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Abstract: Background: A number of synthetic scaffolds, along with natural products, have been 
identified as potent antioxidants. The present study deals with the evaluation of varyingly substituted, 
medicinally distinct class of compounds “chalcones and bis-chalcones” for their antioxidant potential.  

Methods: In vitro radical scavenging activities were performed on a series of synthetic chalcones 1-
13 and bis-chalcones 14-18.  

Results: All molecules 1-18 revealed a pronounced 2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2ʹ-
azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radicals scavenging potential in the 
ranges of IC50s = 0.58 ± 0.14 - 1.72 ± 0.03 and 0.49 ± 0.3 - 1.48 ± 0.06 µM, respectively. Ascorbic 
acid (IC50s = 0.5 ± 0.1 and 0.46 ± 0.17 µM for DPPH and ABTS, respectively) was used as a stan-
dard radical scavenger.  

Conclusion: Structure-activity relationship (SAR) revealed an active participation of various 
groups, including -SMe and -OMe in scavenging activity. 

Keywords: Chalcones, bis-chalcones, reactive oxygen species (ROS), DPPH, ABTS, in vitro. 

1. INTRODUCTION 

 Free radicals (FRs) are known to be highly reactive spe-
cies, possessing one or more ‘unpaired’ electron in their last 
atomic or molecular orbital. Oxygen-based FRs are highly 
important in biochemical processes. These oxygen FRs in-
clude superoxide (O2

-), alkoxyl (RO•), peroxyl (ROO•), hy-
droxyl (•OH), and hydroperoxyl (HOO•) radicals. •OH and 
HOO• radicals normally result from the homolytic fission of 
hydrogen peroxide (H2O2). There are several non-radical 
reactive oxygen-based species of biological interest such as 
singlet oxygen (1O2), hypochlorous acid (HOCl), hydrogen 
peroxide (H2O2), nitric oxide (NO), and peroxynitrite  
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(ONOO) [1, 2]. In the human body, several continuing bio-
chemical reactions encompass through free-radical mecha-
nisms. Oxidation, hydroxylation, and carboxylation are the 
biochemical processes that engage single-electron transfers 
from a cofactor or an FR intermediate. These FR intermedi-
ates are associated with cytokine, ion transport, metabolic 
energy formation, neuro-modulation, growth factor, hormone 
action, RNA transcription, and programmed cell death [3]. 

 Reactive oxygen species (ROS) are produced in the hu-
man body from either exogenous or endogenous sources. 
Endogenously, ROS can be formed in soluble oxidase en-
zyme systems, microsomal and mitochondrial electron trans-
port systems, and during phagocyte activation [4]. However, 
exogenously, ROS can be generated from cigarette smoke, 
air pollutants, water pollutants, heavy metals, radiation, or-
ganic solvents, and certain drugs, etc. [5]. Radical and non-
radical based ROS, depending upon the concentration within 
the biological system, can either be toxic or advantageous. 
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At low or moderate levels, ROS play beneficial roles in the 
activation of the host immunity system, signal transduction, 
and gene transcription, etc. [6, 7]. However, excessive for-
mation leads to oxidative stress, which is accountable for 
modifying several pathological situations and aging. Accu-
mulation of ROS in the body is very threatening as these 
species are harmful to the pivotal biological entities like 
DNA, proteins, and lipids [8-10]. These free radicals can 
cause several severe complications, including cardiovascular 
diseases, cancer, and diabetes [11]. ROS also trigger neu-
rodegenerative disorders such as Alzheimer's and Parkin-
son’s diseases [12]. 

 Antioxidants are biologically active agents that are used 
to slow down the production or completely end up the chain 
reactions of free radicals [13-16]. Internal antioxidants work 
as a defence system to prevent the human body from oxida-
tive damage. These internal oxidants are enzymes, including 
superoxide dismutase (SOD), glutathione peroxidase, cata-
lase, and thioredoxin or naturally occurring compounds in 
the body, such as ascorbic acid, uric acid, lipoic acid, glu-

tathione, and R-tochopherol. But once the internal antioxi-
dants are overwhelmed, the external sources of antioxidants 
are needed to reduce oxidative stress [17, 18]. Butylated hy-
droxytoluene, lactoferrin, transferrin, and ceruloplasmin se-
quester transition metals are well-known synthetic antioxi-
dants [19]. Few chemical classes of compounds based on 
phenols, sterically crowded amines, sulphides, and phospho-
rous compounds are known to possess antioxidant potential 
[20]. Therefore, it is immensely essential to evaluate the di-
verse classes of organic scaffolds for their ROS scavenging 
potential. 

 Chalcones (1,3-diaryl-2-propen-1-ones) are ubiquitously 
found as natural products in a variety of vegetables, fruits, 
tea, spices, and soy-based food stuff. They are recognized as 
precursors for the biosynthesis of flavonoids and isoflavon-
oids [21]. Flavonoids and isoflavonoids have the ability to 
scavenge free radicals and to stop lipid peroxidation [22]. 
Chalcones are chemically composed of two aromatic rings 
joined together by an α,β-unsaturated carbonyl system. Thus, 
chalcones commonly known as α,β-unsaturated ketones, 
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Fig. (1). Naturally occurring chalcones (A); Synthetic chalcones (B) as antioxidants. 
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exist in trans and cis isomers, and are regarded as a signifi-
cant class of natural drugs. Naturally occurring chalcones 
usually possess polyhydroxylated aryl rings [23, 24]. Chal-
cones are commonly synthesized by acid or base catalysed 
Claisen-Schmidt condensation reaction of aldehyde and ke-
tone [25, 26]. Bis-chalcone is extensively used as a starting 
material and intermediate for the syntheses of valuable drugs 
[27, 28]. Chalcones are medicinally important scaffolds, pos-
sess noticeable and indispensable broad biological properties 
such as antitumor, anticancer, anti-inflammatory, antimalar-
ial, antiprotozoal, anti-HIV, antimicrobial, and antioxidant 
activities [29-31]. 

 A number of naturally occurring hydroxychalcones, in-
cluding butein (a1), sappanchalcone (a2), and okanin (a3), 
are known to be effective antioxidants in the concentration 
range of 0.025-0.1%. However, isoprenylated chalcone such 
as broussochalcone A (a4) is known to inhibit iron-induced 
lipid peroxidation in rat brain homogenate in a concentra-
tion-dependent manner (IC50 = 0.63 ± 0.03 µM) and has also 
been found to suppress the NO production (IC50 = 11.3 µM) 
in LPS activated macrophages. Prenylated chalcone, 3-
hydroxyxanthoangelol (a5) showed excellent DPPH radical 
scavenging potential (IC50 = 5.0 µg). Xanthoangelol B (a6), 
xanthokeismins A (a7) were found to be potent superoxide 
scavengers (IC50 = 0.5 - 1.1 µM). Furthermore, prenylated 
chalcone 3-prenyl isoliquiritigenin (a8) was identified as a 
good DPPH radical scavenger than non-prenylated derivative 
isoliquiritigenin (a9) [32]. In addition to that, synthetic chal-
cones, including allylated chalcone (a14) having OH and Me 
substitution, were identified as an excellent antioxidant 
(DPPH = 41%) [33]. Similarly, synthetic chalcones bearing -
OH moiety on ring A and -OMe or -SMe group (a15, a16) at 
para position of ring B were identified as potent antioxi-
dants. Moreover, zinc and copper complexes of chalcones 
were also reported to possess antioxidant potential (a18, 
a19) (Fig. 1) [30]. 

 Recently, our research group has reported chalcones and 
bis-chalcones 1-18 as potent α-amylase inhibitors in search 
of leads for the discovery of antidiabetic agents [34] (Fig. 2). 
It is a well-known fact that ROS is frequently associated 
with hyperglycemia and diabetic complications [35-38]. Sci-
entists have a keen interest in discovering chemical agents 
that must have hypoglycemic and antioxidant potentials to 
treat diabetes mellitus [39]. Knowing the remarkable anti-

oxidant potential of chalcones, we intended to screen these 
synthetic chalcones and bis-chalcones based α-amylase in-
hibitors 1-18 for their possible radical scavenging potential 
against DPPH and ABTS radicals. There are numerous 
methods for the estimation of antioxidants potential, but re-
searchers mostly prefer DPPH and ABTS radical scavenging 
assays due to the utilization of stable free radicals. These 
assays are also popular due to their speed, ease, and sensitiv-
ity [40-41]. This piece of research discusses the antioxidant 
potential of chalcones and bis-chalcones revealing extinction 
at different wavelengths, e.g. 517 and 734 nm in DPPH and 
ABTS assays, respectively, were used to observe colored 
radical depletion via spectrophotometer. 

2. EXPERIMENTAL 

2.1. General Procedure for the Synthesis of Chalcones 
and bis-chalcones 1-18 

 Detailed protocol for the synthesis of chalcones and bis-
chalcones has been published earlier [34]. Spectral data for 
all compounds has been provided as supplementary informa-
tion (SI). 

2.2. DPPH Free Radical Scavenging Assay 

 The ability of the sample to scavenge DPPH free radicals 
was evaluated by the standard method [41, 42]. The sample 
solutions were prepared in absolute alcohol, ranging from 
0.01 mg/mL to 1 mg/mL. A total of 500 µL of the sample 
was added with 500 µL of DPPH solution (2 µmol). After 20 
min of incubation, the samples were placed in the dark at 
room temperature. Absorbance was taken at 517 nm. 500 µL 
of prepared DPPH solution and 500 µL of absolute alcohol 
were used as control. A similar procedure was repeated for 
ascorbic acid as standard. 

 The percentage inhibition of radical scavenging activity 
was calculated as illustrated, 

 % inhibition = 100*(Absorbance-DPPH control - Absor-
bance-sample/Absorbance-sample) 

2.3. ABTS Free Radical Cation Scavenging Assay 

 ABTS free radical cation scavenging ability of the com-
pounds was determined by standard method [41, 42]. 7 mM 
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Fig. (2). Leads having hypoglycemic and antioxidant potential. 
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ABTS was dissolved in distilled water and 2.45 mM potas-
sium persulfate was added to prepare ABTS free radical 
cations. The solution was kept in the dark for 12-16 h at 
room temperature. Sample solutions were prepared in abso-
lute alcohol ranging from 0.01 mg/mL to 1 mg/mL. The 
samples were added with 1 mL of ABTS solution and incu-
bated for 30 min. Absorbance was taken at 734 nm and the 
procedure was repeated for ascorbic acid as standard. 

 The percentage inhibition of radical scavenging activity 
was calculated as illustrated, 

 % inhibition = 100*(Absorbance-ABTS control - Absor-
bance-sample/Absorbance-sample) 

3. RESULTS AND DISCUSSION 

 Synthesis of chalcones and bis-chalcones 1-18 has been 
reported earlier [34]. In brief, chalcones and bis-chalcones 1-
18 were synthesized by treating substituted acetophenones or 
acetone with benzaldehyde derivatives under basic condition 
as depicted in Scheme 1. All compounds were fully charac-
terized by various spectroscopic techniques (see supplemen-
tary information). 

3.1. Radicals (DPPH and ABTS) Scavenging Activities of 
Synthetic Compounds 1-18 

 Diversely substituted synthetic chalcones and bis-
chalcones 1-18 were evaluated for radical (DPPH and 
ABTS) scavenging activities in vitro. It is worth mentioning 
that the whole library was found to be significantly active 
and showed good to moderate DPPH and ABTS radical 
scavenging activities in the ranges of IC50s = 0.58 ± 0.14 - 
1.72 ± 0.03 and 0.49 ± 0.3 - 1.48 ± 0.06 µM, respectively. 
Activity results were compared to the standard ascorbic acid 
(IC50s = 0.5 ± 0.1 and 0.46 ± 0.17 µM for DPPH and ABTS 
radical scavenging activities, respectively) (Table 1). 

3.2. Structure-activity Relationship (SAR) 
 SAR was anticipated on the basis of varying substitutions 
(R1, R2, and R3) and their effects on radical scavenging po-
tential. Amongst chalcones 1-13, compounds 1-6 possess -
Me substitution on ring R1 and different substitutions includ-
ing -OMe, -OEt, -SMe, -Cl, -OH, and -OBn on ring R2. 
Compound 4 (DPPH: IC50 = 0.66 ± 0.1 µM) (ABTS: IC50 = 
0.52 ± 0.2 µM) having p-SMe substitution, was identified as 
the most active radical scavenger and showed scavenging 
potential comparable to the standard ascorbic acid (IC50s = 
0.5 ± 0.1 and 0.46 ± 0.17 µM for DPPH and ABTS, respec-
tively). Replacement of -SMe to -OMe in case of compound 
1 (DPPH: IC50 = 1.16 ± 0.09 µM) (ABTS: IC50 = 1.09 ± 0.08 
µM) led to two-fold decreased scavenging potential which 
suggests that S atom played a crucial role in scavenging 
radicals. Similarly, replacing -SMe with -Cl group in com-
pound 2 (DPPH: IC50 = 0.94 ± 0.16 µM) (ABTS: IC50 = 0.74 
± 0.15 µM) resulted in slight decline in scavenging ability. 
Another compound 3 (DPPH: IC50 = 1.21 ± 0.1 µM) (ABTS: 
IC50s = 1.09 ± 0.08 µM) having a combination of -OMe and -
OEt showed scavenging strength almost similar to com-
pound 1 which suggests that incorporation of extra -OEt did 
not participate in the enhancement of scavenging ability. The 
same was the case of compound 6 (DPPH: IC50 = 1.67 ± 0.05 
µM) (ABTS: IC50 = 1.27 ± 0.04 µM) that having a combina-
tion of -OH and -OEt groups revealed a slight decline in the 
scavenging potential as compared to compound 3. Hydroxy 
group in compound 6 might involve intramolecular hydrogen 
bonding with adjacent -OEt thus being less liable to stabilize 
the free radicals. Furthermore, p-OBn substituted compound 
5 (DPPH: IC50s = 1.1 ± 0.1 µM) (ABTS: IC50s = 0.94 ± 0.1 
µM) showed scavenging strength comparable to other com-
pounds including 1-3, and 6 (Fig. 3). 

 Chalcones 7-14 having p-OMe group on ring R1 and 
varying substitutions on second ring R2. As observed in the 
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Scheme 1. Synthesis of (A) chalcones 1-13 and (B) bis-chalcones 14-18. 
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Table 1. Radical (DPPH and ABTS) scavenging activities of chalcones and bis-chalcones 1-18. 

Comp. 
DPPH 

IC50 ± SEMa (µM) 

ABTS 

IC50 ± SEMa (µM) 
Comp. 

DPPH 

IC50 ± SEMa (µM) 

ABTS 

IC50 ± SEMa (µM) 

R1

O

R2
E

1''

2''

Chalcones  

1 1.16 ± 0.09 1.09 ± 0.08 8 1.06 ± 0.1 0.87 ± 0.1 

2 0.94 ± 0.16 0.74 ± 0.15 9 1.08 ± 0.2 0.89 ± 0.12 

3 1.21 ± 0.1 1.09 ± 0.08 10 0.58 ± 0.14 0.49 ± 0.3 

4 0.66 ± 0.1 0.52 ± 0.2 11 1.56 ± 0.04 1.23 ± 0.12 

5 1.1 ± 0.1 0.94 ± 0.1 12 1.12 ± 0.04 0.98 ± 0.22 

6 1.67 ± 0.05 1.27 ± 0.04 13 1.14 ± 0.05 1.08 ± 0.14 

7 0.98 ± 0.03 0.75 ± 0.12       

O

R2R2
EE

1'

2'

1'

2'

Bis-Chalcones  

14 0.81 ± 0.1 0.71 ± 0.2 17 1.72 ± 0.03 1.48 ± 0.06 

15 0.9 ± 0.1 0.73 ± 0.1 18 1.46 ± 0.07 1.20 ± 0.09 

16 0.76 ± 0.2 0.58 ± 0.3 Ascorbic acidb 0.5 ± 0.1 0.46 ± 0.17 

SEMa Standard error mean); Ascorbic acidb (Standard for DPPH and ABTS radical scavenging activity); Units of IC50 are in µM. 
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Fig. (3). SAR of compounds 1-6. 
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previous case, p-SMe substituted compound 10 (DPPH: IC50 
= 0.58 ± 0.14 µM) (ABTS: IC50 = 0.49 ± 0.3 µM) revealed 
significant radical scavenging strength which further con-
firmed the active participation of -SMe group in scavenging 
potential. It is worth mentioning that compound 10 showed 
DPPH and ABTS radical scavenging activities, almost simi-
lar to standard ascorbic acid (IC50 = 0.5 ± 0.1 and 0.46 ± 0.17 
µM for DPPH and ABTS, respectively). Replacement of -
SMe with -OMe (comp. 7), -OEt (comp. 13), and -Br (comp. 
9) groups showed almost two-fold decreased scavenging 
strength. Compound 8 (DPPH: IC50 = 1.06 ± 0.1 µM) 
(ABTS: IC50 = 0.87 ± 0.1 µM) with o,p-dichloro groups also 
revealed scavenging strength comparable to analogs 7, 9, and 
13. Compounds 11 (DPPH: IC50 = 1.56 ± 0.04 µM) (ABTS: 
IC50 = 1.23 ± 0.12 µM) and 12 (ABTS: IC50 = 1.12 ± 0.04 
µM) (ABTS: IC50 = 0.98 ± 0.22 µM) having p-Ph and p-
OBn, respectively, showed scavenging strength to be good as 
revealed by other compounds. For sure, extended conjuga-
tion in the case of compounds 11 and 12 played a crucial role 
to scavenge radicals (Fig. 4). 

 Bis-chalcones 14-18 also showed good radical scaveng-
ing strength in the range of IC50 = 0.76 ± 0.2 - 1.72 ± 0.03 
µM. In contrast to chalcones, p-OMe substituted residue 16 
(DPPH: IC50 = 0.76 ± 0.2 µM) (ABTS: IC50 = 0.58 ± 0.3 
µM) was found to be better radical scavenger than p-SMe 
substituted molecule 17 (DPPH: IC50 = 1.72 ± 0.03 µM) 
(ABTS: IC50 = 1.48 ± 0.06 µM). Compounds 14 (DPPH: 
IC50 = 0.81 ± 0.1 µM) (ABTS: IC50 = 0.71 ± 0.2 µM) and 15 
(DPPH: IC50 = 0.9 ± 0.1 µM) (ABTS: IC50 = 0.73 ± 0.1 µM) 
having p-Cl and p-Br groups, respectively, demonstrated 

almost similar scavenging strength which suggests that Cl 
and Br groups equally participated in scavenging the DPPH 
and ABTS radicals. As observed in case of chalcones, bis-
chalcone 18 (DPPH: IC50 = 1.46 ± 0.07 µM) (ABTS: IC50 = 
1.20 ± 0.09 µM) bearing -OH and -OEt groups displayed 
moderate radical scavenging strength (Fig. 5). 

 In brief, limited SAR proposed that among all varying 
substitutions, -SMe and -OMe groups actively participated in 
scavenging the DPPH and ABTS radicals. 

3.3. Comparison of Current Leads with Previously Iden-
tified Radical Scavengers 
 During the last decade, our group has identified different 
classes of compounds for their potential radical scavenging 
activities [41-47]. Recently, we identified N-
sulfonohydrazide substituted indazoles (A) as potential 
DPPH (IC50 = 2.01 - 5.3 μM) and ABTS (IC50 = 2.34 - 5.5 
μM) radical scavengers. In this study, we recognized that 
sulfonohydrazide bearing molecules was found to be better 
scavenger as compared to indazole [43]. While in the present 
case, we identified -SMe bearing analogs as the best DPPH 
and ABTS scavengers which accredited that sulfur atom 
might play an important role in radical scavenging phenom-
ena. In addition to that, hybrid hydrazinyl thiazole substi-
tuted chromones (B) showed remarkable DPPH (IC50 = 0.09-
2.23 µM) and ABTS (IC50 = 0.584-3.738 µM) scavenging 
activities [41]. Similarly, hybrid hydrazinyl thiazole substi-
tuted coumarins (C) also showed good DPPH and ABTS 
radical scavenging activities in the ranges of IC50 = 0.62 - 
1.952 µM and IC50 = 0.37 - 1.844 µM, respectively [42]. It is 
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worth mentioning that many analogs of both classes (B & C) 
were also recognised as ROS and NO (nitric oxide radical) 
inhibitors [44]. In both cases, methylene hydrazine linker 
might play an important role in radical scavenging events but 
it is worth noting that two aromatic systems i.e. cou-
marin/chromone and thiazole on either side of the linker 
were also involved in the stabilization of free radicals by 
extensive conjugation (Fig. 6). While in the case of chal-
cones and bis-chalcones, two aromatic systems on either side 
of the enone linker, definitely played a part in the stabiliza-
tion of free radical. Furthermore, different libraries of Schiff 
bases having diversely substituted aromatic systems linked 
to them were also found to be excellent DPPH and superox-
ide anion scavengers [45-47] (Fig. 6). As shown before, syn-

thetic chalcones and bis-chalcones demonstrated DPPH (IC50 
= 0.58 - 1.72 µM) and ABTS (IC50 = 0.49 - 1.48 µM) radical 
scavenging results better than the previously identified leads 
due to two aromatic rings attached to enone (linker), which 
facilitates the stabilization of free radicals by resonance. Past 
results encouraged us to further evaluate chalcones and bis-
chalcones for their scavenging or inhibitory potential against 
ROS and NO radicals in order to obtain a series of potential 
antioxidants. 

CONCLUSION 
 Synthetic chalcones and bis-chalcones 1-18 were evalu-
ated for DPPH and ABTS radical scavenging activities in 
vitro. All synthetic compounds especially compounds bear-

DPPH (IC50 = 1.46 ± 0.07 !M)
ABTS (IC50 = 1.20 ± 0.09 !M)
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ing -SMe and -OMe groups showed pronounced DPPH and 
ABTS radical scavenging potential. These compounds with dual 
potential (α-amylase inhibitors and radical scavengers) have 
immense strength to serve as leads for antidiabetic activity. 

CONSENT FOR PUBLICATION 

 Not applicable. 

AVAILABILITY OF DATA AND MATERIALS 
 All the relevant data has already been provided. There is 
no further data to reveal. 

FUNDING 
 Pakistan Academy of Sciences; Project No. (5-9/PAS/440). 

CONFLICT OF INTEREST 

 The authors declare no conflict of interest, financial or 
otherwise. 

ACKNOWLEDGEMENTS 

 Authors are thankful to Pakistan Academy of Sciences 
for providing financial support to project No. 5-9/PAS/440 
and NAM S&T for awarding fellowship 2015-2016 to Ade-
bayo Tajudeen Bale to visit H. E. J. Research Institute of 
Chemistry, International Center for Chemical and Biological 
Sciences, University of Karachi, Karachi-75270, Pakistan. 

REFERENCES 
[1] Chandrasekara, A.; Shahidi, F. Inhibitory activities of soluble and 

bound millet seed phenolics on free radicals and reactive oxygen 
species. J. Agric. Food Chem., 2011, 59(1), 428-436. 

 http://dx.doi.org/10.1021/jf103896z PMID: 21133411 
[2] Halliwell, B.; Gutteridge, J.M.C. Free Radicals in Biology and 

Medicine; Oxford University Press: Oxford, 1989, pp. 1-81. 
[3] Lander, H.M. An essential role for free radicals and derived species 

in signal transduction. FASEB J., 1997, 11(2), 118-124. 
 http://dx.doi.org/10.1096/fasebj.11.2.9039953 PMID: 9039953 
[4] Kehrer, J.P. Free radicals as mediators of tissue injury and disease. 

Crit. Rev. Toxicol., 1993, 23(1), 21-48. 
 http://dx.doi.org/10.3109/10408449309104073 PMID: 8471159 
[5] Valko, M.; Rhodes, C.J.; Moncol, J.; Izakovic, M.; Mazur, M. Free 

radicals, metals and antioxidants in oxidative stress-induced cancer. 
Chem. Biol. Interact., 2006, 160(1), 1-40. 

 http://dx.doi.org/10.1016/j.cbi.2005.12.009 PMID: 16430879 
[6] Zheng, M.; Storz, G. Redox sensing by prokaryotic transcription 

factors. Biochem. Pharmacol., 2000, 59(1), 1-6. 
 http://dx.doi.org/10.1016/S0006-2952(99)00289-0 PMID: 10605928 
[7] Dröge, W. Free radicals in the physiological control of cell func-

tion. Physiol. Rev., 2002, 82(1), 47-95. [Review]. 
 http://dx.doi.org/10.1152/physrev.00018.2001 PMID: 11773609 
[8] Blois, M.S. Antioxidant determinations by the use of a stable free 

radical. Nature, 1958, 181, 1199-1200. 
 http://dx.doi.org/10.1038/1811199a0 
[9] Ikram, M.; Rehman, S.; Khan, A.; Baker, R.J.; Hofer, T.S.; Subhan, 

F.; Schulzke, C. Synthesis, characterization, antioxidant and selec-
tive xanthine oxidase inhibitory studies of transition metal com-
plexes of novel amino acid bearing Schiff base ligand. Inorg. Chim. 
Acta, 2015, 428, 117-126. 

 http://dx.doi.org/10.1016/j.ica.2015.01.021 
[10] Beena, ; Kumar, D.; Rawat, D.S. Synthesis and antioxidant activity 

of thymol and carvacrol based Schiff bases. Bioorg. Med. Chem. 
Lett., 2013, 23(3), 641-645. 

 http://dx.doi.org/10.1016/j.bmcl.2012.12.001 PMID: 23273412 
[11] Pillai, R.R.; Karrouchi, K.; Fettach, S.; Armaković, S.; Armaković, 

S.J.; Brik, Y.; Ansar, M.H. Synthesis, spectroscopic characteriza-
tion, reactive properties by DFT calculations, molecular dynamics 
simulations and biological evaluation of Schiff bases tethered 1, 2, 
4-triazole and pyrazole rings. J. Mol. Struct., 2019, 1177, 47-54. 

 http://dx.doi.org/10.1016/j.molstruc.2018.09.037 
[12] Cantuti-Castelvetri, I.; Shukitt-Hale, B.; Joseph, J.A. Neurobehav-

ioral aspects of antioxidants in aging. Int. J. Dev. Neurosci., 2000, 
18(4-5), 367-381. 

 http://dx.doi.org/10.1016/S0736-5748(00)00008-3 PMID: 
10817921 

[13] Özdemir, Ö. Studies on phenol-keto tautomerism, metal ion bind-
ing, and free radical scavenging properties of newly synthesized 
naphthalene-based tetraimine Schiff base. Balıkesir Üniversitesi 
Fen Bilimleri Enstitüsü Dergisi, 2018, 20, 109-123. 

[14] Ahad, G.; Khan, M.; Khan, A.; Ibrahim, M.; Salar, U. Kanwal; 
Khan, K. M.; Perveen, S. Synthesis, structural characterization, and 
antioxidant activities of 2,4-dinitrophenyl-hydrazone derivatives. J. 
Chem. Soc. Pak., 2018, 40, 961-973. 

[15] Ajaib, M.; Almas, M.; Khan, K.M.; Perveen, S.; Shah, S. Phyto-
chemical screening, antimicrobial and antioxidant activities of Fi-
cus natalensis. J. Chem. Soc. Pak., 2016, 38, 345-351. 

[16] Ajaib, M.; Arooj, T.; Khan, K.M.; Farid, S.; Ishtiaq, M.; Perveen, 
S.; Shah, S. Phytochemical, antimicrobial and antioxidant screen-
ing of fruits, bark and leaves of Lagerstroemia indica. J. Chem. 
Soc. Pak., 2016, 38, 538-545. 

[17] Darley-Usmar, V.; Halliwell, B. Blood radicals: reactive nitrogen 
species, reactive oxygen species, transition metal ions, and the vas-
cular system. Pharm. Res., 1996, 13(5), 649-662. 

 http://dx.doi.org/10.1023/A:1016079012214 PMID: 8860419 
[18] Cutler, R.G. Human longevity and aging: possible role of reactive 

oxygen species. Ann. N. Y. Acad. Sci., 1991, 621, 1-28. 
 http://dx.doi.org/10.1111/j.1749-6632.1991.tb16965.x PMID: 

1859082 
[19] Anderson, K.M.; Seed, T.; Ou, D.; Harris, J.E. Free radicals and 

reactive oxygen species in programmed cell death. Med. Hypothe-
ses, 1999, 52(5), 451-463. 

 http://dx.doi.org/10.1054/mehy.1997.0521 PMID: 10416954 
[20] Laird, T. Ullmann's encyclopedia of industrial chemistry; VCH: 

Weinheim, Germany., 1997, 8, . 
[21] Di Carlo, G.; Mascolo, N.; Izzo, A.A.; Capasso, F. Flavonoids: old 

and new aspects of a class of natural therapeutic drugs. Life Sci., 
1999, 65(4), 337-353. 

 http://dx.doi.org/10.1016/S0024-3205(99)00120-4 PMID: 
10421421 

[22] Morel, I.; Lescoat, G.; Cogrel, P.; Sergent, O.; Pasdeloup, N.; Bris-
sot, P.; Cillard, P.; Cillard, J. Antioxidant and iron-chelating activi-
ties of the flavonoids catechin, quercetin and diosmetin on iron-
loaded rat hepatocyte cultures. Biochem. Pharmacol., 1993, 45(1), 
13-19. 

 http://dx.doi.org/10.1016/0006-2952(93)90371-3 PMID: 8424806 
[23] Dhar, D.N. The Chemistry of Chalcones and Related Compounds; 

John Wiley: New York, 1981. 
[24] Zhuang, C.; Zhang, W.; Sheng, C.; Zhang, W.; Xing, C.; Miao, Z. 

Chalcone: a privileged structure in medicinal chemistry. Chem. 
Rev., 2017, 117(12), 7762-7810. 

 http://dx.doi.org/10.1021/acs.chemrev.7b00020 PMID: 28488435 
[25] Guida, A.; Lhouty, M.H.; Tichit, D.; Figueras, F.; Geneste, P. Hy-

drotalcites as base catalysts. Kinetics of Claisen-Schmidt condensa-
tion, intramolecular condensation of acetonylacetone and synthesis 
of chalcone. Appl. Catal. A, 1997, 164, 251-264. 

 http://dx.doi.org/10.1016/S0926-860X(97)00175-0 
[26] Eddarir, S.; Cotelle, N.; Bakkour, Y.; Rolando, C. An efficient 

synthesis of chalcones based on the Suzuki reaction. Tetrahedron 
Lett., 2003, 44, 5359-5363. 

 http://dx.doi.org/10.1016/S0040-4039(03)01140-7 
[27] Anto, R.J.; Sukumaran, K.; Kuttan, G.; Rao, M.N.A.; Subbaraju, 

V.; Kuttan, R. Anticancer and antioxidant activity of synthetic 
chalcones and related compounds. Cancer Lett., 1995, 97(1), 33-
37. 

 http://dx.doi.org/10.1016/0304-3835(95)03945-S PMID: 7585475 
[28] Sharma, U.K.; Mohanakrishnan, D.; Sharma, N.; Equbal, D.; Sahal, 

D.; Sinha, A.K. Facile synthesis of vanillin-based novel bischal-
cones identifies one that induces apoptosis and displays synergy 



Chalcones and Bis-Chalcones Analogs as DPPH and ABTS Radical Scavengers Letters in Drug Design & Discovery, 2021, Vol. 18, No. 0    9 

with Artemisinin in killing chloroquine resistant Plasmodium falci-
parum. Eur. J. Med. Chem., 2018, 155, 623-638. 

 http://dx.doi.org/10.1016/j.ejmech.2018.06.025 PMID: 29929118 
[29] Ur Rashid, H.; Xu, Y.; Ahmad, N.; Muhammad, Y.; Wang, L. 

Promising anti-inflammatory effects of chalcones via inhibition of 
cyclooxygenase, prostaglandin E2, inducible NO synthase and nu-
clear factor κb activities. Bioorg. Chem., 2019, 87, 335-365. 

 http://dx.doi.org/10.1016/j.bioorg.2019.03.033 PMID: 30921740 
[30] Singh, P.; Anand, A.; Kumar, V. Recent developments in biologi-

cal activities of chalcones: a mini review. Eur. J. Med. Chem., 
2014, 85, 758-777. 

 http://dx.doi.org/10.1016/j.ejmech.2014.08.033 PMID: 25137491 
[31] Mahapatra, D.K.; Asati, V.; Bharti, S.K. Chalcones and their thera-

peutic targets for the management of diabetes: structural and phar-
macological perspectives. Eur. J. Med. Chem., 2015, 92, 839-865. 

 http://dx.doi.org/10.1016/j.ejmech.2015.01.051 PMID: 25638569 
[32] Sahu, N.K.; Balbhadra, S.S.; Choudhary, J.; Kohli, D.V. Exploring 

pharmacological significance of chalcone scaffold: a review. Curr. 
Med. Chem., 2012, 19(2), 209-225. 

 http://dx.doi.org/10.2174/092986712803414132 PMID: 22320299 
[33] Santosh, L.; Gaonkar, U.N. Vignesh, Synthesis and pharmacologi-

cal properties of chalcones: a review. Res. Chem. Intermed., 2017, 
43, 6043-6077. 

 http://dx.doi.org/10.1007/s11164-017-2977-5 
[34] Tajudeen Bale, A.; Mohammed Khan, K.; Salar, U.; Chigurupati, 

S.; Fasina, T.; Ali, F.; Kanwal, ; Wadood, A.; Taha, M.; Sekhar 
Nanda, S.; Ghufran, M.; Perveen, S. Chalcones and bis-chalcones: 
As potential α-amylase inhibitors; synthesis, in vitro screening, and 
molecular modelling studies. Bioorg. Chem., 2018, 79, 179-189. 

 http://dx.doi.org/10.1016/j.bioorg.2018.05.003 PMID: 29763804 
[35] Lipinski, B. Pathophysiology of oxidative stress in diabetes melli-

tus. J. Diabetes Complications, 2001, 15(4), 203-210. 
 http://dx.doi.org/10.1016/S1056-8727(01)00143-X PMID: 

11457673 
[36] Khan, A.N.; Khan, R.A.; Ahmad, M.; Mushtaq, N. Role of antioxi-

dant in oxidative stress and diabetes mellitus. J. Pharmacogn. Phy-
tochem., 2015, 3, 217-220. 

[37] Asmat, U.; Abad, K.; Ismail, K. Diabetes mellitus and oxidative 
stress-A concise review. Saudi Pharm. J., 2016, 24(5), 547-553. 

 http://dx.doi.org/10.1016/j.jsps.2015.03.013 PMID: 27752226 
[38] Kayama, Y.; Raaz, U.; Jagger, A.; Adam, M.; Schellinger, I.N.; 

Sakamoto, M.; Suzuki, H.; Toyama, K.; Spin, J.M.; Tsao, P.S. Dia-
betic cardiovascular disease induced by oxidative stress. Int. J. 
Mol. Sci., 2015, 16(10), 25234-25263. 

 http://dx.doi.org/10.3390/ijms161025234 PMID: 26512646 
[39] Bashary, R.; Khatik, G.L. Design, and facile synthesis of 1,3 

diaryl-3-(arylamino)propan-1-one derivatives as the potential α-

amylase inhibitors and antioxidants. Bioorg. Chem., 2019, 82, 156-
162. 

 http://dx.doi.org/10.1016/j.bioorg.2018.10.010 PMID: 30321778 
[40] Olszowy, M.; Dawidowicz, A.L. Is it possible to use the DPPH and 

ABTS methods for reliable estimation of antioxidant power of 
colored compounds? Chem. Pap., 2018, 72, 393-400. 

 http://dx.doi.org/10.1007/s11696-017-0288-3 
[41] Salar, U.; Khan, K.M.; Chigurupati, S.; Taha, M.; Wadood, A.; 

Vijayabalan, S.; Ghufran, M.; Perveen, S. New hybrid hydrazinyl 
thiazole substituted chromones: as potential α-amylase inhibitors 
and radical (DPPH & ABTS) scavengers. Sci. Rep., 2017, 7(1), 16980. 

 http://dx.doi.org/10.1038/s41598-017-17261-w PMID: 29209017 
[42] Salar, U.; Khan, K.M.; Chigurupati, S.; Syed, S.; Vijayabalan, S.; 

Wadood, A.; Riaz, M.; Ghufran, M.; Perveen, S. New hybrid scaf-
folds based on hydrazinyl thiazole substituted coumarin; As novel 
leads of dual potential; in vitro α-amylase inhibitory and antioxi-
dant (DPPH and ABTS radical scavenging) activities. Med. Chem., 
2019, 15(1), 87-101. 

 http://dx.doi.org/10.2174/1573406414666180903162243 PMID: 
30179139 

[43] Rafique, R.; Khan, K.M.; Arshia, ; Chigurupati, S.; Wadood, A.; 
Rehman, A.U.; Salar, U.; Venugopal, V.; Shamim, S.; Taha, M.; 
Perveen, S. Synthesis, in vitro α-amylase inhibitory, and radicals 
(DPPH & ABTS) scavenging potentials of new N-
sulfonohydrazide substituted indazoles. Bioorg. Chem., 2020, 94, 
103410. 
http://dx.doi.org/10.1016/j.bioorg.2019.103410 PMID: 31732193 

[44] Salar, U.; Khan, K.M.; Jabeen, A.; Hussain, S.; Faheem, A.; Naqvi, 
F.; Perveen, S. Diversified thiazole substituted coumarins and 
chromones; As non-cytotoxic ROS and NO inhibitors. Lett. Drug 
Des. Discov., 2020, 17, 545-553. 

 http://dx.doi.org/10.2174/1570180816666190611155218 
[45] Khan, K.M.; Rahim, F.; Khan, A.; Ali, S.; Taha, M.; Saad, S.M.; 

Khan, M. Najeebullah; Shaikh, A.; Perveen, S.; Choudhary, M. I. 
Synthesis of benzophenone hydrazone analogs and their DPPH 
radical scavenging and urease inhibitory activities. J. Chem. Soc. 
Pak., 2015, 37, 479-483. 

[46] Khan, K.M.; Taha, M.; Naz, F.; Siddiqui, S.; Ali, S.; Rahim, F.; 
Perveen, S.; Choudhary, M.I. Acylhydrazide Schiff bases: DPPH 
radical and superoxide anion scavengers. Med. Chem., 2012, 8(4), 
705-710. 

 http://dx.doi.org/10.2174/157340612801216111 PMID: 22571188 
[47] Khan, K.M.; Shah, Z.; Ahmad, V.U.; Khan, M.; Taha, M.; Rahim, 

F.; Ali, S.; Ambreen, N.; Perveen, S.; Choudhary, M.I.; Voelter, W. 
2,4,6-Trichlorophenylhydrazine Schiff bases as DPPH radical and 
super oxide anion scavengers. Med. Chem., 2012, 8(3), 452-461. 

 http://dx.doi.org/10.2174/1573406411208030452 PMID: 22530900 
 

 

DISCLAIMER: The above article has been published in Epub (ahead of print) on the basis of the materials provided by the 
author. The Editorial Department reserves the right to make minor modifications for further improvement of the manuscript. 


