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Background and Objective: Kaempferol (KM) is a flavonoid found in plant-derived foods and
medicinal plants. Recently, it has been well established that KM plays a protective role against the
development of Alzheimer's disease. This study evaluated the effect of intracerebroventricular
microinjection of KM on depression and identified the potentially related serotonergic mechanisms
in rats.

Materials and Methods: Male rats were assigned to control, vehicle (dimethyl sulfoxide), KM,
fluoxetine, cyproheptadine, KM (20 pg/rat) + cyproheptadine (1 pg/rat), and KM (20 pg/rat) +
cyproheptadine (4 pg/rat) groups. All the groups received their respective treatments for 30 days.
Depression was evaluated by both forced swimming and tail suspension tests. Monoamine oxidase-A
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(MAO-A), as a neurochemical parameter, was also evaluated in the liver and brain of animals.

Accepted: 29 Jun. 2021
ePublished: 01 Feb.2022 Results: Treatment with KM significantly decreased immobility time in both forced swimming and
tail suspension tests, compared to the vehicle. In the forced swimming test, remarkable effects in
immobility time were induced by KM + cyproheptadine after a single dose during weeks 2, 3, and 4
of treatment, compared to the cyproheptadine group. In the tail suspension test, both fluoxetine and
KM indicated remarkable effects in the immobility time during weeks 3 and 4. In addition, in both
the brain and liver, MAO-A activity was decreased after treatment with KM.

Conclusions: These results indicated the antidepressant-like effects of KM through the involvement of
5HT2 receptors in male rats.
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Background

Depression (clinical depression or crucial depressive proposes that decreased serotonin pathway

disorder) is a typical but consequential mood
disorder. This condition provokes severe symptoms
that affect how a person feels, thinks, and handles
daily activities, such as eating, sleeping, or working.
In addition, in clinical practice, depression is the 2nd
most frequent chronic condition [1], and in 2020, it
was the world's 274 major public health problem and
disability [2]. The current treatments help about
two-thirds of anxious and depressed populations;
however, the severity of enhancement is still
frustrating [3].

The monoamine-deficiency theory posits that the
underlying pathophysiological basis of depression
is the depletion of the neurotransmitters
serotonin, norepinephrine, or dopamine in the
central nervous  system. The  “serotonin
hypothesis” of clinical depression dates back to 50
years ago. At its most basic level, the hypothesis

activity is a causative factor in the pathogenesis of
depression [4]. This was focused on the
antidepressant effects of monoamine oxidase
inhibitors and tricyclic antidepressants and the
depressogenic impacts of amine-depleting agents,
such as reserpine [5].

Despite the fact that there are numerous effective
antidepressants on the market today, current
treatments  are  frequently ineffective, with
unsatisfactory results in roughly one-third of all
treated subjects. This requires the construction of
safer and more efficient antidepressants detived from
medicinal herbs with proven psychotherapeutic
ability in a range of animal models [0].

Flavonoids are phytochemicals that fall into one of
many categories, including anthocyanins, flavones,
isoflavones, flavanols, and flavanones [7]. The
results of pharmacological and epidemiological trials
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have shown that the use of flavonoids constituents
is linked to the reduction of coronary disorders and
a variety of benefits, including anti-cancer, anti-
oxidative, anti-inflammatory, and antiviral activity
[8-10].

Numerous edible plants (e.g., tea leaves, broccoli,
strawberries, and grapes), as well as plants or
botanical items widely used in herbal medicine,
produce the flavonoid kaempferol (KM) (e.g.,
Moringa oleifera and Sophora japonica) [11, 12]. The
findings a number of studies have found a
correlation between the intake of KM-rich foods
and a lower risk of developing a variety of
diseases, including cardiovascular diseases and
cancers. Kaempferol and several of its glycosides
provide a broad variety of pharmacological
functions, such as anti-inflammatory, anti-oxidant,
anti-cancer,  anti-microbial,  cardioprotective,
antidiabetic, neuroprotective, anxiolytic, analgesic,
anti-osteoporotic, antidepressant (intraperitoneally
form), and anti-allergic activities, according to
various preclinical reports [13, 14]. Moreover,
based on the results of studies, the serotonin
system (especially 5-Hydroxytryptamines [5-HT;]
receptors) was involved in the antidepressant-like
activity of flavonoids [15].

Regardless of the fact that KM has a variety of
clinically proven pharmacological practices, there is
no empirical evidence that demonstrates its central
anti-depression effects.

Obijectives

The present research was conducted to ascertain the
possible effects of KM on depression through the
serotonergic system in male rats.

Materials and Methods

Animals

In the present study, 42 male Wistar rats weighing
220-250 g at the time of abscission were used
(animal-house of Hamadan University of Medical
Sciences, Hamadan, Iran). Almost all rodents wete
given at least a week to conform to the lab
conditions prior to surgery and were treated for five
min per day during that period. The rats were
acclimatized in an animal house at room
temperature (2212°C) and on a 12-hour light/12-
hour dark schedule. They had easy entrance to food
and water. The rats after handling 2-3 times, were
divided into groups before tests as follows: 1.
Control, 2. dimethyl sulfoxide/vehicle, 3. KM (10,
20, and 40 pg/rat), 4. Fluoxetine, 5. cyproheptadine
(Ch; a 5-HT5 receptors antagonist; 1 and 4 pg/rat),
6. KM (20 pg/rat) + Ch (1 pg/rat), and 7. KM (20
pg/rat) + Ch (4 pg/rat). It is mentioned that seven
intact experimentally male rats were presented in

each group. Furthermore, not only were the
protocols for treating the rodents accepted by the
Hamadan University of Medical Sciences (Research
and Ethics Committee; IR-UMSHA-REC-1396-618)
but they were also in line with the National Institutes
of Health (NIH) Declaration [85-23, 1985].

Drugs

Cyproheptadine, pentobarbital sodium, fluoxetine,
and KM were purchased from Sigma-Aldrich.
[USA]. Before intracerebroventricular microinjection,
all drugs were dissolved in dimethyl sulfoxide for
20 min.

Surgical procedures

All surgical procedures were conducted under
ketamine-xylazine (50 mg/kg ketamine+5 mg/kg
xylazine) anesthesia [16, 17]. Stainless steel, 22-
gauge guide cannulas were implanted (bilaterally) 1
mm above the intended site of injection according
to the Paxinos and Watson atlas [18].

Stereotaxic coordinates

The incisor bar (-3.3 mm), 0.8 mm posterior to
the bregma, 1.4 mm lateral to the sagittal suture,
and 3.4 mm from the top of the skull were used
for the lateral ventricles. Dental acrylic was used
to secure cannulas to jewelers' screws. The
animals were gently restrained by hand and
injected with 22-gauge injection needles for drugs
infusion (1 mm below the tip of the pilot
cannulas). Polyethylene tubing was used to inject
each injection unit into a 50-1 Hamilton syringe
(Model 705 RN SYR). The lateral ventricles were
infused with drugs for 3-4 min. To allow
diffusion, the injection needles were left in place
(for an additional 30 sec), and then the styles were
reinserted into the pilot cannulas [19].

Forced swimming test

The Forced Swimming Task (FST) [20, 21] was
used to evaluate the antidepressant effect [20, 21].
To start, the rats who had not yet been treated
were forced to swim for 15 min in a glass tank
(22.5%40 cm) filled with fresh water (25°C). The
tests were conducted after a single procedure as
well as 1, 2, 3, and 4 weeks after the therapy.
During the test, a blinded observer qualified to
make the measurements reported the immobility
and climbing times. When the back legs were not
moving and the rats were slightly hunched over,
they were called immobile. During the 5-minute
test, the overall time of immobility was assessed.
The rats were cleaned with a towel after being
removed from the water and returned to their
home cage.
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Tail suspension test

It is also another tool that may be used to evaluate
the behavioral impact of antidepressants or other
therapeutic and genetic ruses that are important in
depression. Using scotch tape, the rats were
independently suspended by their tails from a
horizontal bar (50 cm from the floor). Commonly,
rats displayed a variety of escape-oriented habits
intercut with increasing periods of immobility.
During 6-minute test sessions, the length of
immobility (in seconds) was documented [22].

Spontaneous locomotor activities

An open-field test was employed to assess the
impact of KM on specific locomotor behaviors to
verify that the antidepressant-like behavior and
cognitive-enhancing effect described above were
not false positives due to the effect of KM on
motor actions. For 5 min, both animals were
evaluated for brushing, rearing, and licking activity.
The number of these activities was counted and the
frequency was registered [23, 24].

Monoamine oxidase-A evaluation

After the behavioral checks, the animals were
anesthetized with an intraperitoneal injection of
pentobarbital sodium (50 mg/kg of body weight).
The livers and brains (striatum and cortex) were
partitioned and homogenized with a glass Potter-
Elvehjem homogenizer in ice-cold 100 mM
potassium phosphate buffer (pH 7.4). The
cumulative ~ monoamine  oxidase (MAO)-A
operation was calculated using the same method as
before, with a slight modification (Boonruamkaew
et al., 2017; Herraiz et al., 2018). To inhibit MAO-
B operation, the homogenates were incubated with
500-IM tyramine and 500-nM pargyline.
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The chromogenic sample was used to make the
assay containing aminoantipyrine, vanillic acid, and
horseradish peroxidase. At 490 nm, the absorbance
was taken spectrophotometrically. The MAO-A
content was assayed in micromoles per minute per
gram of tissue [25, 20].

Statistical analysis

Data were presented as mean + SEM and processed
by commercially available software GraphPad
Prism® 8.0.2. The data were analyzed using a one-
way and/or two-way analysis of variance (ANOVA)
followed by post hoc analysis (Bonferroni's multiple
comparisons test). The level of p < 0.05 was
considered statistically significant.

Results

Antidepression-like activity of IKM: involvements of
serotoninergic mechanism

Means (£SD) of the parameters investigated in the
FST are shown in Figure 1 (a, b). A two-way
ANOVA regarding immobility times revealed the
significant effect of treatment (F [5, 30]=230.9;
P<0.001). Further analysis using Bonferroni’s post-
test exhibited significant changes in immobility
times after a single dose of KM (20 pg/rat) during 4
weeks of treatment, compared to vehicle (P<0.05).
The results of a two-way ANOVA for climbing
times showed the significant effect of treatment (F
[5, 180]=10606; P<0.001). Moreover, after a single
dose of KM (20 pg/rat), remarkable changes in the
climbing time were induced during weeks 3 and 4 of
treatment, compared to vehicle (P<0.01). In
comparison to vehicle, fluoxetine remarkably
reduced the immobility time, however, improved
the climbing time through weeks 1, 2 (P<0.05), 3,
and 4 (P<0.01).
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Figure 1. Immobility time (a) and climbing time (b) as indices of anti-depressant of rats subjected to the forced swimming test with different

doses of kaempferol (10, 20, and 40 g/rat)

Data are shown as a mean + SD (n=7 each). "P<0.05. vs vehicle-treated group
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Figure 2. Effect of kaempferol (20 and 40 g/rat) + cyproheptadine (1 and 4 g/rat) on immobility time (a) and climbing time (b) as indices of
anti-depressant in rodents who were forced to swimming task (a) and climbing time (b) of rats subjected to the forced swimming test
The information is displayed as a mean = SD (n=7 each). 'P<0.05 vs vehicle-treated group; *P<0.05, $P<0.01, $%P<0.001 vs

cyproheptadine 4-treated group

According to Figure 2 (a, b), two-way ANOVA
revealed the significant effect of treatment regarding
immobility times (F [5, 179]=361.4; P<0.001).
Additionally, significant changes in immobility time
were induced by a single dose of KM (20 pg/rat) +
Ch (4 pg/rat) during weeks 2 (P<0.05), 3 (P<0.05),
and 4 (P<0.01) of treatment. Furthermore,
significant changes in immobility time were induced
by a single dose of KM (20 pg/rat) + Ch (1 pg/rat)
at week 4 of treatment (P<0.05). The results of a
two-way ANOVA about climbing times revealed the
significant effect of treatment (F [5, 180]=3819;
P<0.001).

In addition, the treatment of rats with KM (20
pg/rat) + Ch (1 pg/rat) significantly increased
climbing time during weeks 1 (P<0.05), 2
(P<0.01), 3 (P<0.001), and 4 (P<0.01), compared
to Ch (4 pg/rat) alone. It was also found that the
treatment of the rats by KM (20 pg/rat) + Ch (4
ng/rat) significantly increased climbing time
during weeks 2 (P<0.01), 3 (P<0.001), and 4
(P<0.05), compared to Ch (4 pg/rat) alone.

In the tail suspension test (TST), a two-way
ANOVA about immobility times revealed the
significant effect of treatment (F [5, 180]=2689;
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P<0.001). Adjuvant analysis using Bonferroni’s
posttest exhibited that both fluoxetine and KM
(20 pg/rat) significantly changed the immobility
time during weeks 3 and 4 (P<0.05), compared to
control (Figure 3.a). Moreover, the results of a
two-way ANOVA showed the significant effect
of treatment (I [5, 180]=3469; P<0.001).

In addition, the treatment of the rats with KM (20
pe/rat) + Ch (1 pg/rat) significantly increased
immobility time during weeks 2 and 4, compared to
Ch (4 pg/rat) alone (P<0.05). Treatment of the rats
by KM (20 pg/rat) + Ch (4 pg/rat) significantly
increased climbing time in week 3, in comparison to

Ch (4 pg/rat) alone (P<0.05) (Figure 3b).

Effect on spontaneous motor activities

It was found that KM had an effect on spontaneous
motor activities, such as rearing, grooming, and
licking (figures 4a, b, c). At all doses, the vehicle and
KM failed to display major improvements in all the
above-mentioned random motor activities.

Suppression of MAO-A activity by KM
The impact of KM on brain MAO-A is depicted in

Figure 5. The administration of KM (20 pg/rat),
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Figure 3. Anti-depressant effect of kaempferol (10, 20, and 40 ng/rat) (a) and kaempferol (20 pg/rat) + cyproheptadine (1 and 4 pg/rat) (b) on

the tail suspension test (immobility time of rats)

The information is displayed as a mean = SD (n=7 each). "P<0.05, “P<0.01 vs vehicle-treated group; $P<0.05 vs cyproheptadine 4-treated group
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Figure 4. Effect of kaempferol (10, 20, and 40 pg/rat) on the frequency ranges of rats subjected to grooming (a), licking (b), and rearing (c)

The data is displayed as a mean + SD (n=7 each).

fluoxetine, and KM (20 pg/rat) + Ch (4 pg/rat)
markedly decreased MAO-A activity in the rats’
cerebral cortex, compared to the control (P<0.05).

Besides, in the rats’ striatum, the administration of

KM (20 and 40 pg/rat), fluoxetine, and KM (20
pg/rat) + Ch (1 pg/rat) significantly diminished
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MAO-A activity, compared to the control (P<0.05).
According to Figure 6, the administration of KM
(20 and 40 pg/rat; P<0.05), fluoxetine (P<0.01),
and KM (20 pg/rat) + Ch (1 pg/rat) markedly
decreased MAO-A activity in the rats’ liver, in
comparison with the control.
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Figure 5. Effect of kaempferol (10, 20, and 40 pg/rat) and kaempferol (20 pg/rat) + cyproheptadine (1 and 4 pg/rat) on the MAO-A action in

the cortex (a) and striatum (b) of the brain

The information is displayed as a mean + SD (n=7 each). "P<0.05 vs control
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Figure 6. Effect of kaempferol (10, 20, and 40 pg/rat) and kaempferol (20 pg/rat) + cyproheptadine (1 and 4 pg/rat) on the MAO-A action in

the liver

Data are represented as mean = SD (n=7 each). "P<0.05 and “P<0.01 vs control group
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Discussion

The most important finding of the present study
was the antidepressant effect of KM through the
serotonergic system. The FST and TST, which are
the most popular assessment measures for
evaluating the period of immobility when rats are
subjected to an inescapable condition, were used to
screen for antidepressant-like behavior, and the
antidepressant impact was measured by the
decreased immobility time [27, 28]. In both the FST
and the TST, we observed that fluoxetine had
antidepressant-like activity. Similarly, the application
of KM reduced depression after a single dose for up
to 4 weeks. Nevertheless, the decline in immobility
time was not dose-dependent in either behavioral
experiment.

The central nervous system function of
monoamines, such as 5-HT, as well as dopamine
theory of depression, speculated that monoamine
concentrations were poor; even though there was
no data concerning the procedure of monoamine
deprivation [29, 30]. The monoamine hypothesis of
depression  predicts  that  the  underlying
pathophysiologic basis of depression is a depletion
in the levels of serotonin, norepinephtrine, and/or
dopamine in the central nervous system. This
hypothesized pathophysiology appears to be
supported by the mechanism of action of
antidepressants: agents that eclevate the levels of
these neurotransmitters in the brain have all been
shown to be effective in the alleviation of
depressive  symptoms.  However,  intensive
investigation has failed to find convincing evidence
of a primary dysfunction of a specific monoamine
system in patients with major depressive disorders.
Hence, the recent effective strategies for controlling
depression are to increase serotonin and/or
noradrenaline neurotransmitters [31, 32]. Monoamine
oxidase-A is necessary for the metabolization of
monoamine neurotransmitters in general; therefore,
a rise in MAO-A enzyme levels in all brain areas is
thought to be the primary trigger of monoamine
loss in depression [33]. The findings revealed that
the antidepressant-like symptoms of KM were most
likely regulated by the serotonergic system. The
significant decline in MAO-A behavior in the rats'
brains in the KM experimental group supported this
result.

It is well established that the administration of
cyproheptadine (antagonist of 5-HT?> receptors) can
reverse antidepressant activity and treat serotonin
syndrome [34]. Several antidepressants are also
effective  5-HT> receptor antagonists (e.g.
amitriptyline and clomipramine) and all established
antidepressants share the ability to decrease 5-HT>
receptor binding after repeated administration.

Further evidence relevant to this hypothesis is
provided from the systematic examination of other
‘atypical’ neuroleptics with respect to their clinical
profile of action across diverse psychiatric
syndromes. For example, ziprasidone is even more
selective for the 5-HT2a receptor vs. dopamine Do
or 5-HTzc receptors than is risperidone or
olanzapine. Unlike most other neuroleptics,
ziprasidone is a 5-HTia partial agonist that also
blocks monoamine transport with sub-mM potency.
This medication is relatively weak at displacing
binding to histamine H; receptors, compared to
other ‘atypical’ neuroleptics. A further difference of
other ‘atypical” compounds is the high potency that
ziprasidone possesses for the 5-HTp receptor, and
the blockade of the 5-HT1p autoreceptor enhances
the effects of selective serotonin reuptake inhibitors
on extracellular 5-HT levels. An appreciation of the
opposing effects of different 5-HT receptor
subtypes in mediating the therapeutic effects of
medications will be important in better defining the
neurocircuitry involved in the pathogenesis of these
disorders and developing treatments with more
rapid onset and greater efficacy [35]. Our results
indicated that the administration of cyproheptadine
not only increased immobility time but also
attenuated climbing time in the tests. Moreover, the
intracerebroventricular administration of KM could
decrease immobility and increase climbing time,
which showed the antidepressant effects of KM
treatment through the serotonergic system.

None of the KM doses were shown to be related to
the random motor activities of the open field test. In
each of the behavioral experiments, however, each
subject was only tested once. The findings of the FST
and TST could vary if the same rodents were used to
examine locomotion in the open field test, and
afterward, their immobility time was tested in the FST.
Following the open field study, the TST and FST were
employed to validate the efficacy of the behavioral
expetiments. In our research, there was no substantial
variation in terms of KM on the open field behavior
of the rodents, suggesting that a depression model was
successfully developed [36].

Foods rich in phytochemicals, especially those high
in Flavonoids (FV), have been found to have
particularly strong effects on depression treatment
[37]. For instance, Yi et al. (2010) showed that
flavonoid  naringenin had  antidepressant-like
behaviors and these antidepressant effects were
dependent on the monoaminergic systems [38].
Another experiment in which antidepressant activity
of flavonoids was determined was the one
conducted by An et al. in 2008. In their
investigation, the role of serotonin in the
antidepressant-like effect of a flavonoid extract of
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Xiaobuxin-Tang was demonstrated [39]. In our
study, intracerebroventricular microinjection of KM
induced remarkable antidepressant-like activity in
rats.

Conclusions

In summary, the current experimental research not
only verified that KM had antidepressant-like
effects in the FST and TST tests but also indicated
that this antidepressant-like effect might interact
with the serotonergic system. Furthermore, our
findings revealed that KM induced a strong
antidepressant-like reaction in rats, involving
biochemical modifications that decreased MAO-A
levels in the cerebral cortex, striatum, and liver.
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