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Abstract: Benzodiazepines are used to treat anxiety disorders. The chronic use of these drugs can cause
tolerance or relevant adverse effects, requiring the search for new, safer, and more effective compounds.
In this context, the present work aimed to investigate the potential anxiolytic effect of the chalcone
synthesized and its mechanism of action, using the adult zebrafish (Zfa) as an animal model. The
animals were treated with the new chalcone (4.0; 20 and 40.0 mg/kg) in the 96h open field and toxicity
test. The concentrations that caused locomotor alteration were evaluated in the light and dark anxiolytic
test, with the lowest active dose being used to assess the mechanism via the GABAergic system. The
chalcone proved to be safe compared to the adult Zebrafish model up to 96h of analysis and caused
locomotor alteration of Zfa similar to that of benzodiazepines. The chalcone presented an anxiolytic
effect, which was blocked by flumazenil, a GABAA receptor antagonist, thus demonstrating that the
chalcone must act via the mechanism of the GABA system. In this perspective, chalcone has the
potential to be used as a pharmacological tool in the treatment of anxiety disorders.
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1. Introduction

Anxiety disorders are among the top ten diseases responsible for causing disabilities
worldwide. The prevalence of anxiety disorders in the United States is estimated to be 18%.
Their annual cost is reported to be $42.3 billion. In the European Union, over 60 million people
are affected by anxiety disorders in a given year, making them the most prevalent psychiatric
condition [1]. Brazil leads the world in prevalence of anxiety disorders and ranks fifth in
depression rates [2].

Benzodiazepines (GABA receptor agonists) and serotonin reuptake inhibitors (SSRIs)
are the drugs of choice for the treatment of anxiety [3]. Serotonergic drugs are also commonly
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used to treat depressive disorders [4]. However, chronic use of benzodiazepines produces
tolerance, and abrupt discontinuation of treatment can lead to withdrawal syndrome [5]. On the
other hand, the chronic use of SSRIs can produce considerable side effects [6], so the search
for new compounds with anxiolytic and antidepressant properties with less potential to produce
adverse effects continues [7], and recent studies have shown that chalcones can be considered
promising anxiolytic agents [8].

Chalcones are bioprecursors of flavonoids and have a basic structure of [1,3-diphenyl-
2-propen-1-one] (Figure 1) are therefore naturally occurring aromatic ketones, consisting of an
a carbonyl system, B-unsaturated that joins two aromatic rings. They are a class of open chain
flavonoids, abundantly found in plants of the families Leguminosae, Compositae, and
Moraceae; they are present in fruits, vegetables, grains, roots, flowers, teas, wines, products
that are regularly used for human consumption. Chalcones and their derivatives are substances
of great chemical and pharmacological interest. They have received great attention due, above
all, to their relatively simple structure and the diversity of pharmacological activities they
present, among which you can mention: antioxidant activity, antinociceptive, anticonvulsant,
anti-inflammatory, antimicrobial, cytotoxic antitumor [9].

Figure 1. The fundamental structure of chalcone.

Currently, zebrafish (Danio rerio) has become popular in various areas of behavioral
neuroscience, including brain research and psychopharmacology [10]. This vertebrate is
considered a significant model, mainly because its genotype has 70% exclusive homology with
mammalian neurotransmitter receptors, in addition to its small size, high proliferation power,
rapid and transparent development that can significantly facilitate drug discovery in studies
using this animal as a model [11].

Thus, the objective of the present work was to investigate the anxiolytic action, the
mechanism of action and to carry out the study of the molecular docking of chalcone (E)-1-(2-
hydroxy-3,4,6-trimethoxyphenyl)-3-(4-methoxyphenyl) prop-2-en-1-one.

2. Materials and Methods

2.1. Synthesis of the chalcone.

The compounds 2-hydroxy-3,4,6 trimethoxyacetophenone (2 mmol) and anisaldehyde
(2 mmol) were placed in a volumetric flask (25 mL). Then 5 mL of ethanolic NaOH (50%)
solution was added and mixed with stirring for 48 h at room temperature. The progress of the
reaction was checked by TLC (n-hexane: ethylacetate, 2:1). After 48 h, the reaction mixture
was neutralized with dilute HCI (10%) and ice water added. The product was obtained as a
yellow solid filtered under reduced pressure, washed with cold water, and recrystallized from
ethanol (Scheme 1) [12].
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Scheme 1. Preparation of chalcone. a - NaOH 50% wv?, ethanol, t.a., 48 h.

2.1.1. Analytical data of chalcone (E)-1-(2-hydroxy-3,4,6-trimethoxyphenyl)-3-(4-
methoxyphenyl)prop-2-en-1-one.

Yellow solid (Yield: 44.2 %), Rr = 0.4 (hexane/ethyl acetate, 80:20), m.p. 94.7 - 94.8°C;
FT-IR (KBr, ven')): 1634, 1600, 1588, 1575, 1480, 1167. 'H RMN (CDCls, ppm): 3.91 (s,
MeO-3"); 3.90 (s, MeO-4"); 3.86 (s, MeO-6"); 3.78 (s, MeO-4); 5.93 (s, H-4"); 7.89 (m, H-3/5,
J=8.4); 7.53 (d, H-2/6, ] = 8.4 Hz); 7.24 (d, Ho, J = 14.6 Hz); 7.75 (d, HB, ] = 14.6 Hz). 13C
RMN (CDCls, ppm): 193.3 (C=0); 60.9 (MeO-3"); 56.2 (MeO-4’); 55.8 (Me0-6"); 55.5 (MeO-
4); 107.1 (C-1); 158.7 (C-2"); 130.3 (C-3"); 159.5 (C-4"); 87.3 (C-5); 158.6 (C-6"); 130.7 (C-
1); 125.2 (C-2/6); 130.3 (C-3/5); 128.4 (Ca); 142.9 (CB). MS-EI m/z (%) = 344.

2.2. Zebrafish.

Zebrafish (Danio rerio) adult, wild, both sexes, aged 60-90 days, sizes 3.5 £ 0.5 cm
and weight 0.4 = 0.1 g were obtained from Agroquimica: Comércio de Produtos Veterinario
LTDA, a supplier in Fortaleza (Ceard, Brazil). Groups of 60 fish were acclimated for 24 h in
glass aquariums (30 x 15 x 20 cm), containing dechlorinated water (ProtecPlus®) and air
pumps with submerged filters, at 25°C and pH 7.0, with a 14-day circadian cycle: 10 h of light/
dark. Fish were fed ad libitum 24 h before the experiments. After the experiments, the fish were
sacrificed with ice water (5°C). All experimental procedures were approved by the Animal Use
Ethics Committee of the State University of Ceard (CEUA-UECE), under protocol No.
7210149/2016.

2.3. General protocol.

The tests were performed based on methodologies proposed by Magalhaes et al. [13]
and Ekambaram et al. [14]. On the day of the experiments, the fish were selected randomly,
transferred to a wet sponge, treated with the test samples or controls via intraperitoneal (i.p.).
Then they were placed individually in beakers (250 mL) containing 150 mL of aquarium water
for resting. For intraperitoneal (i.p.) treatments, an insulin syringe (0.5 mL; UltraFine® BD)
with a 30G gauge needle was used.

2.4. Non-clinical safety assessment.

2.4.1. Locomotor activity (Open Field Test).

The animals were treated with the test samples and subjected to the open field test [15]
to assess whether there was a change in motor coordination, either by sedation and/or muscle
relaxation. Zebrafish (n=6/group) were treated, intraperitoneally (i.p.), with 20 pL of sample
solutions in doses (4, 20 and 40mg / kg) and vehicle (DMSO 3%) and diazepam (40mg / kg).
After 30 min of the treatments, the animals were added in Petri dishes containing the same
water from the aquarium, marked with quadrants, and the locomotor activity was analyzed by
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counting the number of crossing lines for 5 minutes. Animals that did not receive treatments
(Naive) were considered as baseline (100% locomotor activity) and calculated the percentage
of locomotor activity (% LA).

2.4.2. Toxicity in adult zebrafish (ZFa).

Acute toxicity was performed against the ZFa to determine the LD50 for 96 hours
according to the guidelines of the Organization for Economic Cooperation and Development
(OECD) [14]. The animals (n = 6 / group) were treated, intraperitoneally (i.p.), with 20 pL of
chalcone (4.0; 20 and 40.0 mg / kg), or 3% DMSO (vehicle). The number of animals that died
in each concentration from 24 to 96 h was recorded, and the LCso was determined.

2.5. Anxiolytic activity of chalcone anisaldehyde.
2.5.1. Light & dark test.

The test was carried out in a glass aquarium (30 x 15 x 20 cm) with a light and a dark
zone, filled with 3 cm of anti-chlorinated and drug-free water [15]. The animals (n =6 / group)
were treated intraperitoneally with 20 pL of chalcone with all those analyzed in the open field
test (4.0; 20 or 40.0 mg / kg), vehicle (DMSO 3%) and Diazepam (40 mg/kg). An untreated
group of animals (Naive) was included. After 30 min, the animals were individually added to
the clear area of the aquarium, and the anxiolytic-like effect was quantified as time (s) of stay
in the clear area during 5 min of analysis. The lowest active dose was used to assess the
mechanism via the GABAergic system.

2.5.2. Involvement in the Gabaergic system in anxiolytic activity.

The animals (n = 6 / group) received flumazenil intraperitoneally (4 mg / kg; 20uL;
i.p.) and after 15 minutes were treated with Chalcone (20 mg / mL; 20uL; i.p.), Diazepam (40
mg / kg; 20uL; i.p.), vehicle (3% DMSO; 20 pL; i.p.). After 30 min of the treatments, the
animals were submitted to the light & dark test, described in section 2.2.

2.6. Molecular docking.

For molecular docking simulations involving the GABAergic system, the GABAA
receptor structure (PDB 6HUP) was obtained from the Protein Data Bank repository
(https://lwww.rcsb.org/), identified as "CryoEM structure of human full-length
alphalbeta3gamma2l GABA (A) R in complex with diazepam, GABA and mega body Mb38".

Some characteristics presented of the deposited receptor structure are a resolution of
3.58 A, determined by electron microscopy, classified as a membrane protein, Homo sapiens
organism, and Homo sapiens and Escherichia coli expression system. The AutoDock Vina
code (version 1.1.2) was used to perform the simulations with 3-way multithreading,
Lamarckian Genetic Algorithm [16]. The grid box parameters were defined at
126Ax100Ax126A, with the dimensions (x, y, z) = (125.281, 139.534, 136.018), centered
on the entire protein. As a standard procedure, 50 independent simulations were performed
with 20 poses each. The values of RMSD (Root Mean Square Deviation) less than 2 A [17]
and free binding energy (AG) less than -6.0 kcal/mol [18] were used as criteria for the selection
of simulations with better conformations. The Discovery Studio Visualizer [19] and UCSF

https://biointerfaceresearch.com/ 4 0of 10


https://doi.org/10.33263/BRIAC131.015

https://doi.org/10.33263/BRIAC131.015

Chimera [20] codes were used to analyzing the results and generate 2D maps of chemical
interactions.

2.7. Statistical analysis.

The results were expressed as values of the mean + standard error for each group of 6
animals. After confirming the normal distribution and homogeneity of the data, the differences
between the groups were subjected to analysis of variance (one-way ANOVA), followed by
the Tukey test. All analyzes were performed using the GraphPad Prism v software. 5.01. The
level of statistical significance was set at 5% (p <0.05).

3. Results and Discussion

3.1. Evaluation of locomotor activity (Open Field Test).

The open-field test in Petri dishes [15] was recently adapted to assess the locomotor
activity of adult zebrafish under the action of analgesic drugs. In this way, the same method
was used with the assigned samples to evaluate actions on the ZFa locomotor system. As a
result, it was observed that chalcone caused motor impairment in the ZFa, where there was a
reduction in the number of line crossing in the petri dish by the animals, a result significantly
different from vehicle control (p <0.0001; p <0, 01 and vs. vehicle) and different from the
naive group (p <0.0001 vs. naive) (Figure 2A).

3.2. Anxiolytic activity.

As a result, the chalcone had an anxiolytic-like effect at doses (20 and 40 mg/kg; 20
ML; i.p.) as the animals remained most of the time of analysis in the clear zone significantly
(p> 0.05) similar to diazepam (40 mg/kg; 20 uL; i.p.) as shown in Figure 2B.

150+ A I {

3004

100+ 68,:!3 o T747% 2004 52,72%

S04
10049 26,44%

Number of line crossings(0-5 min)

Permanence in the clear zone (S)

1,77% 2,27%

T
Naive 4 2 40 DZP Vehicle - . L
Naive 4 20 40 DZP  Vcehicle
Chalcone -
Chalcone
(mg/Kg; 20 pL; ip)

(mgikg; 20 pl; ip.)

Figure 2. Effect of chalcone on locomotor activity of adult zebrafish (Danio rerio) in the Open Field Test (0-
5min). Naive - untreated animals. DZP - diazepam (40 mg / kg; 20 pL; i.p.). Vehicle - 3% DMSO (20 pL; i.p.)*
(A) Anxiolytic-like effect of chalcone in adult zebrafish (Danio rerio) in the Light & Dark Test (0-5min). Naive

- untreated animals. Vehicle - 3% DMSO (20 pL; i.p.). DZP - Diazepam (40 mg / kg; 20 pL; i.p) * * (B). The

values represent the mean + standard error of the mean (E.P.M.) for 6 animals / group. *ANOVA followed by
Tukey p <0.0001 vs. naive; # # # #p <0.0001; # # p <0.01 vs. Vehicle). ** ANOVA followed by Tukey (**** p

<0.0001; *** p <0.001 vs. Naive or Vehicle; # # # #p <0.0001 vs. DZP).

Locomotor activity is one of the parameters of behavioral analysis that has been used
to evaluate the action of drugs that can act on the central nervous system of the adult zebrafish
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(Danio rerio) and cause locomotor impairment or not [23]. This activity can be explored
through the Open Field Test in an aquarium [24], as well as Petri dishes [25]. Different
parameters can be evaluated, such as freezing, among others. The natural behavior of zebrafish
in the open field is characterized by constant swimming activity and manifestations of
immobility, which are little observed in natural conditions of zebrafish [26]. According to
Resende and Soccol [27], the analysis of locomotor activity explored through an open field can
be a model used to assess hyperactivity as being indicative of anxiety. The treatment of
zebrafish with anxiolytic drugs, such as benzodiazepines, can increase exploratory activity in
the open field [26], cause a sedative effect, and decrease locomotor activity [28,29].

The decrease in locomotor activity in adult zebrafish caused by chalcone suggests a
possible sedative action, such as benzodiazepines (anxiolytic drugs), which decrease locomotor
activity (mobility) of adult zebrafish (Danio rerio) in the open, as shown highlight Gupta et al.
[28] and Benneh et al. [29] (Figure 2A and 2B).

3.3. Acute toxicity (96h).

Adult zebrafish were used as an animal model to assess the acute toxicity of chalcone.
As a result, it was found that the chalcone was shown to be safe, as it was not toxic against ZFa
until 96 h of analysis (LCso > 40 mg/kg) (Table 1).

Table 1. Result of acute toxicity test of chalcone synthesized against adult zebrafish.

Mortality 96h
Sample *CN D1 D2 D3 *CLso (mg/kg) / IV
Chalcone 0 0 0 0 > 40

*CN- Negative control group: DMSO 3%. D1 — Dose 1 (4 mg/kg). D2 — Dose 2 (20 mg/kg). D3 — Dose 3 (40
mg/kg). *CLso- lethal concentration to kill 50% of adult Zebrafish; IV — confidence interval.

3.3.1. Mechanism of anxiolytic action via the gabaergic system.

Flumazenil is an antagonist of GABAergic receptors in the a [1-3 51 Py subunits. It
antagonizes the sedative effects caused by benzodiazepine overdoses (e.g., diazepam) and
reverses these effects in addition to preventing respiratory depression by blocking GABA

receivers [21,22].
3004
HHH#B

ekedede

HH#e
200+

100+

Permanence in the clear zone (S)

Naive Chalcone Fmz + Chalcone  Dzp Fmz+ Dzp Vehicle

(mg/keg; 20 pL; i.p)

Figure 3. Effects of Flumazenil on chalcone anxiolytic activity in the light and dark test. Chalcone
Anisaldehyde (20 mg / kg; 20 pL, i.p.). Dzp - Diazepam (40 mg / mL; 20 pL; i.p). Fmz - flumazenil (4 mg / kg;
20 pL; i.p.). The values represent the mean + standard error of the mean (E.P.M.) for 6 animals / group.
ANOVA followed by Tukey (**** p <0.0001 vs. naive or vehicle; # # # # p <0.0001 vs. Fmz + Dzp or Fmz +
chalcone).
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Flumazenil reduced (#### p <0.0001) the anxiolytic effect of chalcone (20 mg/kg; 20
pL; i.p.) and Diazepam (40 mg/kg; 20 pL; i.p.) (Figure 3), in this perspective, it can be inferred
that the blockade of flumazenil on the anxiolytic effect of chalcone, represents a strong
indication that the mechanism of action is directly related to the receptors of the GABAergic
system.

The adult zebrafish has been used as an animal model complementary to rodents in
genetic tests, developmental biology, neurobiological and toxicological [27], as it has low cost,
diverse adaptability, short reproduction cycle, high fertility, and embryos transparent [30]. Its
small size in adulthood requires a decrease in the number of substances to be tested and dosed
and the amounts of reagents and materials used in the treatment and maintenance of animals.
Adult zebrafish have long been used in toxicity tests to monitor environmental contaminants.
As an example, Huang et al. [31] used adult zebrafish to evaluate the action of an agrochemical
agent (Deltamethrin), using locomotor behavior and mortality (CL50) in 24 hours as
parameters of acute toxicity. It is worth noting that adult zebrafish are also used to assess the
toxicity of pharmaceutical compounds and toxicological biomonitoring in drug development
[32]. All doses of chalcone investigated in this study were subjected to an acute toxicity test
(96h) and showed no toxicity, which provides evidence for in vivo pharmacological tests,
allowing the selection of safe doses (Table 1).

The mechanism of the chalcone anxiolytic effect was investigated by flumazenil, a
GABAA antagonist. After pre-treatment, flumazenil reduced the anxiolytic/sedative effects of
the analyzed chalcone, indicating that the anxiolytic activity of the molecule acts through the
GABA system (Figure 3). Drugs that stimulate GABA receptors, such as BDZs and
barbiturates, have anxiolytic effects by reducing GABAA-mediated neuronal excitability,
causing changes in the a1 and y2 subunits of this receptor [20].

3.4. Molecular Docking.

The potential anxiolytic effect of chalcone on the GABAergic system was investigated
by performing molecular docking simulations with the GABAA receptor, which showed high-
affinity energy, in the order of -8.1 Kcal/mol and an RMSD of 1.312. (Table 2).

Table 2. Interactions between the GABAA receptor and the chalcone ligand.

Ligand Receptor Interaction Distance (A)
chalcone LYS1275D H-Bond 281A
PHE856C Hydrophobic 377A
LYS1275D Hydrophobic 394 A
VAL1322D Hydrophobic 339A
PHES56C n-Stacking 424 A

Docking studies were carried out to correlate structural changes with biological
activities. In this context, the molecular interactions of chalcones with the protein GABA-AT
(y-aminobutyric acid aminotransferase), a validated target for AEDs, were analyzed, and their
selective inhibition increases GABA concentrations in the brain.

The complex formed (Figure 5A) showed interactions ranging from 2.81A to 4.24 A
(Table 2), making it possible to identify (Figure 4B) the formation of a hydrogen bond
classified as strong [33] with the LYS1275 residue ( 2.81A), three hydrophobic interactions
with residues PHE856C (3.77A), LYS1275 (3.94A), VAL1322 (3.39 A) and a n-Stacking
interaction with residue PHE856C (4.24A), coupling in a region close to that of the Diazepam
inhibitor, showing a potential anxiolytic effect via the GABAergic receptor.
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Figure 4. GABAa/chalcone Complex (A) 2d map of GABAa/Diazepam and GABAa/chalcone interactions (B).
5. Conclusions

The present study indicates a strong potential for the use of chalcone (E) -1- (2-
hydroxy-3,4,6-trimethoxyphenyl)-3-(4-methoxyphenyl) prop-2-en-1-one as a pharmacological
tool for the treatment of anxiety disorders, as it showed anxiolytic activity similar to that of
Diazepam, with strong indications of action by the mechanism via GABAergic receptor.
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