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Introduction: 2ʹ-Hydroxychalcone is universally acknowledged as a Chinese medicine monomer featured by aromatic properties, 
exhibiting anti-inflammatory and antioxidant effects. As a consequence, the study emphasis was placed on the anti-inflammatory, anti- 
oxidative and exercise capacity reinforcement effects of 2ʹ-Hydroxychalcone on Danio rerio young fish under the action of CuSO4. 
Simultaneously, research endeavors were made to delve into how functional changes of target affect the inflammation and exercise 
capacity of Danio rerio young fish.
Methods: Upon mating breeding, mature transgenic zebrafish and type AB zebrafish expressing red fluorescent macrophages T g 
(mpeg1:m Cherry) were cultured for 72 h and exposed to 12.5, 6.25, 3.14 and 0uM 2ʹ-Hydroxychalcone, respectively, for three hours 
of pretreatment, which were subsequently incubated in CuSO4 at 20uM concentration for 12 h. A diverse array of test indexes was 
hereby utilized, encompassing the migration of red fluorescent-labeled macrophages, levels of inflammatory cytokines, zebrafish 
behavioral motility, and gene expression patterns correlated with oxidative stress and mitochondrial biogenesis, to assess the drugs’ 
efficacy in alleviating inflammation.
Results: 2ʹ-Hydroxychalcone anti-inflammatory target protein was found by adopting the bioinformatics method. Its effect on 
zebrafish behavior ability and the change trend of oxidative stress index were explored by changing the functional state of the target, 
such as changing the functional activity of the target by micro-injection technology. As indicated by the results, 2ʹ-Hydroxychalcone 
could hinder the migration of macrophages and the mitochondrial function of CuSO4. Apart from that, 2ʹ-Hydroxychalcone could 
lessen the level of inflammatory factors and oxidative stress. In addition, 2ʹ-Hydroxychalcone conspicuously hindered the expression 
of interleukin-1β and interleukin-TNF-α, and lowered the expression of COX2. An augment in the levels of the target protein TRPV1 
was observed during inflammation.
Discussion: The experimental findings validated the anti-inflammatory and anti-oxidant activities of 2ʹ-Hydroxychalcone and 
preliminarily confirmed the effect of the target on the behavior and oxidative stress level of zebrafish.
Keywords: 2ʹ-hydroxychalcone, CUSO4, mitochondrial biogenesis, oxidative stress reaction, behavior analysis system, ROS

Introduction
Chalcones, a distinctive class of organic compounds featured by their α, β-unsaturated carbonyl system, have captured 
enormous attention in the field of pharmacology attributable to their broad spectrum of biological activities. It is 
particularly noteworthy that these distinctive compounds serve as essential precursors in the biosynthetic pathway of 
flavonoids within plants. More importantly, their synthetic derivatives have been the focal point of extensive laboratory 
studies, aiming to explore and utilize their therapeutic potential across a vast spectrum of medical applications. The 
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intricate association between the chemical structure of different chalcone derivatives and their interaction with biological 
targets is a realm of research that continues to captivate scientists worldwide.

Among a multitude of pharmacological activities attributed to chalcones, their potential as anti-inflammatory agents 
stand out prominently. These compounds primarily exert their anti-inflammatory effects by specifically targeting and 
inhibiting the key mediators of the inflammatory response, such as cyclooxygenase, prostaglandin E2, inducible nitric 
oxide synthase, and nuclear factor κB. Researchers have meticulously probed into the structure–activity relationships 
(SARs) of chalcone derivatives to optimize and reinforce their efficacy as anti-inflammatory agents. Cutting-edge 
computational methods have been instrumental in determining the optimal orientation of chalcone scaffolds against 
critical enzymes like cyclooxygenase-1 and cyclooxygenase-2, which are paramount for the formation of stable and 
effective enzyme-inhibitor complexes.1

In the realm of cancer research, chalcones have emerged as promising candidates for anti-cancer agents. For instance, 
through meticulous chemical modifications, 2-hydroxy-4-alkoxy chalcone derivatives have been synthesized and subse-
quently assessed for their cytotoxic activity against a wide spectrum of human tumor cell lines. These derivatives have 
demonstrated the ability to induce apoptosis through the mitochondrial pathway, which evidently underlines their 
enormous potential as potent anticancer agents. Quantitative structure–activity relationship (QSAR) studies have offered 
golden insights, illustrating that the presence of the α, β-unsaturated carbonyl double bond and the planar structure of 
chalcones are pivotal for their biological activity.2

On top of that, chalcones have been investigated for their potential role in overcoming drug resistance, which is 
a significant challenge in cancer therapy. They have been identified as inhibitors of P-glycoprotein, a multi-drug 
resistance efflux transporter that is normally responsible for the lessened effectiveness of chemotherapy drugs. 
Relevant scholars have synthesized revolutionary chalcone derivatives and probed deep into their ability to hinder the 
efflux of daunomycin, a common chemotherapy agent, thereby demonstrating remarkable activity in this context. The 
pharmacophoric features that influence the inhibitory activity against P-GP include hydrogen bond acceptors, methoxy 
groups, and hydrophobic groups, which conduct a crucial role in the design of more effective chalcone-based inhibitors.3

One of the principal mechanisms by which chalcones exert their anti-inflammatory effects involves the inhibition of 
cyclooxygenase (COX) enzymes, with a particular emphasis on COX-2, which serves as a pivotal player in the 
inflammatory process. As correlated studies have demonstrate, chalcone derivatives can selectively hinder COX-2 
activity, thereby reducing the production of pro-inflammatory prostaglandins.4 In particular, chalcones have been 
reported to suppress the expression of inducible nitric oxide synthase (INOS) and the production of nitric oxide (NO), 
both of which are involved in the inflammatory response.5

Another pivotal pathway targeted by chalcones is the nuclear factor kappa-light-chain-enhancer of activated B cells 
(NF-κB) signaling pathway. NF-κB is a transcription factor that regulates the expression of multifarious pro- 
inflammatory cytokines and enzymes. Chalcones have been demonstrated to hinder the activation of NF-κB, thereby 
lowering the expression of inflammatory mediators such as tumor necrosis factor-alpha (TNF-α) and interleukin-1 beta 
(IL-1β).6,7 This inhibitory effect is frequently attained by suppressing upstream kinases and impeding the nuclear 
translocation of NF-κB.

Aside from that, chalcones have been found to possess antioxidant properties, which contribute to their anti- 
inflammatory effects. By lowering oxidative stress, chalcones can further mitigate inflammation and protect tissues 
from damage.8 The combination of these mechanisms makes chalcones versatile agents in the management of inflam-
matory conditions.

As a consequence of its unique advantages and versatility, the zebrafish (Danio rerio) has emerged as a crucial model 
organism in numerous fields of biomedical research. Zebrafish have been extensively utilized, primarily in the realm of 
vertebrate development research, with a particular focus on the cardiovascular system. The ability to monitor heart 
contraction and cytosolic calcium oscillations in zebrafish has offered innovative insights into cardiac physiology and 
pharmacology. For instance, relevant studies have suggested that dopamine and verapamil can alter calcium signaling and 
muscle contraction in anesthetized zebrafish, highlighting the model’s utility in studying cardio-pharmacological 
responses.9
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Other than cardiovascular research, zebrafish are favourable to facilitate the study of neurodevelopmental disorders. 
The model’s genetic tractability and the ability to recapitulate human disease phenotypes render it an exceptional tool for 
understanding the genetic underpinnings of these disorders. Recent advancements have fixed their attention on modeling 
neurodevelopmental disorders in zebrafish, exploring early brain development, gene expression modulation, and pheno-
type characterization. This research holds immense significance for the development and evaluation of potential 
therapeutic compounds.10

Zebrafish constitute a highly potent model for investigating the metabolism of both endogenous compounds and 
xenobiotics. The conservation of enzymes involved in these metabolic processes between zebrafish and humans makes 
them an ideal system for investigating the physiological, pharmacological, and toxicological roles of cytosolic sulfo-
transferases (SULTs). This exploration lays a robust foundation for further investigating SULTs’ involvement in home-
ostasis and detoxification processes.11

Moreover, zebrafish have been adopted to dig into the role of autophagy in skeletal development and disease. The 
zebrafish model, with its advantages such as high fecundity and optical transparency, tremendously facilitates the 
examination of developmental processes and genetic mutations. Research in this domain is directed towards identifying 
potential therapeutic targets for skeletal disorders, thereby underscoring the zebrafish’s significance in the fields of 
developmental biology and disease research.12

Altogether, the zebrafish model system continues to be a valuable tool in a diverse array of research domains, offering 
insights into vertebrate biology and disease mechanisms. Its applicability in high-throughput screening and drug 
discovery further highlights its enormous potential in translational research.

In some sense, the anti-inflammatory effects of chalcone derivatives are associated with the release inhibition 
of inflammatory mediators, such as nitric oxide, TNF-α, and interleukin-1beta, all of which are generated through 
lipopolysaccharide-stimulated macrophages.13 The effect may stem from the concurrent suppression of multi-
farious inflammatory mediators or the activation of transcription factors,14 such as NFKB, AP-1, which regulate 
the inflammatory response by direct inhibition.15,16 Nowadays, chalcone has been proven to activate endogenous 
cytoprotective pathways and amplify its anti-inflammatory effects.17,18 Likewise, polyphenolic compounds such as 
curcumin and caffeic acid benzene exhibit cytoprotective properties. The ethyl ester of these compounds, which 
induces HO-1 and requires the activation of the transcription factor Nrf2, further contributes to cytoprotecting.19,20

This research is dedicated to probing into the anti-inflammatory, anti-oxidative and oxidative effects of CuSO4-induced 
2ʹ-Hydroxychalcone on zebrafish, and to investigating factors influencing the behavior and oxidative stress of zebrafish.

Materials
2ʹ-Hydroxychalcone and copper sulfate were sourced from Shanghai Tao Shu Biotechnology Co., Ltd. (CAS 1214477); 
RAW264.7 cells were purchased from Shanghai Ming jin Biotechnology Co., Ltd. Sigma-Aldrich 7631. Rapid RNA extraction 
kit was provided by Chengdu Dongsheng Science and Technology Co., Ltd. (NB304-2). Reverse transcription reagent and 
fluorescence quantitative reagent were sourced from Seq-Hunt biotechnology CA01-100 and AF01-5; IL-1β. TNF-α enzyme- 
linked immunosorbent assay kit was provided by Beijing Hua Bo Biotechnology Co., Ltd., Beijing, HBDY-91117O2, HBDY- 
2212O2. The TRPV1 agonists and inhibitors were purchased from Shanghai Tao Shu Biotechnology Co., Ltd. (CAS 
16561298, CAS 331395), DMSO and 3-Aminobenzoate Methanesulfonic Acid Co., Ltd. All the aforementioned reagents 
were stored at −20°C, and the working solutions were prepared by diluting with 0.1% DMSO on the day of the experiment.

Equipment
The hereby-used apparatus included an SZX16, Olympus, Tokyo, Japan; 6-well plate, a BIOFIT, Guangzhou, China; 
a Centrifuge 5425 R. Germany, USA; a zebra fish behavioral analysis system (DANIOVISION, GHAMHER, Tokyo, 
Japan); Zebrafish micro-injection system (SZX10, Olympus, Tokyo, Japan). Zebrafish incubators, etc.

Experimental Methods
Selection of Experimental Animals
In line with the ARRIVE guidelines, the key aspects concerning animal models for in vivo experiments include:
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1. Ethical Statement: In accordance with the European Union’s animal protection laws, zebrafish embryos and larvae 
within five days of birth are not considered animals and can thus be employed as substitutes for mammalian 
testing, adhering to the 3R principles (Replacement, Reduction, Refinement);

2. Study Design: Cultivation is conducted in aquariums with freshwater and ventilation, with the water temperature 
maintained at 28°C, and a light cycle of 14 hours of illumination followed by 10 hours of darkness. Zebrafish 
larvae are fed twice daily. Prior to further experimentation, juvenile fish are typically examined under 
a microscope to ensure normal morphological development.21 The night prior to when experimental embryos 
are required, one or two mature males are paired with two females in individual tanks, to facilitate mating and 
ensure spawning takes place the following day. The resulting embryos are initially quality-checked under 
a stereomicroscope, with only those of acceptable quality retained for further culture in an aquarium for 72 hours.

3. Description of experimental animals: This study utilizes larvae (within 5 days post-fertilization) derived from 
matings of mature AB wild-type zebrafish and T g (mpeg1:m Cherry) transgenic zebrafish (over 6 months post- 
fertilization). These animals were provided by the zebrafish experimental center at the Cheng bei campus of 
Southwest Medical University.

Screening of CuSO4 Concentration Effects
Zebrafish larvae were subjected to a range of CuSO4 solution concentrations in their embryo culture water for a duration of for 
6 hours to induce inflammation. Untreated and treated larvae were used as control (n = 30) and experimental (n = 30) groups, 
severally.22

Zebrafish larvae were initially exposed to dissimilar concentrations of 2ʹ-Hydroxychalcone solution for 6 hours to 
screen for early toxic doses, followed by co-incubation with CuSO4 to determine long-term concentrations. Untreated 
and treated larvae were categorized as control (n = 30) and experimental (n = 30) groups, respectively.

Bioinformatics Analysis
Prediction of 2ʹ-Hydroxychalcone Target Genes
The Swiss Target Prediction database (http://www.swisstargetprediction.ch/)23 and the SUPERPRED database (https:// 
prediction.charite.de/index.php)24 were utilized to identify the target genes of the 2ʹ-Hydroxychalcone monomeric com-
pounds. The conditions were set as follows: targeting Homo sapiens, and duplicate entries were removed to facilitate the 
generation of a final list.

Prediction of Inflammation-Related Genes
Online Mendelian Inheritance in Man (OMIM) (https://www.omim.org/) was employed for this experiment25 Disease 
Gene Interaction (DISGENET) (https://www.disgenet.org/)26 and GENECARDS (http://www.genecards.org/)27 inflam-
matory-related genes were screened. The criteria were established with “inflammation” as the principal keyword, and any 
redundant genes were subsequently eliminated.

Crossover of Targets Between Active Ingredient and Disease
By using Venny (https://bioinfogp.cnb.csic.es)28 potential target genes associated with 2ʹ-Hydroxychalcone and inflam-
mation were analyzed to identify overlapping targets between the bioactive components and the disease.

Protein–Protein Interaction (Protein–Protein Interaction, PPI)
STRING (https://string-db.org/)21 was employed to investigate the overlapping associations between 2ʹ-Hydroxychalcone 
target genes and inflammation. The conditions were set for Homo sapiens, with a confidence score cutoff of ≥0.400 
(medium confidence) as the threshold for association.

Target Network Construction
The compound target network was constructed by employing the visualization software CYTOSCAPE (https://cytoscape.org/)29 

to more effectively illustrate the correlations between 2ʹ-Hydroxychalcone and inflammation. The common target genes of 
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2ʹ-Hydroxychalcone and inflammation were employed as network nodes. Subsequently, the connections among these nodes were 
among these nodes were depicted by drawing lines to construct an interconnected target network.

Analysis of Gene Ontology and Pathway Enrichment
GO and KEGG analyses were conducted by adopting annotations, visualizations, and the Database30 for Annotation, 
Visualization, and Integrated Discovery (DAVID) (https://david.ncifcrf.gov/home.jsp)31 The software displayed the top 
30 entries determined through computational analysis. A P-value of less than 0.05 was used to indicate statistical 
significance.

Molecular Docking
The 2D structure of the small molecular ligand was retrieved from the PubChem database (http://pubchem.ncbi.nlm.nih.gov/)32 

and the 2D structure was input into the Chem Office 20.0 software to form the 3D structure, which was saved as a mol2 file. 
Following the above steps, the crystal structure of TRPV1 protein constructed by AlphaFold was selected as the molecular 
docking receptor by employing UNIPROT database. Molecular Operating Environment 2019 software was adopted to minimize 
the compound energy, pre-treat the target protein, and spot the active pocket. At last, molecular docking was performed by 
utilizing MOE 2019, with the docking protocol configured to execute 50 iterations. The binding affinity of the interactions was 
assessed on the basis of the calculated binding energies. The outcomes were visualized by utilizing PyMOL2.6.0 and Discovery 
studio 2019 software.

Molecular Dynamics Simulation
Small molecules were prepared by adopting AmberTools22 to implement the GAFF force field, while Gaussian 16 was 
utilized for hydrogenation and RESP charge calculation. The potential data derived were incorporated into the topology 
file for molecular dynamics simulations, which were performed at a static temperature of 300 K and atmospheric pressure 
(1 bar). On top of that, the force field was Amber99sb-ildn, the solvent was water molecules (Tip3p water model), and 
the total charge of the simulation system was neutralized by adding the appropriate number of Na+ ions. The molecular 
dynamics simulation system initially minimized the energy by employing the steepest descending method. Subsequently, 
equilibrium simulations were carried out using the isothermal-isobaric ensemble (NVT) and the isothermal-isobaric 
ensemble (NPT), with a coupling constant of 0.1ps and a duration of 100ps. In the end, the free molecular dynamics 
simulation was carried out in 5,000,000 steps, with each step having a length of 2 fs, resulting in a total simulation time 
of 100 ns. Subsequent to the simulation, the trajectory analysis was performed by adopting the software’s proprietary 
tools to calculate the root mean square variance (RMSD), root mean square fluctuation (RMSF), and the radius of 
gyration for each amino acid. These calculations were complemented with MMGBSA free energy estimates and free 
energy landscape data.33

Cell Culture
RAW264.7 cells were cultivated for culture in complete medium enriched with 10% fetal bovine serum and incubated at 
37°C in an atmosphere containing 5% carbon dioxide. Following a period of 72 hours, the medium was refreshed, and 
the cells were gently detached when the cells reached 70–80% confluence. They were subsequently suspended and 
evenly distributed into a 96-well plate for another 24 hours of culture, so as to assess whether the cell count could satisfy 
the experimental requirements. Cells in the inflammatory group were cultured in medium containing LPS (100 ng/mL) 
without penicillin-streptomycin solution for 6 hours, while at the same time point, the medium of the control cells was 
replaced without any further treatment. In the inflammatory treatment group, the cells were treated with drug for 4 h, and 
the cell supernatant was subsequently collected after 6 hours of inflammatory stimulation with LPS.

Screening of the Medicine Monomer 2ʹ-Hydroxychalcone
By adopting RAW264.7 macrophages, an anti-inflammatory TCM monomer library (MCE, Shanghai, China) was 
purchased and screened for monomeric anti-inflammatory drugs through the construction of an inflammatory model. 
The level of TNF-α in the cell culture supernatant was detected by employing a double-antibody sandwich method. 
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Afterwards, the specimen was added to microplate wells coated with TNF-α antibodies, then combined with a detection 
antibody labeled with horseradish peroxidase, forming an antibody-antigen-enzyme-labeled antibody complex. After 
thoroughly washing, the TMB chromogenic agent was added to facilitate color development. The TMB-ELISA substrate 
system turns blue under the catalysis of HRP enzyme and then turns yellow under the action of acid. The intensity of the 
color is directly proportional to the concentration of TNF-α in the sample. The absorbance is measured at a wavelength of 
450 nm by employing a microplate reader, and the content of TNF-α in the sample is calculated in accordance with the 
standard curve. The intensity of the color demonstrates positive association with the TNF-α in the sample.34

Induction of Inflammatory Changes by CuSO4 Under Drug Influence
Statistical Changes in Transgenic Fluorescent Macrophages
Transgenic fry was distributed in 6-well plates (divided into 5 groups: control group (PBS), model group (20 µmol/mL 
CuSO4), and three drug groups (CuSO4 + 12.5 µmol/L 2ʹ-Hydroxychalcone, CuSO4 + 6.25 µmol/L 2ʹ-Hydroxychalcone, 
CuSO4 + 3.13 µmol/mL 2ʹ-Hydroxychalcone). Each group comprises 30 juvenile fish. Additionally, a minimum of three 
parallel repeat experiments are conducted. The duration of the pre-treatment remains consistent with previous proce-
dures. In order to facilitate the statistical analysis of macrophage changes, CuSO4 is introduced to induce a 12-hour 
period prior to data collection.

Quantitative Analysis of Reactive Oxygen Species (ROS)
In this experimental study, we utilized a ROS (Reactive Oxygen Species) detection kit to measure the ROS levels in 
zebrafish belonging to the control group, model group, and treatment group. The experimental procedure was carried out 
as follows: ① First and foremost, the three groups of zebrafish—control, model, and treatment—were exposed to 2ʹ- 
hydroxychalcone solution for a duration of 24 hours. With regard to post-treatment, the zebrafish were incubated with 
10μM DCFH-DA (2ʹ,7ʹ-dichlorofluorescein diacetate) in the dark for 30 minutes, enabling DCFH-DA to enter the 
zebrafish and undergo oxidation into DCF (dichlorofluorescein), thereby marking the internal ROS.② Subsequent to 
incubation, the surviving zebrafish were rinsed three times with PBS (phosphate-buffered saline) to remove unincorpo-
rated DCFH-DA, with strict light avoidance during the process to prevent degradation of DCFH-DA and DCF under light 
exposure. ③ Afterwards, they were anesthetized with 0.16% M%-222, a commonly used zebrafish anesthetic, so as to 
maintain the stability of the zebrafish during subsequent imaging. ④ After anesthetizing and stabilizing the zebrafish, 
a fluorescence microscope was utilized to capture images of each larvae’s side. ⑤ These images documented the 
fluorescence signals of ROS production within the zebrafish. ⑥ The Image-Pro Plus software was utilized to perform 
quantitative analysis of fluorescence intensity. ⑦This software enabled us to extract fluorescence intensity data from the 
collected images, allowing us to compare the differences in ROS levels among the control, model, and treatment groups. 
⑧ Consequently, we assessed the impact of 2ʹ-hydroxychalcone on ROS production in zebrafish and its potential 
therapeutic effects in the treatment group.

Changes of Motor Behavior of Larvae Upon 2ʹ-Hydroxychalcone Exposure
The grouping of zebrafish and the number of individuals in each group were as previously specified. To gain a clearer 
understanding of the impact of 2ʹ-Hydroxychalcone on the motor behavior of zebrafish, we conducted alternating light- 
dark experiments within a 24-hour period following CuSO4 induction.

Expression of Inflammatory Factors
Determination of Inflammatory Factor Expression
In this section, zebrafish grouping and quantity remained unchanged in line with the instructions of the tissue extraction 
kit. To induce the “inflammatory storm phenomenon” in early zebrafish, juvenile fish were pretreated with varying 
concentrations of 2ʹ-Hydroxychalcone, followed by CuSO4 induction for 12 hours, after which total RNA was extracted. 
Gene primers were designed and compared through the NCBI website and synthesized by Beijing Gene Chem Co., Ltd., 
with primer sequences detailed in Supplementary material 1. The PCR reaction procedure was meticulously performed in 
accordance with the step-by-step instructions provided by the reagent manufacturer.

The changes of inflammatory proteins and oxidative stress in zebrafish were measured in a systematic manner.
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The approach entails pre-treating juvenile zebrafish with dissimilar concentrations of 2ʹ-Hydroxychalcone, followed 
by a 12-hour induction with CuSO4, after which the fish are homogenized in cold saline. The additional details remain 
consistent with the procedures previously outlined. The homogenate is subsequently centrifuged at 4°C at 5000 rpm for 
10 minutes to collect the supernatant, which is subsequently utilized for the following analyses. Inflammatory cytokines 
such as IL-1β and TNF-α, as well as redox indicators encompassing GR, GST, GPX, and COX2, are measured in line 
with the kit instructions. The assessment of inflammatory mediators is conducted by evaluating their gene expression 
levels.

Determination of the Damage Effect of CUSO4 on the Functional Morphology of Mitochondria
① The zebrafish grouping and treatment methods (quantity) will still coincide with the previous setup, which was 

actualized by utilizing the expression of the ATP synthase subunit 1β gene to reflect the basic functional state of the 
mitochondria.

② Changes were observed in mitochondrial morphology by utilizing transmission electron microscopy. 

Wild-type zebrafish were distributed in 6-well culture plates (divided into 5 groups), which comprise a control group 
(PBS), a model group (CuSO4), and three drug groups (CuSO4 + 12.5 uM 2ʹ-Hydroxychalcone), (CuSO4 + 6.25 uM 2ʹ- 
Hydroxychalcone), (CuSO4 + 3.13 uM 2ʹ-Hydroxychalcone). Each group consisted of 30 juvenile fish. It is noteworthy 
that the experiments were conducted in parallel and repeated for a minimum of three times.

Specific operational steps for transmission electron microscopy are detailed in Supplementary material 2.

The Function Alteration of Target TRPV1 on Zebrafish Behavior, ROS, and Macrophage Migration
① Wild-type larvae were incubated to 72 hours post-fertilization and then divided into five groups of 30 larvae each. 

TRPV1 agonist PMA was prepared at concentrations of 0, 10, 50, 100, and 200 uM, separately. The solution was 
administered into the yolk sacs of the larvae through micro-injection, with an injection volume of approximately 2–3 nl. 
Subsequent to injection, each group of larvae was immersed in embryo culture water, and 24 hours later, a behavioral 
screening experiment was conducted. (To eliminate any errors arising from the injection process, the embryos were 
carefully screened post-injection, and only healthy larvae were selected for inclusion in the experiment) ② Likewise, 
the concentrations of the TRPV1 inhibitor CA were selected as 0, 10, 20, 50, and 100 uM, severally. These were injected 
into the yolk sacs of juvenile fish to observe behavioral changes. Quality control checks were also conducted on the 
injected juvenile fish. 

③ To identify for the optimal drug concentration, we subjected ten juvenile fish, randomly selected from each of the 
aforementioned groups, to both ROS staining and macrophage migration analysis. This allowed us to assess how 
alterations in TRPV1 function affect ROS levels. Each experimental group was tested no fewer than three times.

Probing deep into how the interaction between 2ʹ-Hydroxychalcone and its target affect inflammatory 
changes
The study is designed to delve into how 2ʹ-Hydroxychalcone affect target interactions in the context of inflammatory 
changes. To ascertain the expression of target genes under inflammatory conditions, juvenile fish were categorized into 
five distinct groups (control injection group, model injection group, and three groups treated with different drug 
concentrations). The control group was injected with PBS as a reference. Each group consisted of 30 fish. Micro- 
injection was performed on the yolk sac by utilizing the selected concentrations of agonists or inhibitors as reference 
quantities. After a 24-hour period, macrophage migration and ROS staining were observed under a microscope, with the 
experiments being conducted in triplicate at a minimum to ensure reproducibility.

Statistical Analysis
Data statistical analysis was conducted by employing GraphPad Prism 9 (La Jolla, USA, www.graphpad.com). Afterwards, 
the research findings are presented as mean ± SD unless otherwise specified. Normal distribution was first analyzed by 
employing the Shapiro–Wilk test, followed by the Bartlett or Levene test for homogeneity of variances. Statistical significance 
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was evaluated by adopting two-tailed unpaired Student’s t-tests or one-way ANOVA. When the data deviate from a normal 
distribution, the non-parametric Kruskal-Walli’s test is applied, followed by paired Mann–Whitney U-tests. In this experiment, 
there is one control group and multiple treatment groups. When comparing each treatment group to the control group, the 
preferred approach to controlling experimental error rates is the application of the DMRT test. Statistical significance is 
established in all analyses when the p-value is less than 0.05 (indicated by: *p < 0.05, **p < 0.01, ***p < 0.0001).

Results
2ʹ-Hydroxychalcone Drug Concentration Screening
Elisa kit was employed to measure the concentration of TNF-α inflammatory factors in serum, serving as an indirect indicator of 
the anti-inflammatory properties of traditional Chinese medicine monomer. As demonstrated in Figure 1, the expression of LPS 
TNF-α exhibited a marked augment, demonstrating conspicuous up-regulation in contrast to the control group (P < 0.0001).

Biological information analysis section (2ʹ-Hydroxychalcone and inflammatory) is uploaded as Supplementary 
material 3.

138 target genes for 2ʹ-Hydroxychalcone were identified in Supplementary material 4.

A comprehensive search of the OMIM, DISGENET, and GENECARDS databases yielded 22,059 genes associated 
with inflammation in Supplementary material 5.

Screen for the Concentration of Action of 2ʹ-Hydroxychalcone
The concentration of 2ʹ-Hydroxychalcone was determined grounded in the lethal curve of zebrafish, during which the MTC 
of 2ʹ-Hydroxychalcone was found to below 25 uM (Figure 2A). At a concentration of 25 uM, 2ʹ-Hydroxychalcone and the 
CuSO4 group showed approximately 90% mortality after 48 hours, while the CuSO4 model group had about 75% mortality. 
The mortality rate was approximately 30% at a concentration of 12.5 uM, around 50% at 6.25 uM, and nearly 70% at 3.13 
uM, whereas the CuSO4 model group consistently exhibited a mortality rate of about 75% (Figure 2B).

Figure 1 The expression of TNF-α protein in control group, model group and drug group were detected by Elisa kit. **** Denotes P < 0.0001.
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The Effect of 2ʹ-Hydroxychalcone on the Accumulation of
Inflammatory Cells and Oxidative Stress Resulted from CuSO4
As suggested in Figure 3A, the majority of macrophages remained in the ventral trunk in the control group. As exhibited in 
Figure 3B, the macrophages in zebrafish larvae exposed to CuSO4 for 6 hours actively migrated from the ventral trunk to the 
ventrolateral area. The number of ventrolateral fluorescent-labeled macrophages was counted subsequent to the above steps. It 
was determined that the inflammation inhibition rate achieved with 12.5 uM of 2ʹ-Hydroxychalcone could reach up to 60% 
(Figure 3C). Upon comparing the fluorescence intensity between the control group and different drug groups, it was noted that 
the control group displayed the faintest green fluorescence, while the CuSO4 group showed the most intense fluorescence. The 
fluorescence intensity lowered as the concentration of 2ʹ-Hydroxychalcone increased, as suggested in Figure 3D. Statistical 
analysis by adopting ImageJ software demonstrated that the oxidative stress ROS levels in zebrafish revealed a progressive 
abatement with the augment of drug concentration (Figure 3E).

Figure 2 Determination of the effective and safe concentration of 2ʹ-Hydroxychalcone. (A) Cumulative mortality rates after 6 h exposure to dissimilar concentrations of 
2ʹ-Hydroxychalcone. (B) Protective effect of 2ʹ-Hydroxychalcone on zebrafish larvae treated with CuSO4 for 72 h. Each group consisted of 30 zebrafish larvae, with each 
experiment repeated no fewer than three times.
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Figure 3 2ʹ-Hydroxychalcone Inhibits CuSO4-Induced Macrophage Migration and ROS Production. (A) Red fluorescence spots of macrophages. (B) Quantitative analysis of 
ventral disc inflammatory cells (yellow dashed line). (C) Inhibition rate of inflammation. (D) Green fluorescence area. (E) Semi-quantitative analysis of the green fluorescence 
area. *P < 0.05 compared to CuSO4, **P < 0.01 compared to CuSO4, ***P < 0.001 or P < 0.05 compared to CuSO4 respectively, ****P < 0.0001 compared to the control 
group. Each group has N = 30. Each group has 3 replicates.
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The Effect of 2ʹ-Hydroxychalcone on the Expression Levels of Inflammatory Cytokine 
mRNAs and Proteins
As demonstrated in Figure 4A and B, after induction by CuSO4 (20 uM), the expression levels of IL-1β and TNF-α were 
dramatically higher than those of the control group (P < 0.05). Under the influence of different concentrations of 2ʹ- 
Hydroxychalcone, the expression levels of IL-1β and TNF-α mRNAs were strikingly lower than those of the CuSO4 group 
(P < 0.05). As illustrated in the results of Figure 4C, compared with the control group, the protein concentration of IL-1β in the 
CuSO4-exposed samples was noticeably increased (P < 0.05). In different exposure concentrations of 2ʹ-Hydroxychalcone, 
the protein levels of IL-1β stemmed from CuSO4 were all lessened, with 12.5 uM 2ʹ-Hydroxychalcone remarkably decreasing 

Figure 4 Effects of 2ʹ-Hydroxychalcone on the expression of inflammatory cytokine mRNAs and proteins. Zebrafish larvae at 72 h post-fertilization were treated with 
CuSO4 and 2ʹ-Hydroxychalcone (0, 3.13, 6.25, 12.5 u (M) for 6 hours. (A) Expression of IL-1β was assessed by utilizing QRT-PCR; (B) Expression of TNF-α was assessed by 
utilizing QRT-PCR; (C and D) ELISA assay was employed to detect the expression of IL-1β and TNF-α.*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001 when compared to 
CuSO4. Each group consisted of 30 samples, with three replicates per group.
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the CuSO4-induced protein levels of IL-1β. Similarly, as depicted in Figure 4D, the protein concentration of TNF-α in the 
CuSO4-exposed samples was strikingly higher in comparison with the control group (P < 0.05). In the groups exposed to 6.25 
uM and 12.5 uM of 2ʹ-Hydroxychalcone, there was a noticeable abatement in CuSO4-induced TNF-α expression (P < 0.05).

Effect of 2ʹ-Hydroxychalcone on the Behavior of Zebrafish Spawned from CuSO4
The observed abnormal behavioral activities encompassed cell sac opening or closure, yolk absorption, arrhythmia, and 
other such manifestations. For this reason, the changes of mean velocity, mean distance of motion and rotation angle of 
larvae under light and dark stimulation were hereby analyzed to dig into the effect of 2ʹ-Hydroxychalcone exposure on 
light and dark sensitivity. In Figure 5A and B, the mean velocity of larvae exposed to 20uM CuSO4 was substantially 
lowered in response to stimulation at high and low velocities at light-dark rhythm in comparison with the control group 
(P < 0.05). Simultaneously, the average speed of larvae was strikingly legated when treated with 6.25uM and 12.5uM 2ʹ- 
Hydroxychalcone (P < 0.05). These observations jointly illustrated that CuSO4 exposure hindered the sensitivity of 
larvae to light, suggesting the emergence of a hysteresis reaction. The zebrafish larvae exhibited a recovery in their light- 
dark responses, accompanied by an augment in movement distance (P < 0.05). Aside from that, under the influence of 
CuSO4, the rotation angle of the zebrafish was observed to be in a decreasing trend, as demonstrated in Figure 5C. 
Nevertheless, the rotation angle was recovered under the action of different concentrations of 2ʹ-Hydroxychalcone. 
Figure 5D and E display heat maps and trajectory maps through the zebrafish behavioral system, which illustrates 
substantial distinctions in performance under drug action.

Effect of 2ʹ-Hydroxychalcone on Oxidative Stress in Zebrafish
In this section, the expression levels of GRs, GSTs, GPXs and COX2s were assessed and compared to look into the effect 
of 2ʹ-Hydroxychalcone on oxidative stress in zebrafish. Figure 6A–D present the effect of 2ʹ-Hydroxychalcone on the 
gene levels of GR, GST, GPX and COX subsequent to CuSO4 induction. As exhibited in the Fig. s, the levels of GR, 
GST and GPX in the 20uM CuSO4 model decreased while those of COX increased (P < 0.05). The levels of GRs, GSTs 
and GPXs in 6.25uM and 12.5uM 2ʹ-Hydroxychalcone groups were dramatically increased, while those of COXs were 
noticeably lessened (P < 0.05).

Effects of CuSO4 on Mitochondrial Morphology, Mitochondrial ATP Synthase Beta and 
Target TRPV1
As illustrated in Figure 7A, transmission electron microscopy reveals a homogeneous distribution of cytoplasm within 
the muscle tissue sections of zebrafish sections, characterized by fractured and dissolved myofibrils. The light-dark band 
structures are distinct, myofilaments are densely packed, and sarcomeres exhibit symmetry. Mitochondria (M, green) 
exhibit intact membranes, slightly deeper matrix density, well-defined cristae, and scattered distribution. Sarcoplasmic 
reticulum (Spr) demonstrates no expansion. Z-lines (Z) and H-bands (H) are fractured and misaligned. On the contrary, 
Figure 7B exhibits slightly paler cytoplasm in muscle tissue, discontinuous myofibril structures, partially visible light- 
dark band structures, and dense myofilaments. Mitochondria (M, green) retain intact membranes, yet their matrix appears 
sparse and dissolved, with numerous fractured cristae remaining scattered. Sarcoplasmic reticulum (Spr) is notably 
expanded, and Z-lines (Z) and H-bands are fractured. In Figure 8A and B, the expression levels of the ATP synthase β 
gene are utilized to indirectly reflect changes in mitochondrial biogenesis function and the expression levels of TRPV1 
under inflammatory conditions. In contrast to the control group, the model group treated with 20 µmol/mL CuSO4 
revealed a remarkable abatement in ATP synthase β levels and a striking augment in TRPV1 levels (P < 0.05).

Effect of 2ʹ-Hydroxychalcone-Related Target TRPV1 on Zebrafish Behavior, ROS and 
Macrophage Migration
As demonstrated in Figure 9A and B, at 120 h, compared with the control group, the moving distance and moving speed 
reached the optimal state (P > 0.05) when the concentration of PMA was 50uM, which did not have a great adverse effect 
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Figure 5 2ʹ-Hydroxychalcone effect of exposure on swimming behavior of zebrafish larvae. 
Notes: (A and B) Under the dark light cycle of 50 min at 72 h, the swimming distance and the traveling speed of zebrafish juvenile under 2ʹ-Hydroxychalcone exposure. (C) Effect of 
2ʹ-Hydroxychalcone on path angle of juvenile zebrafish at 72 h; (D and E) The effect of 2ʹ-Hydroxychalcone on the motion trajectory and motility of zebrafish at 72 h. **P < 0.01.

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S510195                                                                                                                                                                                                                                                                                                                                                                                                   4821

Shen et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



on zebrafish themselves, and was suitable for subsequent experimental concentration. Similarly, the concentration of 
inhibitor CA was set to (0, 10, 50 and 100uM), and the treatment was the same as before, as depicted in Figure 9C and D.

Green fluorescence intensity in the presence of PMA50uM and CA100uM was detected after ROS staining, as 
revealed in Figure 10A and B, with no effect on zebrafish themselves at this agonist concentration and inhibitor 
concentration in contrast to the control group (P > 0.05). Similarly, in Figure 10C and D, macrophage migration numbers 
did not differ remarkably between groups (P > 0.05).

Figure 6 A-6D:2ʹ-Hydroxychalcone counteracted the effects of oxidative gene arrival. (A) Expression of GPX; (B) Expression of GR; (C) Expression of GST; (D) 
Expression of COX-2. CuSO4 served as positive control, while untreated larvae were utilized as control group. The data presented are the means ± standard deviation (SD) 
from three independent experiments, with n = 30 per set. *P < 0.05; **P < 0.01;***P < 0.001 compared to CuSO4.
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Changes of Target TRPV1 Functional State
Changes of 2ʹ-Hydroxychalcone Inflammatory State Stemmed from CuSO4
TRPV1 agonist PMA was utilized to enhance its function, and the change level of ROS was detected by grouping, as 
depicted in Figure 11A and B. In comparison to the control group, the fluorescence intensity of CuSO4 group exhibited 
a remarkable augment (P < 0.05), while the value of drug group demonstrated a decrease as the concentration increased. 
As demonstrated in Figure 11C and D, the same inhibitor CA was divided into groups to detect the ROS level upon 
micro-injection of 100uM. In contrast to the control group, the ROS level in the model group increased (P < 0.05), and 
the drug group markedly decreased with the augment of the concentration (P < 0.05).

Transgenic macrophages were employed to monitor cell migration. Under agonist intervention, as suggested in 
Figure 12A and B, the number of macrophage migration in the model group increased in contrast to the control group, 
while that of macrophage migration in the drug group gradually decreased with the augment of drug concentration. 
Under the effect of the inhibitor, as illustrated in Figure 12C and D, the model group exhibited a conspicuous augment in 
macrophage migration in contrast to the control group (P < 0.05). Conversely, the macrophage migration gradually 
decreased in the drug group with the elevation of drug concentration (P < 0.05).

Possible Mechanisms of Inhibition of CUSO4-Induced Inflammatory Response by 2ʹ-Hydroxychalcone
Excessive intake of CuSO4 gave rise to mitochondrial damage in tissues and organs, ultimately triggering an oxidative 
stress response that resulted in the generation of a substantial amount of ROS. Hence, a large amount of inflammatory 
factors IL-1β and TNF-α were finally released by inducing the continuous production of NLRP3. As an anti- 
inflammatory Chinese medicine monomer, the presence of 2ʹ-Hydroxychalcone not only hindered the production of 
ROS but also lessened the degree of oxidative stress response, which could also exert certain influence on the functional 
change of the binding membrane protein target TRPV1 to facilitate the occurrence and development of the inflammatory 
state in Figure 13.

Figure 7 Transmission Electron Microscopy Image. (A and B) The mitochondria in muscle tissues of zebrafish were collected by utilizing transmission electron microscope. 
Note: The green circular area represents the visible region of mitochondria.
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Discussion
As a naturally occurring compound, 2ʹ-Hydroxychalcone displays anti-inflammatory and antioxidant effects, which can 
not only activate protective cellular pathways but also can serve as potential therapeutic strategies. Antioxidant, free 
radical scavenging, and anti-inflammatory effects of 2ʹ-Hydroxychalcone have been established across a wide spectrum 
of experimental models.28,35 It is highly ubiquitous in natural sources such as hops, plants and broccoli.36 The unique 
chemical structure of the compound potently stimulates the Phase II detoxification enzyme family, thereby contributing 
to its potential as an anticancer agent.37

In practical terms, as already demonstrated by several research findings, pre-treatment of animals with phase II 
enzyme inducers mitigates the risk of chemically induced cancer. Interestingly, day-taking of dry broccoli buds alleviates 
oxidative stress, hypertension and inflammation in rats,38 demonstrating the benefits and diversity of specific plant 
constituents. The anti-inflammatory properties of chalcone derivatives have undergone extensive investigation, and cell 

Figure 8 Effect of CuSO4 on gene expression of mitochondrial synthase beta and target TRPV1. (A and B) The expression of ATPase and TRPV1 was detected by QRT- 
PCR. *P < 0.05, **P < 0.01 compared with CuSO4. Each group N = 30. Each group was set up with three replicates for the experiments.
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experiments have suggested that their effects appear to be associated with the suppression of inflammatory mediators, 
such as nitric oxide (NOs) and tumor necrosis factor a (TNF-α) produced by lipopolysaccharide (LPS) stimulated 
macrophages.39 Afterwards, CuSO4 was employed to stimulate the inflammatory response in zebrafish, which in turn 
generated TNF-α and IL-1β. 2ʹ-Hydroxychalcone was employed to ameliorate the inflammatory state, mitigate the 
massive release of inflammatory factors and lower the oxidative stress response (Figures 4–6).

Subsequently, 51 potential anti-inflammatory targets of 2ʹ-hydroxychalcone monomer compounds were identified by 
conducting network pharmacological analysis. Network maps revealed TRPV1 and 5HTR as two pivotal targets, 
potentially serving as target genes. As an anti-inflammatory monomer, its consistently comprises a single component, 
thereby eliminating the interference of other components and offering guidance for uncovering its subsequent mechanism 
of action. The results of the KEGG pathway enrichment analysis showed that aside from enriching pathways that affected 
the metabolism of organisms, the 2ʹ-hydroxychalcone monomer compounds also targeted TRPs family-related pathways 
tightly correlated with the development of inflammation (Supplementary material 3).

Figure 9 Screening target agonist concentration or inhibitor concentration through behavioral analysis system analysis. (A–D) Untreated larvae were used as control, and the 
screening results of agonists and inhibitors in 4 groups were used. Data from three independent experiments were repeated. Compared with the control group. *P < 0.05; 
****P < 0.0001.
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TRPV1 was initially cloned from the transient receptor potential channel family, and its expression was validated by 
adopting calcium imaging-based assays.40 It is particularly noteworthy that TRPV1 not only distributes in neuronal 
cells,41 but its functional TRPV1 channels also exist in some non-neuronal tissues, such as human skin epidermal 
keratinocytes,42 gastric epithelial cells,43 urinary tract epithelial cells and smooth muscle epithelial cells.44 Its functional 
channel comprises the homo- or isomers of four single subunits.45 As a crucial ion channel, it is involved in the 
perception of pain and plays a pivotal role in the progression of inflammatory hyperalgesia.46,47 Studies have demon-
strated that knockout of the TRPV1 gene in mice prevents the development of thermal hyperalgesia during inflammation. 
On top of that, pharmacological investigations with capsaicin and potent TRPV1 antagonists have consistently confirmed 
comparable effects. As a result, the real significance of TRPV1 was the potential target of new analgesics and anti- 
inflammatory drugs. In particular, the analysis of bioinformatics technology revealed that the anti-inflammatory Chinese 
medicine monomer 2ʹ-Hydroxychalcone and through the application of molecular docking technology, the target TRPV1 
exhibited a strong correlation and demonstrated a low binding energy. Simultaneously, the findings derived from the 

Figure 10 Screening for appropriate concentrations of agonists and antagonists to judge the migratory status of macrophages in transgenic zebrafish by employing ROS 
staining analysis. (A and B) Results of screening with an agonist at a concentration of 50 μmol/L and an antagonist at a concentration of 100 μmol/L, with untreated larvae 
serving as controls. (C and D) Statistical analysis of ROS and the number of migratory macrophages by adopting ImageJ. Each set of data was repeated a minimum of three 
times. N = 30.
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molecular dynamics simulation results demonstrated that the anti-inflammatory Chinese medicine monomer 2ʹ- 
Hydroxychalcone and the target TRPV1 had a stable effect between TRPV1 and the small molecule 2ʹ- 
Hydroxychalcone as well as a tight structure (Supplementary material 3). Apart from that, there was a potential target 
for anti-inflammatory drugs, which could be utilized to delve into how changing the functional state of the molecule 
affects the physiological and biochemical factors of zebrafish in the inflammatory state.

Figure 11 Effect of 2ʹ-Hydroxychalcone exposure on ROS levels in zebrafish under target functional changes. (A and B) ROS on a black background after exposure to 2ʹ- 
Hydroxychalcone produced green fluorescence; (C and D). Quantitative analysis of ROS generation subsequent to 2ʹ-Hydroxychalcone exposure. “**” “***” and 
“****”denote the significance level of pelt; 0.01, p < 0.001 and p < 0.0001.
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Figure 12 The effect of 2ʹ-Hydroxychalcone exposure on transgenic zebrafish macrophage levels was assessed by changing the target function. (A and B) Quantitative 
analysis of stem macrophage migration following exposure to 2ʹ-Hydroxychalcone; (C and D) Statistical analysis of inflammation suppression rate after 2ʹ-Hydroxychalcone 
exposure in contrast to control group.”**” “***” and “****denoting the significance level of pelt; 0.01; P < 0.001 and P < 0.0001. 
Note: The purpose of the yellow box is to indicate the midline position on the abdomen of zebrafish, thereby marking the migration of macrophages.
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Excessive copper exposure has been proven to bring about oxidative stress, inflammation and liver injury.48,49 It is 
pivotal to note that there is a vicious cycle of oxidative stress and inflammation in hepatotoxicity.50 Oxidative stress, 
normally spawned from direct copper exposure51 and augmented ROS release on account of phagocyte activation, can 
give rise to DNA damage and cellular injury, thereby exacerbating tissue damage. The AP-1 and NF-κB signaling 
pathways up-regulate inflammatory cytokines and chemokines by releasing increased ROS bringing about inflammation. 
Oxidative stress and inflammation are crucial components of copper-induced toxicity. For this reason, the discovery of 
novel, safe therapeutics to address CuSO4-mediated hepatic injury stands as a paramount research priority. In addition, 
mortality rate of 20uM reached 70% and above upon exposure to CuSO4 for 72 h. The concentration of 2ʹ- 
Hydroxychalcone was 3.13, 6.25 and 12.5 μg/mL, respectively, which had a protective effect on CuSO4 damage 
(Figures 2–3).

In the course of this study, it was discovered that 2ʹ-Hydroxychalcone exerted a protective effect on zebrafish from 
CuSO4-induced death. Aside from that, 2ʹ-Hydroxychalcone could alleviate the inflammation stemmed from CuSO4 in 
zebrafish. This study marked the first attempt to assess the protective effect of 2ʹ-Hydroxychalcone on CuSO4-induced 
inflammation and oxidative stress in zebrafish.

Inflammation in the body triggers cellular changes and immune responses, ultimately resulting in tissue repair and cell 
proliferation of damaged tissues. Nevertheless, should inflammation remain unresolved or regulatory mechanisms 
undergo malfunction, it can give rise to chronic inflammation and a spectrum of diseases.52–54 There is a mounting 
amount of evidence suggesting that inflammation conducts a paramount role as a toxicological mechanism associated 
with copper. Oxidative stress and redox signaling facilitate the release of inflammatory factors. Furthermore, the process 
of “reinduced inflammation” is believed to be the underlying cause driving the progression of most chronic diseases. As 
already suggested by the experimental findings, CuSO4 increases the levels of inflammatory cytokines IL-1β, IL-2, IL- 
12, TNF-α, IFN-γ and anti-inflammatory cytokines IL-4 mRNAs in the spleen of mice, which evidently demonstrates that 
excessive Cu can give rise to inflammation in the spleen of mice. In this study, the results corroborate literature findings 
that copper exposure not only up-regulates IL-1β and TNF-α at both the gene and protein levels but also reinforces 

Figure 13 Protective effect of 2ʹ-Hydroxychalcone on the inflammatory response to CuSO4 exposure. CuSO4 exposure could bring about mitochondrial oxidative stress 
and damage, which eventually gives rise to the release of ROS and NLRP3. This could ultimately trigger the substantial emission of proinflammatory factors, resulting in 
bodily harm. 2ʹ-Hydroxychalcone suppressed the formation of ROS and suppressed the release of downstream NLRP3, IL-1β and TNF-α. On top of that, it has the potential 
to modulate the activity of the TRPV1 receptor, alter intracellular calcium levels, disrupt mitochondrial function and indirectly impact cell viability, ultimately leading to the 
attenuation of CuSO4-induced inflammation in zebrafish.
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oxidative stress in zebrafish larvae.49,55 On top of that, prior studies have suggested that treatment with CuSO4 can 
trigger inflammation in the liver and lungs of mice.56,57 For this reason, the anti-inflammatory monomer 2ʹ- 
Hydroxychalcone derived from Chinese medicine was hereby selected as the focal point of the research, and CUSO4 
was employed to establish the acute inflammation model of zebrafish. The objective was to characterize the anti- 
inflammatory properties of the species and elucidate the specific mechanisms by which it exerts its anti-inflammatory 
effects, thereby providing valuable insights and reference. As our research findings have already illustrated, 2ʹ- 
Hydroxychalcone could alleviate the inflammation of zebrafish stemmed from CuSO4 by anti-inflammation and anti- 
oxidation. Further exploration was carried out on the protective effect of 2ʹ-Hydroxychalcone on inflammation and 
oxidative stress resulted from CuSO4 in zebrafish.

Mitochondrial biogenesis is typically triggered to facilitate the synthesis of new organelle components, which thereby 
is advantageous for the replacement of dysfunctional mitochondria.58 F-ATP synthase converts the energy of the H+ 
gradient to ATP with astonishing efficiency attributable to the considerably low permeability of the intima to H+ and 
charged substances.59,60 Nonetheless, mitochondria can undergo an elevation in Ca2+ dependent permeability, which 
detrimentally impacts energy conservation. The expression of ATPase beta, a biomarker of MBs, in mouse cells functions 
as an indicator of MBs efficiency.61 When impaired, mitochondrial biogenesis may be activated to produce new organelle 
components, which subsequently incorporate proteins and lipids into existing mitochondria.62 Nevertheless, mitochondria 
can display an augment in Ca2+ dependent permeability that affects the structure. In this study, the level of gene 
expression was quantified to provide insight into the alterations occurring in the biological process of the organism. For 
instance, the content of ATP synthase beta in zebrafish treated with CuSO4 suggested a dramatic decline, as demonstrated 
in Figure 8A and B. On top of that, under electron microscope, the model group exhibited a limited number of 
mitochondria compared to the control group, with intact membranes, a sparse and dissolved matrix, fractured cristae, 
and reduced structural damage to the mitochondria (Figure 7A and B).

Afterwards, antioxidant and oxidative gene expression in zebrafish was further explored to understand the modulation 
of ROS levels by 2ʹ-Hydroxychalcone at the molecular level. Herein, the expression levels of the antioxidant genes GR, 
GPX and GST were quantified, and a comparison was made between the gene expression in larvae treated with CuSO4 
and those treated 2ʹ-Hydroxychalcone. Simultaneously, the expression levels of oxidoreductive indices GR, GST, GPX 
and COX mRNAs were determined to verify the potential of 2ʹ-Hydroxychalcone in ultimately improving the body’s 
oxidative stress status and repairing the damage stemmed from CuSO4 (Figure 6). The antioxidant gene GR exerts 
a protective effect on organisms against oxidative stress.63 The Gpx1 gene, widely recognized as GPX, is an enzyme that 
conducts a crucial role in maintaining the homeostasis of the intracellular environment and lessening the degree of lipid 
peroxidation. GST enzymes can diminish lipid hydroperoxide levels and detoxify metabolites by leveraging their intrinsic 
peroxidase activity, thereby effectively mitigating oxidative stress. As apparently demonstrated by the research findings, 
compared with the control, the expression levels of the antioxidant genes GR, GPX and GST were substantially 
decreased upon treatment with CuSO4 for 6 h, while the expression levels of these genes were conspicuously augmented 
by treatment with 2ʹ-Hydroxychalcone 12.5 μM. COX2 catalyzes the conversion of arginine into prostaglandins, lipid 
mediators synthesized by inflammatory cells, which comprise macrophages.

As a calcium-permeable non-selective cation channel, TRPV1 acts as the exclusive receptor for capsaicin, which is 
a component of vanillin. Mice deficient in TRPV1 fails to demonstrate pain-related behaviors in response to capsaicin.64 

In zebrafish, TRPV1 is not activated through the same mechanisms as in mammals. Nonetheless, enormous evidence 
suggests that akin to TRPV1 in other vertebrates, zebrafish TRPV1 can be activated by acidic pH, 2-APB and PMA. For 
this reason, PMA was hereby selected as an agonist for zebrafish TRPV1 in the present study, where its efficacy has 
helped it be employed as a protein kinase C activator.65,66 In particular, there are a multitude of associated targets on 
TRPV1 that may be phosphorylated by protein kinases. For instance, several residues on TRPV1, S 502, T 704, S 744, 
S 800 and S 820 were found in rat studies to be phosphorylated by protein kinase C.67 CA,68 an inhibitor of TRPV1, has 
been proven to ameliorate zebrafish obesity (caffeic acid) by modulating the peroxisome proliferative factor-activated 
receptor gamma. These two drugs exert an influence on the permeability of calcium ions through TRPV1, thereby 
modulating the intracellular calcium ion concentration and eliciting distinct physiological and biochemical responses. In 
this study, the alteration of TRPV1 functional state was manifested through changes in zebrafish behavior. On the 
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contrary, the inhibitor presented the opposite effect. As evidenced by the analysis results, both the agonist and inhibitor 
elicited the most pronounced behavioral changes upon reaching a concentration of 50 µmol/mL. It was speculated that 
the maximum possible “occupancy” of the binding site of TRPV1 resulted in that neither the increment of agonist 
concentration nor the inhibitor concentration could change its maximum state. As a consequence, the concentration of 
50uM was selected as the research focus. As associated studies have already demonstrated, TRPV1 activation can 
influence apoptosis in a spectrum of cell types through multiple mechanisms.

Figures 11 and 12 present changes in ROS and macrophage migration detected in inflammatory states while changing 
the functional state of TRPV1 with agonists and inhibitors. When an agonist was applied, the model group exhibited 
a higher number of ROS and migratory macrophages in comparison with the control group, whereas the drug group 
suggested an augment in the number of migratory macrophages. Regarding the inhibitor, there was no remarkable 
difference between the model group and the control group, nor between the drug group and the control group. As the 
results of Figure 8D indicated, the expression of TRPV1 was increased in the inflammatory group. As already evidenced 
by relevant studies, inflammatory mediators can impose a diverse range of effects on TRPV1 and can make it 
“sensitized”. Certain secreted inflammatory factors, such as protons and certain lipid mediators, can directly activate 
TRPV1. A potential mechanism involves the modulation of TRPV1 channel gating by protein kinases, phosphatases, 
and/or lipid mediators derived from receptor-coupled intracellular signaling pathways. On top of that, factors such as 
NGF, insulin and IGF-1 may enhance the density of TRPV1 channels on the nociceptor membrane69–71 and up-regulate 
TRPV1 expression levels.72–74

Altogether, the existing investigation that 2ʹ-Hydroxychalcone possesses anti-inflammatory and antioxidant activities, 
which can ameliorate CuSO4-induced oxidative stress. It also modulates the TRPV1 channel, reducing ROS production 
and macrophage migration in zebrafish. These experimental findings suggest the potential of 2ʹ-Hydroxychalcone as an 
emerging anti-inflammatory and immunomodulatory agent.
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