
Neurochemistry International 155 (2022) 105303

Available online 17 February 2022
0197-0186/© 2022 Elsevier Ltd. All rights reserved.

GABAA receptor participation in anxiolytic and anticonvulsant effects of 
(E)-3-(furan-2-yl)-1-(2hydroxy-3,4,6-trimethoxyphenyl)prop-2-en-1-one in 
adult zebrafish 

Francisco Rogênio Silva Mendes a, Antonio Wlisses da Silva b, 
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A B S T R A C T   

Anxiety is a mental disorder that affects 25% of patients with epilepsy, and treatments for anxiety and seizures 
involve the use of benzodiazepines, a class of drugs that have many adverse effects such as decreased motor 
coordination, drowsiness, and sedation. Thus, new types of drugs with minimal side effects are of immediate 
requirement. Chalcones comprise a class of compounds with important therapeutic potential and have recently 
been investigated for their potential as anxiolytic and anticonvulsant agents. Therefore, this study aimed to 
evaluate the anxiolytic and anticonvulsant effects of the synthetic chalcone (E)-3-(furan-2-yl)-1-(2hydroxy-3,4,6- 
trimethoxyphenyl)prop-2-en-1-one (FURCHAL) using adult zebrafish as an animal model. Anxiolytic potential 
was assessed using the light/dark test and the anticonvulsant effect in 3-stage pentylenetetrazol (PTZ)-induced 
seizure tests. The mechanisms of the anxiolytic effect were analyzed using γ-aminobutyric acid (GABA) and the 
serotoninergic system. The anxiolytic effect of FURCHAL was verified by a reduction in fish locomotion, similar 
to diazepam (DZP), which may involve the GABAA receptor, as there was no reversal in the anxiolytic behavior of 
animals treated with FURCHAL by serotonergic antagonists. In addition, pretreatment with flumazenil blocked 
the anticonvulsant effect of FURCHAL and DZP at all three stages, indicating that FURCHAL also has anticon-
vulsant effects and that the presence of the α,β unsaturated aromatic system and heterocyclic moiety in FUR-
CHAL provided greater affinity for the GABAA receptors. Molecular docking revealed that the interactions 
involved in the formation of the protein-binding complex FURCHAL-GABAA are formed by three H-bonds 
involving the oxygen atoms of FURCHAL, and notably, complexes operated in the same region of the DZP site. 
Thus, this study adds new evidence and highlights that FURCHAL can potentially be used to develop compounds 
with anxiolytic and anticonvulsant properties.   
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1. Introduction 

Anxiety is a mental disorder that is correlated with anxiety disorders 
in patients with epilepsy (Salpekar et al., 2020). Known as “forgotten 
psychiatric comorbidity” in epilepsy (Gandy et al., 2015; Kanner, 2016), 
anxiety disorders are reported to affect up to 25% of patients with epi-
lepsy (Testa and Brandt, 2010). Treatments for anxiety and seizures 
involve the use of medications, usually from the benzodiazepine class, 
which act via γ-aminobutyric acid (GABA) receptors. However, benzo-
diazepines have sedative, hypnotic, and muscle relaxant effects (Bux-
eraud and Faure, 2019; Perucca and Gilliam, 2012). Therefore, recent 
advances in the discovery and development of antiepileptic and anxio-
lytic biomolecules (Ferreira et al., 2021a,b; da Silva et al., 2021) have 
been carried out with an insight into structure-activity relationships 
through molecular docking (Jha et al., 2020). Thus, new types of drugs 
with anticonvulsant, anxiolytic potential, and minimal side effects are of 
immediate requirement. 

Heterocyclic rings are found in newly developed drugs such as 
captopril and diazepam (DZP), and when observing the structure of the 
drugs used in therapy, approximately 62% of them are heterocyclic (Dua 
et al., 2011). Heterocyclic chalcones have gained considerable attention 
because of their wide variety of pharmacological properties, including 
antioxidant, anticonvulsant, and anti-inflammatory effects (Tantawy 
et al., 2017). 

Chalcones are natural or synthetic compounds that have two aro-
matic rings in their structures joined by an α,β-unsaturation of the ke-
tone system, and as a carbon skeleton with several replaceable 
hydrogens, this structure can undergo several changes that result in 
different effects on biological systems. This class of compounds has been 
reported as exhibiting promising therapeutic potential mainly due to the 
ease of preparation, the potential of oral administration and safety, and, 
recently, as molecules that exert promising anxiolytic and anticonvul-
sant effects (Ferreira et al., 2020, 2021a,b; Xavier et al., 2021a,b). In 
addition, furan ring chalcones act as anti-Alzheimer agents in the central 
nervous system (CNS). Sashidhara et al. (2014) synthesized a new class 
of benzofuran hybrids containing chalcone as well as (E)-3-(2-ben-
zoyl-7-methyl-benzofuran-5-yl)-1-phenylprop-2-en-1-one, and these 
compounds of benzofuran possessed multifunctional roles in Alzheimer 
disease, capable of increasing the level of acetylcholine at synaptic 
junctions with decreased Aβ aggregation. 

The zebrafish animal model has many advantages in investigating 
anxiolytic and anticonvulsant activities. It offers the possibility of 
modeling pharmacological and genetic seizures in fish during the larval 
and adult stages (Gawel et al., 2020a; Jha et al., 2020; Tiraboschi et al., 
2020) and has a widely conserved behavioral repertoire, including 
anxiety-like behavior (Blaser and Rosemberg, 2012). Some studies 
present a detailed description of the advantages of zebrafish in 
biomedical research and, particularly, in epilepsy (de Abreu et al., 2020; 
Gawel et al., 2020b; Sakai et al., 2018). In addition, zebrafish show 
measurable locomotor seizures induced by drugs (after exposure to a 
proconvulsant drug) and spontaneous mutants with genes associated 
with epilepsy that are associated with electrographic seizure-like dis-
charges (Baraban et al., 2005). Locomotor parameters are essential for 
the pharmacological responses of zebrafish, through which it is possible 
to observe changes in basic locomotion (Moradi-Afrapoli et al., 2017). 
The pentylenetetrazol (PTZ)-induced seizure test is one of the most 
popular zebrafish seizure models. Therefore, this study aimed to 
evaluate the anxiolytic and anticonvulsant effects of the heterocyclic 
chalcone (E)-3-(furan-2-yl)-1-(2-hydroxy-3,4,6-trimethoxyphenyl)pro-
p-2-en-1-one (FURCHAL) using adult zebrafish as an animal model. 

2. Materials and methods 

2.1. Drugs and reagents 

Drugs/reagents used were Granisetron hydrochloride (Corepharma, 
Middlesex, NJ, USA), pizotifene maleate (Central Manipulation Phar-
macy, São Paulo, SP, Brazil), fluoxetine (Eli Lilly, Indianapolis, IN, USA), 
cyproheptadine (Evidence Soluções Farmacêuticas, Fortaleza, CE, 
Brazil), DZP, and PTZ (Sigma-Aldrich, Missouri, USA). Flumazenil was 
purchased from Roche Pharmaceutical (Welwyn Garden City, UK). 

2.2. Synthesis and chemical characterization of FURCHAL 

A description of the procedure for the synthesis of FURCHAL is 
shown in Scheme 1. (E)-3-(furan-2-yl)-1-(2hydroxy-3,4,6-trimethox-
yphenyl)prop-2-en-1-one) was synthesized using a Claisen–Schmidt 
condensation reaction in a basic medium. An ethanol solution of 2-hy-
droxy-3,4,6-trimethoxyacetophenone isolated from Croton anisodontus 
(Fig. 1) (2 mmol) was added to a solution of furan-2-carbaldehyde (2 
mmol), followed by the addition of 10 drops of 50% w/v aqueous NaOH 
and stirred for 48 h at 32 ◦C (Da Silva et al., 2020). FURCHAL was then 
filtered under reduced pressure, washed with cold water, dried, and 
recrystallized from ethanol, and then purity (100%) was checked by 
HPLC analysis (Fig. S1, Supplementary material). The structure of the 
heterocyclic chalcone was in agreement with the literature (Da Silva 
et al., 2020), being confirmed by analyzing 1H, 13C, and infrared spectra 
(Figs. S2–S6, Supplementary material), 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). Chro-
matographic evaluation was performed by HPLC (Agilent 1260 Infinity, 
Germany). 

2.3. Zebrafish 

Zebrafish (Danio rerio) (age 90–120 days; 0.4 ± 0.1 g, 3.5 ± 0.5 cm) 
of both sexes were purchased from a local store (Fortaleza, CE). The 
animals were kept in a 10-L glass aquarium (30 × 15 × 20 cm) at a 
temperature of 25 ± 2 ◦C, in 10–14 h (light/dark) cycles, with chlori-
nated water (pH 7.0, ProtecPlus®) using an air pump with submerged 
filters. Fish were fed (Spirulina®) 24 h before experiments. Before each 
treatment, animals were anesthetized in iced water, and following ex-
periments, they were euthanized by immersion in iced water (0–3 ◦C) for 
1 min or until loss of opercular movements. This study was approved by 
the Ethics Committee on the Use of Animals at the State University of 
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Ceará (CEUA-UECE; no. 04983945/2021), in accordance with ethical 
principles involving animal experiments. 

2.4. Acute toxicity assay 

A 96-h acute toxicity assessment was performed using adult zebrafish 
according to the guidelines of the Organization for Economic Coopera-
tion and Development (OECD, Amali et al., 2019). Animals (n =
6/group) were treated orally (20 μL) with FURCHAL (1.0, 3.0 or 10 
mg/kg) or vehicle (Control; DMSO 3%). After treatment, the animals 
were left to rest to analyze mortality rates. From 24 h to 96 h, the 
number of dead fish in each group was recorded, and the lethal dose 
capable of killing 50% of the animals (LD50) was determined using the 
mathematical method trimmed Spearman-Karber with 95% confidence 
intervals (Arellano-Aguilar et al., 2015). 

2.5. In vitro neurotoxicity 

For in vitro assays, FURCHAL was diluted to 0.2 M in sterile DMSO, 
and working solutions were prepared with sterile PBS to guarantee a 
maximum DMSO concentration of 0.5% in the experimental groups. 
Cytotoxicity of FURCHAL in PC12 cells was assessed by the MTT assay, 
as described elsewhere (Mosmann, 1983). Briefly, 105 cells/mL were 
plated into 96-wells plates with 10% FBS in Dulbecco’s modified Eagle’s 
medium (DMEM) overnight at 37 ◦C in a 5% CO2 atmosphere. After that, 
cells were treated with FURCHAL (1000–15.6 μM) for 24 h. The 
experimental groups were incubated with MTT (2.5 mg/mL) for 4 h, and 
DMSO was added to dissolve the formazan crystals. Optical absorbance 
was measured at 570 nm; 0.5% DMSO and PBS were used as negative 
controls. 

2.6. Open-field test 

To assess changes in the animals’ motor coordination, an open field 
test was performed (Ahmad and Richardson, 2013). Initially, the fish (n 
= 6/group) were treated orally (p.o.) with FURCHAL at doses of 1.0, 3.0, 
10 mg/kg, DZP (10 mg/kg), or vehicle (Control; 3% DMSO). A group of 
untreated animals was included (naive group). After 1 h of treatment, 
animals were added to glass Petri dishes (10 × 15 cm) containing the 
same aquarium water, marked with four quadrants, and analyzed for 

locomotor activity by counting the number of crossing lines (CL) by the 
animals. (Gonçalves et al., 2020). 

2.7. Anxiolytic activity 

Animal anxiety behavior was observed using a light/dark test. 
Similar to rodents, zebrafish naturally avoid lighted areas (Gonçalves 
et al., 2020). The experiment was carried out in a glass aquarium (30 cm 
× 15 cm × 20 cm) divided into light and dark areas. The aquarium was 
filled with chlorine-free tap water, which simulated a new shallow 
environment different from the conventional aquarium and capable of 
inducing anxiety behaviors. In animals (n = 6/group), 20 μL of FUR-
CHAL was administered orally at doses of 1.0, 3.0, and 10 mg/kg. 
Negative and positive control groups consisted of 3% DMSO and 10 
mg/kg DZP solution, respectively. An untreated group (naive) was also 
included. After 1 h, animals were individually placed in the clear zone, 
and the anxiolytic effect was measured based on the time spent in the 
clear zone of the aquarium within 5 min of observation. (Gebauer et al., 
2011). 

2.8. Evaluation of GABAergic and serotoninergic neuromodulation 

The mechanisms of action involved in the anxiolytic-like effect of 
FURCHAL were identified through pretreatment with flumazenil (a 
neutralizing modulator of positive modulators) and serotonergic an-
tagonists cyproheptadine (5-HTR2A antagonist), pizotifen (5-HTR1 and 
5-HTR2A/2C antagonist), and granisetron (5-HTR3A/3B antagonist) before 
the light/dark test (Benneh et al., 2017). Zebrafish (n = 6/group) were 
pretreated with flumazenil (4 mg/kg; 20 μL; p.o.), cyproheptadine (32 
mg/kg; 20 μL; p.o.), pizotifen (32 mg/kg; 20 μL; p.o.), or granisetron (20 
mg/kg; 20 μL; p.o.). After 15 min, the highest effective dose of FURCHAL 
(10 mg/kg; 20 μL; p.o.) found in the pilot test was administered (see the 
previous section); 3% DMSO (vehicle; 20 μL; p.o.) was used as a negative 
control. DZP (10 mg/kg, 20 μL; p.o.) and fluoxetine (0.05 mg/kg; i.p.) 
were used as GABAA and 5-HT agonists, respectively. After 1 h of 
treatment, animals were subjected to the light/dark test as described in 
the previous section. 

2.9. PTZ-induced seizure 

Reversal of PTZ-induced seizures has been investigated previously 
(Siebel et al., 2015). Animals (n = 6/group) were treated with FURCHAL 
(10 mg/kg; 20 μL; p.o.), DZP (10 mg/kg; 20 μL; p.o.), and vehicle (3% 
DMSO; 20 μL; p.o.). An untreated group (n = 6) was included (naive 
group). After 1 h, animals were individually exposed to 7.5 mM PTZ, 
dissolved in water in a 250 mL beaker, and the seizure-like behavior in 
three stages was evaluated: stage I, drastic increase in swimming ac-
tivity; stage II, swirl behavior; and stage III, seizures 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 stages of the 
test, animals were euthanized on ice. The mechanism of action was 
evaluated further. 

2.10. Involvement of the GABAergic system in seizures 

The fish (n = 6/group) received flumazenil (4 mg/kg; 20 μL; 20 μL; p. 
o.) (Ferreira et al., 2021a,b). After 15 min, they were treated with 
FURCHAL (10 mg/kg; 20 μL; p.o.) anticonvulsant, DZP (10 mg/kg; 20 

Scheme 1. Scheme of the synthesis of the heterocyclic chalcone.  

Fig. 1. Aerial parts of C. Anisodontus (A) 2-hydroxy-4,6-dimethoxyacetophe-
none (B). 
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μL; p.o.), and vehicle (3% DMSO; 20 μL; p.o.). An untreated group (n = 6) 
was included (naive group). After 1 h of treatment, the animals were 
individually exposed to PTZ (7.5 mM) and the three stages of seizure 
were evaluated as described above. 

2.11. Statistical analysis 

Results are expressed as mean values ± standard error of the mean 
for each group of six animals. After confirming normal distribution and 
homogeneity of the data, differences between the groups were subjected 
to analysis of variance (one-way ANOVA) and two-way ANOVA in ex-
periments with antagonists, followed by Tukey’s test. All analyses were 
performed using GraphPad Prism v.8.0 software. The level of statistical 
significance was set at 5% (P < 0.05). 

2.12. Computational procedures 

2.12.1. Computational details 
To carry out simulations, the codes used were Autodocktools™ 

(Huey et al., 2012), AutoDockVina™ (Trott and Olson, 2009), Avoga-
dro™ (Hanwell et al., 2012), Discovery Studio Visualizer™ viewer 
(Biovia, 2016), Gabedit 2.5.0 (Allouche, 2011), Marvin™ 19.8, 2020, 
(Csizmadia, 2019), PyMol (DeLano, 2020) and UCSF Chimera™ (Pet-
tersen et al., 2004). 

2.12.2. General docking procedures 
To investigate anxiolytic effects of the GABAergic system (Ferreira 

et al., 2020), the structure of the GABAA receptor was used (Protein Data 
Bank [PDB] code 6HUP), identified as “CryoEM structure of human 
full-length alpha1beta3gamma2L GABA(A)R in complex with DZP 
(Valium), GABA and megabody Mb38” (Xavier et al., 2021b). To 
investigate the anticonvulsant effect of FURCHAL, the structure of the 
enzyme carbonic anhydrase II (CAII) (PDB code 3F8E) was used, iden-
tified as “coumarins are a novel class of suicide carbonic anhydrase in-
hibitors” and co-crystallized with a TE1 inhibitor (da Silva et al., 2021). 
All protein structures were obtained from the PDB repository (htt 
ps://www.rcsb.org/), where all water molecules and Gasteiger 
charges were removed and essential hydrogen atoms were added (Yan 
et al., 2014). To perform molecular docking simulations, the AutoDock 
vina software was used (Trott and Olson, 2010), configured to run the 
Lamarckian Genetic Algorithm (LGA). To determine the simulation 
space, the grid boxes were centered to encompass all protein chains. For 
the simulations with the GABAA receiver, the grid box was centered at 
coordinates 125,281, 139,534, and 136,018 for the x, y, and z axes, with 
size parameters 126 Å, 100 Å, and 126 Å, respectively. For the CAII 
enzyme, the grid box was centered at coordinates − 8,086, − 0.658, and 
17.136 for the x, y, and z axes, respectively, with a dimension of 94 Å ×
96 Å × 106 Å. For each protein, 50 independent simulations were per-
formed, and 20 poses were obtained per simulation for both docking and 
redocking simulations (Marinho et al., 2020). To improve the partial 
refinement of the individual coupling calculations, the exhaustiveness 
criterion was set to 64, keeping the protein structure rigid, while all 
binding and twisting of the ligands were adjusted to rotate (Nguyen 
et al., 2017). The statistical parameter root mean square deviation 
(RMSD) was used as a selection criterion for the best pose, with ideal 
values being <2 Å (Yusuf et al., 2008). 

Regarding the stability of the complexes formed in the simulations, 
the affinity energy (ΔG) was used, which has as an ideality parameter 
value of < − 6.0 kcal/mol (Shityakov and Förster, 2014). Using the af-
finity energy values, the values of the inhibition constants (K1) (Equa-
tion (1)) of each complex were calculated (Kadela-tomanek et al., 2021). 

Ki= e(ΔG/RT) (1)  

where Ki is the inhibition constant, T is the absolute temperature (298 
K), R is the gas constant (8.32 J mol− 1K− 1), and ΔG is the binding free 

energy (in KJ.mol− 1). To assess the intensity of hydrogen bonds (H- 
bonding), values of the distances between the donor and receptor atoms 
of H-bonds were used, considering that interactions between 2.5 Å and 
3.1 Å are classified as strong, between 3.1 Å and 3.55 Å as average, and 
those with a distance >3.55 Å as weak (Imberty et al., 1991). To validate 
the simulations, redocking was performed with the drug DZP and the 
TE1 inhibitor, which were co-crystallized with the GABAA and CAII re-
ceptors, respectively. 

3. Results 

3.1. Cytotoxicity in PC12 cells 

As presented in Fig. 2, FURCHAL did not exhibit toxicity over the 
500–15.6 μM range. At higher concentrations, PC12 cell viability was 
reduced by approximately 28%. 

3.2. Acute toxicity and locomotor activity 

FURCHAL was considered nontoxic to adult zebrafish for up to 96 h 
(LD50 ˃ 10 mg/kg), as there were no deaths and the agent did not cause 
any apparent anatomical changes to the animals during this period (P >
0.05). The locomotion of animals was altered by FURCHAL [****P <
0.0001 and ####P < 0.0001 and DZP [****P < 0.0001 and ####P <
0.0001 (10 mg/kg)]. These data showed that animals exhibited reduced 
locomotor activity compared to the control groups (naive and vehicle, 
respectively) (Fig. 3). 

3.3. Anxiolytic evaluation 

FURCHAL (1, 3, or 10 mg/kg) increased (**P < 0.01 and ###P <
0.001 vs. naive and vehicle, respectively) the time animals spent in the 
clear region of the aquarium in the light/dark test (Fig. 4A). This effect 
was similar to that of DZP (10 mg/kg), a positive control. 

3.4. Evaluation of GABAergic and serotonin neuromodulation 

The mechanism of anxiety via GABA was determined by pretreat-
ment with flumazenil. The highest tested doses of FURCHAL and DZP 
(10 mg/kg) had anxiolytic effects, which were blocked (#P < 0.01 and 
##P < 0.01 vs. FURCHAL and DZP, respectively; Fig. 4B) by flumazenil, 
as the fish spent most of their time in the dark region of the aquarium, 
demonstrating anxiety behavior. 

Serotonergic neuromodulation was investigated by pretreatment 
with pizotifen (5-HTR1 and 5-HTR2A/2C antagonist), cyproheptadine (5- 
HTR2A antagonist), and granisetron (5-HTR3A/3B antagonist). Pizotifen, 

Fig. 2. Chalcone cytotoxicity in PC12 cells by MTT assay. Results are expressed 
as percentage of damaged cells ± S.E.M. *P < 0.05 vs. control group; V – 
vehicle group (DMSO 0.5%). 
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cyproheptadine, and granisetron did not reverse the anxiolytic behavior 
of animals treated with FURCHAL (10 mg/kg), but they reduced (# # # 

#P < 0.0001 vs. fluoxetine) the anxiolytic effect caused by fluoxetine 
(0.05 mg/kg) (Fig. 5A, B, and 5C). 

3.5. PTZ-induced seizure 

FURCHAL (10 mg/kg) reversed PTZ-induced convulsive behavior in 
the three stages (**P < 0.01, stage I; *P < 0.05, stages II and III), an 
effect similar to that of DZP (10 mg/kg), which also delayed the onset of 
seizures in three stages when compared to the control treatment (naive 
and vehicle) (Fig. 6). 

3.6. GABAergic system involvement in seizures 

The mechanism of the GABAA anticonvulsant action of FURCHAL 
was investigated by pretreatment with flumazenil. Fish treated with 
flumazenil and FURCHAL showed reversed convulsive behavior (#P <
0.01, stage I; P > 0.05, stage II; **P < 0.01, stage III), similar to the effect 
on animals treated with flumazenil + DZP, as they did not delay the 

onset of seizures in the three stages in the animals (#P < 0.05 vs DZP, 
stages I, II, and III) (Fig. 7). 

3.7. Molecular docking of FURCHAL-GABA 

Initially, RMSD was used for statistical validation of results of sim-
ulations of complex formation and the choice of the best pose. All sim-
ulations performed (docking and redocking) presented RMSD values 
below or close to 2 Å (reference value), highlighting the best poses of the 
FURCHAL-GABAA and DZP-GABAA complexes, which presented RMSD 
in the order of 1.284 and 1.02 Å, respectively. Regarding the affinity 
energy, the complexes FURCHAL–GABAA and DZP–GABAA (redocking) 
presented energies in the order of − 7.5 and − 7.4 kcal/mol, respectively, 
indicating that chalcone had greater affinity when compared to DZP. 
This was also corroborated by the pKi values, where the FURCH-
AL–GABAA complex presented a value in the order of 5.50 (Ki = 3.1601 
× 10− 6), which was higher than that of the DZP–GABAA complex ob-
tained by redocking [5.43 (Ki = 3.7415 × 10− 6)]. 

3.8. Molecular docking of FURCHAL–ACII 

The best poses of the FURCHAL–CAII and TE1–CAII (redocking) 
complexes presented RMSD in the order of 1,929 and 1,755 Å, 
remaining within statistical ideality. Regarding affinity energy, the 
FURCHAL–ACII and TE1–ACII (redocking) complexes presented energy 
in the order of − 5.9 and − 5.4 kcal/mol with inhibition constants in the 
order of 4.7109 × 10− 5 (pKi = 4.33) and 1.0959 × 10− 4 (pKi = 3.96) 
respectively, indicating that chalcone had a higher affinity than the co- 
crystallized inhibitor TE1. 

4. Discussion 

Neuronal cells have been used in the evaluation of neurotoxicity and 
neuroprotective effects of various substances, including the mouse 
pheochromocytoma cell line (PC12) commonly used in this context 
(Grau and Greene, 2012; Wiatrak et al., 2020). The toxicity of FURCHAL 
was measured in PC12 cells as described previously for other chalconic 
compounds, such as isoliquiritigenin, regarding its neuroprotective po-
tential (Yang et al., 2017). 

Ligustrazine-based chalcones prevent amyloid β-induced cytotox-
icity and aggregation in an in vitro model of Alzheimer disease, which 
was superior to that of reference drugs with low toxicity (Wang et al., 

Fig. 3. Effect of chalcone on the 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 
Naive; # # # #P < 0.001 vs Vehicle). 

Fig. 4. Anxiolytic effect (A) and anxiety mechanism (B) of chalcone in the light/dark test (0–5 min). 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 < 0.01; ****P < 0.0001 vs Naive; # # #P <
0.001 vs Vehicle; # #P < 0.01 vs chalcone or DZP). 
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2018). 
At nontoxic concentrations, chalcone O-carbamate derivatives are 

protective agents in an in vitro model of glutamate-induced cell death, 
while chalcone-triazole hybrids reduce damage in SH-SY5Y cells 

(Selvaraj et al., 2020; Sooknual et al., 2020). These findings reinforce 
the protective effect of chalcones and the low toxicity of these 
molecules. 

The behavioral pharmacology of chalcones in the CNS has been well 
reported in relation to anxiolytic activity (Mathew et al., 2019). Some 
chalcone derivatives bearing a furan ring in their structure, such as 

Fig. 5. Effect of pizotifen (A), cyproheptadine (B) and granisetron (C) on the 
anxiolytic effect of chalcone in the light/dark test. 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 Tobey’s test (****P 
< 0.0001 vs Naive or vehicle; # # # #P < 0.0001 vs chalcone or fluoxetine - Flx). 

Fig. 6. Effect of chalcone on pentylenetetrazol (3-stage)-induced seizure in 
adult zebrafish. Stage I (A), Stage II (B), Stage III (C). Values represent the mean 
± standard error of the mean for 6 animals/group; ANOVA followed by Tukey’s 
test (*P < 0.05, **P < 0.01, ***P < 0.001 vs Naive or vehicle). 
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Fig. 7. Effect of flumazenil (Fmz) on the anticonvulsant action of chalcone in the pentylenetetrazol-induced seizure test in adult zebrafish. Stage I (A), Stage II (B), 
Stage III (C). Values represent the mean ± standard error of the mean for 6 animals/group; (one-way ANOVA), and (two-way ANOVA in experiments with an-
tagonists) followed by Tukey’s test (**P < 0.01, ***P < 0.001 vs Naive or vehicle; #P < 0.05, # #P < 0.01 vs chalcone or DZP). 
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FURCHAL, act in CNS as anti-Alzheimer disease agents (Sashidhara 
et al., 2014). 

The depressant activity on the CNS was evaluated by open-field tests, 
which clearly identified a reduction in locomotion in fish treated with 
FURCHAL, similar to the results obtained with DZP exposure (Fig. 3). 
Assessment of the locomotor activity of animals is widely used to mea-
sure the level of CNS excitability; therefore, decreased locomotion is a 
result of CNS depression (Öztürk et al., 1996). Anxiolytic drugs and 
chalcones are reported to reduce adult zebrafish locomotion in open- 
field tests (Ferreira et al., 2019, 2020, 2021a,b; Gupta et al., 2014). 
No acute toxicity effects of FURCHAL were observed during the 96-h 
analysis in this study. 

The innate anxiety behavior of zebrafish is similar to that of rodents, 
preferring dark environments, in addition to new environments evoking 
anxiogenesis in these animals (Maximino et al., 2010). Thus, the 
light/dark test was used to assess the anxiolytic effect of chalcone in 
adult zebrafish, and the results showed that FURCHAL changed the 
anxiolytic behavior as it increased the animals’ permanence in the clear 
area of the aquarium, a result similar to the effect of DZP (Fig. 4A). In 
anxiolytic evaluations, after administration of anxiolytics, the fish spent 
more time in the light region of the aquarium, as they were less anxious 
and consequently had reduced locomotor activity in the light and dark 
test, as in the group of animals treated with DZP (Chaouloff et al., 1997; 
Ferreira et al., 2020). 

Classic benzodiazepines are widely used in clinical practice as sed-
atives, anxiolytics, and anticonvulsants, exerting their therapeutic ef-
fects through interactions with heteropentameric GABA receptors 
composed of two α, two β, and one γ2 subunit (Müller Herde et al., 
2017). Flumazenil is a modulator of positive and negative regulators 
(Khan et al., 2016). Potentiation at α1β2γ2L GABAA receptor subtype is 
blocked by flumazenil under conditions where flumazenil also inhibits 
the increase induced by DZP, indicating that FURCHAL induces poten-
tiation through the benzodiazepine-binding site (Fig. 4B). That is, the 
anxiolytic effect of chalcone can occur through interactions involving 
the binding site of benzodiazepines. Other chalcones also cause anxio-
lytic behavior in adult Zebrafish via GABA (Ferreira et al., 2019; M. K. A. 
Ferreira et al., 2021a,b). 

Recently, da Silva et al. (2021) showed that 2-hydroxy-3,4,6-trime-
thoxyacetophenone isolated from C. anisodontus (the starting material 
for the synthesis of chalcone used in this study) has anxiolytic effects via 
serotonergic (5-HT) neuromodulation in adult zebrafish. Thus, we 
investigated the possible role of 5-HT in the anxiolytic effects of the 
synthesized chalcone. In teleost fish such as zebrafish, the serotonergic 
system follows the general pattern of vertebrates: serotonergic cell 
bodies are located mainly in the hindbrain, in the raphe nucleus 
(Backström and Winberg, 2017). The mechanism of action of 5-HT was 
investigated using the antagonists pizotifen (5-HTR1 and 5-HTR2A/2C 
antagonist), ciproheptadine (5-HTR2A antagonist), and granisetron 
(5-HTR3A/3B antagonist). There was no reversal in the anxiolytic 
behavior of animals treated with FURCHAL by serotonergic antagonists, 
unlike the anxiolytic effect of fluoxetine, which was reversed by pizo-
tifen, cyproheptadine, and granisetron (Fig. 5A, B, 5C). Thus, the anxi-
olytic effect of synthesized FURCHAL may not be related to 5-HT 
neuromodulation, unlike the starting material (2-hydroxy-3,4,6-trime-
thoxyacetophenone). When comparing structures, it was observed that 
the presence of the α,β-unsaturated system and the heterocyclic moiety 
in FURCHAL provided greater affinity for GABAA receptors (Ferreira 
et al., 2019, 2021a,b). 

Zebrafish with elevated anxiety exhibited greater susceptibility to 
PTZ-evoked crises (Canzian et al., 2021). The anticonvulsant effect of 
FURCHAL chalcone was investigated using PTZ as a seizure inducer in 
adult zebrafish, which showed that chalcone exhibits an anticonvulsant 
effect on PTZ-induced seizures (Fig. 6A, B, and 6C). Agents that are 
effective against PTZ-induced seizures can inhibit the absence of sei-
zures (Vida, 1995). Thus, chalcone can be effective in treating this type 
of seizure. 

PTZ triggers seizures due to its antagonism on GABAA receptors in 
the CNS (Huang et al., 2001). Thus, FURCHAL chalcone and DZP 
increased the latency time for the onset of PTZ-induced seizures, espe-
cially in stages II and III, which are similar to clonic behavior (main 
measured seizure phenotype). 

Zebrafish are used as an animal model for seizures because they have 
fully developed brain regions with neurotransmitters and a blood–brain 
barrier that are crucial in epileptogenesis. (Banote et al., 2013). In vitro 
evidence indicates that chalcones can cross the blood–brain barrier (Bai 
et al., 2019). We investigated the association of DZP and chalcone on 
GABAA receptors in PTZ-induced seizures in adult zebrafish using flu-
mazenil as a GABAA antagonist. The data showed that pretreatment with 
flumazenil blocked the anticonvulsant effects of FURCHAL and DZP at 
all three stages, indicating that the anticonvulsant effect of FURCHAL 
may involve GABAergic neuromodulation of the GABAA receptor 
(Fig. 7A, B, and 7C). 

In addition, a molecular docking study was carried out to assess 
possible interactions that might explain the anxiolytic and anticonvul-
sant effects of FURCHAL. Molecular docking studies are important for 
determining protein–ligand and protein–protein interactions (Halim 
et al., 2013; Iftikhar et al., 2017; Khan et al., 2016). 

Regarding interactions involved in the formation of protein-binding 
complexes, it was possible to identify that the FURCHAL-GABAA com-
plex was formed by three H-bonds of high intensity involving the oxygen 
atoms of FURCHAL and Ser 205D (1.80 Å and 1.84 Å) and Thr 207D 
(2.08 Å) residues, and two interactions with the Tyr 58C residue, one of 
the (ΔG)-stacking type (4.41 Å) (involving the residue and aromatic 
rings) and a hydrophobic interaction (3.45 Å). The DZP–GABAA complex 
obtained by redocking was formed by two H-bonds involving the Ser 
205D residue (2.94 and 3.16 Å), a halogen-bond type interaction with 
His 103D (3.82 Å), and seven hydrophobic interactions involving resi-
dues Phe 77C (3.47 Å), Tyr 160D (3.56 Å), Val 203D (3.95 Å), Tyr 160D 
(3.38 and 3.86 Å), and Phe 100D (3.83 and 3.92 Å). Notably, FURCHAL 
complexes in the same region of the DZP site interact with residues of 
chains C and D and with residue Tyr 58 of chain C (Fig. 8). 

Brain pH plays a vital role in epilepsy, and pH changes directly affect 
seizure generation and severity (Mishra et al., 2018). Generally, alka-
losis promotes the spread of crises, while acidosis blocks/stops the 
generation of crises (Ruusuvuori and Kaila, 2014). It is well established 
that carbonic anhydrase (CA) modulates numerous neuronal signaling 
mechanisms associated with various CNS disorders, including epilepsy 
(Mishra et al., 2018). pH buffering between the extracellular and 
intracellular spaces is driven by CO2 and HCO3

− ; the regulation of both 
components is under the control of CA that catalyze the reversible 
conversion of CO2 and H2O into H+ and HCO3

− (Mishra et al., 2016), AC 
have emerged as an emerging target to control epileptic seizures, and 
some potent AC inhibitors are used clinically to control various types of 
seizures (Aribi and Stringer, 2002). For this reason, an in silico study of 
AC with the FURCHAL chalcone was performed. An evaluation of in-
teractions involved in complex formation showed that the FURCH-
AL–CAII complex was formed by four H-bonds: three of which are of 
strong intensity involving oxygen atoms of the chalcone and residues 
Asn 62A (2.52 Å), His 64A (2.52 Å), and Asn 67A (2.93 Å) and an 
average bond with the residue Gln 92A (3.55 Å), and two hydrophobic 
interactions involving the residues Ile 91A (3.66 Å) and Leu 198A (3.89 
Å).The TE1–CAII complex is formed by only two hydrophobic in-
teractions (Ile 91A [3.66 Å] and Gln 92A [3.60 Å]) and an H-bond of 
average intensity with the residue Arg 58A (3.34 Å) (Fig. 9). From the 
interactions involved in the formation of the complexes, we can observe 
that both complexes interact in the same region, having in common the 
residues Ile 91A and Gln 92A, noting that the interaction of chalcone 
with CAII occurs predominantly by H-bond of strong intensity, while the 
TE1 inhibitor interacts with only one H-bond of average intensity. 
Studies have shown that CAs influence the activity of GABAA through 
HCO3

− in the brain, mainly involving CAII and CAVII. Moreover, the 
standard drug for inhibiting CA (Carbonic Anhydrase) also inhibits 
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PTZ-induced seizures in animal models (Mishra et al., 2018), which is 
similar to the results obtained with FURCHAL. Therefore, the anticon-
vulsant effect of chalcone may be modulated by both GABAA and CAII. 

5. Conclusion 

The study showed that the FURCHAL chalcone caused anxiolytic 
effects in animals and that the GABAA receptor may be involved in such 
effects. The synthesized chalcone, in addition to presenting anxiolytic 
effects, also demonstrated anticonvulsant effects via GABAA and CA, as 
confirmed by a binding/activity study. 
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