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A B S T R A C T

Chalcones (1, 3-Diphenyl-2-propen-1-one) consist of a three carbon α, β-unsaturated carbonyl system and act as
precursors for the biosynthesis of flavonoids in plants. However, laboratory synthesis of various chalcones has
also been reported. Both natural and synthetic chalcones are known to exhibit a variety of pharmacological
activities such as anti-inflammatory, antitumor, antibacterial, antifungal, antimalarial and antituberculosis.
These promising activities, ease of synthesis and simple chemical structure have awarded chalcones considerable
attraction. This review focuses on the anti-inflammatory effects of chalcones, caused by their inhibitory action
primarily against the activities and expressions of four key inflammatory mediators viz., cyclooxygenase,
prostaglandin E2, inducible NO synthase, and nuclear factor κB. Various methodologies for the synthesis of
chalcones have been discussed. The potency of recently synthesized chalcones is given in terms of their IC50
values. Structure-Activity Relationships (SARs) of a variety of chalcone derivatives have been discussed.
Computational methods were applied to calculate the ideal orientation of a typical chalcone scaffold against
three enzymes, namely, cyclooxygenase-1, cyclooxygenase-2 and inducible NO synthase for the formation of
stable complexes. The global market of anti-inflammatory drugs and its expected growth (from 2018 to 2026)
have been discussed. SAR analysis, docking studies, and future prospects all together provide useful clues for the
synthesis of novel chalcones of improved anti-inflammatory activities.

1. Introduction

Leukocytes or white blood cells are involved in counteracting for-
eign substances, microorganisms, and infectious diseases and therefore,
constitute a key component of the host immune system. However, they
can also generate cellular impairment in host tissues in inflammatory
disorders via degranulation and production of reactive species [1–3].
Inflammation is a defensive strategy in higher organisms in which the
immune system identifies impaired cells, irritants, pathogens, and other
harmful stimuli, and initiates the curing process [4]. Inflammation
constitutes part of the body's immune feedback. An inflammatory

response is responsible for healing infections, injuries, and any im-
pairment to the tissues. A number of physical responses initiated by the
immune system as a reaction to a physical injury or an infection cause
inflammation [5]. Acute inflammation initiates quickly and becomes
intense in a short period. Symptoms last for several days but may
continue for a few weeks in some conditions. Acute inflammation is
characterized by pain, redness, immobility, swelling, and heat. Acute
bronchitis, infected ingrown toenail, a sore throat from a cold or flu, a
scratch or cut on the skin, high-intensity exercise, acute appendicitis,
dermatitis, tonsillitis, infective meningitis, sinusitis, and physical
trauma are the conditions and diseases which can cause acute
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inflammation [6,7]. Chronic inflammations refer to a long-standing
inflammation and can last for a few months and even years. Symptoms
of chronic inflammation include fatigue, mouth sores, chest pain, ab-
dominal pain, fever, rash, and joint pain. Asthma, hepatitis, ulcerative
colitis, crohn's disease, periodontitis, rheumatoid arthritis, tuberculosis,
and chronic peptic ulcer are the commonly known diseases caused by
chronic inflammations [8]. Some common medications such as Non-
steroidal anti-inflammatory drugs (NSAIDs), corticosteroids and herbal
supplements are used to reduce the pain caused by various inflamma-
tions [9]. However, numerous chronic inflammatory diseases such as
rheumatoid arthritis and inflammatory bowel disease etc. still present a
challenge to the researchers since no safe medicines are available to
cure these ailments [10]. Currently, NSAIDs, e.g. aspirin and ibuprofen
are extensively used to reduce inflammatory pain. The underlying
mechanism indicates that NSAIDs exert their effect by inhibiting cy-
clooxygenase (COX). COX is a crucial enzyme responsible for the
synthesis of prostanoids, biologically active substances involved in
numerous physiological processes and pathological disorders, such as
inflammation. Research indicates that pharmacological suppression of

COX can provide relief from inflammatory pain [11,12]. Side effects,
particularly gastric corrosion, ulcer, and kidney toxicity have been as-
sociated with the use of NSAIDs. Consequently, modern research has
been focused on the design and development of new anti-inflammatory
drugs with minimum or no side effects as an alternative to NSAIDs [13].
Natural products carrying anti-inflammatory properties have long been
practiced as a traditional medicine for inflammatory ailments such as
fevers, pain, migraine, and arthritis. As the inflammatory mechanism of
diseases becomes obvious, anti-inflammatory foods attract more at-
tention [14]. According to British nutrition foundation, foods consisting
of flavonoids, terpenoids, allied phenolic and polyphenolic and sulfur-
containing compounds have been reported to be useful as anti-in-
flammatory diet [15]. Chalcone (Fig. 1) is a simple chemical structure
which forms the backbone of many natural products and is widely
distributed in vegetables, fruits, teas, and other plants. Chalcones are
1,3-diphenyl-2-propene-1-one, containing two aromatic rings (A and B)
connected by an electrophilic three carbon α, β-unsaturated carbonyl
structure [16–19]. Kostanecki and Tambor, for the first time, reported
the synthesis of natural products consisting of α, β unsaturated car-
bonyl link and named them as “chalcones” [20]. The presence of re-
active keto ethylenic group (eCOeCH]CHe) and α, β- unsaturated
carbonyl system in chalcones derivatives enable them to exhibit a wide
range of biological activities (Fig. 2) including antimicrobial, analgesic,
anti-inflammatory, anti-ulcerative, antiplatelet, antiviral, antimalarial,
anticancer, antileishmanial, antihyperglycemic, antioxidant and anti-
tubercular [16,21,22]. Though chalcones possess numerous medicinal
applications, their broad bioactivity spectrum shows a casual target

Fig. 1. Chemical structure of chalcone.

Fig. 2. Biological activities of chalcones.
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profile, which offers a challenging task for their clinical application.
Due to the electrophilic nature of α, β-unsaturated carbonyl moiety, it
has the potential to form irreversible bonds with biological macro-
molecules, causing a number of harmful effects, for example, allergenic
reactions, mutagenicity, and carcinogenicity [23,24]. On the contrary,
the decoration of the aromatic system and α-X-substitution of the
double bond in the enone group can both effectively affect the re-
activity of chalcones. Consequently, the design and synthesis of novel
analogues are specifically vital for developing chalcone derivatives with
better clinical applications in the future [25].

This review is focused on the synthesis, anti-inflammatory activities,
structure-activity relationship (SAR) analysis and computational studies
of chalcone and its derivatives.

2. Chalcones synthesis

Chalcones possess simple chemistry which allows a variety of sub-
stitutions with facile synthesis. Presently, several methodologies are
applied for the synthesis of chalcone derivatives. In each of these syn-
thetic methodologies, the most significant part is the condensation of
two aromatic moieties (with nucleophilic and electrophilic groups) to
produce the chalcone system. Regardless of the array of substitutions
allowed, we outline the reaction scheme below by means of the typical
scaffold of chalcones (1,3-diphenyl-2-propen-1-one).

2.1. Claisen-Schmidt condensation

Claisen-Schmidt condensation (Scheme 1) is one of the most widely
used methodologies for the synthesis of chalcone derivatives. The re-
action is named after two inventive researchers, R. L. Claisen and J. G.

Schmidt, and it illustrates a method in which a benzaldehyde and
acetophenone are condensed together after their treatment with each
other in the presence of strong basic or acidic catalysts in a liquid
solvent at 50–100 °C for several hours. In base-catalyzed reactions, the
chalcone is produced from the aldol product through dehydration in an
enolate mechanism, whereas in the acid-catalyzed reaction, it is pro-
duced by an enol mechanism. A key limitation of this reaction is the
mild reaction rate, the reaction usually requires a longer time for
completion. The reaction could also produce a complex mixture having
the desired products, byproducts, and occasionally the reactants. Con-
sequently, the yield could fluctuate drastically (from 10% to near 100%
conversion), depending on the type of reactants and catalysts. Still, this
reaction has been applied in most of the publications due to its ex-
perimental easiness and extremely productive formation of the carbon-
carbon double bond with slight limitations to the complexity of the
molecules. The presence of electron-donating and electron-withdrawing
substituents in aldehydes prefer condensation by acids and base re-
spectively [17,21].

2.2. Carbonylative Heck coupling reaction

Carbonylative Heck coupling reaction (Scheme 2) involves the
carbonylative vinylation of phenyl halide with styrene in the presence
of carbon monoxide while applying palladium (Pd) as a catalyst to yield
chalcones [26].

2.3. Suzuki–Miyaura coupling reaction

In Suzuki–Miyaura coupling reaction (Scheme 3), benzoyl chloride
is coupled with styryl boronic acid in the presence of Pd(PPh3)4, CsCO3

Scheme 1. The Claisen-Schmidt condensation.

Scheme 2. Carbonylative Heck cou-
pling reaction.

Scheme 3. Suzuki–Miyaura coupling reaction.
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and dry toluene to yield chalcones. Alternatively, phenylboronic acid
can be coupled with cinnamoyl chloride using Pd(PPh3)4, CsCO3, and
dry toluene to produce chalcones [27].

2.4. One-pot synthesis

One pot synthesis provides an easy, effective and green technique
for chalcone synthesis in just one container. This synthetic methodology
has advantages of better reaction productivity and avoidance of the
extensive purification procedure of the intermediates, and hence is
time-saving and cost-effective. The reaction involves the treatment of
phenylmethanol and acetophenone with each other in the presence of
oxidizing agent CrO3. Benzaldehyde is produced by the action of CrO3

on phenylmethanol. Acetophenone then reacts with benzaldehyde to
yield chalcones (Scheme 4) [28].

2.5. Sonogashira coupling–isomerization reaction

In Sonogashira coupling–isomerization reaction, chalcones are
synthesized by treatment of equimolar amounts of electron-deficient
(hetero)aryl halides and (hetero)aryl or alkenyl 1-propargyl alcohols in
THF, catalyzed by PdCl2(PPh3)2 under microwave radiation (Scheme 5)
[29].

2.6. Heterogeneous solid acid catalyst facilitated synthesis

Chalcone synthesis has also been reported in the presence of a
heterogeneous solid acid catalyst. Equimolar amounts of benzaldehyde
and phenylacetylene were treated in 1,2-dichloroethane as solvent
under microwave irradiation and ion-exchange molecules resin

amberlyst-15 as heterogeneous solid acid catalyst (Scheme 6) [30].

2.7. Coupling reaction

Coupling reaction between benzaldehyde and phenylacetylene in
the presence of TsOH or HBr (as a catalyst) and ionic liquids, such as
1‐butyl‐3‐methyl‐1H‐imidazolium 4‐methyl benzenesulfonate
(BmimOTs) or its 1‐ethyl analogue (EmimOTs) for 12 h at 100 °C can
yield chalcones (Scheme 7) [31].

2.8. Julia-Kocienski olefination

In a modified Julia-Kocienski olefination, 2-(Benzo[d]thiazol-2-yl-
sulfonyl)-1 phenylethanones is treated with benzaldehyde at −78 °C in
the presence of a base to afford (E)-chalcone as a major diastereomeric
product in good to excellent yields (Scheme 8). Nonpolar solvents were
found to be superior compared to polar solvents, and the study in-
dicated a remarkable correlation between solvent polarity and yield. A
substantial decrease in yield was observed at −78 °C. However, gen-
eration of the anion (which might then be stabilized by a carbonyl
group at α-position in addition to the comparatively large stability of
the sulfonyl anion at a lower temperature) restricts the reactivity of this
reaction [32].

3. Anti-inflammatory activities of chalcone derivatives

Several research groups reported the anti-inflammatory activities of
natural as well as synthetic chalcones against several therapeutic tar-
gets such as COX, interleukins, nitric oxide synthase (NOS), expression
of cell adhesion molecules (CAM), lipooxygenase (LOX) and

Scheme 4. One-pot synthesis of chalcones.

Scheme 5. Sonogashira coupling–isomerization reaction for chalcone synthesis. EWG represents the electron-withdrawing group.

Scheme 6. Chalcones synthesis facilitated by a
heterogeneous solid acid catalyst.

Scheme 7. Coupling reaction between benzalde-
hyde and phenylacetylene for chalcone synthesis.
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prostaglandins (PGs) etc. However, we will restrict this review to the
inhibitory effects of chalcone derivatives against four important in-
flammatory mediators i.e. COX, prostaglandin E2 (PGE2), inducible NO
synthase (iNOS) and nuclear factor kappa B (NF-κB) (Fig. 3).

3.1. Cyclooxygenase inhibition

The suppression of COX activity can relieve inflammatory symptoms
and pain; therefore, several attempts have been made to develop novel
and more efficient anti-inflammatory drugs by inhibiting COX activity.

Bano et al. synthesized new chalcone derivatives (Fig. 4) and eval-
uated their anti-inflammatory activity via carrageenan-induced hind
paw oedema model at a dosage of 20mg/kg body weight. The anti-
inflammatory activity (26–91% after 3 h) of the target derivatives was

observed to be similar to the reference drug (indomethacin) with a
minor ulcer. SAR analysis indicated that the introduction of nitro,
methoxy or chloro moieties at ortho or para positions considerably de-
creased the activity, while methoxy group at meta position enhanced
the activity profiles. The most potent derivative, 5′-Chloro-2′-hydroxy-
4′6′-dimethyl-3, 4, 5-trimethoxychalcone (1) showed maximum anti-in-
flammatory activity (90% inhibition of Oedema). Derivative 1 was also
tested for its ability to suppress ovine COX-1 and COX-2 enzymes by
means of COX inhibitory screening assay kits. Half maximal inhibitory
concentration of 1 (IC50 values) for COX-1 and COX-2 were calculated
to be 87.5 μM and 87.0 μM, respectively (Table 1) [33].

A series of novel indole-based chalcones (Fig. 5) was synthesized
from 5-substituted-1H-indole-3-carboxaldehydes or 1-methylindole-3-car-
boxaldehyde and appropriate acetophenone derivatives. The synthesized

Scheme 8. Chalcone synthesis via modified Julia-Kocienski Olefination.

Fig. 3. Synthesis, natural sources and inhibitory effects of chalcone against COX, PGE2, iNOS, and NF-κB.

Fig. 4. Anti-inflammatory chalcones and the most potent derivative (1).
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derivatives were subsequently screened for in vivo inhibitory activity
against COX-1 and COX-2. Experimental data indicated that 3-(5-
bromo-1H-indol-3-yl)-1-(4-cyanophenyl)prop-2-en-1-one (2a) had the
maximum non-selective COX suppression with IC50 values of
23.1 ± 0.6 μM and 27.1 ± 2.3 μM (Table 1) for COX-1 and COX-2,
respectively. Moreover, 3-(5-methoxy-1H-indol-3-yl)-1-(4-(methylsul-
fonyl) phenyl)prop-2-en-1-one (2b) also exhibited substantial inhibition
of COX-1 with its IC50 value reported to be 24.2 ± 0.3 μM (Table 1).
Overall, 2a and 2b were confirmed to be potential anti-inflammatory
agents [34].

Synthesis of numerous nitrogen-containing chalcone derivatives
(Fig. 6) has been reported by the mannich reaction. The synthesized
compounds were screened for anti-inflammatory activity by in-
vestigating their potential to inhibit pro-inflammatory enzymes, COX-2,
trypsin, and β-glucuronidase. The results indicated that the tested
compounds effectively inhibited COX-2, trypsin, and β-glucuronidase.
SAR analysis revealed that these derivative carrying fluoro substituent
at 3-position could inhibit trypsin (19.50%). Moreover, substitution of
N-methyl-piperidine, pyrrolidine methyl, and morpholine methyl moi-
eties at 3-position of the ring-A was key for β-glucuronidase inhibition.
Likewise, chalcones with piperidine methyl substitution were stronger
inhibitors of COX-2 than COX-1. (E)-3-(2-chlorophenyl)-1-(2-hydroxy-
4,6-dimethoxy-3-(piperidin-1-ylmethyl)phenyl)prop-2-en-1-one (3) ex-
hibited maximum anti-inflammatory activity with (%) inhibition of
91.45 (Table 2) against COX-2 [35].

Jadhav et al. reported the synthesis of numerous fluoro-hydroxy
substituted pyrazole chalcones by using polyethylene glycol as an al-
ternative reaction medium (Scheme 9). Using colorimetric COX (human
ovine) inhibitor screening assay kit, the synthesized compounds were
screened for in vitro anti-inflammatory activities by an assessment of
their ability to inhibit the expression of COX-1 and COX-2. In-
domethacin was applied as a reference drug. The results revealed that
majority of the synthesized derivatives possessed selective inhibition
against COX-2 enzyme. The derivatives demonstrated substantial in-
hibitory effect against COX-2 (22–53%). With reference to the activity
of indomethacin (28.24%), compounds 4b (43.69%), 4c (44.72%), 4d
(46.58%), 4f (53.83%) (shown in Table 2) and 4 g (34.94%) were more
active than 4a (22.34%) and 4e (24.38%). It was concluded that ma-
jority of the synthesized derivatives (except compounds 4a and 4e) had
the most potent anti-inflammatory activities since they suppressed the
expression of COX-2 enzyme more selectively than COX-1 [36].

Nyandoro et al. isolated 2-Hydroxy-3,4,6-trimethoxychalcone (5)
(Fig. 7) from the root and stem bark extracts of Toussaintia orientalis. At
a dose of 30 μg/mL, the isolated chalcone derivative showed 50%
(Table 2) inhibition of COX-1 with IC50 value of 95.5 μM (Table 1).
Moreover, 5 also caused substantial inhibition (88%) (Table 2) of COX-
2 at 30 μg/mL. The overall inhibition caused by 5 was relatively greater
than the inhibition caused by indomethacin [37].

Yadav and coworkers synthesized five chalcone analogues (6a-e)
(Fig. 8) by Claisen–Schmidt condensation of acetophenone with prop-
erly substituted benzaldehyde in the presence of a base. The synthe-
sized compounds were screened for anti-inflammatory activities using
the carrageenan-induced rat hind paw edema model in mice. Results
from the inhibitory action of synthesized chalcones against chemicalTa
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mediators liberated from neutrophils, mast cells, macrophages as well
as microbial cells indicated that all derivatives (at 25mg/kg dose)
suppressed carrageenan-induced inflammation. 4-methoxy chalcone
(6a) and 4-fluoro chalcone (6c) exhibited strong inhibitory action on
the liberation of chemical mediators from inflammatory cells. The anti-

inflammatory effect of these compounds is associated with the inhibi-
tion of COX and reduced prostaglandin formation. The (%) inhibition of
five chalcone derivatives (6a-e) was reported to be 75.38, 49.23, 67.69,
57.53, 30.46, respectively as compared to the (%) inhibition of the
standard drug, Indomethacin (65.23). SAR studies indicated that elec-
tron-withdrawing groups on ring-B of chalcone skeleton contributed to
the enhanced anti-inflammatory activity [38].

Licochalcone A (7) (Fig. 9) extracted from the roots of Glycyrrhiza
inflata was investigated for its anti-inflammatory activity in xylene-in-
duced mice ear edema and carrageenan-induced paw edema tests. The
results revealed that licochalcone A (at 5mg/ ear) exhibited significant
activities against xylene-induced acute inflammation. Moreover, li-
cochalcone A (at 2.5, 5, 10mg/kg doses) also substantially reduced
carrageenan-induced paw edema as compared to the control at the

Fig. 6. Chemical structures of chalcone-mannich adducts and a representative compound (3).

Table 2
List of selected chalcone derivatives as cyclooxygenase inhibitors in terms of their (%) inhibition values.

Compound No. Chalcone derivatives Source COX-1 inhibition
(%)

COX-2 inhibition
(%)

Reference

3 (E)-3-(2-chlorophenyl)-1-(2-hydroxy-4,6-dimethoxy-3-(piperidin-1-ylmethyl)
phenyl)prop-2-en-1-one

Synthetic – 91.45 [35]

4f (E)-1-(4-fluoro-2-hydroxyphenyl)-3-(3-(3-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)
prop-2-en-1-one

Synthetic – 53.83 [36]

5 2-Hydroxy-3,4,6-trimethoxychalcone Toussaintia orientalis 50 88 [37]
7 Licochalcone A Glycyrrhiza inflata 59.4 [39]
10a 3-(2′-Nitrophenyl)-1-[(4)-carboxyphenylazomethyl]-2-propene-1-one Synthetic 23.1 69.7 [43]
10b 3-(4′-Methoxyphenyl)-1-[(4)-carboxyphenylazomethyl]-2-propene-1-one Synthetic 19.0 73.3 [43]
13a (E)-1-(3-bromo-2-hydroxyl-4,6-dimethoxyphenyl)-3-(4-methoxyphenyl)prop-2-en-

1-one
Synthetic 79.95 84.45 [48]

Scheme 9. Synthesis of fluoro-hydroxy pyrazole chalcones (4a-g).

Fig. 7. Chemical structure of compound (5).
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fourth hour. Licochalcone A caused considerable inhibition of both
COX-2 activity and expression at all tested concentrations. Licochalcone
A (at 0.1, 0.5 and 1 µg/mL doses) caused 31.0%, 44.8% and 59.4%
(shown in Table 2) inhibition, respectively to the COX-2 activity as
compared to 13% inhibition caused by the standard drug, Indomethacin
(at 0.5 µg/mL). Consequently, licochalcone A could be a useful chal-
cone derivative for the development of new anti-inflammatory agents
[39]. Direct interaction of licochalcone A with COX has also been in-
vestigated. COX-1 or COX-2 was pre-incubated in the presence of li-
cochalcone A (0.5–100 μM) and inhibition assays were performed. Re-
sults indicated that licochalcone A directly suppressed the activities of
COX-1 and COX-2 in vitro with its IC50 values of 0.94 μM and 1.93 μM,
respectively (Table 1). Moreover, licochalcone A decreased PGE2 gen-
eration dose-dependently [40].

Karim et al. performed molecular docking investigations of qui-
nolyl-thienyl chalcone derivatives and determined the necessary
structural features for the suppression of COX-2. A strong interaction
between quinolyl-thienylchalcone (8) (Fig. 10) and COX-2 was confirmed
via hydrogen bonding between oxygen of the carbonyl functional group
and Tyr356 (at a distance of 2.9 Å). Computational calculations further
confirmed hydrophobic interactions between other groups of the mo-
lecule and numerous binding sites like Leu385, Ser531, Met523,
Val524, Val117, Gly527, Trp388, and Ala528. The results indicated that
the 8 has the potential to act as an anti-inflammatory agent [41].

Anti-inflammatory activities of numerous 4-methlyamino ethanol
substituted and methoxylated chalcone derivatives (Fig. 11) were
evaluated by Jantan and coworkers. The results indicated that the
synthesized derivatives substantially suppressed the activities of in-
flammatory mediators COX and LOX (Lysyl oxidase). (E)-3-(4-((ethy-
lamino)methyl)phenyl)-1-(5-methylfuran-2-yl)prop-2-en-1-one (9) was the
most potent inhibitor against COX-1 and COX-2 with its IC50 values of
25.86 μM and 10.09 μM (Table 1), respectively [42].

Synthesis of chalcone derivatives of ethyl 2-(4-carboxyphenylazo)
acetoacetate and corresponding aldehydes (Fig. 12) and their anti-in-
flammatory activities against COX-1 and COX-2 were reported by Bu-
khari et al. Experimental data revealed that 3-(2′-Nitrophenyl)-1-[(4)-
carboxyphenylazomethyl]-2-propene-1-one (10a) containing nitro sub-
stituent exhibited inhibitory activity against COX-1 and COX-2 with its
(%) inhibition values of 23.1 and 69.7, respectively (Table 2). While
methoxylated derivative 3-(4′-Methoxyphenyl)-1-[(4)-carbox-
yphenylazomethyl]-2-propene-1-one (10b) showed an inhibitory effect
against COX-1 and COX-2 with its (%) inhibition values of 19.0 and
73.3, respectively (Table 2). The inhibitory effects of the two deriva-
tives against COX were much better than shown by widely used drug
aspirin. SAR study indicated that the substitution pattern influences the
inhibitory potential of the synthesized derivatives. Methoxy-containing
analogue were stronger inhibitors of COX-2 as compared nitro-con-
taining analogue. Moreover, the substitution of nitro-group on position
2 produced chalcone derivative with better activity compared to its
substitution at position 3 [43].

The appearance of microsomal prostaglandin E synthase-1 (mPGES-
1) as a novel predictable medicinal target for inflammation and pain
provided new prospect to develop an anti-inflammatory drug with
negligible side effects. Thus, selective suppression of COX-2 and
mPGES-1 is likely to deliver anti-inflammatory effects without adverse
effects. Using structure-based drug design, Md Idris and coworkers
performed a study to recognize chalcone analogues which can decrease
the generation of the inducible PGE2 by aiming at COX-2 and mPGES-1.
For screening chalcone analogues from ASINEX catalog, a hybrid
pharmacophore model of COX-2 termed as “phore 1” was developed
and utilized. Forty-two compounds were positively mapped on “phore
1”, among which fifteen compounds were chosen. The selected com-
pounds were exposed to pharmacophore investigation, followed by
docking for mPGES-1. Three main compounds (BAS00384673,
BAS00643043, and BAS02557914) were found to be selective towards
COX-2 and had good binding interaction with mPGES-1 [44]. Farzaneh

et al. reported a novel group of ferrocene compounds (Fig. 13) by in-
corporating the ferrocenyl moiety into suitable chalcone based scaffold.
Chalcones were prepared through Clasien-Schmidt condensation of
methylsulfonyl aldehyde and acetyl ferrocene. The synthesized com-
pounds were screened for their COX-2 inhibitory activity using che-
miluminescent enzyme assays. In vitro COX-1/COX-2 inhibition results
proved that all compounds selectively suppressed the activity of COX-2
with their IC50 values in the highly potent range (0.05–0.12 µM). COX-2
selectivity indexes (SI) of three compounds were reported to be in
148.3–313.7 range. 1-ferrocenyl-3-(4-methylsulfonylphenyl) propen-1-one
(11a) was identified as a potent inhibitor of COX-2 with its IC50 value of
0.05 µM. (Table 1) Experimental data further revealed that the nature
and size of the substituents on the C-3 position of propane-1-one in-
fluenced either efficacy or selectivity of COX-2 inhibitory activity.
Overall, the results suggested that ferrocene-based chalcones can effi-
ciently suppress the activity of COX-2 [45].

Synthesis of a murrayanine-chalcone i.e. (E)-3-(benzo[d][1,3]dioxol-
5-yl)-1-(1-methoxy-9H-carbazol-3-yl)prop-2-en-1-one, was reported by
coupling of murrayanine with 3′,4′-(methylenedioxy)acetophenone. The
effect of 3′,4′-methylenedioxy group (present in ring-B of the mur-
rayanine-chalcone scaffold) was examined against COX-2. The optimi-
zation of this vital structure and its effect on substantial activity was
observed. The study further indicated the fabrication of 3′,4′-methyle-
nedioxy moiety bearing murrayanine based chalcone via a semi-syn-
thetic methodology. Target compound (through its 3′,4′-methylene-
dioxy moiety) displayed anti-inflammatory potential by inhibiting COX-
2 and lipoxygenase (LOX) after 3 h [46]. Araico and coworkers tested
the biological activities of substituted phenylsulphonylurenyl chalcones
via examining their inhibitory effect against the human leukocyte ac-
tivity, lysosomal enzyme secretion, and eicosanoids production. Direct
suppression of 5-LOX activity was caused by few potential derivatives
with their IC50 values reported being 0.5–0.8 μM. (E)-4-methyl-N-((4-(3-
(3,4,5-trimethoxyphenyl)acryloyl)phenyl)-carbamoyl)benzenesulfonamide
(Me-UCH 5) 12 (Fig. 14) was the most potent inhibitor of COX-2 ac-
tivity in human monocytes with its IC50 value of 0.06 μM (Table 1)
[47].

Bandgar and coworkers synthesized novel chalcone derivatives and
evaluated them for their possible inhibitory effects against COX,
Lipopolysaccharide (LPS)-stimulated TNF-α and pro-inflammatory en-
zymes such as trypsin and β-glucuronidase. Among the tested chal-
cones, compounds 13a-13d (Fig. 15) were detected to suppress the COX
activity. The (%) inhibition of chalcones (13a-13d) against COX-1 and
COX-2 were recorded to be 79.95–68.47 and 84.45–74.77, respectively.
(E)-1-(3-bromo-2-hydroxyl-4,6-dimethoxyphenyl)-3-(4-methoxyphenyl)
prop-2-en-1-one (13a) exhibited most potent anti-inflammatory effect
against COX-1 and COX-2 with its (%) inhibition of 79.95 and 84.45,
respectively (Table 2) [48].

Selected chalcone derivatives (as COX inhibitors), their sources and
IC50 values are given in Table 1.

Selected chalcone derivatives (as COX inhibitors), their sources and
(%) inhibition are given in Table 2.

3.2. Inhibition of PGE2 and NO

The suppression of PGE2 and NO liberation has been suggested as a
possible remedy for various inflammatory diseases. Arachidonic acid
initiates PGE2 production via the enzymatic cascade (caused by COX
enzymes). PGE2 is an important inflammatory mediator and is ex-
tensively distributed in the human body. It is the most abundant me-
tabolic product which plays a vital part in hyperalgesia, pyresis and
vascular permeability. Therefore, its activity may be a target for the
development of different COX inhibitors to reduce a variety of in-
flammatory diseases. NO is another key inflammatory mediator and
occurs in three forms viz.; neural NO Synthase (nNOS), Endothelium
NO Synthase (eNOS), and iNOS in numerous mammalian cells. Tissue
damage is caused by the generation of a large amount of NO. In

H. ur Rashid, et al. Bioorganic Chemistry 87 (2019) 335–365

342



inflammatory disorders like rheumatoid arthritis, large NO liberation
by activated macrophages has been detected. Consequently, it would be
exciting to design strong and selective NO inhibitors for possible ther-
apeutic application [49–53]. Inhibitory action of dimethylamino-chal-
cones (Fig. 16) on the generation of NO and PGE2 mediators (induced
by LPS-stimulated RAW 264.7 macrophage cells) was investigated in
vitro. The production of NO was suppressed by chalcone derivatives (E)-
1-(2,6-dimethoxyphenyl)-3-(4-(dimethylamino)phenyl)prop-2-en-1-one
(14a) and (E)-1-(2,5-dimethoxyphenyl)-3-(4-(dimethylamino)phenyl)
prop-2-en-1-one (14b) dose-dependently with their IC50 values of 0.6
and 0.7 µM (Table 3), respectively. The active chalcone derivatives
exhibited their inhibitory activity against NO and PGE2 generation by
suppressing the expression of iNOS and COX-2. Furthermore, the for-
mation of oedema in the carrageenan-induced model of inflammation
in mice was considerably suppressed by 14b (25mg/kg) administered
orally. SAR study indicated that monomethylation, 2′,4′-dimethoxyla-
tion, trimethoxylation, and dichlorination resulted in the formation of
less active/ inactive chalcone derivatives [54].

Rajos et al. also investigated the inhibitory effect of trimethox-
ychalcone derivatives (having several patterns of fluorination) on NO
production. Their results indicated that the generation of NO and PGE2
in LPS-activated RAW 264.7 macrophage cells was suppressed dose-
dependently by 2,4,6-trimethoxy-20-trifluoromethylchalcone (15)
(Fig. 17). Without producing significant cytotoxic effects, chalcone

derivative 15 (at 10 µM dose) caused 76.3% inhibition of NO produc-
tion, which was attributed to the inhibition of iNOS expression,
whereas a PGE2 decrease was not through an inhibitory action against
COX-2 activity or expression. Moreover, 15 also caused in vivo inhibi-
tion of nitrite and PGE2 levels [55].

The inhibitory effect of 3,4,5-trimethoxy-4′-fluorochalcone (16)
(Fig. 18) against NO production in vivo indicated that 16 suppressed NO
production in LPS-induced RAW 264.7 macrophages in a dose-depen-
dent fashion with IC50 value of 0.033 µM (Table 3). Moreover, 16 (at
10 µM dose) also caused a reduction in PGE2 generation by 58% and it
did not directly inhibit iNOS and COX-2 activities. Inhibition of iNOS
expression caused a decrease in NO production. In vivo results further
revealed that 16 also inhibited nuclear factor-kappa B (NF-kappa B)
pathway of cellular activation in macrophages [56].

Some naturally occurring chalcones have also been reported to be
potent inhibitors against NO production. Novel chalcone derivatives
termed as mallotophilippens, 17a-c (Fig. 19) were isolated from the
fruits ofMallotus philippinensis and were identified as 1-[6-(3,7-dimethyl-
octa-2,6-dienyl)-5,7-dihydroxy-2,2-dimethyl-2H-chromen-8-yl]-3-(4-hy-
droxy-phenyl)-propenone (17a) 3-(3,4-dihydroxy-phenyl)-1-[6-(3,7-dime-
thyl-octa-2,6-dienyl)-5,7-dihydroxy-2,2-dimethyl-2H-chromen-8-yl]-prope-
none (17b) and 1-[5,7-dihydroxy-2-methyl-6-(3-methyl-but-2-enyl)-2-(4-
methyl-pent-3-enyl)-2H-chromen-8-yl]-3-(3,4-dihydroxy-phenyl)-prope-
none (17c) through spectral analysis. All three chalcone analogues
suppressed NO production and iNOS gene expression in a murine
macrophage-like cell line (RAW 264.7), induced by LPS and re-
combinant mouse interferon-g (IFN-g). The IC50 values of mal-
lotophilippens (17a-17c) for NO production were 7.6, 9.5 and 38.6 µM
(Table 3), respectively [57].

Similarly, xanthohumol B (18a), D (18b) and dihydroxanthohumol
(18c) (Fig. 20), isolated from hops (Humulus lupulus L.) considerably
blocked NO production and the expression of iNOS induced by LPS and
INF-γ in a murine macrophage-like cell line, RAW 264.7 [58].

Cheng and coworkers reported that broussochalcone A (19)

Fig. 8. Chemical structures of compounds (6a-e).

Fig. 9. Chemical structure (7) of Licochalcone A.

Fig. 10. Chemical structure (8) of quinolyl-thienyl chalcone derivative.

Fig. 11. Chemical structures of 4-methlyamino ethanol substituted and methoxylated chalcones and a representative compound (9).

Fig. 12. Chemical structures of compounds (10a and 10b).
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(Fig. 21) suppressed NO production in LPS-stimulated macrophages
dose-dependently with its IC50 value of 11.3 µM (Table 3). Experi-
mental data revealed that 19 strongly inhibited NO production medi-
ated by its suppression of IκBα (the inhibitor of kappa B) phosphor-
ylation, IκBα degradation, NF-κB stimulation and iNOS expression
instead of direct inhibition against the enzymatic activity of iNOS.
Based on the results, it was concluded that 19 has the potential to act as

Fig. 13. Chemical structures (11a and 11b) of Ferrocene-based chalcones.

Fig. 14. Chemical structure (12) of substituted phenylsulphonylurenyl chal-
cone.

Fig. 15. Chemical structures of compounds (13a-13d).

Fig. 16. Chemical structures (14a, 14b) of dimethylamino-chalcones.

Table 3
List of selected chalcones (as NO inhibitors), their sources and IC50 values.

Compound No. Chalcone derivatives Source IC50 value (µM) Reference

14a (E)-1-(2,6-dimethoxyphenyl)-3-(4-(dimethylamino)phenyl)prop-2-en-1-one Synthetic 0.6 [54]
14b (E)-1-(2,5-dimethoxyphenyl)-3-(4-(dimethylamino)phenyl)prop-2-en-1-one Synthetic 0.7 [54]
16 3,4,5-trimethoxy-4′-fluorochalcone Synthetic 0.033 [56]
17a 1-[6-(3,7-dimethyl-octa-2,6-dienyl)-5,7-dihydroxy-2,2-dimethyl-2H-chromen-8-yl]-3-(4-hydroxy-phenyl)-

propenone
Mallotus philippinensis 7.6 [57]

17b 3-(3,4-dihydroxy-phenyl)-1-[6-(3,7-dime-thyl-octa-2,6-dienyl)-5,7-dihydroxy-2,2-dimethyl-2H-chromen-
8-yl]-propenone

Mallotus philippinensis 9.5 [57]

17c 1-[5,7-dihydroxy-2-methyl-6-(3-methyl-but-2-enyl)-2-(4-methyl-pent-3-enyl)-2H-chromen-8-yl]-3-(3,4-
dihydroxy-phenyl)-propenone

Mallotus philippinensis 38.6 [57]

19 Broussochalcone A Broussonetia papyrifera
(L.)

11.3 [59]

22a Isobavachalcone Cullen corylifolium 1.6 ± 0.11 [63]
22b Bavachromene Cullen corylifolium 2.4 ± 0.18 [63]
22c Kanzonol B Cullen corylifolium 2.2 ± 0.21 [63]
23 (3-(2-Hydroxyphenyl)-1-(thiophene-3-yl)prop-2-en-1-one) (TI-I-174) Synthetic 5.75 [64]
24 2-(3-(3,4-dimethoxyphenyl)propyl)-5-methoxyphenol Synthetic 6.5 [65]
25a (E)-1-(4-hydroxy-3-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one Synthetic 4.19 [66]
25b (E)-1-(3-methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one Synthetic 2.88 [66]
30a 2′-methoxy-3,4-dichlorochalcone Synthetic 7.1 [71]
30b 2′-hydroxy-6′-methoxychalcone Synthetic 9.6 [71]
30c 2′-hydroxy-3-bromo-6′-methoxychalcone Synthetic 7.8 [71]
30d 2′-hydroxy-4′,6′-dimethoxychalcone Synthetic 9.6 [71]
31 2′, 5′, -dihydroxy-4-chloro-dihydrochalcone Synthetic 4.0 ± 1.6 [72]
32 4-hydroxylonchocarpin Psoralea corylifolia 10.2 [74]

Fig. 17. Chemical structure of compound (15).

Fig. 18. Chemical structure compound (16).
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an anti-inflammatory agent [59].
Fluorinated chalcone derivatives have been reported to display anti-

inflammatory activity owing to their inhibitory effect on NO genera-
tion. The valuable variations in anti-inflammatory activity often result
from the introduction of fluorine in the chalcone scaffold [60]. Hasan
et al. reported the synthesis of a novel fluorinated chalcone derivative,
(E)-3-(4-fluorophenyl)-1-(4-hydroxyphenyl) prop-2-en-1-one (20)
(Fig. 22) via Claisen-Schmidt condensation, using SOCl2/EtOH as a
catalyst. The synthesized chalcone derivative was screened for anti-
inflammatory activity using cotton pellet-induced granuloma in rats as
a model. Compound 20 showed a good inhibitory effect (36.8%) against
NO production, similar to that displayed by dexamethasone using
ANOVA (Analysis of variance) [61].

Herencia and coworkers evaluated the inhibitory effects of three
chalcone derivatives (21a-c) (Fig. 23) against NO and prostanoid gen-
eration in LPS-induced-mouse peritoneal macrophages. Their results
revealed that all three compounds caused a dose-dependent inhibition
of NO generation with their IC50 values in μM range [62].

Recently, three prenylated chalcone derivatives (Fig. 24) namely
isobavachalcone (22a), bavachromene (22b), and kanzonol B (22c)
were isolated from Cullen corylifolium, which displayed dose-dependent
inhibitory activities against NO and PGE2 production in LPS-induced
microglia with respective IC50 values of 1.6 ± 0.11 μM,
2.4 ± 0.18 μM and 2.2 ± 0.21 μM (Table 3). The results further in-
dicated that prenylated chalcones caused a reduction in the expression
of protein and mRNA of iNOS and COX-2 in LPS-induced microglia, and
hence can be used to cure neuro-inflammatory disorders [63].

TI-I-174, (3-(2-Hydroxyphenyl)-1-(thiophene-3-yl)prop-2-en-1-one)
(23) (Fig. 25), a synthetic chalcone derivative has been reported to
strongly suppress LPS-induced NO production in RAW 264.7 macro-
phages. Pretreatment with 23 showed stronger inhibitory action with
an IC50 value of 5.75 μM (Table 3). Moreover, iNOS expression was also
inhibited via 23 treatment in a dose-dependent fashion, which sug-
gested that NO production was inhibited via suppression of iNOS ex-
pression after LPS activation, making 23 a promising agent to cure
inflammatory disorders [64].

Synthesis of dihydrochalcone and 1,3-diphenylpropane derivatives
has been reported by aldol condensation followed by reduction of the
corresponding products. The derivatives were screened for inhibitory
effects against NO production in LPS-induced mouse peritoneal

macrophages. Experimental data revealed that NO production sig-
nificantly decreased in a dose-dependent way with IC50 values in a
range of 2.0–9.8 μg/mL. Among the tested compounds, 2-(3-(3,4-di-
methoxyphenyl)propyl)-5-methoxyphenol (24) (Fig. 26) showed the most
potent inhibitory action with its IC50 of 6.5 µM (Table 3) against LPS
induced iNOS-dependent NO production in RAW 264.7 cells. These
results concluded that 24 is capable of blocking iNOS expression in LPS-
activated RAW264.7 cells via weakening of NF-κB signaling by ERK
(extracellular-signal-regulated kinase), p38, and JNK (c-Jun N-terminal
kinase) [65].

Hidabeni chalcones represent a class of chalcone glycosides isolated
from Brassica rapa L. Hara et al. reported the synthesis of ten novel
Hidabeni chalcone derivatives. The synthesized compounds were
screened for their potential to inhibit LPS-induced NO production in rat
microglia Highly Aggressively Proliferating Immortalized (HAPI) cells.
Compounds (E)-1-(4-hydroxy-3-methoxyphenyl)-3-(3,4,5-trimethox-
yphenyl)prop-2-en-1-one (25a) and (E)-1-(3-methoxyphenyl)-3-(3,4,5-
trimethoxyphenyl)prop-2-en-1-one (25b) (Fig. 27) were reported to be
the most potent inhibitors of iNOS expression with their IC50 values of
4.19 and 2.88 μM (Table 3), respectively [66].

2′-carboxymethoxy-4,4′-bis(3-methyl-2-butenyloxy)chalcone also
known as sofalcone (26) (Fig. 28) was evaluated for its inhibitory ef-
fects against NO production. Results indicated that sofalcone potently
inhibited NO production in the culture medium comprising RAW 264.7
macrophages and LPS stimulated 3 T3-F442A adipocytes. Moreover,
sofalcone enhanced the levels of HO-1 in cells and suppressed the dif-
ferentiation of 3T3-F442A pre-adipocytes into adipocytes [67].

Rücker et al. synthesized fourteen α-halogen-substituted 2′,3,4,4′-
tetramethoxychalcones (Fig. 29). The anti-inflammatory effects of the
synthesized compounds were measured by testing their ability to in-
hibit iNOS activity. Results revealed that the more potent electrophiles
like (CF3, Br and Cl) caused significant suppression of iNOS, thus con-
firming a correlation between the anti-inflammatory activity and thiol

Fig. 19. Chemical structures (17a-17c) of mallotophilippens.

Fig. 20. Chemical structure of xanthohumol B (18a), D (18b) and dihydro xanthohumol (18c).

Fig. 21. Chemical Structure (19) of broussochalcone A.

Fig. 22. Chemical structure of compound (20).
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alkylating activity. Interestingly, tetramethoxychalcones bearing the
most potent electrophiles (CN and NO2) did not exhibit any anti-in-
flammatory activity [68].

A series of methoxymethoxychalcone (MMC) derivatives (Fig. 30)
have been reported to inhibit iNOS expression as well as NO production
in LPS-induced RAW 264.7 murine macrophages. The underlying me-
chanism indicated that four MCC derivatives, viz., 2′,4′,6′-tris(methox-
ymethoxy)chalcone (TMMC), (28a) 2-methoxy-4′6′-bis(methoxymethoxy)
chalcone (MBMC) (28b), (E)-1-(2-methoxy-4,6-bis(methoxymethoxy)
pheny1)-3-phenylprop-2-en-1-ol (MBMP), (28c) and (E)-3-pheny1-1-
(2,4,6 tris(methoxymethoxy)pheny1) prop-2-en-1-ol (PTMP) (28d) be-
have as anti-inflammatory agents by suppressing p38/JNK and LPS-
induced activation of NF-κB. Among four derivatives,MBMC was found
to be the most potent inhibitor. SAR analysis indicated that methox-
ylation at C-2′ position is vital for suppressing NO production and iNOS
expression [69].

Jin and coworkers synthesized fifteen TMMC derivatives bearing
substituents in ring-B (Fig. 31). The chalcones were then coupled with
Glutahione (GSH-H) via Michael addition to produce GSH adducts. The
inhibitory effects of resultant adducts against LPS-induced NO

generation in RAW 264.7 cells were measured. SAR study confirmed
that (E)-1-(2-methoxy-4,6-bis(methoxymethoxy)phenyl)-3-(3-nitrophenyl)
prop-2-en-1-one (29a) (3-NO2), (E)-1-(2-methoxy-4,6-bis(methox-
ymethoxy)phenyl)-3-(4-(methylthio)phenyl)prop-2-en-1-one (29b) (4-
SCH3), and (E)-3-(3,5-difluorophenyl)-1-(2-methoxy-4,6-bis(methox-
ymethoxy)phenyl)prop-2-en-1-one (29c) (3,5-difluoro) were the most
potent inhibitors of NO production (by more than 75%) at 1.0 µM. In-
terestingly, ring-B of the most potent derivatives contains both an
electron donating group (4-SMe) and electron-withdrawing groups (4-
NO2, 3,5-difluoro). However, a methylthio (-SMe) group is not an ef-
fective electron donating group since the bigger p orbital in the sulfur
atom inhibits it from efficiently contributing the electron pair to the

Fig. 23. Chemical structures of compounds (21a-c).

Fig. 24. Chemical structures (22a-22c) of prenylated chalcone.

Fig. 25. Chemical structure of compound (23).

Fig. 26. Chemical structure of compound (24).

Fig. 27. Chemical structures (25a and 25b) of Hidabeni’ chalcone derivatives.

H. ur Rashid, et al. Bioorganic Chemistry 87 (2019) 335–365

346



carbonyl group. (E)-3-(4-(dimethylamino)phenyl)-1-(2-methoxy-4,6-bis
(methoxymethoxy)phenyl) prop-2-en-1-one (29d) (4-N(Me)2) was de-
tected to be the least potent among all chalcone derivatives. Its weak
nature was credited to the presence of an electron pair on the di-
methylamino group which was donated through the benzene ring,
causing CeS bond weakening in GSH adduct [70].

Synthesis of 41 chalcones with a different substituent(s) on rings-A

and -B was reported by Kim and coworkers. The synthesized derivatives
were screened for their effect over LPS-induced and iNOS-catalyzed NO
production in RAW 264.7 cells. Among the tested compounds, 2′-
methoxy-3,4-dichlorochalcone (30a), 2′-hydroxy-6′-methoxychalcone
(30b), 2′-hydroxy-3-bromo-6′-methoxychalcone (30c) and 2′-hydroxy-
4′,6′-dimethoxychalcone (30d) (Fig. 32) were detected to be the most
potent inhibitors of NO production with their IC50 values of 7.1, 9.6, 7.8
and 9.6 µM, respectively (Table 3). Methoxyl substitution in ring-A at a
neighboring position (2′ or 6′) to carbonyl functional group with/
without 2′-(or 6′-)hydroxyl moiety and 3-halogen substitution in ring-B
were the most promising structures. Results further revealed that 30a
and 30c clearly reduced iNOS expression. It was concluded that these
chalcones derivatives can be used as promising compounds for syn-
thesizing new anti-inflammatory agents [71].

Huang et al. investigated the influence of 2′, 5′, -dihydroxy-4-chloro-
dihydrochalcone (31) (Fig. 33) on LPS-activated responses in murine
macrophage cell line RAW 264.7. The results indicated that exposure of
LPS-induced cells to 31 suppressed the nitrite deposition in a culture
medium dose-dependently with an IC50 value of 4.0 ± 1.6 µM
(Table 3). Moreover, compound 31 also suppressed the LPS-stimulated
enhancement of iNOS expression. However, it had a negligible influ-
ence on the iNOS enzyme activity, proposing that the inhibitory activity
of 31 is primarily due to the suppression of iNOS expression instead of
iNOS activity. Furthermore, LPS-induced break up of IkB-α and NF-κB
were considerably inhibited after treatment with 31. Overall, results
suggested that 31 showed inhibitory action on NO production via the
suppression of IkB-α degradation and NF-κB stimulation, and therefore

Fig. 28. Chemical structure (26) of sofalcone.

Fig. 29. Chemical structures of compounds (27a-c).

Fig. 30. Chemical structures of TMMC (28a), MBMC (28b), MBMP (28c), and PTMP (28d).

Fig. 31. Chemical structures (29a-d) of TMMC derivatives.

Fig. 32. Chemical structures of compounds (30a-30d).
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the inhibition of iNOS expression [72].
3′,4′,5′,3,4,5-hexamethoxy-chalcone (21c) (Fig. 23) was screened as

an anti-inflammatory agent through the evaluation of its potential to
reduce nitric oxide (NO) production and suppression of iNOS synthesis.
It was found that 21c (at 10–30 µM dose) reduced NO production and
iNOS synthesis in LPS-induced RAW 264.7 macrophages due to the
suppression of NF-κB activation [73]. A chalcone derivative viz. 4-hy-
droxylonchocarpin (32) (Fig. 34) was isolated for the first time from the
methanol extracts of Psoralea corylifolia. The isolated chalcone deriva-
tive was screened for its inhibitory effect against NO production in LPS-
activated microglia. It was deduced that 32 suppressed the NO pro-
duction in a dose-dependent way with its IC50 value of 10.2 µM
(Table 3). Moreover, western blot analysis and RT-PCR experiment
confirmed that 32 inhibited the expression of protein and mRNA of
iNOS in LPS-induced microglial cells at 10 µM [74].

Sensitization of afferent nerve ending is blocked by inhibition of
PGE2 which in turn prevents the spreading of inflammation. The in-
hibitory effect of licochalcone A (7) (Fig. 9) against chemical mediator
PGE2 was investigated by Furuhashi and coworkers. The results in-
dicated that licochalcone A (7) selectively inhibited the COX-2-depen-
dent PGE2 production (IC50= 15.0 nM), thus decreasing inflammation
[75]. A vital approach for the inhibition of PGE2 activity is to couple

chalcone derivatives with a prenylated moiety. Synthesis of chalcone
derivatives coupled to a prenylated moiety was reported and their in-
hibitory ability was assessed using LPS-induced mouse macrophage cell
line. Compound (33) (Fig. 35) was found to be the most potent PGE2
inhibitor with 90% inhibitory activity at 50.0 μM [76].

2′-hydroxychalcone analogues (Fig. 36) were reported to show in-
hibition against PGE2 production in 12-O-tetradecanoylphorbol 13-
acetate (TPA) induced murine macrophages. PGE2 production was po-
tently inhibited by 2′,4-dihydroxy-4′-methoxychalcone (34a), 2′,4- di-
hydroxy-6′-methoxychalcone (34b) and 2′-hydroxy-4′-methoxychalcone
(34c) with IC50 values of about 3.0 μM. Results concluded that 4′-OCH3

and 6′-OCH3 moieties are essential for the suppression of PGE2 pro-
duction. Moreover, the activity of COX-1 was selectively blocked by
compound (34c) [77].

Selected chalcone derivatives (as NO inhibitors), their sources and
IC50 values are given in table

3.3. NF-κB inhibition

NF-κB (nuclear factor kappa-light-chain-enhancer of activated B
cells) is a protein complex that modulates transcription of DNA, cyto-
kine generation and cell existence. NF-κB pathway has long been known
as an ideal pro-inflammatory signaling path, mainly based on the role of
NF-κB in the expression of pro-inflammatory genes comprising cyto-
kines, chemokines, and adhesion molecules. NF-κB is a favorable target
for designing novel anti-inflammatory medicines and has been asso-
ciated with interleukin-1 (IL-1, acting as a pro-inflammatory cytokine)
and Tumor Necrosis Factor-α (TNF-α, a cell signaling protein involved
in systematic inflammation) signaling pathways. They behave as pro-
inflammatory cytokines and their inhibitors are used in the treatment of
chronic inflammatory diseases [78,79]. Chu et al. reported the synthesis
of novel chalcone derivatives via Claisen-Schmidt condensation, and
evaluated them against the activity of LPS-induced NF-κB. The results
indicated that all synthetic compounds efficiently suppressed the ac-
tivity of LPS-induced NF-κB. However, (E)-4-Fluoro-N-(3-(3-(4-fluor-
ophenyl)acryloyl)phenyl)-benzamide (35) (Fig. 37) showed the most po-
tent inhibition of NF-κB with its IC50 value of 1.12 ± 0.53 μM
(Table 4). Moreover, 35 also suppressed miscellaneous inflammatory
mediators such as TNF-α, IL-1β, IL-6, and PGE2 [80].

Chalcone derivatives namely, Isoliquiritigenin 36a, butein 36b and
homobutein 36c (Fig. 38) have been reported to suppress TNF-α acti-
vated NF- κB activity in addition to the inhibition of histone deacetylase
activity. SAR analysis indicated that hydroxy groups at 2′-, 4′-, 3- and 4-
positions were key for the double activity of the three compounds
[23,81]. Derivative 36a was also evaluated for its anti-inflammatory
activity by Watanabe et al. and was found to minimize the inflamma-
tion of adipose tissues via both inflammasome-dependent and

Fig. 33. Chemical structure compound (31).

Fig. 34. Chemical structure of compound (32).

Fig. 35. Chemical structure compound (33).

Fig. 36. Chemical structures (34a-c) of 2′-hydroxychalcone analogues.

Fig. 37. Chemical structure (35) of carboxamide linked chalcone derivative.
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independent pathways producing inhibition of IκBα phosphorylation in
sequence, hence resulting in the suppression of NF-κB activation. Pal-
mitic acid-induced macrophage activation was also reduced by 36a,
thus causing additional anti-inflammatory activity [82]. Kumar et al
investigated the effect of 36a on NF-κB activation in human primary
endothelial cells via electrophoretic mobility shift assay, and found that
36a prevents the translocation and stimulation of NF-κB (TNF-α in-
duced) by hindering the phosphorylation and subsequent decomposi-
tion of IkBα. Overall, the results suggested that 36a and its derivatives
can be useful precursors for the development of efficient anti-in-
flammatory agents [83]. Pandey and coworkers reported that 36b
blocked NF-κB activation induced by TNF and numerous other in-
flammatory agents in a dose- and time-dependent manner. Human
myeloid leukemia KBM-5 cells were nurtured with 50 μM 36b for 4 h,
exposed to 0.1 nM TNF for a specified duration of time, and then ex-
amined for NF-κB activation by EMSA (electrophoretic mobility shift
assay). EMSA results revealed that 36b alone did not exert an inhibitory
effect on NF-κB activation, rather it suppressed TNF-facilitated NF-κB
activation dose- and time-dependently. Experimental data further in-
dicated that 36b also suppressed the NF-κB reporter activity stimulated
by TNFR1, TRADD, TRAF2, NIK, TAK1/TAB1, and IKK-β. Furthermore,
36b inhibited the phosphorylation and degradation of IκBα by pre-
venting activation of IκBα kinase [84].

Cardamonin (2′,4′-dihydroxy-6′-methoxychalcone) 37 (Fig. 39), is a
chalcone principally isolated from the seeds of Alpinia Katsumadai
Hayata. Ren and coworkers administered 37 in dextran sulfate sodium-
induced mouse and noted considerable improvement in physio-patho-
logical conditions. This study opened a new window to cure experi-
mental inflammatory bowel disorders. Derivative 37 caused inhibition
of nuclear translocation of NF-κB p65, suppression of κBα, NF-κB-luci-
ferase, κB kinase-α/β activity, and decreased NF-κB target genes [85].
Compound 37 has also been reported to exhibit an anti-inflammatory

effect in cellular models of inflammation. In order to know the mole-
cular target of 37, its potential to suppress NO and PGE2 synthesis,
COX-2, and iNOS expression and enzymatic activity, and crucial mo-
lecules in the NF-κB pathway were evaluated [86].

Chalcone derivative, E-α-(p-methoxyphenyl)-2′,3,4,4′-tetra-
methoxychalcone (E-α-p-OMe-C6H4-TMC) 38 (Fig. 40) has been reported
to be an extremely effective and safe anti-inflammatory compound.
Experimental data revealed that 38 blocked the activity of NF-κB ex-
pression dose-dependently in LPS-exposed RAW264.7 macrophages and
suppressed pro-inflammatory factors like interleukins in Jurkat and HK-
2 cells [87].

Two novel dihydrotriazine-chalcones, (E)-1-(3-(3-((7,9-diamino-
6,8,10-triazaspiro[4.5]deca-7,9-dien-6-yl)oxy)propoxy)phenyl)-3-phenyl-
prop-2-en-1-one,hydrogen chloride (39a) and (E)-1-(3-(4-((7,9-diamino-
6,8,10-triazaspiro[4.5]deca-7,9-dien-6-yl)oxy)butoxy)phenyl)-3-phenyl-
prop-2-en-1-one, hydrogen chloride (39b) (Fig. 41) were assessed for their
anti-inflammatory potential. It was observed that both compounds (at
non-toxic doses) suppressed iNOS and COX-2 in LPS-stimulated murine
macrophage-like RAW 264.7 cells as well as TNF-α in LPS-stimulated
human monocytes isolated from healthy donors. The underlying me-
chanism revealed that both chalcone-derivatives caused suppression of
NF-κB signaling pathway which in turn inhibited inflammation. The
anti-inflammatory effects of dihydrotriazine-chalcones were credited to
the chalcone pharmacophore as the triazine-only compound exhibited a
slight suppression against inflammatory mediators [88].

2′,4-dihydroxy-3′,4′,6′-trimethoxychalcone 40 (Fig. 42) is a chalcone
derivative isolated from Chromolaena odorata (L.). Its anti-in-
flammatory mechanism against LPS-induced inflammation in RAW
264.7 macrophages has been investigated. The results revealed that 40
considerably decreased the production of NO and pro-inflammatory
cytokines, TNF-α, interleukin-1β, and IL-6 dose-dependently. Ad-
ditionally, 40 blocked NF-κB activation by inhibiting stimulation of

Table 4
Selected chalcone derivatives (as NF-κB inhibitors), their sources and IC50 values.

Compound No. Chalcone derivatives Source IC50 values (µM) Reference

35 (E)-4-Fluoro-N-(3-(3-(4-fluorophenyl)acryloyl)phenyl) benzamide Synthetic 1.12 ± 0.53 [80]
41 (E)-1-(6-Amino-3/,4/-dimethoxy-[1,1/-biphenyl]-3-yl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one Synthetic 1.70 [90]
42 4′-hydroxychalcone Synthetic 30 [91]
43a (E)-1-(2-(decyloxy)-6-hydroxyphenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one Synthetic 2.7 [92]
43b (E)-1-(2-hydroxy-6-(tetradecyloxy)phenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one Synthetic 4.2 [92]
45a Kuwanon J 2,4,10′′-trimethyl ether Morus alba root barks 4.65 [94]
45b Kuwanon R Morus alba root barks 7.38 [94]
37 Cardamomin Alpinia conchigera 1.2 [96]
48 (E)-3-(3-hydroxy-4-methoxyphenyl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-one Synthetic 5.1 ± 1.9 [101]

Fig. 38. Chemical structures of Isoliquiritigenin (36a), butein (36b), and homobutein (36c).

Fig. 39. Chemical structure (37) of Cardamonin.

Fig. 40. Chemical structure (38) of E-α-p-OMe-C6H4-TMC.
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inhibitor κB kinase (IKK) α/β, degradation of inhibitor κB (IκB) α, and
translocation of p65 NF-κB into the nucleus. The half-maximal cytotoxic
concentration (CC50) value of 40 was 108.78 ± 1.76 µM, showing its
low cytotoxic effects, while its IC50 value for the inhibition of NO-
production was 7.80 ± 0.36 µM. It was further deduced that pre-
treatment with 40 (4–16 µM) reduced the high levels of TNF-a, IL-1b,
and IL-6 dose-dependently. The IC50 values of 40 for TNF-a, IL-1b, and
IL-6 were reported to be 6.46 ± 0.81, 6.06 ± 1.09, and
5.23 ± 0.92 µM, respectively. Overall, the study suggests a new role of
this chalcone derivative and it may be considered as a possible drug for
relieving inflammation [89].

A series of new biaryl-based chalcones were synthesized and ex-
amined for NF-κB suppression. NF-κB activation inhibition assay was
carried out on A549 based model. The results indicated that majority of
the synthesized chalcones exhibited potent to average inhibitory ac-
tivities (IC50= 1.70 µM-35.28 µM) against TNFα induced NF-κB acti-
vation while few of them showed no evident effects (IC50 > 50 µM).
Among all the synthesized chalcones, (E)-1-(6-Amino-3′,4′-dimethoxy-
[1,1′-biphenyl]-3-yl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-one (41)
(Fig. 43) was the strongest inhibitor of TNFα induced NF-κB activation
having IC50 value of 1.70 µM (Table 4). The biaryl-based chalcone de-
rivatives also exhibited anticancer activities to a panel of cancer cell
lines. Since research has confirmed the correlation between in-
flammation and cancer therefore, it was proposed that the NF-κB in-
hibition might be one of the potential mechanisms responsible for the
anticancer activities of chalcone derivatives [90].

Orlikova and coworkers investigated the anti-inflammatory activity
of 4′-hydroxychalcone (42) (Fig. 44) against TNFα-induced NF-κB
pathway. They found that 42 suppressed the TNFα-induced NF-κB
pathway activation dose-dependently with an IC50 value of 30 µM
(Table 4). Moreover, compound 42 did not show toxicity against
healthy cells. SAR study showed that hydroxyl groups contributed to
the enhanced inhibitory effect of 42 against TNFα-induced NF-κB
pathway activation [91].

A series of 2,4-dihydroxy-6-isopentyloxychalcones were synthesized
by Venkateswararao et al. The synthesized derivatives were screened
for their in vitro inhibitory effects against LPS induced NF-κB activation
in RAW 264.7 cells. Experimental data indicated that (E)-1-(2-(decy-
loxy)-6-hydroxyphenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one (43a) and
(E)-1-(2-hydroxy-6-(tetrade-cyloxy)phenyl)-3-(4-hydroxyphenyl)prop-2-
en-1-one (43b) (Fig. 45) exhibited the strongest inhibitory activities
with IC50 values of 2.7 μM and 4.2 μM, respectively (Table 4). More-
over, SAR analysis indicated that the length (C8–C14) and C-6 position
of a linear alkyl chain of ring-A are the key factors for the enhanced
inhibitory activity. Moreover, α, β-unsaturated ketone moiety and the
presence of the hydroxyl group at 4-position on ring-B are vital for the
inhibitory activity of 2,4-dihydroxy-6-isopentyloxychalcone derivatives
against LPS induced NF-κB activation [92].

The effect of Xanthohumol (44) (Fig. 46) on NF-κB levels and
phosphorylation of IκBα has been studied. Experimental data revealed
that 44 shows anti-inflammatory effect via the inhibition of NF-κB.
Splenic T lymphocytes were pre-exposed to 44 (2.5–20 μM) for 18 h
before activation with Con A (1 μg/mL) for 1.5 h. Overall, the results
confirmed that the suppression of T cell responses (caused by 44) is
partly attributed to the inhibition of NF-κB via suppression of IκBα
phosphorylation and its breakup [93].

Two chalcone-derived Diels-Alder adducts (45a and 45b) (Fig. 47)
were isolated from the methanol extract of Morus alba root barks and
were subsequently screened for inhibitory effects against NF-κB ac-
tivity. It was observed that kuwanon J 2,4,10″-trimethyl ether (45a) and
kuwanon R (45b) strongly inhibited the activity of NF-κB in human
cervical cancer HeLa cells activated through TNF-α with their IC₅₀ va-
lues of 4.65 and 7.38 μM, respectively (Table 4) [94].

Four chalcone derivatives, i.e. xanthoangelol, xanthoangelol 46a,
46b and 46c (Fig. 48) isolated from the root of Angelica keiskei KOID-
ZUMI (Umbelliferae) were investigated for their inhibitory effects
against NF-κB activation and ET-1 gene expression in cultured porcine
aortic endothelial cells (PAECs). The results indicated that only 46a

Fig. 41. Chemical structures (39a and 39b) of dihydrotriazine-chalcones.

Fig. 42. Chemical structure compound (40).

Fig. 43. Chemical structure of compound (41).

Fig. 44. Chemical structure compound (42).

Fig. 45. Chemical structures (43a and 43b) of dihydroxychalcone derivatives.
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exposure significantly inhibited both basal and TNF-α-induced NF-κB
stimulation in PAECs, whereas the remaining three derivatives were
inactive. The underlying mechanism revealed that 46a selectively in-
hibited the phosphorylation of IκBα instead of the decomposition of
phosphorylated IκBα. Moreover, 46a considerably decreased basal and
TNF-α-activated prepro ET-1 mRNA expression in PAECs [95].

Cardamonin (37) (Fig. 39) has also been identified as an inhibitor of
NF-κB activation. An NF-κB reporter gene assay was performed to ex-
amine the effect of cardamomin on the induced NF-κB activation
through numerous stimuli. Experimental data revealed that carda-
momin suppressed the LPS-induced expression of NF-κB reporter gene
construct dose-dependently with an IC50 value of 1.2 μM (Table 4).
Moreover, TNFα-activated expression of NF-κB reporter gene construct
was also suppressed by cardamonin in a similar way [96]. Shen and
coworkers reported that chalcone (1,3-diphenyl-2-propenone) sup-
pressed the translocation and activation of NF-κB in human bladder
cancer cells. Western blot analysis indicated that chalcone caused a
substantial improvement in the expression of IκBα in T24 and HT-1376
cells after 3, 6 and 12 h in the cytoplasm. On the other hand, chalcone
treatment caused a decrease in the protein expression of NF-κB in the
nuclei of both cell lines after 3, 6 and 12 h, whereas NF-κB was de-
posited in the cytoplasm [97]. Hydroxysafflor yellow A (47) (Fig. 49) is
one of the principal bioactive and water-soluble chalcones isolated from
Carthamus tinctorius L [98]. The suppressive effects of 47 on the in-
flammatory signal transduction pathway related factors (activated by
stable cerebral ischemia) in rats were studied. The result revealed that
administration of 47 (10mg× kg(−1)) in rats caused considerable
inhibition of the phosphorylation of IκBα (after cerebral occlusion).
Moreover, compound 47 suppressed the transcriptional level of pro-
inflammatory cytokines including TNF-α, IL-1β, and IL-6, and stimu-
lated mRNA expression of anti-inflammatory cytokine IL-10. Overall,
the results suggested that the anti-inflammatory effect of 47 is due to its
potential to inhibit NF-κB activity and the mRNA expression of cyto-
kines in the inflammatory transduction pathway [99].

Licochalcone (7) (Fig. 9) has the ability to suppress the formation of
osteoclasts through preventing activation of the ERK (extracellular
signal-regulated kinase) and NF-kB signaling pathways which could

subsequently influence the stimulation of AP-1 components such as Fra-
2. Moreover, licochalcone A also suppressed the translocation of NF-κB
into the nucleus and mRNA expression of Fra-2 [100]. Synthesis of
three sets of chalcones was reported by Srinivasan et al. The synthesized
compounds were investigated for their inhibitory effects against kinases
upstream of NF-κB. Results indicated that majority of the chalcones had
a broad range inhibitory activities against NF-κB with few of them
showing IC50 values less than 10 µM. SAR study showed that the
structural complexity of chalcones had no correlation with the inhibi-
tion of NF-κB activity. Moreover, alteration in the electron cloud on
chalcone scaffold had no effect on NF-κB inhibition and simple chal-
cones with only hydroxyl and methoxy substituents possessed sig-
nificant potency against NF-κB activity. Additionally, the inhibitory
effect was totally lost after reduction of the alkene moiety in chalcone,
supporting the concept that the mechanism of suppression is probably
via covalent Michael addition of nucleophiles (such as SH from cy-
steine) of protein candidate(s) to chalcones. Among all chalcones, (E)-
3-(3-hydroxy-4-methoxyphenyl)-1-(3,4,5-trimethoxyphenyl)prop-2-en-1-
one (48) (Fig. 50) exhibited the most potent inhibitory effect against
NF-κB activity with its IC50 of 5.1 ± 1.9 µM (Table 4). Chalcone deri-
vative 48 directly blocks the kinase activities of I kappa B kinase 2
(IKKβ) and interleukin-1 receptor-associated kinase 4 (IRAK4), possibly

Fig. 46. Chemical structure (44) of Xanthohumol.

Fig. 47. Chemical structures of kuwanon J 2,4,10″-trimethyl ether (45a) and kuwanon R (45b).

Fig. 48. Chemical structures (46a, 46b, and 46c) of xanthoangelol.

Fig. 49. Chemical structure (47) of Hydroxysafflor yellow A.
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causing its NF-κB inhibitory effects [101].
Selected chalcone derivatives (as NF-κB inhibitors), their sources

and IC50 values are given in Table 4

3.4. Inhibition of miscellaneous inflammatory mediators

Synthesis and evaluation of the anti-inflammatory activity of 2-
choroquinolinyl chalcones (Fig. 51) through human cell systems and
the mouse air pouch model have been reported by Herencia et al. The
results indicated that most of the synthesized compounds had anti-in-
flammatory activities in vitro. Chalcone derivatives, 49a, 49b, 49f, 49g,
and 49i suppressed degranulation and 5-1ipoxygenase (5-LO) in human
neutrophils. The 5-LO inhibitor ZM230, 487 exhibited IC50 values and
95% confidence limits of 0.06 (0.03–0.1) and 0.09 (0.06–0.1) µM on
intact cells and cytosolic portions, respectively. (E)-1-(3,4-dimethox-
yphenyl)-3-(4-(dimethylamino)phenyl)prop-2-en-1-one (49 h) acted as a
scavenger of superoxide anion produced by activated human neu-
trophils or by the hypoxanthine/xanthine oxidase system with IC50
values of 0.1 (0.1–0.2) and 0.3 (0.1–0.9) µM, respectively. Moreover,
49 h also suppressed the iNOS expression via a superoxide-dependent

mechanism in activated mouse peritoneal macrophages and safe-
guarded cells against oxidant stress. COX-2 activity was suppressed by
four chalcone derivative (49b-e) with their percentage inhibitions of
36.3 ± 4.5, 35.6 ± 5.3, 41.8 ± 5.5 and 46.6 ± 4.4, respectively
[102].

Synthesis of a new series of chalcones-curcumin conjugates (Fig. 52)
has been reported. The target conjugates were screened for their anti-
inflammatory activity via mouse RAW 264.7 macrophages. Most of the
synthesized compounds efficiently suppressed (50–95% at 10 μmol
concentration) the expression of TNF-α and IL-6 promoted by
LPS, preferably IL-6, comparable to or stronger than the curcumin
at equal concentration. (1E,4E)-1-(3-allyl-4-methoxyphenyl)-5-(2,5-di-
bromophenyl)penta-1,4-dien-3-one (50) exhibited the strongest in-
hibitory effects on LPS-promoted TNF-α and IL-6 generation with in-
hibition rates of 67.5% and 91.1%, respectively. Additionally, SAR
analysis revealed that the asymmetric derivatives had greater anti-in-
flammatory activity than their symmetric analogues, whereas the
electro-negativity and molecular polarizability were considered as key
parameters for the suppression of LPS-promoted IL-6 expression [103].

Nassar et al. reported the synthesis of a series of chalcone-based
diaryl pyrazole containing a phenyl sulphone or carbonitrile scaffolds
(Fig. 53). The synthesized compounds were investigated for anti-in-
flammatory activity using carrageenin-induced rat hind paw oedema
model. The results indicated that some target compounds caused a
substantial decrease in inflammation after 3 h of dose administration.
Among the tested diarylpyrazole-based chalcones, (E)-1-(1,5-diphenyl-
4-(phenylsulfonyl)-1H-pyrazol-3-yl)-3-(p-tolyl)prop-2-en-1-one (51) had
the highest anti-inflammatory activity (83.77%) with small gastro-
intestinal toxicity. SAR analysis suggested that majority of the phe-
nylsulfonylpyrazoles possessed greater anti-inflammatory activity than

Fig. 50. Chemical structure of compound (48).

Fig. 51. Chemical structures of compounds (49a-i).

Fig. 52. Chemical structures of chalcone-curcumin conjugates and a representative derivative (50).
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carbonitrilepyrazoles. Moreover, the phenyl sulphone moiety and car-
bonyl group connected to the pyrazole structure is an important phar-
macophore to control the anti-inflammatory activity [104].

Sashidhara and coworkers reported the synthesis and anti-in-
flammatory screening of bis-coumarin-chalcone hybrids via the carra-
geenin-induced paw oedema in albino rats. Among the synthesized
derivatives, (E)-methyl 7-methyl-3,9-dioxo-11-(3-oxo-3-phenylprop-1-
enyl)-3,9-dihydrochromeno[8,7-h]chromene-2-carboxylate (52) (Fig. 54)
was the most potent anti-inflammatory agent (33% anti-inflammatory
activity) at 100mg/kg concentration along with 4% and 21% TNF-∝
inhibition at doses of 200 and 400 μg/mL, respectively. The results
suggested that the anti-inflammatory activity of 52 might partially be
owing to its radical scavenging action [105].

Synthesis and anti-inflammatory activities of six chalcone deriva-
tives (Scheme 10), namely 1-(4-nitrophenyl)-3-(2,4,6-trimethoxyphenyl)
propen-1-one (53a), 1-(4-nitrophenyl)-3-(3-bromo-phenyl)propen-1-one
(53b), 1-(4-methoxyphenyl)-3-(3-bromophenyl)propen-1-one (53c), 1-(4-
methoxyphenyl)-3-(2,4,6-trimethoxyphenyl)-propen-1-one (53d), 1-(2,4-
dihydroxyphenyl)-3-(phenyl)propen-1-one (53e), 1-(4-nitrophenyl)-3-(4-
chlorophenyl)propen-1-one (53f) were reported. The synthesized com-
pounds were evaluated for anti-inflammatory activities at doses of 20,
40 and 80mg/kg. It was found that all compounds effectively sup-
pressed carrageenan-induced rat paw edema in Wistar rats in a dose-
dependent way. The inhibitory action increased with an increase in
concentration from 20 to 80mg/kg and between the third and fourth
hour. SAR analysis indicated that methoxy moieties are required for a
quicker initiation of activity. Additionally, a bromine atom at position 3
of ring-B appeared to be essential for stronger suppression of in-
flammation, while chlorine atom at position 4 of ring-B caused com-
paratively lower activity [106].

Synthesis of chlorinated chalcone derivatives, (E)-3-(2-chlor-
ophenyl)-1-phenylprop-2-en-1-one (54a) and (E)-1-(4-chlorophenyl)-3-
phenylprop-2-en-1-one (54b) (Fig. 55) has also been reported by the
condensation of acetophenone with chlorinated benzaldehyde in the

presence of sodium hydroxide. Cotton pellets induced granuloma
method was used to assess the anti-inflammatory activity of the syn-
thesized compounds. The results indicated that chlorinated chalcone
derivatives had better anti-inflammatory activity compared to diclo-
fenac sodium, but exhibited weaker activity than dexamethasone. The
total inhibition rates (%) of 2-chlorochalcone and 4-chlorochalcone
were 0.28 and 0.22, respectively, compared to those of standard drugs
diclofenac sodium (0.10) and dexamethasone (0.35). It was deduced
that the anti-inflammatory activity of chlorinated chalcone derivatives
was related to the inhibition of inflammatory facilitators, TNF-α, NO,
COX-2, and interleukins [107].

Kotra et al. synthesized a new series of quinolinyl chalcone deri-
vatives (Fig. 56) and evaluated their anti-inflammatory activities via
carrageenin-induced acute paw oedema model in rats using in-
domethacin as a control. Some derivatives showed a substantial re-
duction in paw oedema. Compound carrying furyl ring and chloro
substituent i.e. 1-(7-Chloro-3-methyl-1-phenyl-2-napthyl)-3-(2-furyl)-2-
propen-1-one (55) showed substantial anti-inflammatory activity with
an 81.78% decrease in paw oedema. Furthermore, most potent deri-
vatives were safe (up to 2000mg/kg) in acute oral toxicity studies
[108].

Prasad and coworkers reported the synthesis of new 4′-amino
chalcone derivatives by Claisen-Schmidt condensation of 4-amino
acetophenone with numerous substituted aromatic and heteroaromatic
aldehydes. Their anti-inflammatory activities were measured using
spraygue-Dawley rats. The results revealed that majority of the tested
compounds possessed moderate anti-inflammatory activities. (E)-1-(4-
aminophenyl)-3-(4-nitrophenyl)prop-2-en-1-one (56) (Fig. 57) exhibited
the highest anti-inflammatory activity (97.35 ± 2.98) compared to
that of reference standard aceclofenac (99.98 ± 2.00) after 4 h. SAR
analysis revealed that the enhanced activity of 56 is due to the presence
of nitro group at 4-position on the aromatic ring-B of chalcone. Fur-
thermore, it was also noted that the compounds carrying 4-pyridinyl
and 2-quinolinyl as ring-B of chalcone exhibited higher anti-in-
flammatory activity [109].

A series of compounds was synthesized by carrying out substitution
on 2′,4′-dihydroxychalcones or 4′-hydroxychalcones (Scheme 11). The
synthesized compounds were screened for anti-inflammatory activity
by measuring their potential to inhibit xylene-induced ear edema in
mice. Numerous tested compounds showed substantial anti-in-
flammatory activities. However, the highest anti-inflammatory activity
was exhibited by [(E)-1-(2,4-dihydroxyphenyl)-3-(4-dimethylamino)-
phenyl)prop-2-en-1-one] (57f) and [(E)-3-(4-chlorophenyl)-1-(2,4-dihy-
droxy-phenyl)prop-2-en-1-one] (57 h) with their inhibition rates re-
corded to be 62% and 68%, respectively at a dose of 200mg/kg ad-
ministered orally 2 h prior to the inflammatory agent xylene. The
inhibitory effects of the two compounds are stronger than that of ibu-
profen (53%) under similar experimental conditions. SAR study re-
vealed that an increase in the number of hydroxyl groups on the
chalcone ring-A might affect the inhibitory effect related to anti-in-
flammatory activity, nevertheless the efficiency depended on the var-
iation in the substituent of ring-B. The position of the substituent on the
phenyl ring significantly affected the anti-inflammatory effect, with an
activity order of -3,4-(OH)2 < 4-OH < –3,4-OCH2O– < –3–OCH3-4-
OH < –4-OCH3 < –4-N(CH3)2. Moreover, the position of Cl atom on
the phenyl ring might have affected the anti-inflammatory activity,
with the potency order of the two Cl-substituted derivatives being -2,4-
Cl2 < 4-Cl, in which 57 h demonstrated the strongest anti-in-
flammatory activity [110].

Gómez-Rivera et al. synthesized three nitro-substituted chalcone
derivatives (compounds 58a-c) (Fig. 58) via aldol condensation and
evaluated their anti-inflammatory activity in carrageenan-induced
edema in rats. The compounds (at a dose of 200mg/kg) exhibited anti-
inflammatory protective activity by both oral and intraperitoneal ad-
ministration in a time-dependent way. After intraperitoneal adminis-
tration, the Maximum Anti-inflammatory Protective Effect (MAPE) for

Fig. 53. Chemical structures of diarylpyrazole-based chalcones and a re-
presentative derivative (51).

Fig. 54. Chemical Structure (52) of a biscoumarin-chalcone hybrid.
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(E)-1-(2́-nitrophenyl)-3-phenylprop-2-en-1-one (58a) (58.2 ± 3.2%) was
achieved 1 h after the administration. For (E)-1-(3́-nitrophenyl)-3-phe-
nylprop-2-en-1-one (58b), highest MAPE (68.0 ± 3.8%) was also re-
corded 1 h after administration, whereas (E)-1-(4′-nitrophenyl)-3-phe-
nylprop-2-en-1-one (58c) attained its highest MAPE (43.2 ± 3.3%) 2 h
after the administration. The highest MAPE (59.3 ± 3.8%) for the re-
ference drug, meloxicam was attained 2 h after its administration. SAR
study indicated that chalcone with the nitro group at ortho position was
most effective, statistically with no substantial change compared to a
reference drug [111].

Li and coworkers reported the synthesis of 35 new chalcone deri-
vatives carrying aryl-piperazine or aryl-sulfonyl-piperazine moiety. The
in vivo and in vitro anti-inflammatory activities were measured using
classical para-xylene-induced mice ear-swelling model and ELISA as-
says. Results indicated that (E)-3-phenyl-1-(4-(4-((2,4,6-triisopropyl-
phenyl)sulfonyl)-piperazin-1-yl)phenyl)prop-2-en-1-one (59) (Fig. 59) has
the strongest anti-inflammatory activity in vivo (with an inhibition rate
of 75.46% at a dose of 40mg/kg) compared to aspirin (with an in-
hibition rate of 64.91% at 100mg/kg) and celecoxib (with an inhibition
rate of 77.03% at a dose of 5mg/kg). Moreover, 59 considerably sup-
pressed the liberation of LPS-induced IL-6 and TNF- α in RAW264.7
macrophages dose-dependently in vitro. Primary SAR study showed that
substitution of the electron-withdrawing group at 4-position of aryl-
piperazine or arylsulfonyl-piperazine contributed more to the im-
provement of anti-inflammatory activity compared to the substitution
of the electron-donating group. Moreover, substitution at 4′ position of
the benzene ring did not improve the anti-inflammatory activity of the
target compound [112].

Talukdar et al. reported the synthesis of a new series of chalcone
derivatives by Claisen-Schmidt condensation of suitable acetophenones

with numerous aldehydes in ethanolic KOH solution. Bovine serum
albumin assay (in vitro) and carrageenan-induced rat paw oedema
method (in vivo) were used to evaluate the anti-inflammatory activities
of the synthesized compounds. Among the tested compounds, 4-chloro-
N-(4 – [3- (2, 4-dimethoxy-phenyl)-acryloyl]-phenyl)-benzamide (60a)
and 4-Chloro-N-(4-[3-(4-ethoxy-phenyl)-acryloyl]-phenyl)-benzamide 60b
(Fig. 60) showed substantial anti-inflammatory activities, whereas in-
troduction of methoxy and ethoxy moieties in target compounds caused
activity enhancement [113].

Srinath and coworkers reported the synthesis of a series of some
novel chalcone derivatives by Claisen-Schmidt condensation of 3′-me-
thyl-4′-hydroxyacetophenone with numerous substituted aromatic/
heteroaromatic aldehydes in the presence of a base. Their anti-in-
flammatory activity was measured using carrageenan-induced rat paw
oedema method. Results indicated that some of them possessed sub-
stantial activity compared to the standard drug, aceclofenac. At a dose
level of 10mg/kg, (%) inhibition of 1-(3′–Methyl -4′-hydroxyphenyl)-3-
(2″-pyrrolyl)-2-propen-1-one (61a) and 1-(3′–Methyl -4′-hydroxyphenyl)-
3-(2″-indolyl)-2-propen-1-one (61b) (Fig. 61) was reported to be the
highest (97 ± 1% and 98 ± 1% respectively) compared to that of the

Scheme 10. Synthesis of chalcone deriva-
tives (53a-f).

Fig. 55. Chemical structures (54a and 54b) of chlorinated chalcone derivatives.

Fig. 56. Chemical structures of quinoline-substituted chalcones and the most potent derivative (55).

Fig. 57. Chemical structure of compound (56).
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aceclofenac (99 ± 1%) after 6 h. Moreover, chalcone derivatives con-
taining electron-donating groups on the aromatic ring exhibited sig-
nificantly higher anti-inflammatory activities. SAR analysis suggested
that chalcone derivatives containing heterocyclic nuclei (indole and
pyrrole) and substituents with electron-donating groups (alkoxy and
alkyl) exhibit enhanced anti-inflammatory activities [114].

Synthesis of a novel series of pyrazole chalcones via
Claisen–Schmidt condensation of 1-(2,4-dimethoxy-phenyl)-ethanone
and substituted 1,3-diphenyl-1H-pyrazole-4-carbaldehydes was reported
by Bandgar and coworkers. None of the synthesized compounds showed
a significant inhibitory effect against TNF-α. However, compounds 1-
(2,4-Dimethoxy-phenyl)-3-(1,3-diphenyl-1H-pyrazol-4-yl)-propenone
(62a), 1-(2,4-Dimethoxy-phenyl)-3-[3-(4-methoxy-phenyl)-1-(1-methyl-
buta-1,3-dienyl)-1H-pyrazol-4-yl]-pro-penone (62b), and 3-[3-(3-Chloro-
phenyl)-1-phenyl-1H-pyrazol-4-yl]-1-(2,4-dimethoxy-phenyl)-propenone
(62c) (Fig. 62) exhibited promising inhibitory activity against IL-6 with
their % inhibition to be 64.72, 38.16 and 67.48, respectively at 10 µM
dose without any noticeable toxicity [115].

Shih et al. synthesized a series of halo-substituted azachalcones
(Fig. 63) via Claisen–Schmidt condensation and compared their anti-
inflammatory activities. Mouse BALB/c macrophage RAW 264.7 cell
lines were pre-exposed to 10 µg/mL of each compound for 1 h prior to
stimulation of inflammation by LPS (1 µg/mL) for 6 h. The results in-
dicated that some halo-chalcones and –azachalcones inhibited the ex-
pression of pro-inflammatory factors, comprising toll-like receptor 4
(TLR4), IκB-α, the transcription factor p65, interleukine 1β (IL-1β), IL-
6, TNF-α, and COX-2. Moreover, synthetic halo-azachalcones (64a–i)
showed more potent inhibition than halo-chalcones (63a-i). Amongst
the azachalcones, (E)-3-(4-fluorophenyl)-1-(pyridin-2-yl)prop-2-en-1-one
(64a), (E)-3-(3-bromophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (64f), (E)-
3-(2-chlorophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (64h), and (E)-3-(2-
bromophenyl)-1-(pyridin-2-yl)prop-2-en-1-one (64i) exhibited greater

anti-inflammatory activity, attributed to the presence of a nitrogen
atom in azachalcones compared to the C-2 hydroxyl group in halo-
chalcones [116].

Two chalcone analogues, 3-(4-Hydroxyphenyl)-1-(2-hydroxyphenyl)
propenone (65a) and 1-(2,6-Dihydroxy-4-methoxyphenyl)-3-phenylprope-
none (34a) (Scheme 12) were synthesized and their anti-inflammatory
activities in vivo were examined. Chalcone and its two analogues were
investigated using a caudal fin-wounded transgenic zebrafish line “Tg
(mpx:gfp)” to predict the effect of neutrophil recruitment effectively.
The results indicated that exposure to 34a not only affected wound-
induced neutrophil recruitment but also exerted an influence on Mpx
enzymatic activity. Furthermore, compound 34a also controlled the
protein expression levels of pro-inflammatory factors (Mpx, NFκB, and
TNFα). Overall, the results provided strong evidence about the anti-
inflammatory effects of synthesized chalcone derivatives on wound-
induced inflammation [117].

Hsieh et al. synthesized a new series of 2′-hydroxy- and 2′,5′-dihy-
droxychalcone derivatives by the reaction of suitable acetophenones
with appropriate aromatic aldehydes using Claisen-Schmidt

Scheme 11. Synthetic route for compounds (57a-m).

Fig. 58. Chemical structures (58a-c) of nitro-substituted chalcone derivatives.

Fig. 59. Chemical Structure of compound (59).
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condensation. The inhibitory action of the synthesized derivatives on
the stimulation of mast cells, neutrophils, microglial cells, and macro-
phages was evaluated in vitro. Majority of the synthesized hydro-
xychalcones were reported to have strong inhibitory effects on the
liberation of β-glucuronidase and lysozyme from rat neutrophils acti-
vated with formyl-Met-Leu-Phe/cytochalasin B (fMLP/CB). 2′,2-
Dihydroxychalcone (66a) (Fig. 64) was the strongest inhibitor of the
liberation of β-glucuronidase and lysozyme with its IC50 values of
1.6 ± 0.2 µM and 1.4 ± 0.2 µM, respectively. Moreover, most of the
2′,5′-dialkoxychalcones showed strong inhibitory action on NO pro-
duction from N9 murine microglial cell lines activated with LPS. Among
the 2′,5′-dialkoxychalcone derivatives, 2′,5′-Dipropoxy-4-chlorochalcone
(66b) (Fig. 64) displayed the maximum inhibitory effect with its IC50
value to be 0.7 ± 0.06 µM [118].

Wu et al. synthesized 54 chalcone derivatives and screened them for
anti-inflammatory activity against TNF-α and IL-6 production in LPS-

stimulated macrophages. RAW264.7 macrophages were pre-exposed to
the most promising chalcone derivatives 67a-67e (Fig. 65) at various
concentrations (2.5, 5.0, and 10 μM) for 2 h followed by incubation of
macrophages with LPS (0.5 μg/mL) for 22 h. The ELISA assay technique
was used to determine the release of TNF-α and IL-6. The results in-
dicated that compounds 67a-67e suppressed TNF-α and IL-6 release
dose-dependently and reduced LPS-stimulated TNF-α, IL-1β, IL-6, IL-
12, and COX-2 mRNA production. The IC50 values of these derivatives
were under 10 μM except that of (E)-3-(4-hydroxy-3-methoxyphenyl)-1-
(4-methoxyphenyl)prop-2-en-1-one (67a) against IL-6 liberation. Com-
pounds 67a and (E)-3-(2,4-dimethoxyphenyl)-1-(3,4-dimethoxyphenyl)
prop-2-en-1-one (67e) showed the lowest IC50 values (2.76 μM and
2.70 μM) against the expression of TNF-α and IL-6, respectively.
Quantitative structure-activity relationship (QSAR) models indicated
that the existence of electron-withdrawing groups (F, Cl, eNO2, eCN,
CF3, eCCl3 etc.) in ring-B and electron-donating groups (eOCH3,
eNH2, eOH etc.) in ring-A of chalcone derivatives was vital for sup-
pression of LPS-stimulated IL-6 expression. The anti-inflammatory po-
tential of the synthetic chalcone derivatives was confirmed by their
ability to inhibit TNF-α and IL-6 release dose-dependently [119].

A series of eight chalcone derivatives (68a-h) (Fig. 66) through
Claisen–Schmidt condensation of appropriate acetophenones with sui-
table aromatic aldehyde was reported by Ku and coworkers. The in-
hibitory action against the activation of mast cells, neutrophils, mac-
rophages, and microglial cells indicated that majority of the 2′,5′-
dihydroxychaclone analogues showed strong inhibition on the libera-
tion of β-glucuronidase and lysozyme from rat neutrophils activated

Fig. 60. Chemical structures of compounds (60a and 60b).

Fig. 61. Chemical structures of chalcone derivatives bearing pyrrole (61a) and
indole (61b) moieties.

Fig. 62. Chemical structures of compounds (62a-62c).

Fig. 63. Chemical structures of synthetic chalcones (63a-i) and azachalcones (64a-i).
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with formyl-Met-Leu-Phe (fMLP)/cytochalasin B (CB). Moreover, some
derivatives exerted a strong inhibitory influence on superoxide anion
production in rat neutrophils as feedback to fMLP/CB. NO generation in
macrophages and microglial cells was strongly inhibited by 2′,5′-Di-
methoxy-4-hydroxychalcone (68a) and 3,4-Dichloro-2′,5′-diethox-
ychalcone (68e). NO generation and iNOS protein expression in RAW
264.7 cells were inhibited by 68a. A set of independent or related
mechanisms is likely responsible for the inhibitory effects of chalcone
derivatives on the COX-2 activity and NO production in RAW 264.7
macrophages. Potent inhibitory action of 2′,5′-dihydroxy-dihy-
drochaclones on NO generation in LPS-induced macrophage (via the
inhibition of iNOS protein expression) was favorable for the relief of
septic shock [120].

Hsieh et al. also synthesized a series of 2′- and 3′-hydroxychalcones,
2′,5′-dihydroxychalcones (Fig. 67) along with flavanones through
Claisen-Schmidt condensation of appropriate acetophenones with a
suitable aromatic aldehyde, and their inhibitory actions on the stimu-
lation of mast cells, neutrophils were measured. The results indicated
that chalcone derivatives 2′,3-Dihydroxychalcone (69a), 2′-Hydroxy-3,4-
dimethoxychalcone (69d), 3′-Hydroxy-3,4-dimethoxychalcone (69e), and
2′,5′-Dihydroxy-3,4-dimethoxychalcone (69f) potently inhibited mast cell
degranulation activated by compound 46/80 (10 µg/mL). Nearly all
chalcone derivatives caused a strong inhibition of the liberation of β-

glucuronidase and lysozyme from rat neutrophils stimulated with
formyl-Met-Leu-Phe (fMLP). Moreover, compounds 69a, 2′,5′-Dihy-
droxy-2-napthylchalcone (69b), and 69e caused a strong inhibition of
superoxide formation of rat neutrophils stimulated with fMLP/cyto-
chalasin B (CB). Whereas, 2′,5′-Dihydroxy-2-furfurylchalcone (69c)
showed strong inhibitory action against superoxide anion formation
from rat neutrophils. Compounds 69a, 69b, and 69c caused significant
inhibition of hind-paw edema stimulated by polymyxin B in normal as
well as in adrenalectomized mice. Overall, the results confirmed that
the suppression of chemical mediators liberated from mast cells and
neutrophils partially facilitated the anti-inflammatory action of chal-
cone derivatives reported in this study [121].

Won et al. also synthesized hydroxyl- and dihydroxychalcones
(Fig. 68) via Claisen–Schmidt condensation. Their inhibitory effects
against the activation of mast cells, neutrophils, macrophages, and
microglial cells were studied, which showed that 2′-Hydroxychalcones
(70a-c), and 2′,5′-dihydroxychalcone (70d) caused a strong inhibition of
the liberation of β-glucuronidase or lysozyme from rat neutrophils ac-
tivated with formyl-Met-Leu-Phe (fMLP)/cytochalasin B (CB). The IC50
values of 2′-Hydroxy-2-thienylchalcone (70b), 2′-Hydroxy-3-thie-
nylchalcone (70c), and 2′,5′-Dihydroxy-indol-3-yl-chalcone (70d) for the
release of β-glucuronidase were recorded to be 23.5 ± 1.4, 8.7 ± 0.7
and 17.1 ± 4.2 µM, respectively, while those of compounds (70a-c) for
the release of lysozyme from rat neutrophils were reported to be
7.5 ± 0.3, 27.4 ± 0.7 and 13.4 ± 2.5 µM, respectively. Compounds
70a (2′,4-Dihydroxychalcone) and 70b strongly suppressed superoxide
anion generation in rat neutrophils as feedback to fMLP/CB with their
IC50 values calculated to be 6.4 ± 0.3 and 8.2 ± 0.3 µM, respectively
[122].

Synthesis of some novel chalcones i.e. 1-[3-methoxy-4-(5-nitro-furan-
2-ylmethoxy)-phenyl]-3-(substituted phenyl)-propenone derivatives (71a-
k) (Fig. 69) via Claisen-Schmidt condensation of 1-(4-((5-nitrofuran-2-
yl)methoxy)-3-methoxyphenyl)ethanone with aromatic aldehydes under
solvent-free conditions in the presence of solid NaOH as a catalyst at

Scheme 12. Synthesis of chalcone analogues (65a and 34a).

Fig. 64. Chemical structures (66a and 66b) of hydroxychalcones.

Fig. 65. Chemical structures of compounds (67a-67e).
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room temperature has been reported. The synthesized chalcone deri-
vatives were subsequently screened for anti-inflammatory activities via
the carrageenan-induced inflammatory rat model. The standard drug,
diclofenac sodium (at a dose of 10mg/kg) and test compounds (71a-k)
(at10 mg/kg doses) were administered through intraperitoneal injec-
tion. The extent of paw thickness (in millimeters) of all the groups was
measured. Compounds, 1-[3-Methoxy-4-(5-nitro-furan-2-ylmethoxy)
phenyl]-3-(4-trifluoromethoxyphenyl)propenone (71d), 3-(4-Fluoro-

phenyl)-1-[3-methoxy-4-(5-nitro-furan-2-ylmethoxy)phenyl]propenone
(71c), 3-(4-Methanesulfonyl-phenyl)-1-[3-methoxy-4-(5-nitro-furan-2-yl-
methoxy)phenyl]propenone (71f), 3-(3,4,5-Triimethoxy-phenyl)-1-[3-
methoxy-4-(5-nitrofuran-2-ylmethoxy)phenyl]propenone (71 k) and 1-[3-
Methoxy-4-(5-nitro-furan-2-ylmethoxy)phenyl]-3-(4-nitrophenyl)prope-
none (71e) showed substantial anti-inflammatory activities with their
paw thickness measurement values of 1.08 ± 0.22, 0.98 ± 0.28,
0.88 ± 0.22, 0.85 ± 0.82 and 0.78 ± 0.86mm, respectively [123].

4. Overall SAR analysis of chalcones

Overall SAR analysis of chalcone and its derivatives is given in
Fig. 70. The SAR of synthetic chalcone derivatives as anti-inflammatory
agents can be summarized in the following elucidations
[43,69,77,79,91,92,103,106,109,111,113,119].

(a) The structural significance of α, β-unsaturated carbonyl moiety is a
vital characteristic of chalcone based anti-inflammatory agents.

(b) Introduction of a long alkyl chain at para-position of the ring-A
reduces the anti-inflammatory activity of chalcones.

(c) Presence of eOH group at para-position in ring-B increases the
anti-inflammatory activity of chalcones.

Fig. 66. Chemical structures of compounds (68a-h).

Fig. 67. Chemical structures of 2′- and 3′-hydroxychalcones (69d and 69e), and 2′,5′-dihydroxychalcones (69a, 69b, 69c and 69f).

Fig. 68. Chemical structures of compounds (70a-70d).
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(d) Substitution of polar groups, for example eOH and eOCH3 on both
the rings brings an increase in the anti-inflammatory activity via
the suppression of NO production.

(e) eOH substitution in ring-A of chalcone scaffold exhibits favorable
NF- κB inhibitory activity.

(f) Substitution of eOH and/or eOCH3 in ring-A and quinoline moiety
in ring-B promote the inhibition of PGE2 activity.

(g) COX inhibition can be increased by introducing heterocyclic rings
(such as thiophene/furan/ indole), phenylsulphonyl urea, me-
thylsulfone, and piperidine in ring-A of chalcone scaffold [79,92].

(h) eOCH3-containing derivatives cause more potent inhibition of
COX-2 than nitro-containing analogues. Moreover, substitution of
eNO2 group on position 2 of ring-B yields chalcone derivative with
better anti-inflammatory activity than eNO2 substitution at

position 3 of the same ring [43].
(i) Fluorinated chalcones efficiently suppress NO production and

therefore, exhibit improved anti-inflammatory activities [60].
(j) Introduction of prenyl group, e.g. 3-methylbut-2-en-1-yl (prenyla-

tion) on ring-A substantially suppresses NO production [63].
(k) Methoxylation at C-2′ position of ring-A is vital for inhibiting NO

production and iNOS expression [69].
(l) Introduction of eOCH3 at -4′ and -6′ positions are essential for the

suppression of PGE2 production [77].
(m) Presence of eOH and eOCH3 groups in chalcones results in their

enhanced inhibitory effect against TNFα-induced NF-κB pathway.
Moreover, electronic density on chalcone scaffold has no effect on
NF-κB inhibition [91,101].

(n) The asymmetric chalcones have higher anti-inflammatory activity

Fig. 69. Chemical structures of compounds (71a-k).

Fig. 70. Overall SAR analysis of chalcones.
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than their symmetric analogues [103].
(o) Presence of eOCH3 moieties causes a faster beginning of activity

while presence bromine atom at position 3 of ring-B causes more
potent inhibition of inflammation [106].

(p) Chalcones carrying eNO2 group at 4-position of ring-B and those
carrying 4-pyridinyl and 2-quinolinyl in ring-B exhibit significant
anti-inflammatory activities [109].

(q) Chalcone derivatives carrying eNO2 group at the ortho position of
ring-A show more promising anti-inflammatory activities [111].

(r) Introduction of electron-withdrawing groups (F, Cl, eNO2, eCN,
CF3, eCCl3 etc.) in ring-B and electron-donating groups (eOCH3,
eNH2, eOH etc.) in ring-A of chalcone derivatives can contribute
to the overall anti-inflammatory activities [119].

Based on SAR analysis, selected functional groups in chalcone
scaffold and their target pro-inflammatory mediators are given in
Table 5.

5. Docking studies on the interaction of parent chalcone with
COX-2, COX-1, and iNOS

Docking studies of a typical parent chalcone scaffold (1,3-diphenyl-
2-propen-1-one) with COX-2, COX-1, and iNOS enzymes were carried
out through MOE (Molecular Operating Environment) software. In case
of COX-1 (PDB.ID. 5WBE) enzyme [124], its two residues His43 and
Arg83 interacted with parent chalcone via hydrogen bonding and aren-
cation interaction, respectively, whereas the docking score was calcu-
lated to be −15.4532 kcal/mol. Parent chalcone molecule also

expressed two interactions with COX-2 (PDB.ID. 3LN1) enzyme re-
sidues [125]. Lys68 and Lys64 residues of COX-2 interacted through
hydrogen bonding and arene-cation interaction respectively, whereas
the docking score was calculated to be −14.6787 kcal/mol. Chalcone
scaffold established two arene-cation interactions with two residues,
Lys339, and Arg292 of iNOS (PDB.ID. 2NOS) enzyme [126], whereas
the docking score was calculated to be −12.3597 kcal/mol. Overall, 2D
and 3 D images of docking interactions of parent chalcone scaffold with
COX-2, COX-1, and iNOS are given in Figs. 71a-71c.

6. The market of anti-inflammatory drugs and expected growth

The discovery of new anti-inflammatory targets continues to drive
the expansion of small molecule therapeutics to cure inflammatory
disorders. The story of curing fever, pain, and inflammation continues
to progress. Small molecule NSAIDs have controlled the market for
decades. Regardless of the recent growth in a market stake of biological
therapeutics to cure inflammatory disorders, small molecule ther-
apeutics continues to govern the pharmaceutical industry [127]. Based
on the drug kinds, the global anti-inflammatory pharmaceutical market
is divided into biologics, corticosteroids, immune selective anti-in-
flammatory derivatives (ImSAIDs), and NSAIDs. The anti-inflammatory
biologics segment occupied 3/5th of the overall market in 2014. Ad-
ditionally, the global anti-inflammatory therapeutics market is ex-
pected to touch US$ 130.6 billion by 2026, growing at a compound
annual growth rate (CAGR) of 8.5% from 2018 to 2026. The study of
global anti-inflammatory drug market (from 2018 to 2026) is based on
the extensive investigation with insights from industry stakeholders.

Table 5
SAR analysis of chalcones to improve their anti-inflammatory properties.

S.NO. Biological activity Functional groups enhancing anti-inflammatory activity Target inflammatory mediator Ref.

1 Anti-inflammatory activity eOCH3-containing chalcone derivatives COX-2 inhibition [43]
Fluorinated chalcones inhibition of NO production [60]
Prenylation on ring-A inhibition of NO production [63]
Methoxylation at C-2′ position inhibition of NO production and iNOS

expression
[69]

Substitution of eOCH3 and at −4′ and −6′ positions inhibition of PGE2 production [77]
Introduction of polar groups e.g. eOH and eOCH3 on both the rings of chalcone scaffold inhibition of NO production [79]
Substitution of heterocyclic rings, phenylsulphonyl urea, methylsulfone, and piperidine in
ring-A of a chalcone scaffold

COX inhibition [79]

eOH substitution in ring-A of a chalcone scaffold NF- κB inhibition [79]
quinoline substitution in ring-B Inhibition of PGE2 activity [79]
eOH groups in chalcone scaffold inhibition of TNFα-induced NF-κB

pathway
[91]

eOH and eOCH3 substitution in chalcone scaffold NF-κB inhibition [101]

Fig. 71a. 2D and 3D docking images of COX-1 enzyme with chalcone.
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The comprehensive study integrates the market landscape and its
growth developments for the anticipating period from 2018 to 2026
[128]. Geographically, total anti-inflammatory therapeutics market is
expected for North America, the Middle East, and Africa, Latin America,
Asia Pacific, and Europe. Regarding the profit share, North America led
the global market in 2017 and it is expected that the situation will
continue to be stable within the forecast period. However, Asia Pacific
countries are expected to challenge the North American dominance.
Investors have huge chances to penetrate into anti-inflammatory ther-
apeutics market of countries like China, India, and Mexico [129]. Bayer
Health Care Pharmaceuticals LLC, Novartis International AG, As-
traZeneca plc, Reckitt Benckiser Group plc, Pfizer Inc. Johnson &
Johnson, and Daiichi Sankyo Company, Limited are the key global
suppliers of non-steroidal anti-inflammatory drugs [130].

7. Conclusions

Inflammation is an immune system response to detrimental stimuli,
such as microorganisms, injured cells, or irritations. Besides protecting
itself against viruses and bacteria, inflammation also activates the im-
mune system to cure and mend damaged tissue [4,5]. However, chronic
inflammations can lead to serious diseases such as asthma, hepatitis,

rheumatoid arthritis, tuberculosis, and chronic peptic ulcer etc. [8]. A
variety of non-steroidal anti-inflammatory drugs are used to treat in-
flammation [9]. Chalcone (1,3-diphenyl-2-propene-1-one) belongs to
the flavonoids family of natural products and its derivatives have ex-
tensively been studied as anti-inflammatory agents [16]. Claisen-
Schmidt condensation is one of the most widely used methodologies for
the preparation of chalcones in the laboratory [17,21]. Chalcone-based
anti-inflammatory agents work by inhibiting the activity and expression
of inflammatory mediators. The inhibitory effects of chalcones against
four inflammatory mediators COX, PGE2, iNOS, and NF-κB are dis-
cussed. α, β- unsaturated carbonyl moiety of chalcones is key to anti-
inflammatory activities. Detailed SAR analysis indicated that eOCH3-
containing chalcones are more potent COX-2 inhibitors [43]. Moreover,
substitution of heterocyclic rings, phenylsulphonyl urea, methylsulfone,
and piperidine in ring-A of chalcones causes COX inhibition [79]. eOH
and eOCH3 containing chalcones are stronger inhibitors of both PGE2
and NF-κB. 4′-OCH3 and 6′-OCH3 groups are mandatory to suppress
PGE2 production [77,101]. Introduction of polar groups in chalcone
scaffold enhances the inhibitory potential of the resultant derivatives
against NO production [79]. Introduction of the methoxy group on C-2′
position can also increase the inhibition capability of the synthesized
chalcones against NO production [69]. Moreover, prenylated chalcones

Fig. 71c. 2D and 3D docking images of iNOS enzyme with chalcone.

Fig. 71b. 2D and 3D docking images of COX-2 enzyme with chalcone.
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are also potent inhibitors of NO production [63]. Introduction of eOH
groups into chalcones lead to a substantial inhibition of TNFα-induced
NF-κB pathway [91].

8. Future directions

It is vital to understand the mechanism of action and direct mole-
cular targets for the development of clinically beneficial chalcone-based
anti-inflammatory drugs in future. More investigation from molecular
to cellular level will provide us better knowledge about the mechan-
isms. Future research should be focused on molecular mechanisms for
useful applications of natural chalcones in various inflammatory dis-
orders. Moreover, the design and synthesis of novel chalcone analogues
are also significant for the development of clinically useful anti-in-
flammatory drugs in future. Like natural chalcones, green tea poly-
phenols, curcumin, resveratrol, boswellic acid, colchicine, capsaicin,
epigallocatechin-3-gallate (EGCG), quercetin and cucurbitacins are
other natural products possessing anti-inflammatory activities
[131,132]. A useful methodology to synthesize novel chalcone-based
anti-inflammatory agents of better activities might be the coupling of
natural chalcones to the aforementioned natural products. The sy-
nergistic effect is expected to enhance the anti-inflammatory activities
of the synthesized conjugates. Moreover, such conjugates are expected
to be of lower toxicity, as compared to NSAIDs.

Another useful approach to synergistically increase the anti-in-
flammatory activity might be through the synthesis of chalcones-
NSAIDs hybrids [133]. Such hybrids can be obtained through coupling
of various chalcones with a variety of NSAIDs (such as aspirin, diclo-
fenac, ibuprofen, indomethacin, and oxaprozin etc.). The resultant hy-
brids are expected to exhibit enhanced anti-inflammatory activities due
to drug synergism. However, the safety of such hybrids must be tested
by in vitro and in vivo investigations.

High absorption and enhanced bioavailability can improve the ef-
ficacy of a drug. Many plant-extracted compounds such as genistein,
quercetin, naringin, piperine, sinomenine, glycyrrhizin, and nitrile
glycoside have shown the potential to increase the bioavailability of
various drugs. Therefore, these compounds can also be used as potential
bioavailability enhancers in the future to improve the bioavailability of
novel chalcone-based anti-inflammatory agents [134].

Development or discovery of a novel drug is a complex, ambiguous,
expensive and time-consuming task. A computational methodology is
one of the new approaches which can increase the efficiency of con-
ventional drug discovery and design process. Mathematical procedures
and computer simulation are used for chemical events, structural ana-
lysis and chemical properties of the molecules. Large catalogues are
used to integrate chemical concept and modeling with experimental
elucidations. This key technique has also played a pivotal role in de-
signing new anti-inflammatory drugs. Therefore, computational ap-
proaches should also be fully exploited in order to discover and design
novel chalcone-based anti-inflammatory drugs. Various computational
approaches will compute and predict events such as drugs binding to
pro-inflammatory factors as their targets, and the chemical properties
for designing novel chalcone-based anti-inflammatory drugs. This ap-
proach will prove to be time-saving and cost-effective. Likewise,
mathematical models should be applied in order to elucidate the de-
composition mechanism of chalcone-based anti-inflammatory drugs
and compute the results of formulation and process alterations and
scale-up. To gain genuine advantage from novel chalcone-based anti-
inflammatory drugs in the future, clinical investigations should be fo-
cused on the considerable benefits for patients. These drugs should be
more effective than existing anti-inflammatory drugs or any other
available cure. New delivery procedures, like nanotechnology, should
be used in order to enhance the efficacy of the novel chalcones-based
anti-inflammatory drugs when introduced to the patients. If there is no
enhancement in terms of efficacy, they should nevertheless be less
toxic, easier to use, more tolerable, or less expensive as compared to the

active standard anti-inflammatory drugs. Side effects of future chal-
cone-based anti-inflammatory agents can be reduced by synthesizing
their analogues as more potent inhibitors of pro-inflammatory media-
tors since a lesser dose of such drugs would be needed to treat in-
flammation. The safety of anti-inflammatory drugs can also be im-
proved by decreasing their cytotoxicity [135]. Overall, the synthesis
and discovery of novel chalcones are important, credited to their pro-
mising potential to act as lead compounds against inflammatory dis-
orders.
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[55] J. Rojas, M. Payá, J.N. Domıńguez, M.L. Ferrándiz, ttCH, a selective inhibitor of
inducible nitric oxide synthase expression with antiarthritic properties, Eur. J.
Pharmacol. 465 (1–2) (2003) 183–189.

[56] J. Rojas, M. Payá, I. Devesa, J.N. Dominguez, M.L. Ferrándiz, Therapeutic ad-
ministration of 3, 4, 5-trimethoxy-4'-fluorochalcone, a selective inhibitor of iNOS
expression, attenuates the development of adjuvant-induced arthritis in rats,
Naunyn Schmiedebergs Arch Pharmacol. 368 (3) (2003) 225–233.

[57] A. Daikonya, S. Katsuki, S. Kitanaka, Antiallergic agents from natural sources 9.
Inhibition of nitric oxide production by novel chalcone derivatives from Mallotus
philippinensis (Euphorbiaceae), Chem. Pharm. Bull. 52 (11) (2004) 1326–1329.

[58] F. Zhao, H. Nozawa, A. Daikonnya, K. Kondo, S. Kitanaka, Inhibitors of nitric oxide
production from hops (Humulus lupulus L.), Biol. Pharm. Bull. 26 (1) (2003)
61–65.

[59] Z.-J. Cheng, C.-N. Lin, T.-L. Hwang, C.-M. Teng, Broussochalcone A, a potent
antioxidant and effective suppressor of inducible nitric oxide synthase in lipopo-
lysaccharide-activated macrophages1, Biochem. Pharmacol. 61 (8) (2001)
939–946.

[60] J. Rojas, M. Paya, J.N. Dominguez, M.L. Ferrandiz, The synthesis and effect of
fluorinated chalcone derivatives on nitric oxide production, Bioorg. Med. Chem.
Lett. 12 (15) (2002) 1951–1954.

[61] S. Hasan, A. Elias, A. Hamid Jwaied, A. Radi Khuodaer, S. Hussain, Synthesis of
new fluorinated chalcone derivative with anti-inflammatory activity, Int. J.
Pharm. Pharm. Sci. 4 (2012) 430–434.

[62] F. Herencia, M.L. Ferrándiz, A. Ubeda, I. Guillén, J.N. Dominguez, J.E. Charris,
G.M. Lobo, M.J. Alcaraz, Novel anti-inflammatory chalcone derivatives inhibit the
induction of nitric oxide synthase and cyclooxygenase-2 in mouse peritoneal
macrophages, FEBS Lett. 453 (1–2) (1999) 129–134.

[63] D.H. Kim, H. Li, Y.E. Han, J.H. Jeong, H.J. Lee, J.-H. Ryu, Modulation of inducible
nitric oxide synthase expression in LPS-stimulated BV-2 Microglia by prenylated
chalcones from cullen corylifolium (L.) medik. through inhibition of I-κBα
Degradation, Molecules 23 (1) (2018) 109, https://doi.org/10.3390/
molecules23010109.

[64] M.J. Kim, T. Kadayat, D.E. Kim, E.-S. Lee, P.-H. Park, TI-I-174, a synthetic chal-
cone derivative, suppresses nitric oxide production in murine macrophages via
heme oxygenase-1 induction and inhibition of AP-1, Biomol. Ther. (Seoul) 22 (5)
(2014) 390–399.

[65] M.V.B. Reddy, H.-Y. Hung, P.-C. Kuo, G.-J. Huang, Y.-Y. Chan, S.-C. Huang, S.-
J. Wu, S.L. Morris-Natschke, K.-H. Lee, T.-S. Wu, Synthesis and biological eva-
luation of chalcone, dihydrochalcone, and 1, 3-diarylpropane analogs as anti-in-
flammatory agents, Bioorg. Med. Chem. Lett. 27 (7) (2017) 1547–1550.

[66] H. Hara, R. Ikeda, M. Ninomiya, T. Kamiya, M. Koketsu, T. Adachi, Newly
Synthesized ‘Hidabeni’Chalcone Derivatives Potently Suppress LPS-Induced NO
Production via Inhibition of STAT1, but Not NF-κB, JNK, and p38, Pathways in
Microglia, Biol. Pharm. Bull. 37 (6) (2014) 1042–1049.

[67] H. Tanaka, S. Nakamura, K. Onda, T. Tazaki, T. Hirano, Sofalcone, an anti-ulcer
chalcone derivative, suppresses inflammatory crosstalk between macrophages and
adipocytes and adipocyte differentiation: implication of heme-oxygenase-1 in-
duction, Biochem. Biophys. Res. Commun. 381 (4) (2009) 566–571.

[68] H. Rücker, N. Al-Rifai, A. Rascle, E. Gottfried, L. Brodziak-Jarosz, C. Gerhäuser,
T.P. Dick, S. Amslinger, Enhancing the anti-inflammatory activity of chalcones by
tuning the Michael acceptor site, Org. Biomol. Chem. 13 (10) (2015) 3040–3047.

[69] X.Y. Jin, S.H. Lee, P.H. Park, J. Hur, S.A. Kim, H.S. Kim, D.H. Sohn, 2′-Methoxy-4′
6′-Bis (Methoxymethoxy) chalcone inhibits nitric oxide production in lipopoly-
saccharide-stimulated RAW 264.7 macrophages, Basic Clin. Pharmacol. Toxicol.
106 (6) (2010) 454–460.

[70] Y.L. Jin, X.Y. Jin, F. Jin, D.H. Sohn, H.S. Kim, Structure activity relationship
studies of anti-inflammatory TMMC derivatives: 4-dimethylamino group on the B
ring responsible for lowering the potency, Arch. Pharmacal. Res. 31 (9) (2008)
1145.

[71] Y.H. Kim, J. Kim, H. Park, H.P. Kim, Anti-inflammatory activity of the synthetic
chalcone derivatives: inhibition of inducible nitric oxide synthase-catalyzed nitric
oxide production from lipopolysaccharide-treated RAW 264.7 cells, Biol. Pharm.

H. ur Rashid, et al. Bioorganic Chemistry 87 (2019) 335–365

363

http://refhub.elsevier.com/S0045-2068(18)31565-7/h0100
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0105
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0105
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0105
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0110
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0110
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0115
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0115
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0120
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0120
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0120
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0125
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0125
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0125
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0130
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0130
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0130
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0135
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0135
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0140
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0140
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0140
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0145
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0145
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0150
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0150
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0150
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0150
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0155
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0155
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0155
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0160
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0160
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0160
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0165
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0165
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0165
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0170
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0170
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0170
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0175
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0175
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0175
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0175
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0180
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0180
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0180
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0180
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0185
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0185
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0185
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0185
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0190
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0190
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0190
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0195
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0195
https://doi.org/10.1371/journal.pone.0173628
https://doi.org/10.1371/journal.pone.0173628
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0205
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0205
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0205
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0210
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0210
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0210
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0210
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0215
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0215
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0215
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0215
https://doi.org/10.4172/2380-9477.1000128
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0225
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0225
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0225
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0225
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0230
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0230
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0230
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0235
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0235
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0235
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0240
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0240
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0240
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0240
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0245
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0245
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0245
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0245
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0250
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0250
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0255
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0255
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0260
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0260
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0260
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0260
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0260
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0265
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0265
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0265
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0270
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0270
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0270
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0275
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0275
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0275
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0280
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0280
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0280
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0280
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0285
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0285
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0285
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0290
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0290
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0290
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0295
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0295
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0295
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0295
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0300
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0300
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0300
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0305
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0305
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0305
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0310
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0310
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0310
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0310
https://doi.org/10.3390/molecules23010109
https://doi.org/10.3390/molecules23010109
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0320
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0320
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0320
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0320
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0325
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0325
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0325
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0325
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0330
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0330
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0330
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0330
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0335
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0335
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0335
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0335
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0340
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0340
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0340
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0345
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0345
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0345
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0345
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0350
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0350
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0350
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0350
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0355
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0355
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0355


Bull. 30 (8) (2007) 1450–1455.
[72] Y.-C. Huang, J.-H. Guh, Z.-J. Cheng, Y.-L. Chang, T.-L. Hwang, C.-N. Lin, C.-

M. Teng, Inhibitory effect of DCDC on lipopolysaccharide-induced nitric oxide
synthesis in RAW 264.7 cells, Life Sci. 68 (21) (2001) 2435–2447.

[73] M.J. Alcaraz, A.M. Vicente, A. Araico, J.N. Dominguez, M.C. Terencio,
M.L. Ferrándiz, Role of nuclear factor-κB and heme oxygenase-1 in the mechanism
of action of an anti-inflammatory chalcone derivative in RAW 264.7 cells, Br. J.
Pharmacol. 142 (7) (2004) 1191–1199.

[74] L. Ming Hong, K. Jae Yeon, R. Jae-Ha, Prenylflavones from Psoralea corylifolia
inhibit nitric oxide synthase expression through the inhibition of I-κB-α de-
gradation in activated microglial cells, Biol. Pharm. Bull. 28 (12) (2005)
2253–2257.

[75] I. Furuhashi, S. Iwata, T. Sato, H. Inoue, S. Shibata, Inhibition by licochalcone A, a
novel flavonoid isolated from liquorice root, of IL-1β-induced PGE2 production in
human skin fibroblasts, J. Pharm. Pharmacol. 57 (12) (2005) 1661–1666.

[76] K. Rullah, M.F.F.M. Aluwi, B.M. Yamin, M.N.A. Bahari, L.S. Wei, S. Ahmad,
F. Abas, N.H. Ismail, I. Jantan, L.K. Wai, Inhibition of prostaglandin e 2 production
by synthetic minor prenylated chalcones and flavonoids: Synthesis, biological
activity, crystal structure, and in silico evaluation, Bioorg. Med. Chem. Lett. 24
(16) (2014) 3826–3834.

[77] Y.P. Kim, H.S. Ban, S.S. Lim, N. Kimura, S.H. Jung, J. Ji, S. Lee, N. Ryu, S.R. Keum,
K.H. Shin, Inhibition of prostaglandin E2 production by 2′-hydroxychalcone de-
rivatives and the mechanism of action, J. Pharm. Pharmacol. 53 (9) (2001)
1295–1302.

[78] T.D. Gilmore, Introduction to NF-κB: players, pathways, perspectives, Oncogene
25 (51) (2006) 6680.

[79] D.K. Mahapatra, S.K. Bharti, V. Asati, Chalcone derivatives: anti-inflammatory
potential and molecular targets perspectives, Curr. Top. Med. Chem. 17 (28)
(2017) 3146–3169.

[80] J. Chu, C.L. Guo, Design and discovery of some novel chalcones as antioxidant and
anti-inflammatory agents via attenuating NF-κB, Arch. Pharm. 349 (1) (2016)
63–70.

[81] B. Orlikova, M. Schnekenburger, M. Zloh, F. Golais, M. Diederich, D. Tasdemir,
Natural chalcones as dual inhibitors of HDACs and NF-κB, Oncol. Rep. 28 (3)
(2012) 797–805.

[82] Y. Watanabe, Y. Nagai, H. Honda, N. Okamoto, S. Yamamoto, T. Hamashima,
Y. Ishii, M. Tanaka, T. Suganami, M. Sasahara, Isoliquiritigenin attenuates adipose
tissue inflammation in vitro and adipose tissue fibrosis through inhibition of innate
immune responses in mice, Sci. Rep. 6 (2016) 23097, https://doi.org/10.1038/
srep23097.

[83] S. Kumar, A. Sharma, B. Madan, V. Singhal, B. Ghosh, Isoliquiritigenin inhibits IκB
kinase activity and ROS generation to block TNF-α induced expression of cell
adhesion molecules on human endothelial cells, Biochem. Pharmacol. 73 (10)
(2007) 1602–1612.

[84] M.K. Pandey, S.K. Sandur, B. Sung, G. Sethi, A.B. Kunnumakkara, B.B. Aggarwal,
Butein, a tetrahydroxychalcone, inhibits nuclear factor (NF)-κB and NF-kB-regu-
lated gene expression through direct inhibition of IkB kinase β on cysteine-179
residue, J. Biol. Chem. 282 (2007) 17340–17350.

[85] G. Ren, A. Sun, C. Deng, J. Zhang, X. Wu, X. Wei, S. Mani, W. Dou, Z. Wang, The
anti-inflammatory effect and potential mechanism of cardamonin in DSS-induced
colitis, Am. J. Physiol. Gastrointestin. Liver Physiol. 309 (7) (2015) G517–G527.

[86] D. Israf, T. Khaizurin, A. Syahida, N. Lajis, S. Khozirah, Cardamonin inhibits COX
and iNOS expression via inhibition of p65NF-κB nuclear translocation and Iκ-B
phosphorylation in RAW 264.7 macrophage cells, Mol. Immunol. 44 (5) (2007)
673–679.

[87] K.B. Kaufmann, M. Gothwal, N. Schallner, F. Ulbrich, H. Ruecker, S. Amslinger,
U. Goebel, The anti-inflammatory effects of E-α-(p-methoxyphenyl)-2′, 3, 4, 4′-
tetramethoxychalcone are mediated via HO-1 induction, Int. Immunopharmacol.
35 (2016) 99–110.

[88] F.-F. Gan, R. Zhang, H.-L. Ng, M. Karuppasamy, W. Seah, W.H. Yeap, S.-M. Ong,
E. Hadadi, S.-C. Wong, W.-K. Chui, Novel dual-targeting anti-proliferative dihy-
drotriazine-chalcone derivatives display suppression of cancer cell invasion and
inflammation by inhibiting the NF-κB signaling pathway, Food Chem. Toxicol. 116
(2018) 238–248.

[89] R. Dhar, R. Kimseng, R. Chokchaisiri, P. Hiransai, T. Utaipan, A. Suksamrarn,
W. Chunglok, 2′, 4-Dihydroxy-3′, 4′, 6′-trimethoxychalcone from Chromolaena
odorata possesses anti-inflammatory effects via inhibition of NF-κB and p38 MAPK
in lipopolysaccharide-activated RAW 264.7 macrophages, Immunopharmacol.
Immunotoxicol. 40 (1) (2018) 43–51.

[90] Y. Zuo, Y. Yu, S. Wang, W. Shao, B. Zhou, L. Lin, Z. Luo, R. Huang, J. Du, X. Bu,
Synthesis and cytotoxicity evaluation of biaryl-based chalcones and their potential
in TNFα-induced nuclear factor-κB activation inhibition, Eur. J. Med. Chem. 50
(2012) 393–404.

[91] B. Orlikova, D. Tasdemir, F. Golais, M. Dicato, M. Diederich, The aromatic ketone
4′-hydroxychalcone inhibits TNFα-induced NF-κB activation via proteasome in-
hibition, Biochem. Pharmacol. 82 (6) (2011) 620–631.

[92] E. Venkateswararao, V.K. Sharma, K.-C. Lee, N. Sharma, S.-H. Park, Y. Kim, S.-
H. Jung, A SAR study on a series of synthetic lipophilic chalcones as inhibitor of
transcription factor NF-κB, Eur. J. Med. Chem. 54 (2012) 379–386.

[93] X. Gao, D. Deeb, Y. Liu, S. Gautam, S.A. Dulchavsky, S.C. Gautam,
Immunomodulatory activity of xanthohumol: inhibition of T cell proliferation,
cell-mediated cytotoxicity and Th1 cytokine production through suppression of
NF-κB, Immunopharmacol. Immunotoxicol. 31 (3) (2009) 477–484.

[94] T.X.B. Phung, T.H.H. Tran, T.T.H. Dan, V.M. Chau, T.H. Hoang, T.D. Nguyen,
Chalcone-derived Diels-Alder adducts as NF-κB inhibitors from Morus alba, J.
Asian Nat. Prod. Res. 14 (6) (2012) 596–600.

[95] M. Sugii, M. Ohkita, M. Taniguchi, K. Baba, Y. Kawai, C. Tahara, M. Takaoka,
Y. Matsumura, Xanthoangelol D isolated from the roots of Angelica keiskei inhibits
endothelin-1 production through the suppression of nuclear factor-κB, Biol.
Pharm. Bull. 28 (4) (2005) 607–610.

[96] J.-H. Lee, H.S. Jung, P.M. Giang, X. Jin, S. Lee, P.T. Son, D. Lee, Y.-S. Hong, K. Lee,
J.J. Lee, Blockade of nuclear factor-κB signaling pathway and anti-inflammatory
activity of cardamomin, a chalcone analog from Alpinia conchigera, J. Pharmacol.
Exp. Ther. 316 (1) (2006) 271–278.

[97] K.H. Shen, J.K. Chang, Y.L. Hsu, P.L. Kuo, Chalcone arrests cell cycle progression
and induces apoptosis through induction of mitochondrial pathway and inhibition
of nuclear factor kappa B signalling in human bladder cancer cells, Basic Clin.
Pharmacol. Toxicol. 101 (4) (2007) 254–261.

[98] H. Ao, W. Feng, C. Peng, Hydroxysafflor Yellow A: a promising therapeutic agent
for a broad spectrum of diseases, Evid. Based Complement. Alternat. Med. 2018
(2018) 1–17.

[99] T. Chen, Y. Du, X. Liu, H. Zhu, Inhibitory action of hydroxysafflor yellow A on
inflammatory signal transduction pathway related factors in rats with cerebral
cortex ischemia, Yao xue xue bao=, Acta pharmaceutica Sinica 43 (6) (2008)
570–575.

[100] S.N. Kim, M.H. Kim, Y.K. Min, S.H. Kim, Licochalcone A inhibits the formation and
bone resorptive activity of osteoclasts, Cell Biol. Int. 32 (9) (2008) 1064–1072.

[101] B. Srinivasan, T.E. Johnson, R. Lad, C. Xing, Structure− activity relationship
studies of chalcone leading to 3-hydroxy-4, 3′, 4′, 5′-tetramethoxychalcone and its
analogues as potent nuclear factor κB inhibitors and their anticancer activities, J.
Med. Chem. 52 (22) (2009) 7228–7235.

[102] F. Herencia, M.L. Ferrandiz, A. Ubeda, J. Domínguez, J.E. Charris, G.M. Lobo,
M.J. Alcaraz, Synthesis and anti-inflammatory activity of chalcone derivatives,
Bioorg. Med. Chem. Lett. 8 (10) (1998) 1169–1174.

[103] Z. Liu, L. Tang, P. Zou, Y. Zhang, Z. Wang, Q. Fang, L. Jiang, G. Chen, Z. Xu,
H. Zhang, Synthesis and biological evaluation of allylated and prenylated mono-
carbonyl analogs of curcumin as anti-inflammatory agents, Eur. J. Med. Chem. 74
(2014) 671–682.

[104] E. Nassar, H.A. Abdel-Aziz, H.S. Ibrahim, A.M. Mansour, Synthesis of diarylpyr-
azoles containing a phenylsulphone or carbonitrile moiety and their chalcones as
possible anti-inflammatory agents, Sci. Pharm. 79 (3) (2011) 507–524.

[105] K.V. Sashidhara, M. Kumar, R.K. Modukuri, R. Sonkar, G. Bhatia, A. Khanna,
S. Rai, R. Shukla, Synthesis and anti-inflammatory activity of novel biscoumar-
in–chalcone hybrids, Bioorg. Med. Chem. Lett. 21 (15) (2011) 4480–4484.

[106] L.O. Okunrobo, C.O. Usifoh, J.O. Uwaya, Anti-inflammatory and gastroprotective
properties of some chalcones, Acta Pol. Pharm. 63 (2006) 195–199.

[107] M.N. Mousa, R.J. Muhasin, L.A.R. Alrubaie, Synthesis and assessment of anti-in-
flammatory activity of a chlorosubstituted chalcone derivatives and using the
semi-empirical methods to measure the linked physicochemical parameters, J.
Pharm. Biomed. Sci. 6 (11) (2016) 583–587.

[108] V. Kotra, S. Ganapaty, S.R. Adapa, Synthesis of a new series of quinolinyl chal-
cones as anticancer and anti-inflammatory agents, Ind. J. Chem. 49 (2010)
1109–1116.

[109] Y. Prasad, A. Rao, S. Sridhar, R. Rambabu, Synthesis and studies of anti-in-
flammatory and antimicrobial activity of some new 4'-aminochalcones, Int. J.
Chem. Sci 6 (2008) 234–244.

[110] X.-W. Zhang, D.-H. Zhao, Y.-C. Quan, L.-P. Sun, X.-M. Yin, L.-P. Guan, Synthesis
and evaluation of antiinflammatory activity of substituted chalcone derivatives,
Med. Chem. Res. 19 (4) (2010) 403–412.

[111] A. Gómez-Rivera, H. Aguilar-Mariscal, N. Romero-Ceronio, L.F. Roa-de la Fuente,
C.E. Lobato-García, Synthesis and anti-inflammatory activity of three nitro chal-
cones, Bioorg. Med. Chem. Lett. 23 (20) (2013) 5519–5522.

[112] J. Li, D. Li, Y. Xu, Z. Guo, X. Liu, H. Yang, L. Wu, L. Wang, Design, synthesis,
biological evaluation, and molecular docking of chalcone derivatives as anti-in-
flammatory agents, Bioorg. Med. Chem. Lett. 27 (3) (2017) 602–606.

[113] J. Talukdar, M. Kachroo, R. Razdan, Anti-inflammatory activity of some newly
synthesized chalcones, Int. J. Pharm. 3 (2013) 728–733.

[114] N. Srinath, Y.R. Prasasd, K. Mukkanti, C. Kistayya, B.B. Rao, Synthesis and anti-
inflammatory activity of some new chalcones from 3'-methyl-4'–hydro-
xyacetophenone, Curr. Trends Biotechnol. Pharm. 5 (1) (2011) 1021–1028.

[115] B.P. Bandgar, S.S. Gawande, R.G. Bodade, N.M. Gawande, C.N. Khobragade,
Synthesis and biological evaluation of a novel series of pyrazole chalcones as anti-
inflammatory, antioxidant and antimicrobial agents, Biorg. Med. Chem. 17 (24)
(2009) 8168–8173.

[116] T.-L. Shih, M.-H. Liu, C.-W. Li, C.-F. Kuo, Halo-substituted chalcones and aza-
chalcones inhibited lipopolysaccharited-stimulated pro-inflammatory responses
through the TLR4-mediated pathway, Molecules 23 (3) (2018) 597, https://doi.
org/10.3390/molecules23030597.

[117] Y.-H. Chen, W.-H. Wang, Y.-H. Wang, Z.-Y. Lin, C.-C. Wen, C.-Y. Chern, Evaluation
of the anti-inflammatory effect of chalcone and chalcone analogues in a zebrafish
model, Molecules 18 (2) (2013) 2052–2060.

[118] H.K. Hsieh, L.T. Tsao, J.P. Wang, C.N. Lin, Synthesis and anti-inflammatory effect
of chalcones, J. Pharm. Pharmacol. 52 (2) (2000) 163–171.

[119] J. Wu, J. Li, Y. Cai, Y. Pan, F. Ye, Y. Zhang, Y. Zhao, S. Yang, X. Li, G. Liang,
Evaluation and discovery of novel synthetic chalcone derivatives as anti-in-
flammatory agents, J. Med. Chem. 54 (23) (2011) 8110–8123.

[120] H.-H. Ko, L.-T. Tsao, K.-L. Yu, C.-T. Liu, J.-P. Wang, C.-N. Lin, Structure–activity
relationship studies on chalcone derivatives: the potent inhibition of chemical
mediators release, Biorg. Med. Chem. 11 (1) (2003) 105–111.

[121] H.-K. Hsieh, T.-H. Lee, J.-P. Wang, J.-J. Wang, C.-N. Lin, Synthesis and anti-in-
flammatory effect of chalcones and related compounds, Pharm. Res. 15 (1) (1998)
39–46.

H. ur Rashid, et al. Bioorganic Chemistry 87 (2019) 335–365

364

http://refhub.elsevier.com/S0045-2068(18)31565-7/h0355
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0360
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0360
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0360
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0365
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0365
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0365
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0365
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0370
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0370
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0370
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0370
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0375
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0375
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0375
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0380
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0380
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0380
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0380
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0380
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0385
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0385
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0385
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0385
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0390
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0390
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0395
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0395
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0395
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0400
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0400
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0400
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0405
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0405
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0405
https://doi.org/10.1038/srep23097
https://doi.org/10.1038/srep23097
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0415
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0415
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0415
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0415
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0420
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0420
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0420
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0420
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0425
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0425
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0425
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0430
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0430
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0430
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0430
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0435
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0435
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0435
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0435
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0440
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0440
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0440
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0440
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0440
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0445
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0445
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0445
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0445
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0445
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0450
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0450
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0450
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0450
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0455
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0455
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0455
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0460
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0460
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0460
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0465
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0465
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0465
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0465
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0470
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0470
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0470
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0475
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0475
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0475
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0475
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0480
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0480
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0480
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0480
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0485
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0485
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0485
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0485
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0490
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0490
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0490
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0495
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0495
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0495
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0495
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0500
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0500
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0505
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0505
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0505
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0505
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0510
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0510
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0510
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0515
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0515
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0515
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0515
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0520
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0520
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0520
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0525
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0525
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0525
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0530
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0530
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0535
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0535
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0535
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0535
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0540
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0540
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0540
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0545
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0545
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0545
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0550
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0550
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0550
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0555
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0555
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0555
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0560
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0560
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0560
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0565
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0565
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0570
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0570
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0570
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0575
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0575
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0575
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0575
https://doi.org/10.3390/molecules23030597
https://doi.org/10.3390/molecules23030597
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0585
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0585
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0585
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0590
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0590
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0595
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0595
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0595
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0600
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0600
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0600
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0605
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0605
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0605


[122] S.-J. Won, C.-T. Liu, L.-T. Tsao, J.-R. Weng, H.-H. Ko, J.-P. Wang, C.-N. Lin,
Synthetic chalcones as potential anti-inflammatory and cancer chemopreventive
agents, Eur. J. Med. Chem. 40 (1) (2005) 103–112.

[123] A.L.V. Kumar Reddy, N.E. Kathale, Synthesis, characterization and antiin-
flammatory activity of chalcone derivatives linked with apocynin and 5-nitrofuran
moiety, Asian J Chem. 30 (2018) 312–316.

[124] G. Cingolani, A. Panella, M.G. Perrone, P. Vitale, G. Di Mauro, C.G. Fortuna,
R.S. Armen, S. Ferorelli, W.L. Smith, A. Scilimati, Structural basis for selective
inhibition of Cyclooxygenase-1 (COX-1) by diarylisoxazoles mofezolac and 3-(5-
chlorofuran-2-yl)-5-methyl-4-phenylisoxazole (P6), Eur. J. Med. Chem. 138
(2017) 661–668.

[125] M. Ferraroni, I. Matera, L. Steimer, S. Bürger, A. Scozzafava, A. Stolz, F. Briganti,
Crystal structures of salicylate 1, 2-dioxygenase-substrates adducts: a step towards
the comprehension of the structural basis for substrate selection in class III ring
cleaving dioxygenases, J. Struct. Biol. 177 (2) (2012) 431–438.

[126] B.R. Crane, A.S. Arvai, R. Gachhui, C. Wu, D.K. Ghosh, E.D. Getzoff, D.J. Stuehr,
J.A. Tainer, The structure of nitric oxide synthase oxygenase domain and inhibitor
complexes, Science 278 (5337) (1997) 425–431.

[127] P.P.N. Rao, S.N. Kabir, T. Mohamed, Nonsteroidal anti-inflammatory drugs
(NSAIDs): progress in small molecule drug development, Pharmaceuticals (Basel)
3 (5) (2010) 1530–1549.

[128] Global Anti-inflammatory Therapeutics Market Size, Market Share, Application
Analysis, Regional Outlook, Growth Trends, Key Players, Competitive Strategies

and Forecasts, 2018 To 2026, (2018).
[129] Anti-Inflammatory Therapeutics Market – Global Industry Analysis, Size, Share,

Growth, Trends and Forecast, 2013–2019.
[130] O. Sumant, Anti-inflammatory therapeutics market by indication (arthritis, re-

spiratory diseases, multiple sclerosis, psoriasis, inflammatory bowel disease) and
drug class (anti-inflammatory biologics, non-steroidal anti-inflammatory drugs
(nsaids), corticosteroids) - global opportunity analysis and industry, Forecast
2014–2020 (2015) 136.

[131] M.C. Recio, I. Andujar, J.L. Rios, Anti-inflammatory agents from plants: progress
and potential, Curr. Med. Chem. 19 (14) (2012) 2088–2103.

[132] R. Fürst, I. Zündorf, Plant-derived anti-inflammatory compounds: hopes and dis-
appointments regarding the translation of preclinical knowledge into clinical
progress, Mediators Inflamm. 2014 (2014) 1–9, https://doi.org/10.1155/2014/
146832.

[133] N. ul Amin Mohsin, D.M. Ahmad, Hybrid organic molecules as antiinflammatory
agents; a review of structural features and biological activity, Turk. J. Chem. 42
(2018) 1–20.

[134] K. Kesarwani, R. Gupta, Bioavailability enhancers of herbal origin: An overview,
Asian Pac. J. Trop. Biomed. 3 (4) (2013) 253–266.

[135] H. ur Rashid, Y. Xu, Y. Muhammad, L. Wang, J. Jiang, Research advances on
anticancer activities of matrine and its derivatives: an updated overview, Eur. J.
Med. Chem. 161 (2019) 205–238.

H. ur Rashid, et al. Bioorganic Chemistry 87 (2019) 335–365

365

http://refhub.elsevier.com/S0045-2068(18)31565-7/h0610
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0610
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0610
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0615
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0615
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0615
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0620
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0620
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0620
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0620
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0620
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0625
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0625
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0625
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0625
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0630
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0630
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0630
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0635
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0635
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0635
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0650
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0650
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0650
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0650
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0650
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0655
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0655
https://doi.org/10.1155/2014/146832
https://doi.org/10.1155/2014/146832
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0665
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0665
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0665
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0670
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0670
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0675
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0675
http://refhub.elsevier.com/S0045-2068(18)31565-7/h0675

	Promising anti-inflammatory effects of chalcones via inhibition of cyclooxygenase, prostaglandin E2, inducible NO synthase and nuclear factor κb activities
	Introduction
	Chalcones synthesis
	Claisen-Schmidt condensation
	Carbonylative Heck coupling reaction
	Suzuki–Miyaura coupling reaction
	One-pot synthesis
	Sonogashira coupling–isomerization reaction
	Heterogeneous solid acid catalyst facilitated synthesis
	Coupling reaction
	Julia-Kocienski olefination

	Anti-inflammatory activities of chalcone derivatives
	Cyclooxygenase inhibition
	Inhibition of PGE2 and NO
	NF-κB inhibition
	Inhibition of miscellaneous inflammatory mediators

	Overall SAR analysis of chalcones
	Docking studies on the interaction of parent chalcone with COX-2, COX-1, and iNOS
	The market of anti-inflammatory drugs and expected growth
	Conclusions
	Future directions
	Acknowledgments
	Conflict of interest
	Supplementary material
	References




