
other hand, our results showed a significant
increase in TrkB receptor gene expression
in the depressed groups receiving HEC
when compared to the depressed group.
McAllister et al showed that BDNF
receptors via a variety of signaling
cascades, can lead to neurogenesis, synaptic
plasticity, and suppression of apoptosis.
BDNF increases neuronal proliferation,
axonal conductance, dendrites growth, and
release of neurotransmitters. In addition,
they showed that in severe depression, the
size of hippocampus and the prefrontal
cortex is significantly reduced which can be
the cause of depressive illnesses
(McAllister et al., 1996). In line with our
results Zhou et al. showed that,
antidepressant-like effects of biperiden
were antagonized by pretreatment with the
TrkB antagonist K252a (Zhou et al., 2017).
Furthermore, Ma et al showed that TrkB
antagonist ANA-12 significantly blocked
beneficial ~ combination  effects  of
brexpiprazole and fluoxetine on rapid
antidepressant action via BDNF-TrkB
signaling pathway (Ma et al., 2016).

The results of the present study showed
that HEC reduced the symptoms of
depression in rats. These effectswere
probably exerted through induction of the

BDNF protein and its receptor, TrkB gene
expression.
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