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ARTICLE INFO ABSTRACT

Ethnopharmacological relevance: Casearia sylvestris is a medicinal plant traditionally used to treat
snakebites, wounds, inflammation and gastric ulcers and scientific supports for have demonstrated its
antitumor, antihyperlipidemic and antiparasitic properties.

Aim of the study: To assess the effects of a fraction with casearins (FC) on adult mice using classical
experimental models of animal behavior and theoretical calculations to verify the interaction of Casearin X (Cas
X) with neuron receptors.

Materials and methods: Animals divided in 6 groups (n=9/group) were intraperitoneally treated with vehicle
(DMSO 4%), FC (2.5, 5, 10 and 25 mg/kg/day) and diazepam (2 mg/kg) for 7 days. Thirty minutes after the last
dose of treatment, acute toxicity and behavioral experiments were performed.

Results: The highest dose of FC (25 mg/kg/day) caused diarrhea, weight loss and death of one animal. Elevated
plus maze test showed that lower doses [2.5 mg/kg/day (36.4 + 5.1 s) and 5 mg/kg/day (43.9 + 6.2 s)] increased
the time spent in open arms (TSOA). Open field test revealed reduction in the number of crossings (54.9%,
51.1%, 48% and 67.7% for 2.5, 5, 10 and 25 mg/kg/day, respectively) in all doses of FC studied and decrease of
rearings at 25 mg/kg/day (p < 0.05). Computational calculations showed that the inhibition constant (Ki) for
the Cas X-D; complex is up to 1000-fold more favourable than the Cas X-GABA, complex. All AG® values
obtained for Cas X-D; complexes were more negative than those seen with Cas X-GABA, complexes.
Conclusions: Findings indicate a probable anxiolytic action of the FC since it reduces the number of crossings
and rearings and prolonged the time spent in open arms, without sedative and myorelaxant effects, probably
due to the interaction of Cas X with dopaminergic system.
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1. Introduction

Medicinal plants and their derivatives may modify animals’ beha-
vior, since some of them are used to induce or treat anxiety, depression
or seizures. Then, herbal medicines, whose pharmacological potential
is evaluated in animals and neurochemical models, have become a new
therapeutic option in clinical psychiatry. The popular usage of such
preparations and pharmaceutical derivatives in the treatment of

neurological disorders is driven by the fact that these substances are
from a natural origin and some activity on central nervous system is
available (Zhang, 2004; Silva et al., 2011; Souto-Maior et al., 2011;
Almeida et al., 2012; Moreno et al., 2014).

Casearia sylvestris Swartz (Salicaceae), a plant known as
“guacatonga”, is popularly used in the treatment of snake poisons,
injury, inflammation and gastric ulcers. Phytochemical analyzes de-
monstrate that a significant portion of ethanol extract of “guacatonga”

* Corresponding author at: Laboratory of Experimental Cancerology, Department of Biophysics and Physiology, Federal University of Piaui, Teresina, Brazil.

E-mail address: pmpf@ufpi.edu.br (P.M.P. FERREIRA).

http://dx.doi.org/10.1016/j.jep.2017.01.006

Received 17 October 2016; Received in revised form 4 January 2017; Accepted 6 January 2017

Available online 07 January 2017
0378-8741/ © 2017 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jep
http://dx.doi.org/10.1016/j.jep.2017.01.006
http://dx.doi.org/10.1016/j.jep.2017.01.006
http://dx.doi.org/10.1016/j.jep.2017.01.006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jep.2017.01.006&domain=pdf

E.J.F. de ARAUJO et al.

leaves consists of casearins, clerodane diterpenes responsible for the
most of pharmacological properties of this species. Indeed, there is a
direct relationship between concentration of casearins and the phar-
macological potentiality (Carvalho et al., 1998; Wang et al., 2009;
Ferreira et al., 2011; Aragjo et al., 2014).

Different parts of C. sylvestris also exhibit activity against
Leishmania donovani promastigotes (Mesquita et al, 2005),
Trypanosoma cruzi amastigotes (Espindola et al., 2004; Mesquita
et al., 2005), Plasmodium falciparum strains resistant to chloroquine
(Mesquita et al., 2007) and Aedes aegypti larvae (Rodrigues et al.,
2006). Additionally, leaf methanolic extract shows anti-hyperlipidemic
properties, decreasing serum triglycerides and lipases (Schoenfelder
et al., 2008), hydroalcoholic extract from dried leaves has antinocicep-
tive capability likely due to the inhibition of an inflammatory mediator
and/or by the activation of opioid cascade (Mattos et al., 2007) and the
methanolic extract obtained from C. sylvestris leaves reduced serum
lipids and oxidative stress when orally administered to Swiss mice,
prevented arterial thickening induced by high fat diet and diminished
in vitro platelet aggregation (Brant et al., 2014).

The cytotoxic activity against different types of cancers is one of the
biological activities attributed to the casearins (Itokawa et al., 1990;
Carvalho et al., 1998; Wang et al., 2009; Santos et al., 2010; Ferreira
et al., 2010, 2011; Aratjo et al., 2014; Ferreira et al., 2014). Recently,
we showed a great potentiality of a fraction from C. sylvestris leaves
using in vivo murine and human cancer models after oral and
intraperitoneal treatment, revealing tumor growth inhibition rates
ranging from 33.3% to 67.4 % for human lines (colon carcinoma,
HCT-116; glioblastoma, SF-295) and from 35.8% to 90.0% for Sarcoma
180 cells. Assessments by flow cytometry revealed that this fraction
reduces membrane integrity and induces DNA fragmentation and
mitochondrial depolarization (Ferreira et al., 2014, 2016).

There are very a few studies describing actions of C. sylvestris on
the central nervous system (CNS). Since this plant has been used for a
long time in the South America, even by natives from Karaja (Brazil)
and Shipibo-Conibo (Peru) Indian tribes as an alternative to treat
pathologies, it is really important to understand pharmacological and/
or side effects of C. sylvestris derived products (Ferreira et al., 2011;
Aratjo et al., 2014, 2015). Then, this study examines the possible
effects of a fraction with casearins (FC) on adult mice using classical
experimental models of animal behavior and theoretical calculations to
verify the interaction of Casearin X (Cas X) with pharmacological
receptors.

2. Materials and methods
2.1. Animals

Adult male Swiss mice (Mus musculus) with 25—-30 g were obtained
from the animal facilities of the Federal University of Piaui. They were
kept in well-ventilated cages (Alesco, Sdo Paulo) under standard
conditions of light (12h with alternative day and night cycles),
temperature (24 + 1 °C) and were housed with access to commercial
rodent stock diet (Nutrilabor, Sdo Paulo, Brazil) and water ad libitum.
All procedures were approved by the Committee on Animal Research at
UFPI (#0102/2011) and they are in accordance with Brazilian (COBEA
— Colégio Brasileiro de Experimenta¢do Animal) and international
guidelines on the care and use of experimental animals (Directive
2010/63/EU of the European Parliament and of the Council).

2.2. Obtainment of the fraction with casearins (FC)

Leaves of C. sylvestris were collected at Parque Estadual Carlos
Botelho (Sao Miguel Arcanjo, Sdo Paulo) by researchers of the
Chemistry Institute of the Sao Paulo State University. Voucher speci-
mens (AGS04, AGS05, AGS06, AGS13 and AGS19) were deposited at
the Herbarium Maria Eneida P. Kaufmann of the Botanical Institute of
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Sao Paulo, Brazil. The ethanolic extract from the leaves and its fraction
were obtained as described in Santos et al. (2010). Dried and powdered
leaves of C. sylvestris were extracted with ethanol in a stainless steel
extractor with solvent reflux during 24 h at 40 °C. The crude extract
was concentrated under reduced pressure (rotary evaporator) and
dried in desiccators over silica gel under reduced pressure to yield a
dry residue. The extract was fractionated through a solid phase
extraction using activated charcoal/silica gel 60—200 pm (1:1, m/m)
as stationary phase and hexane/ethyl acetate (95:5, v/v), ethyl acetate
and methanol as the mobile phase, providing three fractions, respec-
tively. The second fraction obtained corresponds to the FC.

Clerodane diterpenes were identified at Ntucleo de Bioensaios,
Biossintese e Ecofisiologia de Produtos Naturais - NuBBE, Institute
of Chemistry, UNESP (Araraquara, Sdo Paulo, Brazil) using high
performance liquid chromatography (HPLC-DAD) as described in
Claudino et al. (2013) and nuclear magnetic resonance considering
literature netaviedata (Itokawa et al., 1990; Santos et al., 2010). These
investigations displayed that FC presents 56.5% (mg/g) of the fraction,
in which Caseargrewiin F (Cas F) and Cas X are the most present
molecules (9.9% and 14.2%, respectively) (Ferreira et al., 2014).

2.3. In vivo protocols

The fraction with casearins (FC) was solubilized in dimethylsulf-
oxide (DMSO) 4% and dissolved in purified water immediately before
intraperitoneal (i.p.) injection at doses of 2.5, 5, 10 e 25 mg/kg during
uninterrupted 7 days. Thirty minutes after the last dose of treatment,
experiments were performed. Control group received DMSO 4% in
purified water only. It was used diazepam (DZP, Union Chemical,
Brazil) at 2 mg/kg i.p. as positive control diluted with DMSO 4% in
purified water.

2.4. Plus maze model to study anxiety

This test is used to evaluate the presence of characteristics of
anxiety in rodents (Lister, 1987). The elevated plus maze is made from
wood and consists of two open arms (30x5 cm) and two closed arms
(30x5%x25 c¢m) perpendicularly crossed. The animal is placed 60 cm
above the ground exactly in the intersection of the arms (central
platform 5x5 cm) with the head in direction to the entrance of the
closed arms. For this test, mice were divided into 6 groups (n=9
animals/group) and treated as described above.

The animals were placed in the intersection 30 min after the last
dose and observed for 5 min. The parameters quantified were the
number of entries in the open arms (NEOA), time spent in the open
arms (TSOA) and the total number of entries into open and closed
arms. After each animal, the cleaning of the field was performed with a
paper towel humidified with alcohol 96° GL to remove excreta left by
prior animals.

2.5. Open field test to study locomotor activity

The exploratory activity was verified using an open field made of
acrylic (transparent walls and black floor, with dimensions of
30x30x15 cm) divided into 9 quadrants and based on the model
described by Archer (1973) and Moreno et al. (2014). Animals were
divided into 6 groups (n=9 animals/group) and treated with vehicle
(DMSO 4%), FC (2.5, 5, 10 e 25 mg/kg) and diazepam (2 mg/kg) for 7
days. Thirty minutes after the treatment, animals were placed in the
center of the open field. Afterwards, the number of intersections or
crossings with four legs (spontaneous locomotor activity — SLA),
number of self-cleaning behavior (grooming) and number of lifting
without lean against the walls (rearing) were accounted for 5 min. After
each animal, the cleaning of the field was performed with a paper towel
humidified with alcohol 96° GL to remove excreta left by prior animals.
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2.6. Rota rod test to study motor coordination

The test route rod assesses the degree of muscle relaxation or motor
incoordination induced by bioactive substances (Carlini and Burgos,
1979). For this test, mice were divided into 6 groups (n=9 animals/
group) and treated as described above. After the administration of the
last dose, each mouse was placed with all four feet onto a bar of 2.5 cm
diameter, 25 cm high from the floor, in a rotation of 17 rpm for a
period of 3 min. The duration of permanence in the swivel bar, in
seconds (s), and the number of falls, with three renewals at maximum,
was recorded.

2.7. Computational design

Theoretical calculations were made in the program Gaussian 09
(Frisch et al., 2009). Optimization of the geometry of Cas X, the main
component of the FC, was developed using the functional hybrid
B3LYP in combination with the base assembly 6-311+G (d,p). The
three-dimensional structure of the likely pharmacological receptors
involved in the action of Cas X (GABA, and theoretical receptor
structure D; - code PDB 10Z5) was obtained from the PDB database
(Protein Data Bank). After optimization with Cas X, it was verified its
interaction in the active site. The docking calculations were developed
in the program AUTO DOCK 4.2 (Morris et al., 1998) to verify constant
values of inhibition and binding energy between Cas X and receptors.

2.8. Statistical analysis

All results were presented as mean + standard error of the mean
(SEM). Data were evaluated by analysis of variance (ANOVA) followed
by Student-Neuman-Keuls (GraphPad Prism, version 5.0). Differences
were considered significant when p < 0.05.

3. Results
3.1. Physiological alterations

During the study, animals that received growing doses of the FC
were observed for general toxic aspects, providing an overall estimate
of toxicological nature of the substance. Only the highest dose of FC
(25 mg/kg/day) caused diarrhea, weight loss and death of one animal.

Elevated plus maze is an experimental model used to investigate the
modulation of the state of anxiety and exploratory activity of animals.
Outcomes showed that none of the doses decreased the NEOA (4.2 +
0.4,44+0.4,28+0.5 and 1.8+ 0.4 for 2.5, 5, 10 and 25 mg/kg/day,
respectively, p >0.05) when compared to the negative group (2.6 +
0.3), but statistically significant result was found with diazepam (7.1 +
0.8) (p <0.05, Fig. 1A). If observed the time spent in the open arms
(TSOA), there is no influence of higher doses of the fraction [10 mg/kg/
day (16.6 + 4.3 s) and 25 mg/kg/day (11.3 £ 2.5 s)] on the behavior of
mice in comparison with vehicle group (20.6 + 3.7 s) (Fig. 1B). On the
other hand, lower doses [2.5 mg/kg/day (36.4 +5.1 s) and 5 mg/kg/
day (43.9 + 6.2 s)] increased the TSOA when compared to the negative
control animals (20.6 + 3.7 s) (p < 0.05). On the other hand, only FC 25
mg/kg/day and diazepam (7.1 +0.6 and 24.6 + 1.6 entries, respec-
tively) altered the number of entries in comparison with negative
control (13.3 £+ 1.1 entries, p < 0.05, Fig. 1C).

Analysis in the open field test (Fig. 2A) revealed reduction in the
number of crossings (54.9%, 51.1%, 48% and 67.7 %) in all doses of FC
studied (36.7 +2.4, 39.8 + 3.1, 42.9 £ 4.4 and 26.3 + 2.0 crossings for
2.5, 5, 10 and 25 mg/kg/day, respectively) when compared to the
negative group (81.4 + 6.2 crossings) (p < 0.05). Similarly, crossings’
decreasing was also statistically significant between diazepam (55.7 +
3.8 crossings) and FC groups (p < 0.05).

Changes were not observed in the number of groomings (Fig. 2B).
Meanwhile, the number of rearings (Fig. 2C) decreased at dose of
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Fig. 1. Physiological analysis of the number of entries in the open arms (NEOA) (A),
time spent in the open arms (TSOA) (B) and total number of entries into open and closed
arms (C) by the elevated plus maze test in Swiss mice treated with a fraction with
casearins (FC) extracted from Casearia sylvestris (2.5, 5, 10 and 25 mg/kg/day) during 7
days. Results were expressed as mean + S.E.M. (n=9 animals/group). *p < 0.05 compared
to the negative control (C) by ANOVA followed by Student-Newman-Keuls. Negative
control received DMSO 4%. Positive control was treated with diazepam (2 mg/kg/day).

25 mg/kg/day (3.5 £ 0.5 rearings) in comparison with negative control
and diazepam group (1.1 + 0.4 and 2.2 + 0.3 rearings) (p < 0.05).
Rota rod test allows evaluating sedative effects (Table 1). FC did not
alter the residence time in the swivel bar (177.4+1.3, 177.8 £+ 1.6,
178.0 £ 1.0 and 174.6 + 1.9 s) and maintained the number of falls (0.3
+0.2,0.3+0.2,0.3+0.1 and 0.8 + 0.3 falls at 2.5, 5, 10 and 25 mg/
kg/day, respectively) when compared to negative control (179.0 £ 0.7 s
and 0.2+0.1 falls) (p > 0.05). Meanwhile, diazepam-treated animals
presented increase of falls (1.4 + 0.4) and reduction in the swivel bar
(161.3 + 7.7 s) when comparison with negative control (p < 0.05).

3.2. Computational outcomes

Taking into consideration that Cas X is the main constituent in the
fraction, a theoretical investigation based on established models of
computational chemistry was carried out to determine the possible
mechanism of interaction of Cas X with receptors in the central
nervous system in attempt to analyze the physiological changes found
in biological models.

Firstly, it was found that Cas X has two defined regions with
different polarities (nonpolar, A; polar, B) (Fig. 3).

Based on the ligand and receptor structures, it has been possible to
point out the more stable thermodynamically interactions in both
active sites (Fig. 4). An important topic is how the interaction of the
ligand is occurring within the active site. D; receptor interacts with Cas
X through the nonpolar region A (residues PHE266 and ARG266),
which constitutes nonpolar interactions. However, for the complex Cas
X-GABA,, the complex of lowest inhibition constant does not present
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Fig. 2. Physiological analysis of crossings (A), groomings (B) and rearings (C) by the
open flied test in Swiss mice treated with a fraction with casearins (FC) extracted from
Casearia sylvestris (2.5, 5, 10 and 25 mg/kg/day) during 7 days. Results were expressed
as mean + S.E.M. (n = 9 animals/group). *p < 0.05 compared to the negative control (C).
**p < 0.05 compared to the diazepam group by ANOVA followed by Student-Newman-
Keuls. Negative control received DMSO 4%. Positive control was treated with diazepam
(2 mg/kg/day).

Table 1

Motor coordination analyzed by the rota rod test after treatment with a fraction with
casearins (FC) extracted from Casearia sylvestris in Swiss mice after 7 days of treatment
at doses of 2.5, 5, 10 and 25 mg/kg/day.

Group Number of falls  Time of permanence in revolving
bar (s)
Negative control  0.2+0.1 179.0+0.7
Diazepam 1.4+04 161.3+7.7
2.5 0.3+0.2 177.4+1.3
5 0.3+0.2 177.8+1.6
10 0.3+0.1 178.0£1.0
25 0.8+0.3 174.6+1.9

Results were expressed as mean + S.E.M. (n=9 animals/group) of the number of falls and
time spent on the rotary bar.

" p <0.05 compared to the negative control by ANOVA followed by Student-Newman-
Keuls. Negative control received DMSO 4%. Positive control was treated with diazepam
(2 mg/kg/day).

nonpolar interaction (Fig. 4).

Analysis of interactions with amino acid residues suggested that it
was possible to obtain data from inhibition constant (K;) and binding
free energy (Gibbs free energy, AG®), indicating complex featuring
which are more spontaneous, stable and likely to occur among Cas X
and D1 and GABAA receptors. The largest number of hydrogen bonds
within the active site helps for the system stabilization due to a higher
thermodynamic favoring. For the Cas X-D; complex, the most favor-
able AG® was —10.0 kcal/mol, while for the Cas X-GABA, complex, AG®
was —7.5 kecal/mol (Table 2).
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4. Discussion

Most of these discoveries of novel bioactive substances use labora-
tory animals to generate information that makes possible to predict
adverse effects of drugs, cosmetics, foodstuffs and plant derivatives to
human health. Basically, the observation of body weight, food con-
sumption, hematological and biochemical evaluation of biological
fluids, physiological and histopathological analysis, as well as neurolo-
gical and functional assays complement the general toxicological
evaluation based on acute, sub chronic and chronic toxicity. The
screening with behavioral models aims to quantify and distinguish
the presence of subtle biological changes that may possibly be related
to lesions in the CNS from various sources. From this arises the interest
in performing the neuropharmacological evaluation of pharmacologi-
cally active constituents (Steinberg, 1987; Ferreira et al., 2009;
Magalhaes et al., 2010; Basu and Head, 2010; Aragjo et al., 2014).

Casearia sylvestris is commonly found in the Americas, from Cuba,
Antilleans and Porto Rico to Mexico, Brazil, Bolivia, Peru and
Argentina. In Brazil, it is distributed from north to south, basically in
Cerrado and Atlantic Forest (Little and Wadsworth, 1964; Hack et al.,
2005). Several studies have demonstrated biological activities of
extracts, fractions and compounds from C. sylvestris, which validates,
at least in part, empirical knowledge obtained in ethnopharmacological
investigations (Borges et al., 2000; Oberlies et al., 2002; Carvalho et al.,
2009; Ferreira et al., 2011; Bou et al., 2013, 2014; Brant et al., 2014;
Ferreira et al., 2014, 2016). However, there are a few reports about the
effects of this plant on the central nervous system.

Then, this study evaluated the cognitive and behavioral profile of
mice treated with a fraction with casearins. It was carried out using a
fraction composed by a mixture of casearins since its represents the
most folk approach in etnopharmacological uses by Brazilian popula-
tion. Moreover, it is likely that distinct bioactive terpenoids may jointly
or independently contribute to the biological effects (Ferreira et al.,
2011; Aratjo et al., 2015).

Initially, the animals were evaluated to stipulate a general estimate
of toxicological nature of the fraction with casearins. The obvious signal
of toxicity found was diarrhea and death of one animal, though all
animals in the highest dose also presented apparent decrease in
mobility and locomotion. Recently, we also showed that FC at
25 mg/kg/day causes diarrhea and loss of weight (Ferreira et al.,
2016). These findings were followed by behavioral tests to provide
evidence if the FC alter the emotional state of animals.

All behaviour examinations include diazepam as positive control.
This drug was chosen as standard because several reports have
demonstrated the capacity of diazepam to modulate psychiatry condi-
tions in mammals (Walf and Frye, 2007; Almeida et al., 2012; Marques
et al., 2012; Pires et al., 2013; Moreno et al., 2014). Indeed,
benzodiazepines present a range of actions — sedative/hypnotic,
anxiolytic, anticonvulsant and muscle relaxant — combined with low
toxicity and alleged lack of dependence potential. However, patients
might become dependent on benzodiazepines after chronic use (Tyrer
et al., 1983; Ashton, 2005). In this context, gamma-amino butyric acid
(GABA) is the most important inhibitory neurotransmitter in the
mammalian brain, representing nearly 30% of all synapses in the
whole brain. GABAergic neurones mediate pre-synaptic inhibition by
depressing the release of neurotransmitter at excitatory input synapse,
and post-synaptic inhibition by depressing synaptic excitation of the
principal neuron. When benzodiazepines react at their receptor site,
which is actually situated on the GABA receptor, the combination acts
as a booster to the actions of GABA making the neuron more resistant
to excitation. Several studies showed that benzodiazepines were able to
facilitate both types of inhibition, indicating that the effects of the
benzodiazepines were in fact due to an interaction with the GABAergic
transmission process. That is, BZDs do not activate GABA, receptors
directly but, instead, are positive allosteric modulators of the effects of
GABA and allow lower concentrations of this neurotransmitter to open
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Fig. 3. Casearin X with defined regions and different polarities. Optimized structure was calculated in level of B3LYP theory.

the ClI” channels. As a consequence of the enhancement of GABA’s
inhibitory activity caused by benzodiazepines, the brain’s output of
excitatory neurotransmitters including norepinephrine, serotonin, do-
pamine and acetylcholine is reduced (Raab and Gummit, 1977; Sigel
and Steinmann, 2012; Miller and Aricescu, 2014).

FC reduced, in a dose-dependent way, the NEOA in all doses (2.5, 5,
10 and 25 mg/kg/day) and the TSOA in higher doses (10 and 25 mg/
kg/day) when compared to the diazepam group. These findings were
carried out using the plus maze test, which consists of a more specific
anxiety model for the assessment of anxiolytic drugs with capacity to
reduce the rejection that animals present to go to the open arms, since
this behavior is conditioned by the fear or stress in aversive environ-
ments (Rodgers et al., 1995; Jardim et al., 1999; Carola et al., 2002).
Beyond its utility as a model to detect anxiolytic effects of benzodia-
zepine-related compounds, the elevated plus maze can be used as a
behavioral assay to study the brain sites and mechanisms (e.g., GABA,
glutamate, serotonin, hypothalamic—pituitary—adrenal axis neuromo-
dulators) underlying anxiety behavior (Walf and Frye, 2007). Knowing
that this test is based on the natural aversion of rodents to open spaces,
these discoveries suggest that FC has anxiolytic effects in lower doses
and similar results to those seen with diazepam, maybe indicating
distinct physiological responses in a dose-dependent way. Since typical
anxiolytic medications, such as diazepam, increase the frequency and

Table 2
Inhibition constant (K;) and Gibbs free energy (AG®) for the most stable complexes
among Casearin X and D; and GABA, receptors.

Complex K; AG®
Casearin  Casearin Selectivity Casearin  Casearin
X-D1 X-GABAA X-D1 X-GABAA
(nM) (uM) Index" (kecal/mol)  (kcal/mol)

1 104.52 5.61 53.67 -10.00 -7.50

2 261.25 2891 110.66 -8.23 -6.08

3 396.53 397.54 1002.54 -6.89 -4.64

@ K; for Casearin X-GABA, / K; for Casearin X-D1.

duration of the entries in the open arms (Almeida et al., 2012), while
diazepam proportionally expanded NEOA and TSOA, FC did not
altered the NEOA but prolonged the time of animals spent in open
arms, proposing that biological actions of the FC are not equally
correspondingly to those commonly seen with diazepam.

Open field test is used to describe the motor activity of mice
subjected to open spaces and also to corroborate the anxiety level when
evaluate the amount of rearings (exploratory behavior) and groomings
(immobility when performing self-cleaning). Grooming is an important
behavior when anxiety studies are decided and it increases or

Fig. 4. Structures thermodynamically more stable after analysis of molecular docking between Casearin X and D1 and GABAA receptors, respectively.
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diminishes when the anxiety level augments or is absent, respectively
(Archer, 1973; Mataqueiro et al., 2004; Bailey and Crawley, 2009;
Neumann et al., 2011). FC caused reduction of crossings and rearings
but not altered groomings and its effects were better than those found
with diazepam, especially at higher doses. Such findings emphasize the
anxiolytic action of FC when associated with augmented TSOA.

Next, the rota rod test, a method frequently used to measure
changes in motor coordination and muscle tone of rodents (Silva et al.,
2007; Gomes et al., 2010), revealed that none of the doses changed the
number of falls and time of permanence in revolving bars, which
indicates that the fraction did not interfere upon the spontaneous
locomotor activity, has no sedative and/or myorelaxing effects such as
seen with the anxiolytic compound diazepam and did not cause
movement injuries to the animals.

Previously, Silva et al. (2006) reported that animals subjected to
oral gavage treatment with the aqueous extract of guacatonga (20 mg/
kg) for 75 days presented inhibiting of the CNS enzymes NTPDase, 5-
nucleotidase and Na+/K+-ATPase and reduced the acetylcholine
degradation rate. Moreover, Rodrigues et al. (2008) reported that
“Quilombolas” people have used the decoction of C. sylvestris leaves to
treat insomnia, especially in children and elders. This information is
confronted by our results, since no evidence of sedative or hypnotic
action of the FC was found in the rota rod test. All these data indicate
that C. sylvestris possesses a general neurochemical effect, since
important enzymes from the purinergic, cholinergic and other pro-
cesses were affected, indicating that C. sylvestris can exert some
modulatory action on the CNS and, eventually, causes behavioral
changes as described in this study.

Based on the divergent outcomes between FC and diazepam, and
knowing diazepam as a benzodiazepine with anxiolytic activity and
capacity to increase the action of y-aminobutyric acid (GABA) on
GABA, receptors, we proposed an additional mechanism involved in
the reduction of the SLA in a GABAergic system independent way (Lilly
and Tietz, 2000). It is likely that this property of the FC be linked to the
action on the dopaminergic system. Schindler and Carmona (2002)
reported that cocaine and other dopamine reuptake inhibitors in-
creased the SLA in rodents. On the other hand, D1 antagonists
decrease this activity in a similar manner seen in FC-treated animals.

Examinations in the Cas X structure revealed that this molecule has
two distinct regions with different forms of intermolecular interactions.
The region A has a totally non-polar character compound by aliphatic
carbons, which may carry out Van der Waals interactions. Meanwhile,
region B has a character polar predominantly with three carboxylic acid
groups (COOH), an ether group (-O-) and an alcohol group (OH) that
can make hydrogen bonds within the active site of GABA, and D;
receptors. Moreover, region B has a large electron density, which
suggests a region of higher interaction between Cas X and the receptor
active site. This probably is involved in the interaction and improves
stability of the complex. These results showed that the inhibition
constant for the Cas X-D; complex is up to 1000-fold more favourable
than the Cas X-GABA, complex. Confirming such outcomes, all AG®
values obtained for Cas X-D; complexes were more negative than those
seen with Cas X-GABA, complexes. Investigations have shown that
more negative values propose system spontaneity, and, consequently,
improved stability of the complex (Wiggers et al., 2011). These findings
are in agreement with experimental data obtained by Cueva et al.
(2011) who observed a more stable inhibition constant for the complex
at 20 nM, as well as hydrogen bonds occurring between the ligant and
D; receptor through the residues of SER198, ASP103, ASN292 and
aromatic interaction between PHE288 and PHE203 with the ligant.
Then, molecular docking also showed amino acid residues that
promote direct interaction between Cas X and tested receptors. At D,
receptor, Cas X makes two hydrogen bonds with LYS339 and ASP39,
while in GABA, receptor only the amino acid ARG162 makes hydrogen
bond with Cas X.

Recently, detailed studies about the role of FC on the oxidative
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stress revealed that it has good in vitro antioxidant potential on free
radicals. On the other hand, biochemical and enzimatic profile of
hippocampus and striatum from FC-treated mice in similar doses
suggest that FC presents scavenger action for lipid peroxidation, since
it reduced generation of TBARS (thiobarbituric acid reactive sub-
stances) only (Aradjo et al., 2015). Despite these diferences from in
vitro and in vivo evaluations, which probably involve the liver basic
machinery and its biochemical processes such as oxidation and
hidroxilation in absence of hepatic injury (Aratjo et al., 2015), FC
showed a new side of its pontentiality, specially taking into considera-
tion that oxidative stress directly participate in the genesis and
progression of many diseases such as cancer, diabetes, cardiovascular
and neurological illnesses (e.g., Alzheimer and Parkinson diseases) and
aging process. Life expectancy increasing becomes crucial to develop
new strategies and therapies to combat chronic diseases (Ferreira et al.,
2011; Krishnaiah et al., 2011; Alam et al., 2013).

Since the exploratory behavior and locomotor pattern of mice are
factors directly connected to their condition of anxiety, which in turn
may be a consequence of neurochemical changes or damage to the
central nervous system (Steinberg, 1987; Lister, 1990; Bellinger, 2001;
Viaud-Delmon, et al., 2011; Silva et al., 2014), there is a probable
association between behavioral changes and neuronal action. Herein,
though FC did not modify reflexes, the animals manifested signs of
toxicity such as diarrhea and weight loss, and they may cause reduction
in spontaneous and exploratory locomotor activity. Interestingly, we
have already demonstrated that FC-treated animals exhibited altera-
tions suggestive of neurotoxicity (Aratjo et al., 2015), indicating
precaution to consume medicinal formulations based on C. sylvestris.

5. Conclusions

All findings indicate a probable anxiolytic action of casearins found
in FC since it reduces the number of crossings and rearings and
prolonged the time spent in open arms, without sedative and myor-
elaxant effects. Apparently, GABAergic system is not involved in the
behaviour changes and molecular docking studies noticed Cas X
interaction with other neuronal pathways, such as the dopaminergic
system and its D; receptor. Some in vivo mechanistic investigations are
in progress to supplement this data.
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