
Journal of King Saud University - Science 35 (2023) 102971

Available online 27 October 2023
1018-3647/© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Spectroscopic studies on the antioxidant and anti-tyrosinase activities of 
anthraquinone derivatives 

Velmurugan Loganathan a, Idhayadhulla Akbar a,*, Mohammad Z. Ahmed b, Shadab Kazmi c, 
Gurusamy Raman d 

a Research Department of Chemistry, Nehru Memorial College (Affiliated Bharathidasan University), Puthanampatti-621007, Tamil Nadu, India 
b Department of Pharmacognosy, College of Pharmacy, King Saud University, P.O. Box 2455, Riyadh 11451, Saudi Arabia 
c Department of Child Health, School of Medicine, University of Missouri, Columbia, MO, USA 
d Department of Life Science, Yeungnam University, Gyeongsan, Gyeongbuk-do 38541, South Korea   

A R T I C L E  I N F O   

Keywords: 
Anthraquinone 
Antioxidant activity 
Anti-tyrosinase activity 
Molecular docking 

A B S T R A C T   

Objectives: Anthraquinones (9,10-dioxoantracenes) with a wide range of applications constitute an important 
class of natural and synthetic compounds. Moreover, there is an increasing interest in developing new anthra-
quinone derivatives with biological activity. These findings suggested that due to the qualities of anthraquinone, 
it may be employed in the pharmaceutical and food industries. 
Methods: The synthesis of anthraquinone derivatives (compound 1 and 2) was performed using the Mannich 
base reaction, and the compounds were characterised via FT-IR, 1H and 13C NMR spectra, and mass spectral 
analysis. Through the use of spectroscopic analytical techniques, the in vitro antioxidant capacity of anthra-
quinone was examined. These techniques included DPPH free radical scavenging, hydrogen peroxide (H2O2) 
scavenging, ABTS•+ scavenging activity, ferrous ion (Fe2+). 
Results: At a concentration of 100 µg/mL, compound 2 shows that 65.2 % inhibited to DPPH assays compared 
with butylated hydroxyl toluene (BHT) at 45.7 % activity. Moreover, compound 2 shows that more potential of 
activity against DPPH, ABTS•+, hydrogen peroxide, ferric ion (Fe3+), and ferrous ion (Fe2+) chelating, reducing, 
and antioxidant properties when compared with compound 1 and standard BHT. The compounds 1 and 2 
where checked for tyrosinase activity, the compound 2 shows that significant of activity compared with 
compound 1 and standard kojic acid. 
Conclusion: Kinetics studies were analysed compounds 1 and 2 through all antioxidant assays and activity of 
tyrosinase inhibition. The compound 2 was highly active against all the activities. Based on the aforementioned 
findings, it can be used to maintain nutritional quality, extend the shelf life of food and medicine, delay the 
development of hazardous oxidation products, and minimise or stop the oxidation of lipids in dietary items.   

1. Introduction 

Several living things receive energy from oxidation for a variety of 
metabolic functions. Proper body production of free radicals and the 
number of antiradicals needed to squelch them and shield the body from 
their damaging effects are in balance. At the cellular level, oxidative 
damage is mostly caused by free radicals like superoxide anion, H2O2 
and OH radicals (Diep et al., 2022; Ighodaro and Akinloye, 2018). 
Reactive oxygen species (ROS) induced biochemical reaction alterations 
are increasingly being implicated as causative agents in a number of 

chronic human diseases, including diabetes, cancer, atherosclerosis, 
inflammation, rheumatoid arthritis, and neuron degeneration (Juan 
et al., 2021). Human body has developed many mechanisms both 
enzymatic and nonenzymatic to eliminate reactive oxygen species (ROS) 
but not enough to combat in severe oxidative stress conditions (Garcia- 
Caparros et al., 2021). To find out how to stop oxidative diseases from 
developing, numerous studies have been conducted. The most 
researched method for preventing oxidative stress is to increase the 
body’s natural antioxidant levels, which can be done by eating more 
fruits and vegetables. 
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Natural antioxidants, especially polyphenolic, are risk-free and have 
been shown to have biological and pharmacological effects. Because of 
this, in-depth investigation has been conducted recently to identify 
which plants have anti-radical abilities that could be consumed by 
humans (Berretta et al., 2020). The study of medicine nowadays is 
focused on developing plant-based treatments for illnesses brought on 
by oxidative stress. Fresh fruit, vegetables, and antioxidant-rich tea 
consumption have been associated with a decreased risk of cancer and 
heart disease (Maher, 2020). There is a correlation between increased 
plant food consumption and a decreased danger of death from these 
conditions of the anti-tumour and anti-infective medicines that are 
commercially accessible, around 60 % are natural (Wang et al., 2022). 
The main component of plants responsible for their antioxidant capa-
bilities is polyphenol. The redox capabilities of polyphenols, by virtue of 
which they can act as hydrogen donors, metal cheaters, singlet oxygen 
quenchers, reducing agents, and reluctant of ferritin haemoglobin, are 
primarily responsible for their antiradical effects (Assefa et al., 2018; 
Karim et al., 2020). 

Anthracene displays the aromatic compound with two keto func-
tionalities at the 9-and 10-positions (Malik, 2016). Because the planar 
anthraquinone core can be embedded in the DNA (Deoxyribonucleic 
acid) double helix in cancer cells and go through a particular redox cycle 
that produces the superoxide radical anion (O2

•+) in vivo, the function of 
the anthraquinone scaffold has attracted the attention of medicinal 
chemists (Tian et al., 2020). With numerous uses, anthraquinones (9,10- 
dioxoantracenes) are a significant family of both natural and artificial 
substances. Additionally, creating novel anthraquinone compounds with 
biological action is becoming more popular (Cicek et al., 2019). An-
thraquinones have an extensive variety of pharmacological effects, 
including anti-HIV, cytotoxic, and anti-plasmodia actions (Feilcke et al., 
2019), and antifungal, antibacterial, and antiviral effects (Moha-
madzadeh et al., 2020). Anti-platelet, anti-coagulant, anti-malarial, and 

then anti-tubercular effects, neuroprotective and anti-inflammatory ef-
fects, and activity against multiple sclerosis (Chighizola et al., 2018; 
Dehnavi et al., 2021; Rastogi et al., 2019; Kammona, and Kiparissides, 
2020). According to the structure of the maternal nucleus, anthraqui-
nones are typically split into the monomers of anthraquinone, which can 
then be further separated into hydroxyanthraquinones, bian-
thraquinones, anthranones, and anthranols (Liu et al., 2016). Anthra-
quinones are one of the numerous secondary metabolites made by 
different plants. They are used in a broad range of sectors, such as the 
culinary and fibre industries, as well as in medicine to treat a variety of 
illnesses (Tikhomirov et al., 2018). They come from the compound 9,10- 
anthracenedione. Different anthraquinone compounds, which have a 
wide range of therapeutic characteristics, are formed when 9,10-anthra-
cenedione is modified with –OH, CH3, –COOH, –OCH3 (hydroxyl, 
methyl, carboxyl and methoxy groups) . Anthraquinones, a class of 
chemical compounds, have numerous biological activities, including 
possible industrial uses. The bulk of them are produced by living things, 
mostly plants and microbes (Duval et al., 2016). Fittig first suggested the 
right di ketone structure of anthraquinones in 1873, which is still 
commonly used today (Malik et al., 2021). Since then, lichens, marine 
sources, fungi, and various types of medicinal plants have all been 
shown to contain more than 75 naturally occurring anthraquinones 
(Masi and Evidente, 2020; Vitale et al., 2020). 

In an effort to support complementary therapies, researchers have 
recently been attempting to extract antioxidants from herbal sources. 
The antioxidant capacity of G. aparine (Galium aparine species) has been 
mentioned in a few early publications, butthe whole flavonoid its precise 
scavenging and decreasing ability, total flavonoid concentration, then 
phenolic content in various fractions have not been mentioned (Kork-
maz et al., 2021; Frǐsčićet al., 2018; Özmatara, 2020). Some previously 
reported anthraquinone derivative shown in Fig. 1(Siddamurthi et al., 
2020′ Martorell et al., 2021; Gecibesler et al., 2021). The most potent 
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antioxidant fraction can be supplemented by the varying levels of phy-
tochemicals’ solvent solubility with varying polarities. This study’s 
primary goals were to assess antioxidant activity, anti-tyrosinase activ-
ity, and radical scavenging activities in different anthraquinone de-
rivatives by a spectroscopic method. The newly synthesised 
anthraquinone derivative findings suggested that due to the qualities of 
anthraquinone, it may be employed in the pharmaceutical and food 
industries. 

2. Experimental 

2.1. Chemicals 

All chemicals were purchased from Sigma Chemicals Co. in St. Louis, 
Missouri, USA. These materials were of analytical quality. From Merck, 
we obtained H2SO4, beta-D-2-deoxyribose, Na2CO3, NaOH, NaNO2, 
Na2HPO4, NaH2PO4, H2O2, FeCl2, and K4[Fe(CN)6]. 3H2O. A Nicolet iS5 
FTIR (4000–400 cm− 1) from Thermo scientific was used to analyze all 
substances. On a Bruker DRX-300 MHz, 75 MHz, we conducted NMR 
spectroscopy analysis on the 1H and 13C. Using an elemental analyser 
(Model Varioel III), the amounts of C, H, S, and N were determined. Mass 
spectra were recorded by PerkinElmer GCMS model Clarus sq8 (EI). 

2.2. N-((1,4-dihydroxy-9,10-dioxo-9,10-dihydroanthracen-2-yl) 
(phenyl)methyl)benzamide 

2.2.1. Synthesis of compound 1 
To mixture of 1,4-dihydroxyanthracene-9,10-dione (0.01 mmol of 

2.40 g), benzamide (0.01 mmol of 1.21 g), and benzaldehyde (0.01 
mmol of 1.02 mL) were added in ethanol (10 mL) at reflux 1 h at 60 ◦C. 
The obtained solid material was washed with water. The final product 
was identified and conformed by using thin-layer chromatography. The 
solid substance is separated using column chromatography with ethyl 
acetate and hexane (4:3 ratio). 

Yellow solid; yield 87 %; mp: 165–169 0C; IR (KBr, cm− 1): 3359 
(NH), 1765 (CO), 3353 (–OH). 1H NMR (DMSO‑d6), δ(ppm): 8.29–7.88 
(4H, dd, Ar-CO ring), 8.03 (–NH, 1H, s), 8.03–7.63 (Ar-ring, 5H, m), 
7.37–7.26 (Ph-ring, 5H, m), 7.09 (=CH, 5H, m), 6.16 (NH-CH, 5H, m), 
5.35 (2-OH, 5H, m); 13C NMR (DMSO‑d6), δ(ppm): 187.1 (1C, CO), 
186.9 (1C, C = O), 166.1 (1C, CO), 155.0, 153.44, 124.3, 118.7, 116.6, 
112.2 (6C, Hq-ring), 141.3, 129.2, 128.2, 126.2 (6C, Ph-ring), 134.2, 
132.1, 128.8, 127.5 (6C, Ar-CO ring), 133.6, 132.1, 126.8 (6C, Ar-ring), 
51.6 (1C, NH-C). EI-Ms, m/z (Relative intensity %): 449.13 (M+, 30.7 
%). Anal. Cacld. C28H19NO5: C, 74.83; H, 4.25; N, 3.11, Found: C, 74.85; 
H, 4.26; N, 3.13 %. 

2.3. (E)-N-(1-(1,4-dihydroxy-9,10-dioxo-9,10-dihydroanthracen-2-yl)- 
3-phenylallyl) benzamide 

2.3.1. Synthesis of compound 2 
To mixture of 1,4-dihydroxyanthracene-9,10-dione (0.01 mmol of 

2.40 g), benzamide (0.01 mmol of 1.21 g), and cinnamaldehyde (0.01 
mmol of 1.25 mL) were added in ethanol (10 mL) at reflux 1 h at 60 ◦C. 
The obtained solid material was washed with water. The final product 
was identified and conformed by using thin-layer chromatography. The 
solid substance is separated using column chromatography with ethyl 
acetate and hexane (4:3 ratio). 

Yellow solid; yield 84 %; mp: 172–174 0C; IR (KBr, cm− 1): 3495 
(NH), 1860 (CO), 3540 (–OH). 1H NMR (DMSO‑d6), δ(ppm): 8.29–7.88 
(Ar-CO ring, 4H, dd), 8.03 (–NH, 4H, dd), 8.03–7.63 (Ar-ring, 4H, dd), 
7.40–7.24 (Ph-ring, 4H, dd), 7.09 (=CH, 4H, dd), 6.66 (–CH, 1H, s), 6.37 
(Ph-CH, 1H, s), 5.56 (NH-CH, 1H, s), 5.35 (2-OH, 1H, s); 13C NMR 
(DMSO‑d6), δ(ppm): 187.1 (1C, CO), 186.9 (1C, C = O), 167.8 (1C, CO), 
154.3, 152.1, 127.6, 117.4, 115.9, 112.7 (6C, Hq-ring), 136.4, 128.6, 
128.5, 127.9 (6C, Ph-ring), 134.2, 132.1, 128.8, 127.5 (6C, Ar-CO ring), 
133.6, 132.1, 126.8 (6C, Ar-ring), 129.5 (1C, Ph-C), 123.3 (1C, =C-), 

52.4 (1C, NH-C). EI-Ms, m/z (Relative intensity %): 475.14 (M+, 32.9 
%). Anal. C30H21NO5: C, 75.78; H, 4.43; N, 2.95, found: C, 75.75; H, 
4.45; N, 2.93 %. 

2.4. Antioxidant assays 

2.4.1. DPPH free radical scavenger assay 
The vivid purple type and absorption at 517 nm of compounds 1 and 

2 against DPPH assays. As a result, anti-radical activity and the amount 
of leftover DPPH are inversely associated. Several quantities of the test 
compounds (varying from 25 to 100 µg/mL in methanol) were added to 
a 0.004 % solution in 4 mL (w/v) methanolic solution of DPPH. The 
absorbance at 517 nm was measured against a blank after a 30-minute 
incubation period at room temperature (Kumar et al., 2017). 

To calculate the percentage of free radical scavenging (%), the 
following equation was used: 

Scavenging%DPPHScavengingeffect(%) =
Acontrol − Asample

Acontrol
× 100 

Where, 
Asample represents the measured material’s absorbance and Acontrol 

represents the DPPH solution’s absorbance, which contains all of the 
reagents other than the test substance. There were three runs of each 
test. 

2.5. Fluorescence spectroscopy analyze of scavenging hydroxyl radicals 
(OH. Scavenging activity) 

2.5.1. Method for hydroxylating benzoic acid 
The Fenton reaction, which produces –OH at the C3 or C4 position of 

the benzene ring, converts benzoic acid into hydroxyl. FeSO4 (10 mmol), 
7H2O (10 mmol), EDTA (10 mmol), and the representative solution were 
combined in 0.2 mL in a test tube with a screw top. The sample solution, 
phosphate buffer (pH 7.4, 0.1 mol), and 0.2 mL of sodium benzoate (10 
mmol) were then mixed together to get a final volume of 1.8 mL. Finally, 
0.2 mL of a 10 mmol H2O2 solution was added, and the combination was 
pre-incubated for 2 h at 37 ◦C using BHT as the standard for excitation 
following this incubation, fluorescence was assessed at 407 nm release 
(305 nm). 

OHradicalscavengingactivity =

(

1 −
F.I.s − F.I.o
F.I.c − F.I.o

)

× 100 

Where, 
Fluorescence intensity at 305 and 407 nm without treatment, or F. 

I.O. F.I.C. stands for fluorescence intensity for the treatment control at 
305 and 407 nm. Fluorescence intensity of the treated sample at 305 and 
407 nm (Wang et al., 2022). 

2.5.2. Activation of hydrogen peroxide scavengers (H2O2
. Scavenging 

activity) 
The calculation of the H2O2 scavenging capacity is explained by 

Lateef (Lateef et al., 2017). In brief, an H2O2 solution with a 40 mM 
concentration was produced using phosphate buffer (pH 7.4). The H2O2 
solution was subsequently exposed to test substances at concentrations 
between 25 and 100 µg/mL. At 230 nm, the absorbance values of the 
reaction mixture were calculated. To calculate the percentages of H2O2 
scavenging, use the equation below. Percent scavenging Acontrol Asample 
= 100 Acontrol where Asample denotes the absorbance of the test com-
pounds and Acontrol denotes the absorbance of the control reaction, 
which uses all reagents other than the test compound. Each test was 
done three times. 

IC50Inhibition =
Acontrol − Asample

Asample
× 100 

Where, 
Asample is the test substances’ absorbance, and Acontrol is the 
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absorbance of the control reaction (which contains all reagents but the 
test compound). 

2.5.3. Activity for scavenging nitric oxide (NO. Scavenging activity) 
With a few minor adjustments, the measurement of nitric oxide 

scavenging activity adhered to the standards set by Ghosh (Ghosh and 
Tiwari, 2018). NO.were created by the reaction of sodium nitroprusside. 
The test chemicals (1 and 2) were introduced in various concentrations 
(range from 25 to 100 µg/mL) and incubated for 150 min at 258 ◦C with 
C5FeN6Na2O (10 mM, 1 mL) and 1.5 mL of phosphate buffer saline (0.2 

M, pH 7.4). The reaction mixture was added to the Griess reagent after it 
had been incubating for 1 mL (1 % sulphanilamide, 2 % H3PO4, and 0.1 
% naphthylethylenediaminedihydrochloride). The chromosphere ab-
sorption was measured at 546 nm. The nitric oxide scavenging activity 
was calculated using the following equation. 

%NOScavenging =
Acontrol − Asample

Acontrol
× 100 

Where, Acontrol represents the absorbance of the control reaction and 
Asample represents the absorbance of the test chemicals (which contains 
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all reagents but the test compound. 

2.5.4. Ferric reducing antioxidant power (FRAP) assay 
Using the previously described technique, the FRAP test was carried 

out by Benzie and Strain. Freshly prepared FRAP reagent was created by 
mixing 2.5 mL of TPTZ (10 mM), 40 mM HCl, 20 mL of FeCl3, and 25 mL 
of acetate buffer (300 mM concentration and pH 3.6). The presence of 
Fe2+-TPTZ in the light blue reagent indicates that Fe3+-TPTZ is present, 
which changes to dark blue when it interacts with antioxidants. The 
increase in absorbance seen at different concentrations of the com-
pounds (1 and 2) in FRAP reagent (100, 50, and 25 µg/ml) at a wave-
length of 593 nm was the cause of these modifications (Benzie and 
Devaki, 2018). 

2.5.5. Anti-tyrosinase activity 
All of the compounds were put through an inhibition of tyrosinase 

test with L-DOPA as the substrate for purpose of evaluating the tyrosi-
nase inhibition, in accordance with the method described by Bradford 
with a few minor modifications (Selvaraj et al., 2020). As a result, the 
reference ingredient was chosen to be kojic acid, a substance that is 
frequently used to whiten the skin due to its significant inhibitory ac-
tivity against tyrosinase. 

2.5.6. Molecular docking analysis 
The most potent anthraquinone series compounds (1 and 2) and the 

proteins 2Y9X were subjected to molecular docking investigations using 
Auto Dock Vina 1.1.2 to examine the mechanism of binding and in-
teractions (Chidambaram et al., 2021). The collected data were then 
assessed in relation to the molecular docking models of the reference 
medications, which comprised Kojic acid. The Compounds 1, 2, and 

Kojic acid all have three-dimensional models made using the Chem 
Draw Ultra 12.0 application. 

3. Results and discussion 

3.1. Chemistry 

Here, the usual technique was used to synthesize anthraquinone 
derivative compounds 1 and 2. A mixture of 1,4-dihydroxyanthracene- 
9,10-dione, 3-carbamoylbenzene-1-ylium, and benzaldehyde combined 
with ethanol under the reflux method for 1 h at 60 ◦C. The final product 
was identified and conformed by using TLC and separated by column 
chromatography. The synthetic route outline is shown in scheme 1. The 
product yield was 87–84 %. 

The generated compounds were described using IR, 1H, 13C, and 
mass spectrometry techniques. The NH, CO, and –OH were matched by 
each compound, and bands in the IR that are distinctive to compounds 
1 and 2 had substantial regions of absorption at 3495–3359, 1860–1765, 
and 3540–3353 cm− 1, respectively. The 1H NMR signal ranged from 
8.03 to 7.63, 7.40–7.26, 5.35, and 8.03 ppm, corresponding to the 
protons Ar-ring, -Ph-ring, –OH, and NH. The 13C NMR revealed signals 
that corresponded to the -C = O, –NH-C, Ar-ring, and Ph-ring atoms at 
ppm values of 187.1–166.1, 52.4–51.6, 133.6–126.8, and 141.3–126.2. 
Elemental analysis and mass spectroscopy were checked and confirmed 
the compounds structure. The molecular weight was determined by 
mass spectral characterization (EI-MS), the compound 1a shows that 
molecular ions EI-MS (m/z):449.13 (M+, 30.7 %) peak confirmed by the 
molecular weight of compound 1. All compounds were conformed the 
molecular mass using EI-MS mass spectral analysis. 

Fig. 2. Percentage of activity of compounds 1,2, and BHT DPPH assays (a), compound 1 DPPH kinetics (b), compound 2 DPPH kinetics (c), and BHT DPPH ki-
netics (d). 
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3.2. DPPH radical scavenging activity 

The antioxidants were successful in converting the stable radical 
DPPH into the yellow-colored diphenyl-picrylhydrazine, as shown by 
the DPPH experiment’s findings. This method, which involves reducing 
DPPH in an alcoholic solution with an antioxidant that donates 

Fig. 3. Hydroxyl radical scavenging Effect of anthraquinone derivatives (a), Fluorescence spectra of (100 µg/mL) upon excitation at 422 nm at solvent, compound 1, 
2, and BHT(b), and OH radical kinetic study (c). 

Fig. 4. Hydrogen peroxide radical scavenging Effect of anthraqui-
none derivative. 

Fig. 5. Nitric oxide scavenging Effect of anthraquinone derivatives.  
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hydrogen throughout the reaction, is based on the creation of the non- 
radical form DPPH-H during the reaction, mechanism of action shows 
in scheme 2. When evaluating the level of free radical scavenging ac-
tivity that antioxidants possess, the reagent DPPH is frequently used. At 
the same concentration (100 µg/mL), compounds 1, 2, and BHT 
demonstrated 64.4 %, 46.48 %, and 42.01 % DPPH radical scavenging 
activity, correspondingly, it is shows that Fig. 2a. According to the re-
sults of, the action of the DPPH radical scavenger of BHT stood com-
parable to that of compound 1 and 2, but significantly the compound 2 
was highly active against the compound 1 and standard BHT. The 
synthesized compounds 1, 2, and BHT were also assessed with respect 
to their antioxidant activities using diphenyl-picrylhydrazinea stable 
species of free radicals that is frequently employed toward research the 
antioxidants’ capacity to scavenge free radicals. The results of these 
evaluations may be found in the following sentence: At the beginning, 
the stability of diphenyl-picrylhydrazine solutions that contained com-
pounds 1, 2, and BHT was investigated by keeping the solutions in the 
dark at 25 ◦C and measuring the absorbance at regular intervals. The 
presence of compounds1, 2, and BHT were required to be able to 
determine radical scavenging by the DPPH capabilities of an anthra-
quinone derivative. Absorbance dropped quickly (within 5 min) in 
response to the presence of these compounds. Fig. 2b, c & d shows that 
kinetic behaviour of reaction rate between the compounds 1, 2, and 
BHT compounds. 

3.3. OH. Scavenging activity 

At a wavelength of 305 nm for excitation and 407 nm for emission, 
the fluorescence was measured. Usually, the presence of an antioxidant 
in the medium causes this fluorescence to diminish. By supplying a 
hydrogen atom, antioxidant molecules prevent benzoic acid from being 
hydroxylated. 

That is conclude that all chemicals have a concentration-dependent 
improvement in their ability to scavenge OH radicals. When compared 
to BHT (55.8 %), compounds 2 and 1 demonstrated that 55.32 % and 
39.56 % at100 µg/mL) shown in Fig. 3a. 

The antioxidant activities of the synthesised compounds 1 and 2 
were evaluated using BHT, a stable free radical species that is frequently 
used to examine the capacity of antioxidants to neutralise free radicals. 
Beginning with holding BHT solutions containing compounds 1 and 2 
at 25 ◦C in the dark while occasionally measuring absorbances, the 
stabilities of these solutions were examined. Since absorbance’s 
decreased quickly, the presence of compounds 1 and 2 were required to 
ascertain the OH radical scavenging abilities of anthraquinone de-
rivatives (within 5 min) (Fig. 3b). Kinetic behavior of compounds 1 and 
2 were checked by UV– visible spectroscopy with various concentration, 
the performance of result shows that Fig. 3c. 

Fig. 6. FRAP activity of reducing power of compounds 1, 2, and BHT (a), compound 1 rate of reaction against FRAP (b), compound 2 rate of kinetic behaviours 
against FRAP (c), and BHT kinetic behaviours against FRAP (d). 
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3.4. H2O2
. Scavenging activity 

By oxidizing abilities of hydrogen peroxide (H2O2) are strong. 
Several oxidizing enzymes, including superoxide dismutase, are capable 
of forming it in living things. It can move across membranes and has the 
ability to gently oxidize a variety of substances. In Fig. 4, the capacity for 
BHT hydrogen peroxide was scavenged demonstrated and contrasted 
with that compounds 1 and 2. The activity of BHT was decided to 
scavenge hydrogen peroxide be 45.1 % at 100 µg/mL. Contrarily, 
compounds 1 and 2 shows that the percentage of activity at 50.23 % 
and 67.03 %, correspondingly, hydrogen peroxide (H2O2) scavenging 
activity. Compound 2 declined more than compound 1 at all concen-
trations, followed by BHT in terms of its ability to scavenge hydrogen 
peroxide. Transient OH that depends on metal ions radicals can cause 
DNA oxidative damage when H2O2is added to cells in culture. Several 
cell types appear to be less cytotoxic when hydrogen peroxide concen-
trations are at or below 20–50 mg. As a result, eliminating hydrogen 
peroxide is crucial for safeguarding the food and drug industries. 

3.5. The NO• scavenging activity 

NO• with Griess reagent interaction results in formazan, which is 
detectable spectrophotometrically. The extremely electronegative, 
somewhat unstable NO• radical quickly receives an electron from 
another radical. Compound 2 percent NO• Griess reagent radical inhi-
bition by compound 2 was 61.4 %, 55.5 %, and 38.14 % at concen-
trations of 100 µg/mL, 50 µg/mL, and 25 µg/mL, respectively. 
Compound 2 showed highly increased activity (61.4 %) as compared 
with BHT (46.1 %) at 100 µg/mL. NO scavenging results are shown in 
Fig. 5. 

3.6. Reducing power 

A compound’s lowering capability can be an important predictor of 
its possible action. When compared to the standards, compounds 1 and 
2 demonstrated efficient decreasing force when employing the K4[Fe 
(CN)6].3H2O reduction method, as shown in Fig. 6a. The Fe3+-Fe2+

Fig. 7. Tyrosinase activity of compounds 1 and 2 (a), Progress curve for L-Dopa oxidation by mushroom tyrosinase with compound 1 (b), and Progress curve for the 
oxidation of L-Dopa by mushroom tyrosinase with compound 2(c). 
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transition was examined used as Oyaizu method to assess the reductive 
ability of compounds 1 and 2. Compounds1 and 2 displayed powerful 
reducing activity at various doses (100–25 µg/mL). Compounds 1 and 2 
had the greatest reducing power, followed by typical compounds in the 
following order: Compound2 > Compound1 > BHT. The results show 

that compound 2 has electron donor capabilities that allow it to 
neutralize free radicals by producing stable products. In vivo, the 
reducing process terminates potentially hazardous radical chain re-
actions. Compared to Wang and Yang’s results, this test’s compound 1 
absorbance is lower. As a result of the spectrophotometers, that was 
achievable, and agents utilized in the two experiments were different, 
resulting in different results. 

In acidic media, the Fluorescence recovery after photobleaching 
assay assesses antioxidants’ ability to decrease the complex [Fe3+- 
(TPTZ)2]3+ to the brightly blue complex [Fe2+-(TPTZ)2]2+. The absor-
bance rise at 593 nm is measured, and compared to Fe2+ ion standard or 
a conventional anti-oxidant solution, such as BHT, to obtain FRAP 
values. The most potent reducing ability was detected in BHT (0.599) at 
concentrations of 100 µg/mL, whereas Cu NPs absorbed relatively poor 
reducing abilities at concentrations ranging from 25 to 100 µg/mL when 

Fig. 8. (a) Molecular docking study of Compound 1, (b) Compound 2, and (c) Kojic acid with 2Y9X protein (2d and 3d interaction structures).  

Table 1 
Docked result of Compounds with 2Y9X using XP method.  

S. No Compound/ 
Drug 

Dock 
Score 

Interacting 
residues 

Bond 
Length 

1. Compound 1  − 2.7 Asp 368, Ser 407 1.88, 2.19 
2. Compound 2  − 1.7 Asp 368, Asp 438 2.14, 2.73 
3. Kojic acid  − 4.7 Asn 323, Asn 332 1.70, 1.78  
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compared with BHT. Fig. 6b shows that different concentrations of the 
Fe3+-Fe2+ reductive potential in compound 1 kinetics (25–100 µg/mL)- 
FRAP-FRAP. Fig. 6c shows that various concentrations of the Fe3+-Fe2+

reductive potential (FRAP) (25–100 µg/mL) in compound 2 kinetics. 
Fig. 6d shows thatdifferent amounts of reductive potential (25–100 µg/ 
mL) affect the BHT kinetics of Fe3+, Fe2+, and FRAP. 

3.7. Anti-tyrosinase activity 

Fig. 7a illustrates these findings, which showed that the extract’s 
tyrosinase inhibitory effect was reversible and more potent than 
blocking the enzyme through binding. The extracts that bind the copper 

in the enzyme’s active site consequently display competitive inhibition 
that is comparable to Kojic acid. The L-Dopa oxidation progression 
curve, as mediated by mushroom tyrosinase, is shown in Fig. 7b & c. All 
values were average ± SD of five values. Reported average values for all 
parameters within a column with same superscripts are not significantly 
different (P > 0.05). 

3.8. Molecular docking 

3.8.1. Ligand preparation 
Chem 3D pro and Chem draw 12.0 were used to draw the ligands 

(Compound 1, 2, and Kojic acid). For use in docking investigations, the 
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ligand molecules were then transformed into a Protein Data Bank (PDB) 
file. 

3.8.2. Receptor preparation 
The protein data bank was used to download this structure, which 

represents a protein that binds mosquito odorant. Water molecules and 
ligands are taken out of the utilising Discovery Studio 2019 as a recep-
tor. The SWISS PDB Viewer was used to lower the energy of the receptor. 
After that, the receptor underwent molecular docking. 

3.8.3. Identification of binding pocket 
The Discovery Studio 2019 application and a co-crystallized ligand 

were used to examine the target protein’s binding pocket. Asp 368, Asp 
438, Asp 368, Ser 407, Asn 323, and Asn 332 residues were found in the 
binding pocket. 

3.8.4. Docking 
In order to investigate the interactions between compounds 1, 2, 

and kojic acid, the mosquito odorant binding protein, molecular docking 
experiments were carried out using Schrodinger Maestro 9.2. The amino 
acid residues that made up the binding pocket were taken into account 
when choosing the docking grid boxes. With an exhaustiveness score of 
8, the interactions were visually inspected in the PyMOL and Discovery 
Studio programmes. The software utilized to analyze the docking 
behaviour of compounds 1, 2, and kojic acid with 2Y9X protein is 9.2 
for the Schrodinger Maestro. A 2D illustration of a molecule coupled 
with a receptor for compounds 1 and 2 comparatively, the binding 
affinity of compound 2 for the 2Y9X protein is substantially lower (-1.7 
kcal/mol) than that of kojic acid (-4.7 kcal/mol). Kojic acid was 
employed as a benchmark because it is a widely available insecticide for 
controlling mosquitoes. 

The stability of protein–ligand interaction is greatly influenced by 
the hydrogen bond, and the ideal distance amongst the H-acceptor and 
H-donor atoms is lower than 3.5. In compounds 1 and 2 having strong 
hydrogen connections to the corresponding 2Y9X proteins, hydrogen 
bond lengths of less than 3.5 were discovered. Compound 2 created 
hydrogen-bond interactions with receptor 2Y9X. The hydrogen- 
interacting residues Asp 368 and Asp 438 have a bond length of 2.14 
and 2.73, respectively. VAL 370, GLY 375, VAL 377, VAL 404, GLU 405, 
ARG 406, SER 407, ALA 413, TYR 415, LYS 435, PRO 436, ASP 438, and 
PRO 439 are among the amino acid residues. According to Fig. 8a, the 
receptor’s docking score (-1.7 kcal/mol) and a 3D representation of the 
inhibitor molecule were implicated in hydrophobic interactions. Com-
pound 2 is more active than compound 1 and kojic acid. As a result, the 
complex of Asp 368 and Ser 407, which has a bond length of 1.88, 219, is 
an interacting residue that interacts with hydrogen. LYS 435, PRO 436, 
ASP 438, PRO 439, THR 440, GLU 441, and LYS 443 The amino acid 
residues are THR 321, ASN 323, ASN 332, THR 333, PRO 334, ASP 368, 
VAL 370, GLY 375, VAL 377, VAL 404, ARG 406, SER 407, ALA 413, and 
TYR 415. Inhibitor molecules docked into receptors were depicted in 3D 
in Fig. 8b, and their hydrophobic contacts were indicated by their 
docking score (-2.7 kcal/mol). 

As a result, the Asn 323, Asn 332, of kojic acid, which has a bond 
length of 1.70, 1.78, is an interfering residue that interacts with 
hydrogen. THR 321, ASN 323, GLY 331, ASN 332, THR 333, PRO 334, 
VAL 404, GLU 405, SER 407, SER 412, ALA 413, TYR 415, ASP 438, and 
PRO 436 are among the amino acid residues. Inhibitor molecules docked 
into receptors were depicted in 3D in Fig. 8c, and their hydrophobic 
contacts were indicated by their docking score (-4.7 kcal/mol). Table 1 
shows that docking socre, interacting the residues between the com-
pounds with2Y9X proteins (Akbar et al., 2022). 

3.8.5. Structure–activity relationship (SAR) analysis 
The correlation between the biological activities of physiologically 

significant substances and their chemical composition in the test system 
is referred to as the structural-activity relationship (SAR). We discovered 

a number of critical factors while analysing the relationships between 
structure and activity. 

Fig. 9 illustrate the SAR of compound 1 and 2. The compound 2 was 
highly active against all other activities compared with standard and 
compound 1. 

Compound 2, which has anthraquinone connected with benzamide 
and benzaldehyde, it is highly active against all the activity, but lowly 
active against previously reported anthraquinone derivative (Selvaraj 
et al., 2020) was highly active (IC50 = 6.26 µg/mL) against anti- 
tyrosinase activity. 

Compound 2, which has anthraquinone connected with benzamide 
and benzaldehyde, it is highly active against all the activity, but lowly 
active against previously reported anthraquinone derivative (Zarren 
et al., 2021) was highly active (IC50 = 21.88 µg/mL) against antioxidant 
activity (DPPH). 

Furthermore study is required since lead compound 2 constitute the 
novel class of very effective antioxidant, and anti-tyrosinase. 

4. Conclusion 

According to the results of the present investigation, anthraquinone 
derivatives compounds 1 and 2 were found to be a potent antioxidant 
and anti-tyrosinase in several in vitro tests, including reducing power, 
DPPH radicals, hydroxyl radicals, H2O2, and NO radical scavenging in 
comparison to the typical antioxidant chemical BHT. Compound 2 
binding energy is higher than that of ordinary kojic acid in the molecular 
docking investigation when compared to compounds 1 and 2. Based on 
the aforementioned findings, it can be used to maintain nutritional 
quality, extend the shelf life of food and medicine, delay the develop-
ment of hazardous oxidation products, and minimise or stop the 
oxidation of lipids in dietary items. 
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