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Abstract:

Benzodiazepines are drugs used to treat anxiety disorders and epilepsy due to their hypnotic,
anxiolytic and anticonvulsant functions. But due to existing adverse effects such as decreased
psychomotor activity and impaired memory, new and safer drugs are sought. Therefore, this study
seeks to evaluate the anxiolytic and anticonvulsant action of chalcone (E)-3-(furan-2-yl)-1-(2-
hydroxyphenyl)prop-2-en-1-one against wildadult zebrafish, and the mechanisms of action
involved in such effects.The acute toxicity of chalcone was analyzed during 96 hours, and the
anxiolytic behavior of fish treated with chalcone was evaluated in light/dark tests and open field
tests (n=6 animals/group). In the test to evaluate the anticonvulsant effect of the sample,
Pentylenetetrazole (PTZ) was used to induce seizures by immersion. Next, we investigated the
mechanism of action with the y-aminobutyric acid (GABA) antagonist and performed a molecular
coupling study. The results showed that chalcone at doses of 4, 20, and 40 mg/kg was non-toxic
and altered fish locomotion (****p<0.0001 vs. control). All analyzed doses exhibited possible

anxiolytic effects (* p < 0.05, *** p < 0.001 vs. control) in the light/dark test. This effect was
blocked by the antagonist flumazenil (FMZ) at a dose of 40 mg/kg (# p < 0.05 vs. Fmz+Chalcone).
Albuguerque RLD, Silva DSD, Menezes In addition to exhibiting anxiolytic effects, chalcone demonstrated anticonvulsant effects via
JESAD, Barbano EP, Marinho ES, Marinho GABA, as confirmed by a binding/activity study (### p < 0.01, ### p < 0.0001 vs.
MM, Gomes AFC, Siqueira SMC, Santos Fmz+Chalcone).
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1. INTRODUCTION

Anxiety disorder is one of the leading causes of
disability in the world. It is a normal response to
circumstances that can generate fear, apprehension,
doubt or expectation, causing symptoms such as chest
pain, fatigue, palpitations and sleep disturbance [1,2].
In addition to presenting more prevalent psychiatric
conditions, it can trigger other psychiatric disorders,
such as depression and epilepsy [3].

Epilepsy is a neurological disorder characterized by
spontaneous and unpredictable seizures due to
excessive abnormal neuronal activity in the brain,
affecting an estimated 70 million people worldwide.
There are effective anticonvulsant drugs to treat
seizures. However, these drugs often cause adverse
effects [4-6].

Benzodiazepines are among the most used drugs in
the world in the primary treatment of anxiety-related
disorders due to their depressant action on the central
nervous system (CNS). They are also used for sleep
disorders and anticonvulsants [7]. Some effects are
caused by the benzodiazepine medication, such as
drowsiness and decreased reflexes. Inappropriate use
leads to decreased cognition, sedation, tolerance and
dependence [8,9].

Different neurotransmitter systems have been linked to
anxiety and seizure disorders, such as GABA and the
monoamines serotonin (5-hydroxytryptamine or 5-HT).
Being GABA, the main inhibitory neurotransmitter of
the CNS, acts practically in every region of the brain,
acting in different physiological processes, such as in
response to stressors, motor processes, pain control,
fear and anxiety [10]. GABAergic neurotransmission
occurs through the interaction of GABA with its
receptors, which are mainly classified into two main
types: ionotropic GABA, and GABA receptors and the
metabotropic GABAg receptor [11]. GABAA acts by
activating the rapid hyperpolarizing negative ion
channel (CI") and diffuses through a concentration
gradient to hyperpolarize mature postsynaptic neurons
[12]. Compounds with high affinity for the GABAa
receptor can enhance the activity of the GABAergic
system and promote anxiolytic and anticonvulsant
effects.

Chalcones are an important chemical class in
medicinal chemistry because they have many
interesting biological activities, including

antinociceptive, anxiolytic, anti-inflammatory and
anticonvulsant [13-15]. Its structure is formed by
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aromatic ketones of natural or synthetic origin,
consisting of an a, B -unsaturated carbonyl system
joining two aryl rings, probably the main responsible for
its biological activities, and with a carbon skeleton with
several replaceable hydrogens. This structure can
undergo several changes that result in different effects
on biological metabolism [16,17]. Biological activities of
chalcones may be related to their small structure and
Michael acceptor characteristics (unsaturated molecule
conjugated with an electronegative group that attracts
electrons), which make them easily bind to other
biological molecules [18]. Their ability to interact with
other molecules and enzymes allows chalcones to
intervene and react with several important cellular
mechanisms. Chalcones can be considered Michael
acceptors due to the presence of an a,B-unsaturated
carbonyl group in their structure[19].Studies have
revealed important neuropharmacological effects of
chalcones, such as anxiolytic, anticonvulsant [13,17],
neuroprotective and anti-Alzheimer's effects [19].

Research has used zebrafish (Danio rerio) as a model
for investigating new chalcones with anxiolytic and
anticonvulsant effects [13,17]. Zebrafish have been
chosen as a model for studies of new compounds with
neuropharmacological effects because they are low
cost and have a high degree of morphological,
physiological, and genetic homology with humans [20].
Their central nervous system has a general
organization and neural circuits very similar to those of
mammals, with all the classic neurotransmitters found
in vertebrates, and their motor, sensory, and endocrine
systems are well developed [21]. These characteristics
make zebrafish a key model for obtaining low-cost
preclinical results.

Due to the side effects caused by benzodiazepines, the
field of neuropharmacology has been extensively
studied. Several studies are being conducted to search
for compounds that have promising results against
anxiety and seizures. Chalcones have been evaluated
and have shown a promising effect against both
[13,17]. This study aims to evaluate the anxiolytic and
anticonvulsant potential of chalcone (E)-3-(furan-2-yl)-
1-(2-hydroxyphenyl) prop-2-en-1-one, together with the
interaction study ligand/protein.

2. MATERIALS AND METHODS

2.1. Drugs and Reagents

Flumazenil (FMZ) (Roche Pharmaceutical/Welwyn
Garden City, United Kingdom), Diazepam (DZP) and
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Pentylenetetrazole(PTZ)
EUA).

(Sigma-Aldrich,  Missouri,

2.2. Synthesis and Chemical Characterization of
Chalcone

The chalcone (E)-3-(furan-2-yl)-1-(2-hydroxyphenyl)
prop-2-en-1-one was synthesized by a Claisen-Schmidt
condensation reaction in a basic medium (Figure 1). An
ethanolic solution of 2-hydroxyacetophenone (2 mmol)
was added to a solution of furfural (2 mmol), followed
by the addition of 10 drops of 50% m/v aqueous NaOH
with stirring for 48 h at room temperature. After 48 h,
the reaction mixture was neutralized with dilute HCI
(10%) and added ice water. The product was obtained
as a yellow solid. The formed solid was filtered under
reduced pressure and washed with cold water. The
chemical structure of chalcone was determined and
confirmed by 1H, 13C and infrared NMR, which were
obtained using a Bruker DPX-300 platform operating at
frequencies of 300 MHz for hydrogen and 75 MHz for
carbon. The infrared absorption spectrum was obtained
using a Bruker vacuum spectrometer (VERTEX 70V).

2.3. Zebrafish

Wild, male and female fish (Danio rerio) (aged 90 to
120 days; 0.4 £ 0.1 g, 3.5 + 0.5 cm) were obtained from
Agroquimica: Comércio de ProdutosVeterinarios LTDA,
a supplier located in Fortaleza-Ceara. The animals
were kept in a 10 L glass aquarium (30 x 15 x 20 cm)
at a temperature of 25 + 2 °C, in cycles of 10 to 14 h
(light/dark),  with  chlorinated water pH 7.0
(ProtecPlus®) using an air pump with submerged
filters. The animals received fish food (Spirulina®) 24 h
before the experiments. In each experiment, the
animals were randomly selected from the aquarium,
and the doses of chalcone tested were chosen based
on studies in the literature that used doses of 4 mg/kg,
20 mg/kg, and 40 mg/kg [13,17]. Before each
treatment, the animals were anesthetized in ice water,
and after the experiments, they were euthanized by
immersion in ice water (2—4 °C) for 10 min until loss of
opercular movements. All procedures were approved
by the Ethics Committee on Animal Use of the State
University of Ceara (CEUA-UECE; n°® 04983945/2021)

OH O

NaOH 50%

(0] 0
_—
ey

Figure 1: Scheme of the synthesis of chalcone,
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in accordance with ethical
experiments with animals.

principles involving

2.4. Acute Toxicity

An acute chalcone toxicity study was performed on
adult zebrafish (Danio rerio) in accordance with
Organization for Economic  Co-operation and
Development (OECD) guidelines [22]. The fish (n =
6/group) were treated orally (v.0) with chalcone (4, 20
and 40 mg/kg; 20 L), and 20 pyL of 3%
dimethylsulfoxide (DMSO) was used as a negative
control. After the treatments, the mortality rates of the
animals were observed. Every 24 h up to 96 h, the
number of dead fish in each group and the lethal
concentration capable of kiling 50% of the animals
(LDsy) were recorded, being determined by the
mathematical method Spearman-Karber Trimming with
a 95% confidence interval [23].

2.5. Locomotor Activity

The open field test was performed to analyze the motor
coordination of the fish. The animals (n=6/group) were
orally treated with the test drug (4, 20 and 40 mg/kg; 20
pL). Two groups of animals (n=6/group) treated with
the control (3% DMSO, 20 uL) and diazepam (4 mg/kg;
20 pL) were included. After 1h of treatments, the
animals were added to Petri dishes (10 x 15 cm)
containing the same aquarium water, marked with four
quadrants, and locomotor activity was analyzed by
counting the number of lines crossing (CL) during 5
minutes [24].

2.6. Anxiolytic Effect

The anxiolytic effect was investigated through the light
and dark test. Zebrafish have an aversion to lighted
areas, similar to rodents when they are anxious. The
animals (n = 6 / group) were orally treated with the
sample (4, 20 and 40 mg/kg; 20 pL), control (3%
DMSO, 20 pL) and diazepam (4 mg/kg; 20 pL). After 1
hour of treatment, the animals were individually added
to the light zone of the aquarium (30 x 15 x 20 cm),
which was divided into light and dark zones, and the
behavior of the zebrafish was observed for 5 minutes.
The anxiolytic effect was measured based on the time
the fish spent in the light zone of the aquarium; the

OH O
< o)
1/
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longer the time spent in the light area, the greater the
anxiolytic behavior and the less anxiety the zebrafish
had [25].

2.7. Involvement of the GAB Aergic System

The involvement of the GABAergic system was also
assessed by the previously described light and dark
test after pretreatment with flumazenil, a GABAa
antagonist [26]. Zebrafish (n=6/group) were pretreated
with FMZ (4 mg/kg; 20 pL; v.0). After 15 min, chalcone
(4, 20 and 40 mg/kg; 20 pL; p.o.) was administered.
3% DMSO (20 pL; v.o) was used as a control, and
Diazepam (4 mg/kg, 20 uL; v.0) was used as a GABA,
agonist. After 1 h of treatments, the animals were
submitted to the light/dark test described in the
previous section.

2.8. Anticonvulsant Effect

PTZ-induced seizure reversal was investigated by
Siebel et al. [27]. The animals (n = 6/group) were
treated with chalcone (4, 20 and 40 mg/kg; 20 uL; v.0.),
Diazepam (4 mg/kg; 20 uL;v.0.) and control (DMSO
3%; 20 pL; v.0.). After 1 h, the animals were
individually exposed to 7.5 mM PTZ, dissolved in water
in a 250 mL beaker, and convulsive behavior in three
stages was assessed: stage |, a drastic increase in
swimming activity; stage Il, whirlpool behavior; and
stage lll, convulsions similar to clonus, followed by loss
of posture when the animal fell to the side and
remained immobile for 1-3 s. At the end of the
evaluation of the three test stages, the animals were
euthanized on ice.

2.9. Assessment of GABAergic Neuromodulation in
Seizures

The fish (n = 6/group) were pre-treated with FMZ (4
mg/kg; 20 pL; v.0.) [13]. After 15 min, they were
treated with chalcone (40 mg/kg; 20 uL;v.0.), Diazepam
(4 mg/kg; 20 pL;v.0.) and control (3% DMSO; 20
pL;v.0.). After 1 h of treatment, the animals were
individually exposed to PTZ (7.5 mM) and the three
seizure stages were evaluated as described above.

2.10. Statistical Analysis

Results were expressed as mean values + standard
error of the mean for each group of 6 animals. After
confirming the normal distribution and homogeneity of
data, differences between groups were submitted to
analysis of variance (one-way ANOVA) and two-way
ANOVA in experiments with antagonists, followed by
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Tukey's test. All analyzes were performed using
GraphPad Prism v.8.0 software. The adopted statistical
significance level was 5% (P < 0.05).

2.11. Molecular Docking

To investigate the anxiolytic and anticonvulsant effect
of chalcone against the GABA receptor, molecular
docking simulations were performed, with the receptor
structure obtained from the Protein Data Bank
repository (https://www.rcsb.org/), PDB ID: 6HUP [28],
identified as "CryoEM structure of human full-length
alpha1beta3gamma2L GABA(A)R in complex with DZP
(Valium), GABA and megabody Mb38" [29]. Target
preparation was performed using the methodology
proposed by Mendes et al. [30], where residues were
removed, polar hydrogens and Gasteiger charges were
added [31] using the AutodockTools™ software [32].
50 independent simulations were performed and 20
poses each, using the Auto Dock Vina software [33],
configured to run the Lamarkian Genetic Algorithm
(LGA), Exhaustiveness 64 [34] and a simulation grid
centralized in the target to involve the entire protein
structure using the axes: 125.281 (x), 139.534 (y),
136.018 (z) and size: 126A (x), 100A (y), 126A (z)
(MENDES et al, 2023).To validate the docking
simulations, the redocking technique was performed
with the drug DZP co-crystallized in the GABA receptor
[17]. The statistical parameter RMSD (Root Mean
Square Deviation) with values up to 2.0 A [35] and
affinity energy, with values below -6.0 kcal/mol [36,37].
Data were analyzed using UCSF Chimera™ [38],
Pymol [39] and Discovery studio visualizer™ viewer
[40]. The Protein-Ligand Interaction Profiler (PLIP)
server [41] was used to visualize molecular interactions
and hydrogen bonds.

3. RESULTSAND DISCUSSION

3.1. Chemical Characterization

In the "H NMR spectrum (Figure 2), the signals at 7.56
(J= 14.0) and 8.00 (J= 15.6) are attributed to two
doublets referring to a, B unsaturated hydrogens,
whose coupling constant (J) confirms the E-
stereochemistry of the double bond. The signals at
8.00 (d, J = 11.2 Hz, H6"), 7.10 (d, J = 8.4 Hz, H3'),
7.54-7.79 (m, H4") and 7.01 (t, J = 7.5 Hz, HY') refer to
the aromatic hydrogens of the phenolic ring. While the
signals at 7.54-7.79 (m, H5), 6.85 (d, J = 3.4 Hz, H3)
and 6.62 (dd, J = 8.3; 2.6 Hz, H4) refer to the aromatic
hydrogens of the furan ring.
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Figure 2: 'HNMR spectrum (CDCls, 500 MHz) of chalcone (E)-3-(furan-2-yl)-1-(2-hydroxyphenyl)prop-2-en-1-one.

In the *C NMR spectrum (Figure 4), a signal refers to
a, B unsaturated carbonyl at 193.4. The ketone
absorbs at 203.8. However, the presence of a,
unsaturation causes a shift to a high field, and the likely
cause is charge shifting by the benzene ring or the
double bond, which makes the carbonyl carbon less
electron deficient. The a and Polefinic carbons are
136.1 and 118.5, respectively. At 163.6 (C-2'), 131.2
(C-4"), 129.6 (C-6"), 120.1 (C-1"), 118.8 (C-5') and
117.6 (C-3') are the signs referring to the carbons
present in the phenolic ring. While the signals at 151.6
(C-1), 145.4 (C-5), 117.1 (C-4) and 112.9 (C-3) refer to
the furan ring carbons (Table 1). In the infrared
absorption spectrum (Figure 6), the most characteristic
absorptions of chalcone are the conjugated ketone
(C=0) at 1638, the double bond (C=C) at 1581, the C-
O bond at 1258 and 1014 cm™ confirming the presence
of the furfuryl ring and the phenol (OH) stretch at 3129
cm” [42]. The structure of chalcone (E)-3-(furan-2-yl)-1-
(2-hydroxyphenyl)prop-2-en-1-one was determined by
interpreting 'H NMR spectra (Figure 2), *c (Figure 4)
and infrared (Figure 6), data obtained from 'H and "°C
NMR of chalcone are shown in (Table 1).

3.2. Acute Toxicity and Locomotor Activity

During the 96 h of analysis, one animal died per tested
dose, indicating that the sample was nontoxic to adult
zebrafish (LD50 > 40 mg/kg), and the agent did not
cause apparent anatomical changes in the animals
during this period (P >0.05). The animals' locomotion
was altered by chalcone at all concentrations
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[****p<0.0001 (4, 20 and 40 mg/kg)] and Diazepam (4
mg/kg) (****p<0, 0001), as the animals had significantly
reduced locomotor activity when compared to the
control group (F4 25 = 1.73; Figure 7).

The open field test evaluates anxiety-related behavior
since several behavioral parameters are analyzed,
such as distance covered and freezing. Decreased
locomotion may indicate effects related to central
nervous system depression [26]. The locomotor
behavior of adult zebrafish with the addition of
chalcone was evaluated. With this, it was possible to
observe that the fish had a reduction in locomotion
compared to the control (DMSO 3%) and behavior
similar to diazepam (Figure 7). Studies report that
anxiolytic drugs such as benzodiazepines and
chalcones reduce the locomotion of adult zebrafish in
the open field test [13,17,30].

3.3. Anxiolytic Effect

One-way ANOVA statistical analysis followed by Tukey
indicated that all doses of chalcone significantly
increased the time the animals spent in the light region
of the aquarium (* p <0.05, *** p <0.001 vs. Control)
(F4, 25 = 3.32; Figure 8), causing anxiolytic behavior
similar to the positive control DZP (4 mg/kg) (** p <0.01
vs Control).

The anxiety behavior of zebrafish is similar to that of
rodents, preferring dark environments in addition to
new environments that induce anxiety in animals [43].
The light/dark test was performed to evaluate the
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Table 1: 'H and '*C NMR Data of Chalcone (E)-3-(furan-2-yl)-1-(2-hydroxyphenyl)prop-2-en-1-one in CDClI3

C Sc(ppm) S (ppm)

1 120.1

2’ 163.6

3 117.6 7.10(d, J = 8,4 Hz)

4’ 131.2 7.54-7,79 (m)

5 118.8 7.02(t,J=7,5Hz)

6’ 129.6 8.00 (d, J = 11,2 Hz)
C=0 1934

1 151.6

2

3 112.9 6.85(d, J = 3.4 Hz)

4 1171 6.62(dd, J = 8.3; 2.6 Hz)

5 1454 7.54-7.79 (m)

Ca 118.5 7.56 (d, J =14.0 Hz)

Cs 136.1 8.00 (d, J = 15.6 Hz)

- 1923623
— 1635881
—151.5780
— 1854413
—136.3239
—131.1534
- 1296674

T T T T T T
180 160 140 120 100 80 [ppm]

Figure 4: 3C NMR spectrum (CDCls, 125 MHz) of chalcone (E)-3-(furan-2-yl)-1-(2-hydroxyphenyl)prop-2-en-1-one.

90



Journal of Pharmacy and Nutrition Sciences, 2025, Volume 15

—163.5881
—151.5790
—145.4413
—-13%6.32%

WMMWWWMW A

—131.15M
—129.667

—1129219

T T
160 150 o

130 120 110 Ippm]

Figure 5: 3C NMR spectrum expansion (CDCls, 125 MHz) of chalcone (E)-3-(furan-2-yl)-1-(2-hydroxyphenyl)prop-2-en-1-one.

Iy

7/
<t
[Te]
- o
b o [
§ S <+
T N
arl <
- - (3]
3 H LI
< = L]
m -
=
o 2 D
o %
2 g | ¢
< [=2]
~
(=]
N 2
& - 2
® U “
L 1 1 1 .////. | L 1 1 | 1 1 L 1 ' | L | 1 1
3600 3200 2800 1600 1400 1200 1000 800 600 400 200

Wavenumber (cm™)

Figure 6: Infrared spectrum of chalcone (E)-3-(furan-2-yl)-1-(2-hydroxyphenyl)prop-2-en-1-one in the spectral range from 3600

to 2400 cm ™" and 1750 cm™" to 40 cm™". mg/kg).

200 ek e
|
g 150+
S
£ 1004
c
‘é 501
i In
o A L
Control 4 20 40 DZP
Chalcone (mg/kg)

Figure 7: Effect of chalcone on locomotor behavior of adult
zebrafish in the Open Field Test (0—5 min). Values represent
the mean + standard error of the mean for 6 animals/group;
ANOVA followed by Tukey's test (****p<0.0001 vs. Control).
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anxiolytic effect of the sample on zebrafish, where the
animals increased their time in the light region of the
aquarium compared to the control (Figure 8), as they
were less anxious, and the result was superior to the
positive control - DZP, with 66.6% remaining in the light
by the group treated with chalcone at the highest dose
(40 mg/kg) and 64% remaining in the light by the group
treated with DZP, demonstrating a superior anxiolytic
effect.

3.4. Involvement of the GABAergic System

The investigation of the mechanism of action via
GABAergic neurotransmission was carried out with
pretreatment with flumazenil in the animals. Flumazenil
blocked the effect of chalcone at the highest dose (40
mg/kg) and DZP, as the pretreated animals spent most
of their time in the dark region of the aquarium (anxiety
behavior), a result significantly different from that
observed in groups treated only with the highest dose
of chalcone or DZP (# P < 0.05 vs. Chalcone or DZP;
Fs, 25 =12.14). The 20 mg/kg dose of chalcone also had
its effect partially blocked by pretreatment with
flumazenil (p > 0.05), unlike the lower dose (4 mg/kg)
of chalcone, which after pretreatment continued to
cause anxiolytic behavior in the animals (Figure 9).
These results indicate the involvement of GAB Aergic
neurotransmission in the anxiolytic effect of chalcone.

The mechanism of action related to the anxiolytic effect
of the sample was investigated using flumazenil, a
GABAA receptor modulator known to antagonize the
anxiolytic, sedative and hypnotic effects of
benzodiazepines [44,45]. These effects occur because
benzodiazepines increase the GABA response by
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potentiating the opening of GABA-activated CI-
channels, hyperpolarizing the intracellular environment,
and reducing neuronal excitability. Dysfunction of these
channels results in anxiety disorders and epilepsy [46].
The anxiolytic effect of chalcone at a dose of 40 mg/kg
was blocked by flumazenil, similar to what occurs with
DZP, which had its anxiolytic action blocked by the
antagonist (Figure 9C), reducing the time spent by
zebrafish in the clear zone of the aquarium, as they
were more anxious. That is, the anxiolytic effect of
chalcone may occur through interactions involving the
GABAergic system.

3.5. Involvement of the Serotonergic System (5-HT)

Serotonergic neuromodulation was investigated by
pretreatment with the antagonists pizotifen (5-HT and
5-HT,ac) and granisetron (5-HT3a/38). Both antagonists
blocked the anxiolytic effect of chalcone at the highest
dose (40 mg/kg) and of the positive control Fluoxetine
[# p<0.05 vs. Chalcone; #### p<0.0001 vs. FIx (40 and
0.05 mg/kg respectively)] (Figure 10; Fs 25 = 22.9 — A;
F5' 25 = 34.25 - B)

Serotonin (5-hydroxytryptamine; 5-HT) is a monoamine
neurotransmitter responsible for shaping mood,
emotion, and defensive, social, and anxiety behaviors
[47]. Anxiety behavior in the light-dark test is positively
associated with extracellular levels of 5-HT in the
zebrafish brain [24]. The results reveal that in addition
to chalcone being capable of causing anxiolytic
behavior by modulating the GABAergic pathway, as
shown in previous results, it also modulates the
serotonergic pathway, potentially acting on serotonin
receptors 1, 2, and 3. These results demonstrate the
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values represent the mean

standard error of the mean for 6 animals/group; (one-way ANOVA and two-way ANOVA in

experiments with antagonists) followed by Tukey's test (**** p<0.0001 vs Control; # p<0.05, #### p<0.0001 vs Chalcone or Fix).

relevance of this chalcone for new biochemical and
molecular studies that better clarify the mechanism of
action involved in this effect.

3.5. Anticonvulsant Effect

One-way ANOVA indicated that the three doses of
chalcone significantly delayed PTZ-induced convulsive
behavior in all three stages (*p < 0.05, ** p <0.01, ** p
< 0.001, **** p<0.0001 vs Control) when compared to
the control (3% DMSO), an effect significantly lower
than DZP (4 mg/kg) (#p <0.05, ### p <0.001, ## # #
p<0.0001 vs DZP), which delayed the onset of seizures
longer in the three stages (**** p<0.0001 vs Control)
(F4, 25 = 0.68 — Stage |; F4' 25 = 1.12 - Stage ||, F4' 25 =
1.43 — Stage lll; Figure 10).

These results were similar to those obtained in other
studies conducted with chalcones in adult zebrafish
[13,17]; however, hydroxychalcone did not delay PTZ-
induced seizures like Diazepam did. Mendes et al. [17]
reported that anticonvulsant compounds delay the
latency time to enter each stage of PTZ-induced
seizures. Therefore, heterocyclic hydroxychalcone may
be anticonvulsant, but higher doses may be necessary
to cause an effect similar to Diazepam. Hydroxy-
chalcone was responsible for delaying the tonic/clonic
stage of seizures (stage 3) by up to 49.9%, while DZP
delayed up to ~71% of PTZ-induced seizures.

3.6. Assessment of GABAergic Neuromodulation in
Seizures

The mechanism of action of the anticonvulsant effect of
chalcone at a dose of 40 mg/kg was investigated with
flumazenil. Pre-treatment with flumazenil blocked the
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anticonvulsant behavior of the animals caused by the
higher dose of chalcone and DZP in all three stages
(##H#HE p < 0.0001, ## p < 0.01 vs. chalcone or DZP).
These results indicate that the anticonvulsant effect of
chalcone occurs through GABAergic neurotransmission
similar to DZP (Fs, 25 = 61.21 — Stage |; Fs, 25 = 77.69 —
Stage ll; F5, 25 = 33.77 — Stage IllI; Figure 11).

Pentylenetetrazole is a convulsant that acts
allosterically on the GABA, receptor [48]. All doses of
chalcone analyzed (4, 20 and 40 mg/kg) delayed the
convulsive behavior induced by PTZ in the three stages
in zebrafish (Figure 11), a result considered partial
when compared to Diazepam (4 mg/kg), which also
increased the latency time for the onset of seizures in
the three stages when compared to the control. Other
studies show that chalcones have a possible
anticonvulsant effect [13,17]. These results corroborate
the data obtained from the mechanism of action of the
GABA, receptor with flumazenil (Figure 12),
demonstrating that there is an anticonvulsant action of
chalcone (40 mg/kg) on the GABAergic system since
the sample, as well as Diazepam, did not delay the
onset of convulsive crises in the three stages in
animals when pre-treated with flumazenil.

Although the results obtained provide relevant
information, this study has some limitations that should
be considered when interpreting the data. One of the
main limitations is the absence of dose-response
curves for all tests performed. These limitations do not
invalidate the findings of this study, but indicate the
need for more comprehensive future studies, with
optimized experimental protocols and complementary
approaches that allow a more detailed assessment of
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Figure 13: Complex interaction of the receptor GABA with Chalcone and Diazepam.

the effects of hydroxy chalcone and the mechanisms
involved.

Molecular Docking

Through the study of molecular docking, we observed
that the best poses of Chalcone presented an RMSD
value lower than the reference value (2.0 A), in the
order of 1,049 A, and the DZP presented a value in the
order of 0.016 A, remaining within ideality statistic.
Concerning affinity energy, the Chalcone/GABA and
DZP/GABA complexes showed values around -8.4
kcal/mol and -7.8 kcal/mol, respectively, indicating that
chalcone had a higher affinity when compared to
DZP.To evaluate the possible interaction through the
GABA receptor, a molecular docking study was
performed to determine the protein-ligand and protein-
protein interactions, thus being able to explain the
anxiolytic and anticonvulsant effects of chalcone
(KHAN et al., 2016).

Analyzing the interaction patterns, it was observed that
the Chalcone/GABA complex is formed by seven
hydrophobic interactions involving the residues Tyr 58C
(3.62 A), Phe 77C (3.49 and 3.65 A), Phe 100D (3.67
A), Thr 142C (3.94 A ), Tyr 160D (3.88 A), Tyr 210D
(3.66 A) and a strong H-bond with the residue Thr
207D (2.90 A).The binding site for Diazepam co-
crystallized between the C and D chains of the GABA
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receptor is formed by the residues Tyr 58C, Asn 60C,
Phe 77C, Phe 100D, His 102D, Ser 159D, Tyr 160D,
Glu 189C, Val 203D, GIn 204D, Ser 205D, Ser 206D
and Tyr 210D [49,50]. It was observed that Chalcone
bound in the same region as the binding site of
Diazepam, having in common interactions with
residues Tyr 58C, Phe 77C, Phe 100D and Tyr 210D,
being an indication of action like DZP (Figure 13).

Molecular docking results showed that chalcone had
lower affinity energy against the GABA receptor than
DZP, in addition to binding in the same region of the
Diazepam binding site, indicating a similar effect to the
reference drug. Therefore, the anxiolytic and
anticonvulsant effects of chalcone may be modulated
by GABA.

5. CONCLUSION

This study provides evidence that the chalcone
evaluated is non-toxic and has anxiolytic and
anticonvulsant effects in adult =zebrafish. The
GABAergic and serotonergic systems may be involved
in the effects of hydroxychalcone on anxiety. The
interaction of chalcone with the GABA receptor may
form a complex in the same binding region as
diazepam. The results obtained in this study have
relevant translational potential, as they provide
preliminary data that may support further investigations
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of the effect of heterocyclic hydroxychalcone on the
central nervous system in more complex biological
models. These findings corroborate the feasibility of
additional preclinical studies in mammals, contributing
to the understanding of the physiological effects of the
substance in organisms more similar to humans.
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