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Abstract: Depression is a common mental disorder, causing disability worldwide and contributing to the overall
global burden of disease. Antidepressant drug treatment takes several weeks to produce an effect; this effect is often
accompanied by unwanted side effects. Therefore, the use of a crude form of herbal extracts could be an alternative
therapy for depressive disorders. Aims of the Work: To investigate the phytochemical composition of aerial parts
(flowers and leaves) Calicatome villosa extract; also to evaluate the neurobehavioral effect on the nervous system by
applying the Irwin test, and to screen for the antianxiety and antidepressant-like activity using pulse maze and forced
swimming maze. Material and Methods: The fresh aerial parts of calycatome villosa were collected in March 2018 from
Alkums city -Libya. Preliminary Phytochemical analyses were carried out on the methanolic extract. Screening for the
presence of various phytochemical compounds like; alkaloids, carbohydrates, tannins, phytosterols, saponins, flavonoids,
and proteins were carried out. Conclusion: Preliminary phytochemical screening of Calycatome villosa methanolic
extract revealed the presence of alkaloids, saponins, carbohydrates, phytosterols, phenols, and tannins. The
pharmacological screening of the extract showed antidepressant, antipsychotic, CNS depression, and Muscle relaxant
effects. The extract showed CNS depression using the Irwin test, while the spontaneous motor activity was not changed
using EPM. Calycatome villosa methanolic extract with the dose used did not show an antianxiety-like effect using EPM.

Keywords: Depression, Calycatome villosa, Antidepressant activity, Anxiolytic activity, preliminary phytochemical
screening, Irwin blind test, Elevated plus-maze test, forced swimming maze test.

INTRODUCTION

Depression is a common mental disorder. It is a leading cause of disability worldwide and is a major contributor
to the overall global burden of disease. More women are affected by depression than men. Depression can lead to suicide.
Depression may become a serious health condition. It can cause the affected person to suffer greatly and function poorly
at work, at school, and in the family. At its worst, depression can lead to suicide (WHO, 2021).

Antidepressant drug targets and systems dysregulated in depressed states include the hypothalamic—pituitary—
adrenal (HPA) axis, the monoaminergic system, and the y-aminobutyric acid (GABA) system, and adult hippocampal
neurogenesis (Taylor et al., 2005).

Clinically, not all patients respond to antidepressant treatment, the therapeutic effects take several weeks to
manifest and these effects are often accompanied by unwanted side effects (Taylor et al., 2005). Therefore, the use of
herbal extracts in their crude form or a semi-purified form is gaining ground among clinicians as well as patients as an
alternative therapy for depressive disorders [Guan and Liu, 2016; Fajemiroye, 2016].
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Herbal therapy has been practiced for many years, and their importance has been recognized globally. The
natural product compounds discovered from medicinal plants have provided numerous clinically important drugs, which
are being used for treating different diseases (Oyedepo and Palai, 2021). The isolation of bioactive compounds/secondary
metabolites leads to discover new drugs with interesting pharmacological properties. Studies are required to assess the
safety profiles of such herbal products and with the appropriate animal protocols (Tsatsakis et al., 2021).

El-Guenduol (Calycatome villosa) plant belongs to the Fabaceae family; it is one of the most widespread plants
in Libya. There are very limited studies, especially in terms of its biological effects on the central nervous system;
therefore, this plant was chosen to be the subject of this study.

Previous studies showed that Calicatome villosa has Antibacterial, Antioxidant (Chikhi et al., 2014;
Elkhamilichi et al., 2017) and diuretic and vasodilator activities (Cherkaoui et al., 2008). Calycotome villosa (C. villosa)
is a hairy perennial with yellow flower heads in branched clusters; however, no uses in folk medicine are known for this
species. Phytochemical studies have revealed that the plant is rich in flavonoids, terpenes, alkaloids, falcarinol, and
anthraquinones (Chikhi et al., 2014).

Aims of the Work

This study aims to investigate the phytochemical composition of Arial parts (flowers and leaves) Calicatome
villosa extract; also to evaluate the neurobehavioral effect on the nervous system by applying the Irwin test, and to screen
for the antianxiety and antidepressant-like activity using pulse maze and forced swimming maze.

MATERIAL AND METHODS
Plant Material

In the present study, the fresh aerial parts (stems, leaves, and flowers) of calycatome villosa were used, the plant
was collected in March 2018 from Alkums city -Libya. The plant material was authenticated and identified by botanists
in the herbarium of the faculty of sciences, Tripoli University. The plant was dried in shade for about two weeks until
complete drying.

Preparation of Methanolic Extract

Air-dried plant material was ground and subjected to extraction by soxhlate apparatus, the obtained methanolic
extract was then filtered and the filtrate was evaporated using a rotary evaporator at 45 °c. The concentrated extract was
stored in closed jars for further analysis.

Preliminary Phytochemical Analysis

The methanolic extract was screened for the presence of various phytochemical compounds like; alkaloids,
carbohydrates, tannins, phytosterols, saponins, flavonoids, and proteins. Phytochemical screening was carried out
according to the standard methods (Tiwari et al., 2011).

1-Detection of Alkaloids:
The extract was dissolved in dilute hydrochloric acid and filtered.
e Mayer's Test: The filtrate was treated with Mayer's reagent (potassium mercuric iodide). The formation of a
yellow-colored precipitate indicates the presence of alkaloids.
e Wagner's Test: The filtrate was treated with Wagner's reagent (iodine in potassium iodide). The formation of
brown/reddish precipitate indicates the presence of alkaloids.
e Dragendroff's Test: The filtrate was treated with Dragendroff's reagent (solution of potassium bismuth iodide).
The formation of a red precipitate indicates the presence of alkaloids.

2- Detection of Carbohydrates:
Extract dissolved in 5 ml distilled water and filtered. The filtrate was used to test for the presence of carbohydrates.
e Fehling's Test: The filtrate was hydrolyzed with dil. HCL, neutralized with alkali and heated with Fehling's A
and B solutions. The formation of a red precipitate indicates the presence of reducing sugars.

3-Detection of Saponins
e Foam Test: 0.5 gm of the extract was shaken with 2 ml of water. If the foam produced persists for ten minutes,
it indicates the presence of saponins.

4-Detection of Phytosterols
e Salkowskis Test: The extract was treated with chloroform, then filtered. The filtrates were treated with a few
drops of conc. Sulphuric acid is shaken and allowed to stand. The appearance of golden yellow color indicates
the presence of triterpenes.
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5-Detection of Phenols
e Ferric Chloride Test: The extract was treated with 3-4 drops of ferric chloride solution. The formation of
bluish-black color indicates the presence of phenol.

6-Detection of Tannins:
The extract was treated with a few drops of 1% Fecl; solution. The formation of brownish green color indicates
the presence of tannins.

7-Detection of flavonoids
o Alkaline Reagent Test: The extract was treated with a few drops of sodium hydroxide solution. The formation
of intense yellow color, which becomes colorless with the addition of diluted acid, indicates the presence of
flavonoids.

8-Detection of Proteins
e Xanthoproteic Test: The extract was treated with a few drops of conc. Nitric acid. The formation of yellow

color indicates the presence of proteins.
1. Preliminary Neuropharmacological Screening
a. Irwin Test

The neuropharmacological Profile study suggested by Irwin provides clues for the classification of the active
compounds, to proceed for further testing. In this procedure, mice after administering the drugs are observed for the
neuropharmacological profile, which is divided into behavioral, neurological, and autonomic changes after administration
of increasing doses of drugs (Moser, 2010).

b. Anxiety Screening
Elevated Plus- Maze Test

Elevated plus-maze is composed of two open arms (30*5cm) and two close arms (30*5*15cm) that extended
from a common central platform (5*5cm). The apparatus was elevated to a height of 45 cm above floor level (Vinader-
Caerols et al., 2006). Mice were gently handled by the right hand and placed on the center squire of the maze facing into
the close arm.

The different parameters were scored to evaluate the anxiolytic effect and spontaneous motor activity in the
elevated plus-maze, including time spent by the mouse in each of the arms, lines crossed in close or open arms, and the
number of entries into close or open arms. An arm entry was defined as the entry of all four paws into the arm (Kumar
and Sharma, 2005). The total line crossed, and total number of entries was calculated. The total line crossed and the total
arm entries (Rodgeres et al., 1997; Aburawi, 1999) express the spontaneous motor activity. Anxiety measures were
calculated by the time spent in the close arm by the total time of the test (Aburawi, 1999). The duration of the test was 4
minutes.

c. Acute antidepressant Test
Forced Swimming Maze Test

Mice were placed individually in glass cylinders (height 27 cm, diameter 15 cm) filled with water to a height of
16 cm (maintained at 23-25°C). The duration of the test was 6 minutes. The time of the two behavior parameters
(duration of immobility and duration of climbing) was recorded during the last 4 min of the 6 min testing period
(Rojecky et al., 2004). Immobility behavior is defined as the animal floating on the surface with front paws together and
making only those movements with the hind limb, which were necessary to keep afloat. Climbing behavior is defined as
upward-directed movements of fore paws along the side of the swim chamber (Cryan et al., 2002).

Statistical Analysis

Descriptive statistical analyses were performed using the computer program SPSS (software package, version
10); to verify whether the data were normally distributed using the Kolmogrove-Simirnove test maximum deviation test
for goodness of fit. If the parameters were parametric, treatments were compared by one-way ANOVA, a Post-Hoc test
(LSD and Duncan test) was applied. If the parameters were nonparametric, treatments were compared by the Mann-
Whitney U test for an unmatched sample. The differences were considered significant at the p-value < 0.05. The values
are expressed as the mean standard error.

RESULTS
. Preliminary Phytochemical Screening

Preliminary phytochemical screening revealed the presence of alkaloids, saponins, carbohydrates, phytosterols,
phenols, and tannins (Table 1).
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Table 1: Phytochemical constituents of C. villosa

Phytochemical Test Methanol | Dichloromethane | Hexane
Alkaloids Mayer's ++ + -
Wagner's ++ + -
Dragendroff's - - -

Carbohydrates Fehling's ++ ++ ++
Saponins Froth + - -
Foam

Phytosterols Salkowskis + - -
Phenols Ferric chloride + + -
Tannins Ferric chloride + + -
Flavononoids | Alkaline reagent - - -
Proteins Xanthoproteic - - -

Irwin Blind Test
Irwin test application showed that the passivity and motor incoordination (abnormal gait) were increased; while
the body posture and limb position were decreased compared to the control (Table 2).

Table 2: Irwin blind test on Calicotome villosa methanolic extract using albino mice

Basic | Control | Control | Ex. | EX. | Ex. | Ex. | Suggestion
score | 1 2 250 | 250 | 500 | 500
3 4 5 6
Behavioral Passivity 0 0 0 2 2 2 2 Antipsychotic
Awareness CNS depression
Muscle relaxant
Posture Body posture | 4 4 4 3 3 2 2 Neuromuscular blockade
Central disturbances
Limb position | 4 4 4 2 2 1 1 Neuromuscular blockade
Central disturbances
Motor Abnormal gait | 0 0 0 2 2 3 3 Muscular relaxation
incardination

e Calicotome villosa extract screening for antianxiety and spontaneous motor activity like action using plus maze in
albino mice
e Calicotome villosa extract screening for antianxiety like action using plus maze in albino mice

Administration of methanolic extract, of 250 and 500 mg/kg, did not change the anxiety measure (p = 0.440 and
p = 0.492, respectively), while diazepam decrease significantly the anxiety measure at p = 0.004 (table 3, figure 1).

Table 3: Calicotome villosa methanolic extract screening for antianxiety-like action applying plus maze in albino

mice
Treatments Anxiety measure | P compared to control | P compared to Extract (500mg/kg)
Control T80 (19%T80) | 0.995 + 0.0026
Diazepam (1 mg/kg) 0.877 £ 0.0205 0.004
Extract (250 mg/kg) 0.956 + 0.0236 0.440 0.797
Extract (500 mg/kg) 0.968 + 0.0247 0.492
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Screening of antianxiety action in plus maze using albino
mice
1.05

*, Significantly different from the control at p < 0.05

S

0.9

0.85

Anxiety measure

0.8

0.75
control (173p) Diazepam (1 y, &/kg) Extract (250 mg/kg) Extract (509 mg/ig

Figure 1: Screening of antianxiety in plus maze using albino mice

. Calicotome Villosa Extract Screening Effect on the Total Number of Entries Using Plus Maze in Albino
Mice

Administration of Calicotome villosa methanolic extract, with the doses of 250 and 500 mg/kg, or even the
administration of diazepam did not change the total number of entries produced by the mice at p = 0.459, 0.926, and
0.864 respectively (table 4, figure 2).

Table 4: Calicotome villosa extract screening effect the total number of entries using plus maze in albino mice.

Treatments Total number of entries | P compared to control | P compared to Extract (500mg/kg)
Control T80 (1%T80) 2.67 +0.843
Diazepam (1 mg/kg) 4.00 + 1.592 0.459
Extract (250 mg/kg) 2.50 £ 0.957 0.926 0.932
Extract (500 mg/kg) 3.00 +1.438 0.864

Screening of spontaneous motor activity in plus maze
using albino mice
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Total number of entries
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Figure 2: Screening of spontanous motor activity in plus maze using albino mice
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. Calicotome Villosa Extract Screening the Effect on the Total Lines Crossed Using Plus Maze in Albino Mice
Administration of Calicotome villosa methanolic extract or even the administration of diazepam did not change
the total lines crossed by the mice at p > 0.05 (table 5, figure 3).

Table 5: Calicotome villosa extract screening the effect on the total lines crossed using plus maze in albino mice.

Treatments Total lines crossed | P compared to control | P compared to Extract (500mg/kg)
Control T80 (1%T80) 15.8 £4.30
Diazepam (1 mg/kg) 28.0+7.33 0.166
Extract (250 mg/kg) 13.8+5.35 0.815 0.614
Extract (500 mg/kg) 18.1 +6.48 0.785

Screening of spontaneous motor activity in plus maze

using albino mice
40

35
30
25
20

15

Total lines crossed

10

o

control (175) Olazepam (1mg/ig)  PUACt(250mg/ig)  PA (500 mgsiy

Figure 3: Screening of spontaneous motor activity in plus maze using albino mice

. Calicotome Villosa Methanolic Extract Screening for Antidepressant-Like Activity Using Forced
Swimming maze in Albino Mice

Imipramine and methanolic extract in a dose of 500 mg/kg produced a significant decrease in the duration of
immobility produced by mice (p = 0.006, 0.002, respectively); while methanolic extract at a dose of 250 mg/kg showed
an insignificant decrease in the duration of immobility (p = 0.114). Administration of methanolic extract at a dose of 500
mg/kg decreased the duration of immobility significantly compared to methanolic extract with a dose of 250 mg/kg, at p
= 0.037 (table 6, figure 4).

Table 6: Calicotome villosa extract methanolic screening for antidepressant like activity using a forced swimming
maze in albino mice

Treatments

Duration of immobility

P compared to control

P compared to Extract

(seconds) (500mg/kg)
Control T80 (1%T80) 151.0 +10.28
Imipramine (10mg/kg) 73.2 +25.84 0.006
Extract (250 mg/kg) 109.2 +18.61 0.114 0.037
Extract (500 mg/kg) 60.9 + 12.33 0.002
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Screening of antidepressant action in swimming maze
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Figure 4: Screening of antidepressant action in swimming maze using albino mice

DiscussiOoN

Natural products have gained popularity for promoting healthcare, or disease prevention (Yan et al., 2020).
These products are considered rich sources of potential new drugs (Munir et al., 2020). Natural products have a wide
range of pharmacological or biological activities (Harvey et al., 2010). Extensive research on natural compounds of plant
origin was applied, to find a better and safer alternative treatment for health disorders (Esra et al., 2021). The herbal
products for the management of psychiatric disorders have gained importance (Munir et al., 2020). The phytochemical
compounds have pharmacological roles in treating various disease conditions, and widely available in nature, and are
commercially beneficial (Yan et al., 2020).

Plants used in traditional medicine contain compounds in their secondary metabolism (Lundstrom et al., 2017);
these compounds as alkaloids, phenols, sterols, carbohydrates, tannins, terpenes, and phytoalexins, all may have
important biological activities (Arnason et al., 2005; Bérdy, 2005). Studies showed that these phytochemicals have
significant potential in in-vitro and in-vivo models of psychiatric disorders (Garcia-Rios et al., 2020, Esra et al., 2021).
These metabolites have shown anxiolytic and antidepressant effects in various experimental models (Garcia-Rios et al.,
2020).

In this work, the active constituents evaluated in Calicotome villosa methanolic extract are alkaloids,
carbohydrates, saponins, phytosterols, phenol, and tannin. These active constituents showed antidepressant, muscle
relaxant, CNS depressant, and antipsychotic-like activity. The extract did not show antianxiety-like activity when using
EPM.

Antidepressant of Calicotome Villosa Methanolic Extract

Mental depression is a common global mental problem that affects people. Depressant patients suffer an
inability to experience interest and pleasure, self-doubt, loss of concentration, social anxiety, appetite, and sleep disorder
(MccCarter, 2008).

Preclinical studies demonstrated that alkaloids have powerful antidepressant effects, but their mechanisms of
action are still unclear. Preclinical studies are needed to evaluate their potency, efficacy, and safety before they can be
incorporated into clinical practice (Garcia-Rios et al., 2020).
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Alkaloids are naturally consisting components of carbon, hydrogen, oxygen, and nitrogen molecules (Harvey et
al., 2010; they have pharmacological effects and are used as medications; it has antidepressant-like activity (Perviz et al.,
2016; Kumarnsit et al., 2007). Using the forced swim test and tail suspension test, alkaloids produce antidepressant
action without any significant effect on locomotor activity (ldayu et al., 2011). These alkaloids have shown
neuroprotective activity, makes them a choice for the treatment of depressive disorders (Splettstoesser et al., 2005;
Fortunato et al., 2009).

The indole moiety of indole alkaloids contains two oxygen atoms instead of nitrogen atoms; this structure may
facilitate the antidepressant effect (Munir et al., 2020). Indole alkaloids demonstrated a broad spectrum of
pharmacological properties (Cao et al., 2007). They may interact with GABA receptors inside the brain via GABA-
aminotransferase inhibition, interference in intake and uptake of functional GABA within synaptosomes, and interaction
with benzodiazepine/GABA receptors, leading to antidepressant effect; (Garcia-Rios et al., 2020; Cao et al., 2007;
Sichardt et al., 2007). The alkaloid derivatives of the B-carbolines showed antidepressant effects in mice, dose-
dependently; authors suggested that the effect may occur through an inverse agonist mechanism of the benzodiazepine
receptors (Farzin and Mansouri, 2006).

By interacting with the hypothalamic-pituitary-adrenal (HTPA) axis within the endocrine system, Mitragynine
alkaloid significantly reduced the release of corticosterone in mice exposed to FST and TST (ldayu et al., 2011). While
punarnavine alkaloid showed antidepressant-like activity in unstressed and stressed mice by a decrease in plasma nitrite
levels and due to its antioxidant activity and through a decrease in plasma corticosterone levels (Dhingra et al., 2014).
Evodiamine alkaloid produced an antidepressant-like effect in a rat model of chronic unpredictable mild stress;
Evodiamine treatments ameliorated the corticosterone hypersecretion induced by the model (Jiang et al., 2015).

Alkaloids such as p-carboline inhibit monoamine reuptake systems and inhibit monoamine oxidase (Cao et al.,
2007; Fortunato et al., 2009; Splettstoesser et al., 2005; Herraiz and Guillén, 2011) leading to increase monoamines
levels in the synapse, producing antidepressant-like activity. Alkaloids as barettin have structural similarities to
serotonin, therefore may facilitate the function of SHTR in case of 5-HTR disorders (Hedner, et al., 2006) and interact
with 5HT. Administration of 1-methyl-beta-carboline alkaloids into the hippocampus of rats, increased the concentration
of 5-HT (Adell et al., 1996); leading to antidepressant activity. It was found that Evodiamine- alkaloid administration
produced an antidepressant-like effect through an increase of 5-HT and NA levels in the hippocampus (Jiang et al.,
2015). Another study showed that alkaloids may bind to type 5-HT,4 serotonergic receptors but shows no affinity to
dopaminergic or BZ receptors (Glennon et al., 2000). Several studies have suggested that dopaminergic receptors are
involved in the antipsychotic, and antidepressant activities of kratom main alkaloid (mitragynine) (Hanapi et al., 2021).
The antidepressant effect of psychotropic B-carboline alkaloids is due to the high affinity for 5-hydroxytryptamine,
dopamine, benzodiazepine, and imidazoline receptors and the stimulation of locus coeruleus neurons (Yu et al., 2003).

Some Harmala alkaloids have neuroprotective effects in the nervous system, through several sites of action at
the cellular level of benzodiazepine receptors, 5-HT and GABA(A) receptors have been identified. It was concluded also
that harmaline and harmane are modulators of I(Ca(V)) in vitro. It was mainly due to a reduction in the sustained calcium
channel current (I(Ca(L+N))), while the transient voltage-gated calcium channel current (I(Ca(T))) was only partially
affected. This might be related to their neuroprotective effects (Splettstoesser et al., 2005).

Using FST in rats, p-carboline harmine alkaloids produced antidepressant-like effects, it was explained that
alkaloids increased brain-derived neurotrophic factor (BDNF) protein levels and expression in the hippocampus of rats
(Fortunato et al., 2010; Jiang et al., 2015). Chronic unpredictable mild stress produced corticosterone hypersecretion,
causing depression-like behavior in rats; evodiamine alkaloids decreased serum corticosterone levels and increased 5-HT
and NA levels (Jiang et al., 2015).

Caffeine alkaloid is a non-selective adenosine antagonist for A;/A,, receptors and has been demonstrated to
modulate behavior in classical animal models of depression. Caffeine alkaloids can improve depression in humans, as
well as in animal models. Authors concluded that caffeine alkaloids could be therapeutic agents for the treatment of
depression (L6pez-Cruz et al., 2018).

Adenosine receptors have a role in mood and anxiety disorders. Activation of A,a receptors is associated with
increased depression-like symptoms (Calker et al., 2019), and associated with a decrease in synaptic plasticity, a reduced
density of synaptic proteins, also an increase of A, receptors in the striatum and in glutamatergic terminals in the
hippocampus (Crema et al., 2013; Kaster et al., 2015). While increased A; receptor signaling elicits rapid antidepressant
effects (Calker et al., 2019).
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There is evidence that A, and Al receptors are expressed in the hippocampus (Cunha et al., 1994). Furthermore,
A, receptor antagonists evoke antidepressant-like effects in the forced swim test and the tail suspension test in rodents
(Hodgson et al., 2009; Yamada et al., 2013). Activation of A; and inhibition of A, receptors elicit antidepressant effects.
The antidepressant effects of activation of A; receptor signaling occur through an increase of signaling via Homerla
which leads finally to a modulation of AMPA receptor functioning (Holz et al., 2019); where Homerla switches mGIluR5
signaling to increase AMPA receptor activity for the rapid antidepressant actions (Albert, 2019).

One possible explanation for the antidepressant-like effects of caffeine alkaloids as A, antagonists is the
facilitation of activity of A; receptors (Gass et al., 2010). Alkaloids such as caffeine, adenosine antagonist produce
antidepressant-like effects via antagonism at adenosine Aja receptors, by selective A,a receptor antagonists, and by
A, receptor deletion in forebrain neurons (Kaster et al., 2015; Lopez-Cruz et al., 2018).

Caffeine alkaloid increases intracellular concentrations of cyclic adenosine monophosphate (CAMP) by
inhibiting phosphodiesterase enzymes; increased cAMP could also lead to an increase in blood catecholamine (Daly,
1993; Cappelletti et al., 2015). A study suggested that caffeine alkaloids could be used as an enhancer of antidepressant
pharmacotherapy (Kale et al., 2010).

Accumulated evidence that depression is associated with increased activity in the immune system; depression is
associated with C-reactive protein (CRP), interleukin (IL)-1, and IL-6 in community and clinical samples (Smith, 1991;
Howren et al., 2009). Anti-inflammatory treatment may yield antidepressant properties (Muller et al., 2006; Tyring et al.,
2006). It was found that caffeine alkaloid protected against chronic inflammation; as the more caffeine that people
consumed, the more protected they were against chronic inflammation. Caffeine alkaloid has been shown to block the
effects of adenosine in the brain (Cleveland Heartlab, 2017; Shushtari and Abtahi Froushani, 2017). Caffeine decreased
the lipopolysaccharide-induced inflammatory mediator (nitric oxide). Caffeine treatment also reduced the expression of
pro-inflammatory genes, including inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), interleukin (IL)-
3, IL-6 and IL-12. Caffeine inhibited nuclear translocation of nuclear factor kB (NF-«B) via IkBa phosphorylation
(Hwang et al., 2016); this translocation can be induced by lipopolysaccharide (Pisetsky, 2014).

Caffeine alkaloid produces directs down-regulation of adenosine A2 receptors to counter the suppressive effect
of adenosine on brain dopaminergic transmission (Hussain et al., 2018). Alkaloids may interact with the dopaminergic
pathway, and may interact non-competitively with presynaptic dopamine receptors (Marek and Roth, 1980); also, kratom
alkaloids produced dose-dependent presynaptic (functional antagonistic) and postsynaptic (agonistic) action at dopamine
receptors (Hanapi et al., 2021), inducing antidepressant effect. It was found that alkaloids produce antidepressant activity
by inhibiting MAO-A and MAO-B enzymes (Ali et al., 1998; Smith et al., 2013), this mechanism will increase the
monoamine ending with an antidepressant-like effect.

Hussain et al., (2018) and Harvey et al., (2010) concluded that Alkaloids has adenosine receptor agonists, anti-
oxidants, MAO inhibitors, and dopaminergic and NMDA antagonist. While Garcia-Rios et al., (2020) concluded that
alkaloids and sterols' mechanisms of action are by activation of the critical enzyme for catecholamine synthesis (e.g.,
tyrosine hydroxylase) or the inhibition of their limiting enzymes, MAO-A and MAO-B, and transporters, leading to the
stimulation of the vesicular storage monoamine and the release of neurotransmitters toward the synaptic cleft.

Studies found that saponins have good preventive and therapeutic effects on neurological diseases of the brain
(Su et al., 2014), especially in antidepressants (Su et al., 2014; Xiang et al., 2011; Zhang et al., 2016). Saponins may
function as an antidepressant in rodents, which may be mediated by modulation of brain monoamine neurotransmitters
and intracellular Ca** concentration. Saponins increase the levels of 5-hydroxytryptamine, dopamine, and noradrenaline;
additionally, they reduced intracellular Ca** in cultured neurons (Xiang et al., 2011). Another study showed that saponins
increased the NA levels in the brain regions of mice exposed to FST but did not affect the 5-HT and DA levels.
Moreover, saponins treatment could reverse swim stress-induced increased levels of serum ACTH and corticosterone
(Zhang et al., 2016).

Saponins may function as an antidepressant in rodents, which may be mediated by modulation of brain
monoamine neurotransmitters and intracellular Ca®* concentration. Saponins increase the levels of 5-hydroxytryptamine,
dopamine, and noradrenaline; additionally, they reduced intracellular Ca®* in cultured neurons (Su et al., 2014). Another
study showed that saponins increased the NA levels in the brain regions of mice exposed to FST but did not affect the 5-
HT and DA levels. Moreover, saponins treatment could reverse swim stress-induced increased levels of serum ACTH
and corticosterone (Zhang et al., 2016). In a chronic unpredictable mild stress model using rats, Triterpene
saponins administration decreased glutamate and aspartate and increased the gamma amino butyric acid and taurine in
rat’s hippocampus in a dose-dependent manner, leading to alleviating the behavior changes of depressive-like rats (Wu et
al., 2012).
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In Lee et al., (2012) and Jiang et al., (2012) studies, administration of ginsenoside saponins, in experimental
animals, before immobilization stress significantly improved helpless behaviors in the FST model and inhibited the
stress-induced behavior; saponins down-regulated serum corticosterone level in the hippocampus leading to the
antidepressant effect.

It was found that Saponins inhibited the turnover of the tryptophan-serotonin (5-HT) in the hippocampus, and
regulated the secretory activity of microglia cells (Xie et al., 2918). It was also found that serotonin (5-HT) and
noradrenaline (NE) levels in the hippocampus and frontal cortex were significantly increased in saponins-treated mice
(Liang et al., 2016).

The NMDA receptor plays an important role in the pathogenesis of clinical depression; NMDA receptor
antagonists can treat this depression (Raab-Graham et al., 2016). High concentration of NMDA induced decreases
in norepinephrine, 5-HT, epinephrine, and dopamine in the brains of patients suffering from depression. Using an animal
model for depression, Ginsenosides saponins showed protection against NMDA-induced depression in vivo and in vitro.
This indicates the potential application for the treatment of clinical depression (Zhang et al., 2017).

Ginsenoside Rg3 (saponins) possesses well-confirmed immunoregulatory effects. Mice pretreatment with Rg3
reduced the immobility time in both the tail suspension test and the forced swimming test. Saponins attenuated the
disturbed turnover of tryptophan and serotonin in the hippocampus, accompanied by decreased mMRNA expression of pro-
inflammatory cytokines and indoleamine-2,3-dioxygenase. Ginsenoside Rg3 saponins reduced lipopolysaccharide-
induced elevation of interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in plasma. This demonstrated that Rg3 was
effective in ameliorating depressive-like behavior induced by immune activation (Kang et al., 2017).

The transient potential receptor V1 (TRPV1) is involved in the etiology of depression. a-Phytosterol
(Spinasterol) antagonizes the TRPV1 receptors and may produce antidepressant effects. a-Spinasterol may represent a
new therapeutic approach toward the development of novel antidepressant therapy (Socata and Wlaz, 2016).
Administration of phytosterols (B-sitosterol) produced an antidepressant-like effect similar to fluoxetine using FST and
TST. It was confirmed that sterols affect monoamine levels in mice brains, and increased the brain levels of NE, and 5-
HT (Zhao et al., 2016).

Fucosterol sterol blocked the decrease in 5-HT, 5-HTIIA, and NA levels in mice brains generated by the stress
of FST. The authors suggested that the antidepressant mechanism is mediated by increasing monoamines and reducing
the rate of 5-HT metabolism. Therefore, fucosterol may be a useful antidepressant adjunct treatment for depression (Zhen
etal., 2015).

A significant increase in hippocampal brain-derived neurotrophic factor (BDNF) levels was found in the
fucosterol (phytosterol) treated mice. These findings suggested that fucosterol may possess an antidepressant-like effect,
which could be mediated by increasing central BDNF levels (Zhen et al., 2015).

Muscle Relaxant of Calicotome Villosa Methanolic Extract

In the present study, methanolic extract of Calicotome villosa produced muscle relaxation. Using the Forced
swim test and rotarod test, administration of extract of Prosopis cineraria leaves produces an antidepressant and muscle
relaxant effect; the phytochemical screening revealed the presence of saponins, alkaloids, tannins, and phenolic
compounds (George et al., 2012).

Skeletal muscle relaxant activity of aqueous extract of Nerium oleander flowers in Albino rats may be due to the
presence of alkaloids, tannins, and saponins in the plant extract. Authors suggested that skeletal muscle relaxation may be
due to the agonistic effect on the GABA/benzodiazepine receptor complex (Tirumalasetti et al., 2015).

Saponins detected in methanolic extract of Calicotome villosa may regulate calmodulin kinase channel (Ca 2+ /
CaM / CaMK), and reduces the internal concentration of Ca2+ in nerve cells (Li et al., 2010); also, piperine alkaloids
may produce muscle relaxation by antagonizing sodium/calcium channel and GABA receptor agonistic effects (Mishra et
al., 2015). In another study, it was found that indole alkaloids have the ability to cross the blood-brain barrier (Zhang et
al., 2017) and potentially inhibit the Ca2+/calmodulin-dependent phosphodiesterase-1 and voltage-dependent Na+
channels (Hwang et al., 2001).

Phenol is used for the treatment of acquired muscle spasticity; it can provide a temporary motor nerve blockade
(D'Souza and Warner, 2022), leading to a muscle relaxation effect.
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CNS Depression of Calicotome Villosa Methanolic Extract

In this study, methanolic extract of Calicotome villosa produced CNS depression by applying the Irwin test.
This effect was not observed using the plus maze. Phenol produces transient CNS excitation (ATSDR, 2014), then
profound CNS depression ensues rapidly (ATSDR, 2014; Dydek, 2014).

Different studies showed that saponins may produce either CNS stimulation or inhibitory action on CNS; it was
found that saponins at high dose depress the CNS, while at low dose stimulate CNS. It was interpreted that saponins may
produce their action on the CNS by a nonspecific action on the overall CNS (Hong et al., 1974). This indicates that the
methanolic extract of Calicotome villosa contains saponins in a concentration that is considered high; therefore, it
produced a sedative effect in this study. Saponins might have a sedative action, with no effect on motor coordination,
suggesting that it might not be acting through peripheral neuromuscular blockade (Capaso et al., 1996). Another study
confirmed that saponins had sedative activity; this effect might be via central mechanisms and not peripheral
neuromuscular blockade (Perez et al., 1998).

It was reported that saponins have agonistic activities at the GABA receptor complex (Shen et al., 2020); this
may be contributed to the CNS depressant effects in mice (Sultana et al., 2018).

Alkaloids can cross the blood-brain barrier (Zhang et al., 2017), and exerts a sedative effect (Jiang et al., 2019).
Indole alkaloids have been widely utilized in traditional treatments as a sedative (Munir et al., 2020). The chemical
structure of indole alkaloids has a similar structure as benzodiazepine drugs, therefore it may function via y-aminobutyric
acid receptors complex (Hamid et al., 2017).

Beta-Carboline alkaloids are a large group of natural and synthetic indole alkaloids that are widely distributed in
nature. These chemicals interact with benzodiazepine receptors and 5-hydroxy serotonin receptors and demonstrated a
broad spectrum of pharmacological properties including sedative, anxiolytic, and hypnotic (Cao et al., 2007).

Antipsychotics of Calicotome Villosa Methanolic Extract

Saponins may have antipsychotic and sedative activities (Chindo et al., 2003; Shen et al., 2020). It was found
that saponins isolated from Polygalae tenuifolia were reported to possess antipsychotic effects (Chung et al., 2002;
Danjuma et al., 2014).

It was reported that isoquinoline alkaloid has antipsychotic properties in rats (Alavijeh et al., 2019). Alkaloids,
act as a partial agonist of acetylcholine muscarinic receptor and showed an effect against schizophrenic symptoms
(Hussain et al., 2018). It directly stimulates the cholinergic activity and produces a potential stimulation of the CNS by
binding to M2 muscarinic receptors (Hussain et al., 2018). It was reported that alkaloids have AChE inhibiting properties
in a dose-dependent manner (Dall'Acqua, 2013; Tundis et al., 2009); therefore it ameliorates the cholinergic
neurotransmission by reducing the ACh breakdown (Dall'Acqua, 2013).

The indole alkaloid alstonine acts as an atypical antipsychotic in behavioral models (Costa-Campos et al.,
2004). Another study showed that Indole alkaloid (Alstonine) is used to treat the mentally ill; it presents a clear
antipsychotic profile in rodents. This could be through differential effects in distinct dopaminergic pathways (Linck et
al., 2011).

Gallic acid, as a constituent of tannins, reduced the dopamine levels, AChE activity, and inflammatory surge
(serum TNF-a), and increased the levels of GABA in mice. These studies indicate that tannins could protect and
ameliorate psychotic symptoms and biochemical changes in mice (Yadav et al., 2017; Otimenyin and lor, 2021).

CONCLUSION

Preliminary phytochemical screening of Calycatome villosa methanolic extract revealed the presence of
alkaloids, saponins, carbohydrates, phytosterols, phenols, and tannins. The pharmacological screening of the extract
showed antidepressant, antipsychotic, CNS depression, and Muscle relaxant effects. The extract showed CNS depression
using the Irwin test, while the spontaneous motor activity was not changed using EPM. Calycatome villosa methanolic
extract with the dose used did not show an antianxiety-like effect using EPM.
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