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Abstract.  Chalcones were experimentally investigated for their ability to act as antioxidants and as xanthine oxidase 

inhibitors in vitro and in silico. The antioxidant ability of chalcone (benzylideneacetophenone, A) and 7 chalcone 

derivatives (1-phenyl-3(benzodioxolyl)-2-propen-1-one, B; 4’-nitro-4-dimethylaminochalcone, C; 4-nitro-4-

methoxychalcone, D; 1(4’-nitrophenyl)-3(1,3-benzodioxolyl)-2-propen-1-one, E; 1-phenyl-3(γ-benzopyranoyl)-2-

propen-1-one, F; 1-(4’-nitrophenyl)-3(γ-benzopyranoyl)-2-propen-1-one, G; 4-dimethylaminochalcone, H) was 

evaluated spectrophotometrically utilizing three methods: DPPH, copper chelation, and hydrogen peroxide scavenging. 

Also in vitro xanthine oxidase inhibitory activity and molecular docking using computer simulation were carried out. In 

the DPPH radical scavenging, samples A, B and G showed higher percentages of inhibiting DPPH as compared to the 

standard antioxidant gallic acid. The copper chelating ability of the compounds indicated that samples A, C, and F chelate 

copper efficiently than EDTA. The percent of hydrogen peroxide scavenging by chalcones indicated that samples C, D, 

G, and H are better antioxidants. Also, the in vitro xanthine oxidase inhibitory activity of chalcones showed that samples 

inhibited the enzyme but not as high as the reference drug allopurinol. The molecular docking studies revealed that 

samples C, E, F, and G had higher docking scores of -7.98, -8.51, -8.67 and -10.07, which were higher than -7.59 kcal/mol 

for allopurinol. Therefore, samples C, E, F, and G showed antioxidant and in vitro xanthine oxidase inhibition as well as 

better docking values. These results made these chalcones promising targets against xanthine oxidase or gout. 
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1. Introduction 

Xanthine oxidase plays a central role in the metabolism 

of purines. However, overactivation of xanthine 

oxidase, among other factors, can lead to excessive 

production of uric acid, which may accumulate in the 

joints and cause hyperuricemia or gouty arthritis [1]. 

Gout primarily affects the toes and typically presents 

with a sudden onset of severe pain due to the 

accumulation of urate crystals in the ankles, knees, 

fingers, and other joints [2]. Additionally, protein-rich 

meals, particularly those containing seafood, can trigger 

xanthine oxidase activity, further increasing uric acid 

production [3]. Inflammation is associated with many 

human diseases, including gout, and xanthine oxidase 

metabolism contributes to this by generating free 

radicals [4]. 

The clinical management of gout generally involves 

two approaches. The first is the prescription of non-

steroidal anti-inflammatory drugs (NSAIDs) to reduce 

inflammation; the second is the use of uric acid-

lowering drugs, such as allopurinol. While these 

treatments are effective, they are often associated with 

adverse effects, including kidney failure, liver toxicity, 

 
* Corresponding author. E-mail address: eboh.abraham@ndu.edu.ng (Abraham Sisein Eboh) 

headaches, and even inflammation of the brain [5–7]. 

Due to these side effects, there is a growing need for 

safer and more affordable alternatives. This necessitates 

the investigation of chalcones in the present study. 

Chalcones are open-chain flavonoids that lack a 

heterocyclic C-ring and are abundantly found in fruits 

and vegetables. They have attracted significant attention 

from the scientific community due to their diverse 

biological activities, including antiseizure, antibacterial, 

antifungal, and antioxidant properties [8–11]. Several 

synthetic chalcones have demonstrated inhibitory 

effects on mast cells, neutrophils, macrophages, and 

glial cells, all of which play critical roles in 

inflammation-associated diseases [12]. Chalcones can 

be either extracted and purified from plants or 

synthesized in the laboratory. Some well-known 

naturally occurring chalcones include phloretin, 

phloridzin, and arbutin [12–14]. 

Despite their promising bioactivity, there is limited 

literature on the antioxidant properties of synthesized 

chalcones, particularly their in vitro activity, inhibition 

of xanthine oxidase, and molecular docking interactions. 
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Hence, this study was undertaken to explore these 

aspects. 

2. Experimental 

2.1. Chemicals 

Ascorbic acid and gallic acid (Sigma Aldrich), 2,2-

diphenyl-1-picrylhydrazyl (DPPH), hydrogen peroxide 

(H2O2), allopurinol, ammonium molybdate(VI) 

((NH4)6MoO7O24·4H2O), potassium dihydrogen 

phosphate (KH2PO4), dipotassium hydrogen phosphate 

(K2HPO4), and disodium EDTA were procured from 

BDH Chemicals (Mumbai, India). Copper sulfate 

(CuSO₄·5H₂O), dimethyl sulfoxide (DMSO), potassium 

chloride (KCl), ethanol (C2H5OH), tris-hydroxymethyl 

aminomethane (THAM), pyrocatechol, and xanthine 

were obtained from Sigma Aldrich (USA). Chalcones, 

denoted as in Table 1, were synthesized by the 

Department of Pharmaceutical & Medicinal Chemistry, 

Faculty of Pharmacy, Niger Delta University. All 

chemicals and reagents used were of analytical grade. 

2.2. Copper ion (Cu2+) chelating assay 

The ability of chalcone samples (A–H) to chelate Cu²⁺ 

ions was measured using the method of Torres-Fuentes 

et al. [15]. A solution of copper sulfate pentahydrate (1 

mg/ml) was added to 400 µl of 0.1 M acetate buffer (pH 

5.6), followed by 100 µl of the sample. After incubating 

for 2 min, 250 µl of 4 mM pyrocatechol solution was 

added. The mixture was further incubated for 10 min at 

room temperature, and absorbance was read at 632 nm. 

The control contained all reagents except the sample. 

The percentage chelation was calculated using the 

formula: 

% 𝐶ℎ𝑒𝑙𝑎𝑡𝑖𝑜𝑛 =  
𝐴0 − 𝐴1

𝐴0

𝑥100 

where A₀ and A₁ represent the absorbance values of the 

control and the sample, respectively. 

2.3. Hydrogen peroxide scavenging assay 

The hydrogen peroxide scavenging activity of chalcone 

samples (A–H) was determined according to the method 

of Sarma et al. [16]. Two milliliters of each sample 

(100–800 µg/ml) was mixed with 600 µl of 4 mM H₂O₂ 

and incubated at room temperature for 15 min. The 

absorbance was measured at 230 nm, and the percentage 

inhibition of H₂O₂ was calculated. 

2.4. 2,2- Diphenyl 2-picrylhydrazyl radical scavenging 

assay  

The DPPH radical scavenging activity of chalcone 

samples (A–H) was assessed using the method described 

by Lee et al. [17]. 1 ml of each sample was mixed with 

1 ml of a 0.4 mM ethanolic solution of DPPH. The 

mixture was incubated in the dark at room temperature 

for 30 min. The absorbance of the resulting solution was 

measured at 516 nm. The percentage inhibition of DPPH 

was then calculated. 

2.5. In vitro experimental studies 

Male albino Wistar rats weighing between 150–200 g 

were used for the in vitro xanthine oxidase studies. After 

gaining the approval of the Niger Delta University 

Bioethical committee, animals were acclimatized in the 

Pharmacology Animal House for two weeks and 

maintained according to standard protocols and animal 

welfare guidelines [18]. After the acclimatization 

period, the rats were sacrificed, and the liver tissues 

were harvested for the crude extraction of xanthine 

oxidase following the method of Nakamura et al. [19]. 

The liver tissues were rinsed in ice-cold 0.15 M KCl. 1 

g of each liver was homogenized using a Potter-

Elvehjem homogenizer in nine volumes of cold 50 mM 

Tris-HCl buffer (pH 7.4). The homogenate was 

centrifuged at 10,000 × g for 20 minutes at 4 °C to obtain 

the crude xanthine oxidase extract. 

2.6. In vitro xanthine oxidase inhibitory assay 

The inhibitory activity of the chalcone samples against 

xanthine oxidase was evaluated using the method of 

Umamaheswari et al. [20]. The reaction mixture 

contained 0.05 M phosphate buffer (pH 7.5), 1 ml of 

chalcone sample (100–800 µg/ml) in DMSO, and 0.1 ml 

of crude xanthine oxidase extract. The mixture was 

incubated at 37 °C for 15 min, after which 0.2 ml of 0.15 

mM xanthine (substrate) was added. The reaction was 

further incubated at 37 °C for 30 min and terminated by 

adding 0.2 ml of 0.5 M HCl. Allopurinol, a known 

xanthine oxidase inhibitor, was used as the reference 

drug. Absorbance was measured at 295 nm, and the 

percentage inhibition of xanthine oxidase was 

calculated. 

Table 1. Synthesized chalcones for the in vitro antioxidant, xanthine oxidase and molecular docking of xanthine oxidase 

S/N Compound ID Chemical Structure Name 

1. Sample A  
O

 

Chalcone 

(benzylideneacetophenone) 

2. Sample B  O

O

O  

1-Phenyl-3(benzodioxolyl)-2-

propen-1-one  

3. Sample C  

CH3

CH3

NO

O2N

 

4’-Nitro-4-

dimethylaminochalcone  
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S/N Compound ID Chemical Structure Name 

4. Sample D 

O

O2N

O

CH3 

4-Nitro-4-methoxychalcone  

5. Sample E  

O2N

O

O

O  

1(4’-Nitrophenyl)-3(1,3-

benzodioxolyl)-2-propen-1-one  

6. Sample F  

O

O

O

 

1-Phenyl-3(γ-benzopyranoyl)-2-

propen-1-one  

7. Sample G  
O2N

O

O

O

 

1-(4’-Nitrophenyl)-3(γ-

benzopyranoyl)-2-propen-1-one   

8. Sample H  

CH3

CH3

N

O

 

4-Dimethylaminochalcone  

2.7. Molecular docking 

Molecular modeling and docking studies of the binding 

protein and chalcone derivatives (ligands) were 

performed using Maestro software (OPLS3, 2018 force 

field) [21] and Pymol software (2010). The crystal 

structure of xanthine oxidase (PDB ID: 1N5X) from 

bovine milk, with the inhibitor TEI-6720 bound, was 

retrieved from the Protein Data Bank (PDB) and used 

for the docking studies [22]. 

2.8. Statistics analysis 

Data are expressed as mean ± SEM (n = 5). Statistical 

analysis was performed using SPSS version 17.0 (New 

York, USA) running on Windows. Differences were 

considered statistically significant at p < 0.05. 

3. Results and discussion 

The present study revealed the ability of chalcones 

(samples A–H) to scavenge DPPH and H₂O₂, chelate 

copper ions, inhibit xanthine oxidase in vitro, and bind 

effectively to xanthine oxidase in molecular docking 

simulations. 

 

Figure 1. Determination of scavenging potential of chalcones 

against DPPH 

 

Figure 2. Determination of copper sequestering ability of 

chalcones 

 
 

Figure 3. Determination of hydrogen peroxide scavenging 

ability of chalcones 
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Figure 4. Determination of xanthine oxidase potential of 

chalcones 

 

Table 2. Molecular Docking Scores (kcal/mol) of chalcones 

and xanthine oxidase (PDB: 1N5X) 

Compound 

ID 

Docking 

Score 
Glide Emodel 

Allopurinol -7.59 -47.05 

Sample A -7.46 -53.68 

Sample B -7.16 -59.52 

Sample C -7.98 -64.60 

Sample D -7.07 -62.96 

Sample E -8.51 -67.65 

Sample F -8.67 -66.70 

Sample G -10.07 -73.46 

Sample H -7.11 -59.10 

Table 3. Different amino acid residues of xanthine oxidase (PDB:1N5X) interacting with chalcone derivatives 

Compound 

ID 

Amino acid residue  

 (Type of interaction) 

 H-bonding Hydrophobic Polar 

FAD Gly-260, Glu-263, Leu-257, Ile-

264, Gly-350, Asp-360, Asp-429,  

Val-259, Leu-257, Val-258, Ile-264, 

Ala-346, Ile-266, Ile-264 

Asn-261, Thr-262, Thr-

354, Ser-356,  

Allopurinol Ile-264, Leu-257, Glu-263, Ser-

347  

Leu-257, Val-258, Val-259, Ala-346, 

Ile-264 

Ser-347, Asn-261, Thr-262 

Sample A Gly260, Asn-261 Ile-353, Val-342, Phe-337, Ala-346, Ile-

264, Leu-305-Val-359, Val- 258, Leu-

257 

Ser-356, Thr-354, Asn-

351, Thr-262, Ser-347, 

Asn-261 

Sample B  Gly260, Asn-261 Ile-358, Phe-337, Val-342, Leu-305, 

Ile-264, Val-259, Val-258, Leu-257, 

Ala-346  

Ser-347, Asn-351, Thr-

354, Ser-365, Ser-369, 

Thr-262, Asn-261 

Sample C  Gly-260, Asn-261, Val-259, Asn-

351  

Leu-257, Val-258, Val-259, Ile-264, 

Phe-337, Leu-305, Ala-346, Ile-353 

Asn-261, Thr-262, Ser-

347, Asn-351, Thr-354 

Sample D Gly-260, Asn-261  Ile-353, Phe-337, Val-342, Ala-346, Ile-

264, Leu-305, Val-259, Val-258, Leu-

257 

Ser-359, Ser-356, Thr-354, 

Asn-351, Ser-347, Thr-

262, Asn-261 

Sample E  Leu-257, Val-259, Gly-260, Asn-

261, Asn-351  

Ile-353, Ala-346, Phe-337, Leu-365, 

Ile-264, Leu-257, Ala-255, Val-258, 

Val-259 

Thr-354, Asn-351, Ser-

347, Thr-262, Asn-261 

Sample F  Val-259, Gly-260, Asn-261  Ile-353, Ile-264, Ala-346, Val-259, Val-

258, Leu-257 

Thr-354, Ser-347, Thr-262, 

Asn-261 

Sample G  Val-259, Asn-261, Asn-351, Ser-

347 

Ile-358, Phe-337, Ile-264, Val-342, 

Leu-305, Val-259, Val-258, Leu-257, 

Ala-346 

Ser-347, Asn-351, Thr-

354, Ser-356, Ser-359, 

Thr-262, Asn-261 

Sample H  Gly-260, Ser-347  Ile-358, Phe-337, Ile-264, Val-342, 

Leu-305, Ala-346, Val-259  

Ser-359, Ser-356, Thr-354, 

Asn-351, Asn-261 
 

H₂O₂ is produced through the action of superoxide 

dismutase in the body. Although it is not a free radical, 

it can damage glyceraldehyde-3-phosphate 

dehydrogenase, a key enzyme in cellular energy 

production. It can also indirectly damage DNA in the 

presence of Cu²⁺ or Fe²⁺ ions [23, 24]. In this study, H₂O₂ 

was effectively quenched by the chalcones in a dose-

dependent manner (0.1–0.8 mg/ml). Gallic acid (GA), 

used as a reference showed the highest percentage of 

H₂O₂ inhibition. The order of H₂O₂ inhibition was: GA 

> Sample C > Sample A > Sample F > Sample E > 

Sample B > Sample H > Sample G > Sample D, as 

depicted in the bar chart. These results are consistent 

with the findings of Gacche et al. [13], Sharma et al. 

[25], and Riha et al. [26]. 

Free radicals such as hydroxyl radicals, which are 

partly produced in the presence of transition metals like 

Cu²⁺, can damage DNA, proteins, and lipids [27]. 

Therefore, sequestering free copper is important to 

prevent oxidative damage. In the present study, copper 

chelation by the chalcones was assessed using EDTA as 

a standard. Notably, Sample A demonstrated a higher 

copper-chelating ability than EDTA. The chelation 

order was: Sample A > EDTA > Sample C > Sample D 

> Sample H > Sample G > Sample E > Sample B. The 

chelating potentials of chalcones may be attributed to 

their electron-rich hydroxyl groups [28]. Lapenna et al. 

[29] also reported the chelating ability of 

ursodeoxycholic acid, and our results align with their 

findings. Furthermore, kolaviron was reported by 

Farombi and Nwakeafor [30] to inhibit Cu²⁺-induced 

oxidation of lipoproteins. Free radicals are implicated in 

numerous diseases including hypertension, 

neurodegenerative disorders, diabetes, cancer, aging, 

and cataracts [24]. 
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Figure 5. Depicting the interactions of allopurinol and 

sample A-H interacting with the active site of xanthine 

oxidase (1N5X) 

Although endogenous antioxidants are effective in 

neutralizing free radicals, they can be overwhelmed 

under oxidative stress, necessitating supplementation 

with exogenous antioxidants like chalcones [31]. In the 

present study, the chalcones effectively scavenged the 

stable DPPH radical. They were able to donate electrons 

or hydrogen atoms to DPPH, converting the purple-

colored radical to a pink or yellowish color [32]. The 

DPPH scavenging ability followed the order: Sample F 

< Sample D < Sample E < Sample H < Sample C < 

Sample B < Sample G < Sample A < GA, in a dose-

dependent pattern. These results are consistent with 

those reported by Hazra et al. [33], Gacche et al. [13], 

and Eboh et al. [34]. 

Xanthine oxidase is an enzyme associated with 

excessive uric acid production and the generation of pro-

inflammatory molecules, contributing to gout and 

cardiovascular diseases. Gout may result from 

overproduction of uric acid or reduced renal excretion. 

Therefore, compounds with antioxidant properties that 

also inhibit xanthine oxidase may be effective in 

managing this condition [35]. In this study, all chalcone 

samples (A–H) inhibited xanthine oxidase in vitro, 

although the standard drug allopurinol showed the 

highest inhibition. The inhibition order was: Allopurinol 

> Sample F > Sample E > Sample C > Sample G > 

Sample D > Sample B > Sample A > Sample H. These 

results agree with the findings of Irondi et al. [36], 

Barmana et al. [37], and Abu-Izneida et al. [38]. 

Molecular docking has emerged as a rapid and 

reliable method for evaluating enzyme-ligand 

interactions and informing scientist on the rational 

design of novel biologically active molecules. Our 

docking studies showed that samples C, E, F, and G 

exhibited higher docking scores (−7.98, −8.51, −8.67, 

and −10.07 kcal/mol, respectively) than the standard 

drug allopurinol (−7.59 kcal/mol). Sample C formed 

four hydrogen bonds with Gly 260, Asn 261, Val 259, 

and Asn 351, involving the two oxygen functional 

groups on the compound. Additionally, extensive 

hydrophobic interactions were observed between 

Sample C and the hydrophobic residues in the xanthine 

oxidase active site, contributing to its high binding 

affinity. 

Sample E also formed hydrogen bonds with Leu 257, 

Val 259, Gly 260, Asn 261, and Asn 351. Several 

hydrophobic and polar interactions were observed, 

notably involving Ile 353, Ala 346, and Phe 337 

(hydrophobic) and Thr 354, Asn 351, and Ser 347 

(polar), supporting its higher docking score, as shown in 

Table 2. For Sample F, three hydrogen bonds were 

formed with Val 259, Gly 260, and Asn 261, in addition 

to hydrophobic interactions with Ile 353, Ile 264, Ala 

346, Val 259, Val258, and Leu 257. These interactions 

likely contributed to its high docking score. 

Sample G also outperformed allopurinol in docking 

due to its multiple hydrogen bonds (e.g., with Val 259, 

Asn 261, Asn 351, and Ser 347) and numerous 

hydrophobic and polar interactions with the xanthine 

oxidase active site. These molecular interactions are 

similar to those reported by Rahman et al. [39], who 

identified γ-muurolene as a potent xanthine oxidase 

inhibitor, and by Abu-Izneida et al., who reported that 

dinaphthodiospyrols from Diospyros kaki also inhibit 

xanthine oxidase effectively. 

4. Conclusions 

The present study demonstrates that chalcones (samples 

A–H) possess significant antioxidant activity through 

DPPH and H₂O₂ scavenging, copper (II) ion chelation, 

and in vitro inhibition of xanthine oxidase. Molecular 

docking studies further confirmed that certain 

chalcones, especially   samples C  (4’-nitro-4-

dimethylaminochalcone), E  (1(4’-nitrophenyl)-3(1,3-

benzodioxolyl)-2-propen-1-one), F  (1-phenyl-3(γ-

benzopyranoyl)-2-propen-1-one), and G (1-(4’-

nitrophenyl)-3(γ-benzopyranoyl)-2-propen-1-one) have 

higher binding affinities for xanthine oxidase than the 

standard drug allopurinol. These findings suggest that 

these chalcones may serve as promising lead compounds 

in the management of gouty arthritis. 

Conflict of interest   

Authors declare no conflict of interest. 

References  

[1]. V. Gaur, P. Malik, O. Paul, Prevalence of 

hyperuricemia & relation of serum uric acid in 

burn patients amongst different gender and age 

groups, International Journal of Biochemical 

Biomedical Research 1 (2018)16-19. 

[2]. H. Mahmoudi Moghaddam, H. Beitollahi, S. Tajik, 

H. Soltani, Fabrication of a nano structure based 

electrochemical sensor for voltammetric 

determination of epinephrine, uric acid and folic 

acid, Electroanalysis 27 (2015) 2620–2628. DOI: 

10.1002/elan.201500166 



Eboh et al. / Ovidius University Annals of Chemistry 36 (2025) 113-119 

118 

[3]. E. Abu-Gharbieh, N.G. Shehab, I.M. Almasri, Y. 

Bustanji, Antihyperuricemic and xanthine oxidase 

inhibitory activities of Tribulus arabicus and its 

isolated compound, ursolic acid: In vitro and in 

vivo investigation and docking simulations, PLoS 

One 13 (2018) 0202572. DOI: 

10.1371/journal.pone.0202572 

[4]. D.N. Granger, P.R. Kvietys, Reperfusion injury 

and reactive oxygen species: The evolution of a 

concept, Redox Biology 6 (2015) 524–551. DOI: 

10.1016/j.redox.2015.08.020 

[5]. R. Sohail, M. Mathew, K.K. Patel, S.A. Reddy, Z. 

Haider, M. Naria, A. Habib, Z.U. Abdin, C.W. 

Razzaq, A. Akbar, Effects of non-steroidal anti-

inflammatory drugs (NSAIDs) and 

gastroprotective NSAIDs on the gastrointestinal 

tract: a narrative review, Cureus 15 (2023) e37080. 

DOI: 10.7759/cureus.37080 

[6]. C. Aloke, U.A. Ibiam, O.U. Orji, E.I. Ugwuja, 

N.N. Ezeani, P.M. Aja, N.A. Obasi, Anti-arthritic 

potential of ethanol and aqueous extracts of stem 

bark of Cleistopholis patenson complete Freund’s 

adjuvant-induced rheumatoid arthritis in rats, 

Journal of Ayurveda Integrated Medicine 12 

(2021) 28-34. DOI: 10.1016/j. jaim.2018.12.009 

[7]. M.D. Santi, M. Paulino Zunini, B. Vera, C. 

Bouzidi, V. Dumontet, A. Abin-Carriquiry, R. 

Grougnet, M.G. Ortega, Xanthine oxidase 

inhibitory activity of natural and hemisynthetic 

flavonoids from Gardenia oudiepe (Rubiaceae) in 

vitro and molecular docking studies, European 

Journal of Medicinal Chemistry 143 (2018) 577–

582. DOI: 10.1016/j. ejmech.2017.11.071 

[8]. T.N. Doan, D.T. Tran, Synthesis, antioxidant and 

activities of a novel series of chalcones, pyrazolic 

chalcones and allylic chalcones, Pharmacology 

and Pharmacy  2 (2011) 282-288. DOI: 

10.4236/pp.2011.24036 

[9]. M. Sokmen, M.K. Khan, The antimicrobial 

activity of some curcuminiods and chalcones, 

Inflammopharmacology 24 (2016) 81-86. DOI: 

10.1007/s1078-016-0264-5 

[10]. A.D.C. Owaba, M. Oyeintonbra, R.O. Raji, 

Chalcones as synthon for heterocyclic compounds- 

A review, International Journal of Current 

Research 12 (2020) 13672-13681. DOI: 

10.24941/ijcr.39755.09.2020 

[11]. A.D.C. Owaba, O.J. Kemelayefa, A.S. Eboh, 

Synthesis of benzylideneacetophenone and anti-

seizure determination in experimental rodents, 

International Journal of Chemistry Studies  5 

(2021) 38-43. 

[12]. M.S. Akhtar, A.U. Rehman, H. Arshad, A. Malik, 

F. Muheer, T. Tabassum, A.R. Raza, M. Bukhsh, 

M.A. Murtaza, M.H. Mehmood, A. Sultan, G. 

Rasool, M. Riaz, In vitro antioxidant activities and 

the therapeutic potential of some newly 

synthesized chalcones against 4-acetaminophenol 

induced hepatotoxicity in rats, Dose-Response: An 

International Journal 19 (2021) 

1559325821996955. 

DOI: 10.1177/1559325821996955 

[13]. R.N. Gacche, N.A. Dhole, S.G. Kamble, B.P. 

Bandgar, In vitro evaluation of selected chalcones 

for antioxidant activity, Journal of Enzyme 

Inhibition and Medicinal Chemistry 23 (2008) 28–

31. 

[14]. D.K. Mahapatra, V. Asati, S.K. Bharti, Chalcones 

and their therapeutic targets for the management of 

diabetes: structural and pharmacological 

perspectives, European Journal of Medicinal 

Chemistry 92 (2015) 839-865. 

[15]. N.P. Torres-Fuentes, G.S. Benson, J. McConnell, 

Role of copper and oxidative stress in 

cardiovascular disease, Annals of Biology 

Research 1 (2011)158-173. 

[16]. R. Sarma, S. Kumari, R. Elancheran, M. Deori, R. 

Devi, Polyphenol-rich extract of Garcinia 

pedunculata fruit attenuates the hyperlipidemia 

induced by high-fat diet, Frontiers in 

Pharmacology 7 (2016) 294. DOI: 

10.3389/fphar.2016.00294 

[17]. J.Y. Lee, W.I. Hwang, S.T. Lim, Antioxidant and 

anticancer activities of organic extracts from 

Platycodon grandiflorum A. De Candolle roots, 

Journal of  Ethnopharmacology 93 (2004) 409-15. 

DOI: 10.1016/j.jep.2004.04.017 

[18]. Public Health Service (PHS), Public Health 

Service Policy on Humane Care and Use of 

Laboratory Animals, (PL 99-158. Health Research 

Extension Act, 1985), US Department of Health 

and Human Services, Washington, DC, 1996. 

[19]. T. Nakamura, Y. Ohta, K. Ikeno, K. Ohashi, T. 

Ikeno, Protective effect of repeatedly pre-

administered Brazilian propolis ethanol extract 

against stress-induced gastric mucosal lesions in 

rats, Evididence Based Complementory and 

Alternative Medicine  2014 (2014) 383482. 

[20]. M. Umamaheswari, K.A. Kumar, A. 

Somasundaram, T. Sivashanmugam, V. 

Subhadradevi, T.K. Ravi, Xanthine oxidase 

inhibitory activity of some Indian medical plants, 

Journal of Ethnopharmacology 109 (2007) 547–

551. 

[21]. Maestro. Maestro Programme. LLC, New York, 

NY: Schrodinger, 2022 

[22]. M.D. Santi, M.P. Zunini, B. Vera, C. Bouzidi, V. 

Dumontet, A. Abin-Carriquiry, M.G. Ortega, 

Xanthine oxidase inhibitory activity of natural and 

hemisynthetic flavonoids from Gardenia oudiepe 

(Rubiaceae) in vitro and molecular docking 

studies, European Journal of Medicinal Chemistry 

143 (2018) 577–582. 

[23]. B. Halliwell, M.V. Clement, L.H. Long, Hydrogen 

peroxide in the human body, FEBS Letters 486 

(2000) 10-13. 

[24]. A. Phaniendra, D.B. Jestadi, L. Periyasamy, Free 

radicals: Properties, sources, targets, and their 

implication in various diseases, Indian Journal of 

Clinical Biochemistry 30 (2015) 11-26. 

[25]. S.K. Sharma, A.P. Singh, In Vitro Antioxidant and 

Free Radical Scavenging Activity of Nardostachys 

jatamansi DC, Journal of Acupuncture and 

Meridian Studies 5 (2012) 112-118. 



Eboh et al. / Ovidius University Annals of Chemistry 36 (2025) 113-119 

119 

[26]. M. Riha, J. Karlickova, T. Filipsky, K. Macakova, 

L. Rocha, P. Bovicelli, I.P. Silvestri, L. Saso, L. 

Jahodar, R. Hrdina, P. Mladenka, In vitro 

evaluation of copper chelating properties of 

flavonoids, RSC Advances 4 (2014) 32628. 

[27]. M. Valko, M. Izakovic, M. Mazur, C.J. Rhodes, J. 

Telser, Role of oxygen radicals in DNA damage 

and cancer incidence, Molecular Cell 

Biochemistry 266 (2004) 37-56. 

[28]. M. Oroian, I. Escriche, Antioxidants: 

characterization, natural sources, extraction and 

analysis, Food Research International 74 (2015) 

10-36. 

[29]. D. Lapenna, G. Ciofani, D. Festi, M. Neri, S.D. 

Pierdomenico, M.A. Giambeyardino, F. 

Cuccurullo, Antioxidant properties of 

ursodeoxycholic acid, Biochemical Pharmacology 

64 (2002) 1661-1667. 

[30]. E.O. Farombi, I.A. Nwaokeafor, Antioxidant 

mechanisms of kolaviron: studies on serum 

lipoprotein oxidation, metal chelation and 

oxidative membrane damage in rats, Clinical and 

Experimental Pharmacology and Physiology 32 

(2005) 667-674. 

[31]. P. Pielta, Flavonoids as antioxidant, Journal of 

Natural Products 63 (2000) 1035-1042. 

[32]. E. Niki, Assessment of antioxidant capacity in 

vitro and in vivo, Free Radical Biology and 

Medicine 49 (2010) 503-515. 

[33]. B. Hazra, S. Biswas, N. Mandal, Antioxidant and 

free radical scavenging activity of Spondias 

pinnata, BMC Complimentary and Alternative 

Medicine 8 (2008) 63. DOI: 10.1186/1472-6882-

8-63  

[34]. A.S. Eboh, A.D.C. Owaba, E. Wodu, O.F. Robert, 

A.L. Anyaeche, D.F.I. George, E. Nnodim, High-

performance liquid chromatography profiling of 

phenolics, antioxidant and antityrosinase 

properties of Acmella caulirhiza extract, Research 

Journal of Topical and Cosmetic Science 15 (2024) 

85-90. 

[35]. S. Roumeliotis, A. Roumeliotis, E. Dounousi, T. 

Eleftheriadis, V. Liakopoulos, Dietary antioxidant 

supplements and uric acid in chronic kidney 

disease: A review, Nutrients 11 (2019) 1911. DOI: 

10.3390/nu11081911 

[36]. E.A. Irondi, G. Oboh, S.O. Agboola, A.A. Boligon, 

M.A. Athayde, Phenolics extract of Tetrapleura 

tetraptera fruit inhibits xanthine oxidase and Fe2+ 

induced lipid peroxidation in kidney, liver and 

lungs tissues of rats in vitro, Food Science and 

Human Wellness 5 (2016) 17-23. 

[37]. A.K. Barman, S. Mahadi, M.A. Hossain, R. 

Begum, R.N. Acharyya, M. Alam, M.D.H. 

Rahman, N.N. Biswas, A.S.M.M.A.l. Hossain, 

Assessing antioxidant, antidiabetic potential and 

GCMS profiling of ethanolic root bark extract of 

Zanthoxyl umrhetsa (Roxb.) DC: Supported by in 

vitro, in vivo and in-silico molecular modeling, 

PLoS One 19 (2024) e0304521. DOI: 

10.1371/journal.pone.0304521 

[38]. T. Abu-Izneida, A. Raufb, Z. Ahmadb, A. 

Wadoodc, K. Ayubd, N. Muhammade, Y.S. Al-

Awthanf, M, Maqboold, O.S. Bahattabf, H.A. 

Hemegh, S. Nazi, D. Formanowiczj, Density 

functional theory (DFT), molecular docking, and 

xanthine oxidase inhibitory studies of 

dinaphthodiospyrol S from Diospyros kaki L, 

Saudi Pharmaceutical Journal 32 (2024) 101936. 

[39]. S. Rahmana, U.K. Hridya, M. Alama, R. Begumb, 

M. Hossainc, K.K. Sarkard, K. Sahae, A.K. 

Barmana, N.N. Biswasf, Antioxidant, xanthine 

oxidase (XO) inhibitory, hypouricemic effect 

evaluation and GC-MS analysis of ethanolic 

extract of Piper chabastem: Supported by in vitro, 

in vivo, and molecular docking experiments, 

Phytomedicine Plus 4 (2024) 100652. 

Received: 20.04.2025 

Received in revised form: 05.09.2025 

Accepted: 07.09.2025 

 


