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Summary: Depression is a mental disorder characterized by depressive episodes, such as low mood, low self-esteem, feeling
of guilt, and poor concentration. Depression has a high comorbidity with cognitive impairments. Studies have shown that
cinnamon has anti-inflammatory antiviral, antihypertensive, antioxidant and anti-diabetic potentials. Therefore, the aim of
the research was to assess the antidepressant effect of cinnamon on open-space forced swim-induced depression in mice.
Twenty-five (25) Swiss albino mice were grouped into five groups (n=5). Group I: control (hegative control) exposed to
open-space forced swim test (OSFST) without any treatment, Groups I, 111 and 1V received graded doses of Cinnamon 12.5,
25, and 50 mg/kg, group 5 (positive control) received fluoxetine 20 mg/kg orally. The animals were subjected to OSFST,
Open Field Test (Line Crossing) and Novel Object Recognition Test (NORT). Administration of cinnamon showed decreased
immobility time (behavioural despair) in OSFST compared to control and fluoxetine groups (p < 0.05). However, no
statistically significant effect was observed in line crossing (locomotor activity) and the discrimination ratio of NORT (non-
spatial short-term memory) between cinnamon administered groups and the control group. In conclusion, cinnamon has

shown antidepressant-like effect in open-space forced swim-induced depression in mice.
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INTRODUCTION

Depression is a common mental disorder, characterized by
persistent sadness and also loss of interest in pleasurable
activities that the individual once enjoyed as well as
behavioural despair (WHO,2017; Yusha’u et al.., 2017). It
also affects sleep and appetite together with extreme fatigue
(Calheiros et al.., 2016; Yusha’u et al.., 2021). One in four
people in the world is affected by mental disorders or
neurological disorders at some point in their lives (Simplice
et al.., 2014). Almost 450 million people currently suffer
from such conditions, this makes mental disorders to be
among the leading cause of ill-health and disability
worldwide (Simplice et al.., 2014). In Africa, about 29.19
million people suffer from depression, with over 7 million
in Nigeria (Gbadamosi et al.., 2022). Furthermore, a
comorbid condition associated with depression is anxiety,
together, these two are debilitating conditions that greatly
impair psychological, social, and emotional wellbeing
(Kalin, 2020).

Depression often leads to cognitive impairment due to
a reduced level of neurotransmitters like acetylcholine and
increased levels of cytokines such as interleukin (IL)-1, IL-
6 and tumour necrosis factor alpha (TNF-a) that control
mood in the brain (Mustapha et al.., 2021). It was found that

prolonged therapy with some antidepressants like SSRI’s
may be associated with cognitive side effects in adult
subjects with MDD (Bortolato et al.., 2016). Several
oxidative disturbances in depression have been reported in
clinical and preclinical studies, including lipid peroxidation,
decrease catalase (CAT) and superoxide dismutase (SOD)
activities which were often associated with serotonergic and
noradrenergic systems dysfunctions (Calheiros et al..,
2016). In depressed patients peripheral blood sample,
increase in granulocytes and macrophage have been
reported which was associated with the increase in pro-
inflammatory cytokines levels commonly seen in depressed
patients (Dowlati et al.., 2010).

Cinnamomum verum (Cinnamon) the eternal tree of
tropical medicine, belongs to the Lauraceae family.
Cinnamon is one of the most important spices used daily by
people all over the world is commonly found in cooking
ingredients worldwide and is believed to provide health
benefits. Cinnamon contains various chemical compounds
like flavonoid and terpenoid that work as an antidepressant
via influencing BDNF synthesis and secretions, and
exerting anti-inflammatory and anti-oxidant effects (Jana et
al..,, 2013). The most common and effective class of
antidepressants used is the selective serotonin reuptake
inhibitors (SSRI’s) which include fluoxetine, paroxetine and
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citalopram. They replaced the tricyclic antidepressants class
due to less toxicity and other side effects(Khawam, 2006;
Brent, 2016;). However, side effects reduce compliance to
SSRI’s usage; some of these side effects include ideation of
suicide, anxiety, insomnia, erectile dysfunction and
nightmares (Yaseen and Mohammed, 2020). Scientific
reports showed that cinnamon extract has neuro-protective,
hepato-protective, cardio-protective, gastro-protective, and
anti-inflammatory properties due to its phenolic acid and
flavonoid compounds (Santos and Guilherme, 2018;
Prabhashini et al.., 2019).

Cinnamaldehyde is the major component of cinnamon
amongst other components. Cinnamaldehyde metabolism in
the body produces sodium benzoate (NaB) metabolite,
where NaB is thought to be able to increase BDNF
expression in rat (Jana et al.., 2013). Proanthocyanidin is
proved to be protective against depression and anxiety,
where it has antidepressant activity by increasing BDNF
expression in the hippocampus and frontal cortex of
chronically stressed mice (Martinowich and Lu, 2008).
Hence, the aim of this study is to assess the effects of
aqueous bark extract of cinnamon on depression and non-
spatial short-term memory in mice.

MATERIALS AND METHODS

Drugs and Reagents: Cinnamomum verum was purchased
from Arabian-Syrian Company, South City Plaza, Selangor,
Darul-Ehsan, Malaysia. Fluoxetine was purchased from VS
International Private Limited Plot Number 17 and 18,
Golden Indl estate Somnath Road, Dabhel, Daman-396215,
India. Marketed by Fidson Healthcare Private Limited
Company, 268, Ikorodu Road, Obanikoro, Lagos-Nigeria.
NAFDAC registration number: 04-8881.

Aqueous bark extraction of Cinnamomum verum: The
aqueous bark extract of Cinnamomum verum was prepared
according to the method of Abdeen et al.. (2018), with some
modifications. Cinnamon bark 500 g was grinded to powder
form to reduce its size. The powder form of cinnamon bark
was dissolved in 3 litres of water for 24 hours to avoid
fermentation. The dissolved Cinnamomum verum bark was
then filtered and the residue was removed. The water
content was evaporated so as to get the solid aqueous form
of cinnamon.

Experimental Design; Twenty-five (25) healthy Swiss
albino mice (18-26 g) of both sexes aged 6-8 weeks were
purchased from the Animal House, Department of Human
Physiology, Faculty of Basic Medical Sciences, Ahmadu
Bello University (A.B.U) Zaria-Nigeria. They were housed
in plastic cages containing sawdust bedding and fed with
pellets made from grower’s mash, maize offal as binder and
water ad libitum. Ethical clearance was obtained from
Ahmadu Bello University Committee on Animal Use and
Care with Approval Number: ABUCAUC/2021/008. The
animals were grouped into five groups. Each group
consisting of five mice (n=5). Daily administration of
aqueous bark extract of cinnamon was carried for 2 weeks
via oral route. Group | were exposed to OSFST without any
treatment (Negative control). Groups I, 11l and IV were
administered graded doses of aqueous bark extract of
cinnamon 12.5 mg/kg, 25 mg/kg and 50 mg/kg respectively

(Parisa et al.., 2020), While Group V, were treated with
fluoxetine 20 mg/kg (Positive control) (Hu et al.., 2016).

Neurobehavioural Assays

Open-space forced swim test: The open space forced swim
test was conducted as described in Figure 1 (Yusha’uetal..,
2021)

Open-Space Forced Swim Test (OSFST)

HABITUATION PHASE (4 days)

Day 1-3 Day 4

15 minutes swimming: Immobility time
recorded to match the animals into control
and treatment groups

Daily 15 minutes swimming:

Immobility time not recorded

TEST PHASE (14 days)

Drug administered daily to test animals
Animals swam for 15 minutes, 1 hour after drug administration

Animals swam at days 1, 4, 7, 10 and 14 during which immobility time was recorded

Figure 1:
Schedule for open-space forced swim test (Yusha’u et al.., 2021)

Determination of Line crossing using open field test:
Line crossing (an index of locomotor activity) occurs when
the mouse crosses one of the grid lines which separate the
squares in the open field with all four limbs (Bagewadi et
al.., 2015). This is a parameter observed by conducting the
open field test with an open field test apparatus (50-L x 50-
W x 30-H cm). The floor of the apparatus is
compartmentalized into 5 x 5 = 25 square areas (10 cm
square x 25) and central 4 x 4 = 16 square areas are
considered as the central part. Before the testing phase, the
mouse was placed at the centre of the floor space and
allowed to acclimatize to the surrounding area for 2 minutes.
Thereafter, mice were placed into the apparatus from the
left-hand corner and allowed to move freely to explore the
open field arena (test session) individually for 5 min
(Bagewadi et al.., 2015).

Measurement of non-spatial short-term memory using
novel object recognition test: The novel object recognition
test (NORT) apparatus is used in the assessment of non-
spatial short-term memory. The apparatus is a rectangular
arena that is made up of opaque plastic and measures 42 cm
x 52 cm. The walls are 40 cm high. It involves two phases:
training and testing (Zhang et al.., 2012). The mouse is
placed in the arena for 5 minutes, where it encountered two
identical sample objects (testing phase). At the end of the
training phase, the mouse was placed back in its home cage
for a Sminutes delay (15 seconds) and the NORT apparatus
with the objects wiped with 70% ethanol to avoid olfactory
cue. For the testing phase, animals were returned to the
arena for 3 minutes where one of the familiar objects was
replaced with a novel object. Successful novel object
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recognition is indexed by greater exploration of the novel
object compared to the familiar object. The discrimination
ratio was calculated as the total time spent exploring the
recently seen object (novel object) divided by the time
exploring both objects sampled at the test (familiar objects)
(Thur et al.., 2014).

Statistical analysis: Results were expressed as Mean +
SEM. All analysis were done using one way analysis of
variance (ANOVA), except data for OSFST which was
analysed by two-way repeated measures ANOVA and time
spent on familiar and novel objects in NORT analysed by
independent sample T-test. Where significance, Tukey’s
post-hoc test was conducted for multiple comparison using
GraphPad prism version 8.0.2. for windows. Values of p <
0.05 were considered statistically significant.

RESULTS

Depression analysis using open space forced swim test:
Two-way repeated measures ANOVA was conducted to
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access the effects of treatments and time on immobility time
as a depression index. There was no statistically significant
effect of time on the different treatment groups [F (3.004,
60.07) =2, p = 0.05]. There was interaction between the
treatments and time [F (16,80) = 8.05, p < 0.001]. Similarly,
significant effects were observed between treatment groups
[F (4,20) = 21.0, p < 0.001]. At day 1, the immobility time
was decreased in CN 50 mg/kg group when compared with
untreated negative control group. At day 4, the immobility
time was decreased in CN 12.5 mg/kg and fluoxetine group
when compared with the negative control group. At day 14
all the treatment groups had less immobility time when
compared with the negative control group.

Assessment of locomotor activity with open field test: As
shown in Figure 3, one-way ANOVA revealed no
statistically significant (p > 0.05) difference in frequency of
line crossing (an index of locomotor activity) between all
the treatment groups when compared with the OSFST
untreated negative control group.

B CNS5S0 mg/Kg
FL20 mg/Kg

T Figure 2:
Effects of aqueous bark extract of
cinnamon on depression in mice exposed to
open-space forced swim test. Results
expressed as mean + SEM, (n=5), * showed
statistically significant difference
compared to control. # Showed statistically
significant different when compared with
fluoxetine, CN=  Cinnamon, Flu=
fluoxetine.

DAY 4 DAY 7 DAY 10 DAY 14

Figure 3:

Effects of aqueous bark extract of cinnamon on locomotor
activity in mice exposed to open-space forced swim test using
open field test. Results presented as mean SEM: The mean
difference was not statistically significant different p > 0.5 (n=5),
using one-way ANOVA, Graph pad prism version 8.0.2, CN:

Cinnamon, Flu: Fluoxetine.
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Table 1:
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Effects of aqueous bark extract of cinnamon on time spent on familiar and novel objects using novel object recognition task in mice

subjected to open-space forced swim test

Groups Time Spent on Familiar Object (Seconds)  Time Spent on Novel Object (Seconds)  P-value t-value
Mean + SEM Mean + SEM

Control 2.8+0.97 40+1.38 0.497 0.712

CN 12.5 mg/kg 58+244 3.2+0.73 0.337 1.021

CN 25 mg/kg 52244 9.0+1.70 0.237 1.278

CN 50 mg/kg 2.0 +2.00 3.6+147 0.537 0.645

Flu 20 mg/kg 2.4+0.51 3.0x+0.71 0.511 0.688

Results presented as mean + SEM, (n=>5) using independent sample t-test, Graph pad prism version 8.0.2. CN: Cinnamon, Flu: Fluoxetine, OSFST: Open-

Space Forced Swim Test
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Figure 4:

Effect of aqueous bark extract of cinnamon on discrimination ratio
in mice exposed to open-space forced swim test using novel object
recognition task.

Results presented as mean + SEM, (n=5), the mean difference is
not statistically significant compared to the control group using
one-way ANOVA, Graph pad prism version 8.0.2, CN: Cinnamon,
Flu: Fluoxetine.

Assessment of non-spatial short-term memory: The
discrimination ratio (an index of short-term memory) did
not differ significantly (p > 0.05) between the treatment
groups and the untreated OSFST group as revealed by one-
way ANOVA (Figure 4). Similarly, as shown in Table 1,
independent sample T-test showed no statistically
significant (p > 0.05) difference between time spent on the
novel object when compared with the familiar object of the
NORT in all the treatment groups as well as the OSFST
negative control group.

DISCUSSION

Depression is a common mental disorder, characterized by
persistent sadness and also loss of interest in pleasurable
activities that the individual once enjoyed as well as
behavioural despair (WHO,2017; Yusha’u et al.., 2017).
This study observed a decreased in immobility time (an
index of depression) in OSFST induced-depressed mice
treated with CN 12.5 mg/kg, CN 50 mg/kg and Flu 20 mg/kg
in swimming days 1, 4, 7 and 14 when compared with
control. The findings of this study is in conformity with the

study of Parisa et al.., (2020) that stated cinnamon possessed
the potential to reduce the duration of immobility and
potentially reduce symptoms of depression. The main
compound contained in cinnamon is cinnamaldehyde,
which is a phenol group. Phenols have anti-inflammatory
effects, which are believed to be able to inhibit the
inflammatory cascade that forms the basis of the
pathogenesis of depressive disorders (Partan et al.., 2018).
Furthermore, Sohrabi et al.. (2017) conducted a depressive-
like behaviour test using cinnamon essential oil. They
observed significant improvements in the immobility time
during forced swim test (FST) and tail suspension test
(TST).

The study also showed no difference in frequency of
line crossing (an index of locomotor activity) between all
the treatment groups when compared with the OSFST
untreated negative control group. The locomotor activity
was used to screen out antidepressants from psychotonics or
psychostimulants. Antidepressants do not significantly
improve line crossing in OFT while psychotonics or
psychostimulants like amphetamine does so. This is in
conformity with the study of Yusha’u et al.. (2021) and
previous report of Cryan et al.. (2005) who reported that
psychotonics are clinically ineffective antidepressants. They
show anti-immobility effects in the TST but increase
locomotor activity. Psychostimulants are a broad class of
sympathomimetic drugs (Wood et al., 2014).
Psychostimulants are the most used psychotropic substances
over the world. A psychostimulant can be defined as a
psychotropic substance with the capacity to stimulate
central nervous system. It causes excitation and elevated
mood, as well as increased alertness and arousal. Its global
effect is to speed up signals into the brain. Some examples
of psychostimulants include amphetamine, cocaine,
nicotine, caffeine (Favrod-coune & Broers, 2010).

The result of discrimination ratio showed that
cinnamon and fluoxetine did not differ significantly with the
OSFST only group. Contrary to (Kawatra and Rajagopalan,
2015; Kelestemur et al.., 2016) findings which states that
cinnamon also exerts strong brain protective and pro-
cognitive effects in various models of neurodegeneration. In
addition, according to Modi et al. (2016), oral
administration of cinnamon and sodium benzoate (NaB)
increased memory consolidation-induced activation of
CAMP- response element binding protein (CREB) and
expression of plasticity-related molecules in vivo in the
hippocampus of poor learning mice and improved their
memory and learning almost to the level observed in
untreated good learning ones.

Antidepressant effect of cinnamon
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In conclusion aqueous bark extract of cinnamon shows
an antidepressant-like effect on depressed mice exposed to
OSFST but did not significantly affect non-spatial short-
term memory and locomotor activity of the mice subjected
to NORT and OFT respectively. However, there is need for
further research on the effect of cinnamon on the brain
biomarkers of depression and cognition.
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