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Exploring natural chalcones: innovative extraction
techniques, bioactivities, and health potential
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Manpreet Kaur,® Heena Rani,® Shilpa S. Selvan,? Prakash Mahala,’ Kailashpati Tripathi®
and Sandeep Kumar”

Chalcones, a class of secondary metabolites within the flavonoid family, are characterized by a distinct C6-
C3-C6 structure. They are prevalent in both edible and medicinal plants and serve as critical precursors in
the flavonoid biosynthesis pathway. Structurally, chalcones are a,B-unsaturated ketones known for their
significant bioactive properties which lend them therapeutic potential for a variety of bioactivities.
Research into the bioavailability of chalcones and their derivatives has revealed both potential barriers
and enhancements regarding their use in nutraceutical and pharmaceutical contexts. The current review
provides a comprehensive discussion on the biosynthesis, chemistry, natural occurrence—especially in
medicinal and dietary plants, biocavailability, and important roles of chalcones and their derivatives.
Moreover, it delves into the toxicological and pharmacological properties of chalcone derivatives,
covering their antioxidant, anticancer, antidiabetic, anti-inflammatory, antimalarial, antimicrobial,
immunosuppressive, and neuroprotective effects. There is a call for further research to clarify their
structure—activity relationships, address toxicity concerns, understand the cellular mechanisms behind

their actions, and explore their interactions with other molecules.

The chalcone concentration in natural sources like tomatoes, apples, licorice and fingerroot is high to exert sustainable effects on its pharmacological prop-
erties. Dealing with the significant role of extraction techniques, this study highlights the ethnopharmacological applications of chalcones, with a focus on their
critical biological activities both in vitro and in vivo, including antibacterial, antioxidant, antitumor, antimalarial, and anti-inflammatory effects. Chalcones offer
a sustainable solution to health problems, contribute to the food industry and environmental wellbeing and achieve improved nutrition and sustainable

agriculture.

1 Introduction

Chalcones represent a

significant group of flavonoid

phenylpropanoid and flavonoid biosynthesis pathways. They
are recognized as the biological precursors to open-chain
flavonoids and isoflavonoids and significantly contribute to the

substances, which are widely found in consumable plants such
as vegetables and fruits, including apples, tomatoes, fingerroot,
licorice, ashitaba leaves, wax jambu, and kava."* Chalcones are
synthesized from two precursors, malonyl-CoA (three mole-
cules) and 4-coumaroyl-CoA (one molecule), through the
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flavor, pigmentation, and health benefits of vegetables and
fruits. Their radical scavenging and therapeutic attributes have
recently reignited scientific interest, particularly in the explo-
ration of plant extracts rich in chalcones for their potential
health benefits.**

Chalcones have been found to be distributed in various
portions of a plant, especially in seeds, rhizomes, leaves, and
roots as well. Due to their conjugated bond structure, they exist
as yellow- or orange-coloured pigments.>® Chalcones and their
derivatives have been linked to a wide range of biological
activities, and their chemistry is really fascinating and attracts
researchers for exploiting their potential and role as health
beneficial compounds.”*® Published studies suggest that chal-
cones and their derivatives have a potential role in a diverse
array of biological effects, such as antifungal, anticancer, anti-
malarial, antibacterial, antioxidant, antidiabetic, antihyperten-

sive, neuroprotective, antiobesity, and anti-inflammatory

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 General framework of chalcone derivatives.

effects, and they have been used in traditional medicine.**
The effectiveness of naringenin chalcones in addressing obesity
is evident through their ability to enhance metabolic functions
in adipocytes.

Chalcones are multifunctional molecules that display
a range of biological activities through their single structural
framework Fig. 1. For example, licochalcone A enhances the
potent antioxidant effects of licorice and also acts as a bacteri-
cidal, antileishmanial, antimalarial, and anti-inflammatory
agent and as a cell cycle inhibitor.””*® Chalcones are frequently
used as food additives in the food industry because of their
stability, colorlessness, safety for eating, and ease of production
through catalytic hydrogenation of flavanones and glucosides.
Additionally, several studies>*** have shown that both natural
and synthetic chalcones are non-toxic to normal cells and have
significant pharmacological capabilities, and chalcone deriva-
tives with slight chemical modifications could provide a solid
foundation for drug discovery based on natural products,
leading to promising drug lead candidates.

Chalcones have been considered as an integral part of
traditional herbal medicine, and they have been utilized in
treating important disorders like cancer, viral and cardiovas-
cular diseases for a long time. The extraction of chalcones and
their compounds from natural sources typically employs
various solvents, so choosing an appropriate solvent and the
amount of solvent are crucial for efficient extraction. The
current review aims to offer an extensive overview of the natural
sources of chalcones, the methods employed for their extrac-
tion, and the key mechanisms behind their pharmacological
actions. The goal is to illuminate the multifaceted nature of
chalcones as promising compounds in the realm of drug
development and natural health solutions.

2 Sources of chalcones

It has been reported that many plants are natural sources of
chalcones such as tomato, apple, licorice and fingerroot.

2.1 Tomatoes

Chalcones, particularly naringenin chalcone and its conjugates,
are frequently found in tomatoes (Solanum lycopersicum) and
thus possess various health benefits. In fruits and vegetables,
chalcones can be found in the form of naringenin chalcone,
which is only present in tomato skin (5-10 mg kg™ ' fresh
weight). Their occurrence in tomatoes depends upon the stage
of ripening of fruits. The highest concentrations are found at
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the turning stage, and a sharp decline occurs during ripening.
To put it another way, chalcones are not visible in the green
peel, but their concentration increases sharply when tomatoes
turn red. In addition to naringenin, typical flavonoids like
quercetin, kaempferol, naringenin, and rutin are also found in
tomatoes. Furthermore, eriodictyol chalcone and dihydroxy
chalcones® are chalcone conjugates that have been discovered
in tomatoes. Tomatoes have been shown to improve persistent
allergic rhinitis, and lower the prevalence of cancer, diabetes,
cardiovascular disease, and diabetes. Naringenin chalcone,
extracted from tomatoes, has demonstrated potent antiallergic
properties by inhibiting histamine release. Notably, among all
the polyphenols identified in tomato skin extracts, this chal-
cone has been the most effective. Other flavonoids in the extract
did not show similar inhibitory activities.>* Research studies on
chemical structure alterations to develop naringenin chalcone
derivatives have been taken advantage of due to the intriguing
biological profile of this chalcone. Additionally, this component
can reduce allergic asthmatic airway inflammation by prevent-
ing the spleen's CD4 T cells from producing the Th2 cytokine.

2.2 Apples

Apples contain a lot of polyphenols, including dihy-
drochalcones, hydroxycinnamates, anthocyanins, and flavo-
noids.” A number of good antioxidants are found in apples
which are effective in preventing several cardiovascular
diseases.”* Dihydrochalcones (DHCs), a type of polyphenol,
predominate among them and accumulate in apple roots,
shoots, leaves, and fruits. DHCs are uncommon in edible plants
and are frequently found in various medicinal plants across
different botanical families, showing a diverse distribution
within the plant kingdom. The presence of DHCs in plants has
been extensively analyzed in a recent review by Riviere.”* Dihy-
drochalcones accumulated in apple tissues, such as the skin,
pulp, and in particular the core and seeds that are typically
destroyed when the apple is ingested fresh, make them toxic to
humans. Due to the processing of the entire apple fruit, it has
been suggested that the overall intake of these chalcones is
higher for products made from apples like juice, cider, and
pomace. Phloretin and its conjugates, phloridzin and phlorizin,
are the primary dihydrochalcones present and make up to 90%
of the soluble polyphenols discovered in apple tree leaves.?® The
cultivar affects the amount of phloridzin in apples significantly.
Phloridzin, a glucoside of phloretin, is also known as phloretin-
2’-B-p-glucopyranoside. These components have demonstrated
a range of biological activities, including antioxidants, anti-
inflammatory agents,” antimicrobials,”® anticancer agents,*
and the prevention of cardiovascular diseases.

2.3 Licorice

One species of legume that is abundant in bioactive chalcones
is licorice (Glycyrrhiza glabra), often known as the liquorice
plant. This plant is frequently used to make medicinal items
like hematinic tablets and cough expectorants to cover up the
unpleasant taste of other medications. Additionally, Chinese
traditional medicine frequently prescribes licorice roots for
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a number of diseases, including gastric ulcer, pneumonia, fever,
and sore throat. As of now, approximately 56 chalcones have
been isolated and identified from licorice, with 14 exhibiting
antitumor properties. Despite this, the precise molecular
mechanisms underlying the anticancer effects of chalcones
remain unclear.*® Triterpene saponins, flavanones, and chal-
cones with a variety of conjugates are the main metabolites
found in licorice roots.*" Licorice roots contain a sizable amount
of the triterpene saponin glycyrrhizin which is responsible for
a variety of pharmacological actions, including hep-
atoprotective, antiviral, anticancer, and anti-inflammatory
activities.*” A recent study highlighted that chalcones effectively
inhibit h3B-HSD2 and r3p-HSD1, suggesting their potential as
therapeutic agents for conditions such as polycystic ovary
syndrome or Cushing’'s syndrome. The primary components of
licorice are the glucosides of flavanone (liquiritigenin), 2'-
hydroxychalcone (iso-liquiritigenin), and its isomer. Iso-liquir-
itigenin has demonstrated promising chemopreventive prop-
erties in anticancer trials, including the capacity to control cell
growth and block ErbB3 signaling in DU145 prostate cancer
cells. This compound has also shown significant antioxidant
benefits by lowering myocardial reactive levels of reactive
oxygen species (ROS) in ischemia damage via activation of
AMPK and pathways for ERK signaling.** Examples of lico-
chalcones, which make up the majority of the chalcones found
in the licorice plant, are licochalcones A, B, C, D, and E. These
chalcones, particularly licochalcone A, have been shown to have
a range of biological activities, including anti-inflammatory,
antileishmanial, antibacterial, anticancer, antidiabetic, anti-
viral, and antileishmanial properties.**

2.4 Fingerroot

Chinese keys and Chinese ginger are other names for the
tropical plant known as fingerroot (Boesenbergia rotunda). In
Thailand, it is known as Krachai and is frequently used as
a spice in Thai foods. Species from this family's rhizomes and
leaves have long been utilized in traditional medicine and are
frequently linked to antioxidant capabilities. There have been
numerous studies reporting on their pharmacological activities,
including their anticancer, anti-inflammatory, antiallergic, and
antibacterial effects.*® Boesenbergin A, cardamonin, 4-hydrox-
ypanduratin A, panduratin A, pinocembrin chalcone, and
pinostrobin chalcone are the bioactive chalcones discovered in
fingerroot. Traditional users of the fingerroot plant have iden-
tified its aphrodisiac effects to be mediated through the chal-
cones of boesenbergin A, pinostrobin, and panduratin.*® In
fingerroot, panduratin A and its 4-hydroxypanduratin A deriv-
ative with a cyclohexene moiety are present in comparatively
large proportions. These chalcones have been linked to
a number of biological activities, including anti-inflammatory,
antioxidant, antibacterial, and antiobesity characteristics.
Furthermore, via inhibiting COX-2 enzymes, these chalcones
are also thought to have anti-inflammatory properties.’® Due to
its anticancer, antipyretic, and protease inhibitory properties,
another chalcone, cardamonin, has received a lot of interest.
Recently, in vitro research has confirmed the anticancer
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properties of B. rotunda, demonstrating that extracts from the
plant are highly cytotoxic and can induce apoptosis in breast
cancer cell lines.*”

3 Extraction of chalcones
3.1 Conventional methods

The classic and conventional methods of extraction of chal-
cones are totally based on solvents. The most effective and
robust methods to extract chalcones are liquid-liquid extraction
methods which are still being used in the extraction and
isolation of chalcones.*® The fundamental processes include
infusion, decoction, maceration, percolation, Soxhlet, and
reflux extraction. Traditionally, methanol enriched solvents
were used to soak the plant material overnight, the obtained
crude extract was loaded onto the silica gel filled column and
then the column was eluted with a series of solvents and solvent
combinations, viz., acetone, ethanol, methanol, chloroform,
dichloromethane, ethyl acetate, and hexane based on the
polarity of the interested chalcones and their related
compounds.* During the elution process, similar color frac-
tions were mixed and allowed to reconstitute, and then thin
layer chromatography (TLC) and cellulose paper chromatog-
raphy were used for the characterization and confirmation of
chalcone compounds.*’ In most of the cited literature studies,
the presence of yellowish colored fractions was considered
a sign for the existence of chalcone related compounds in those
fractions,** so those fractions were then used for purification
through the recrystallization process, and reconfirmation was
done by checking melting points and other physical properties
like texture, color, solubility, etc.*” In general, the traditional
extraction methods for natural plant products are still being
used and these techniques cannot be replaced or removed
completely. Some of the old methods are presented in Table 1.

3.2 Advanced methods

The most updated and new methods being used in extraction of
natural products including flavonoids are microwave assisted,
accelerated solvent, ultrasound assisted, ionic liquid, solid
phase, and supercritical fluid extraction. Some of the methods
and techniques are depicted in Table 2.

3.2.1 Ultrasound assisted extraction. Ultrasound assisted
extraction (UAE) is a good technique to extract highly valuable
compounds of natural products. It has advantages like usage of
less energy and being operable at low to medium temperature
which is good for heat sensitive molecules. To get a higher
efficiency of UAE, some key points need to be considered,
including the frequency, the reactor characteristics, ultrasonic
power, the extraction temperature, and the solvent-sample
interaction. The extraction efficiency can be increased in UAE by
using 40% ethanol as the solvent, and it is more efficient than
enzyme assisted extraction, use of microwave and heating.””

3.2.2 Microwave assisted extraction. The basic principle in
the microwave heating process is induction of dipole rotation in
organic molecules that cause hydrogen bonding; this causes the
traffic of ions which results in a heating effect due to increased

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Common traditional methods/techniques used in extraction of chalcones
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Characterization
Compounds Method of extraction Solvents used Sources technique References
Marein 1 Hot extraction Ethanol-EtOAC Ray flowers of Recrystallisation and Shimokoriyama*?
Coreopsis tinctoria paper chromatography 1957
Chalcone Hot extraction Butanol-H,O- Flowers of gorse, Paper chromatography ~ Harborne*' 1962

(4,2',4'-trihydroxy) (I)
Flavan-3,4-diol

Triangularin
2/-3-Dihydroxy-4-
methoxy-4'-
glucosyl chalcone

Boesenbergin A

Quinoidal

Helichrysetin

Paper ionophoresis

Polyamide TLC

Co-chromatography

Column
chromatography
Cellulose anion
exchange

Percolation and Si gel
column

ethanol-phenol
Butan-2-ol and
acetic acid
CHCIl3-MeOH-
MeCOEt

MeOH, CHCl;, and

EtOAc

CHCl;

MeOH-hexane

Petroleum ether,
CHCl,,

Ulex europaeus
Acacia auriculiformis

Exudate of
Pityrogramma
triangularis
Megaoldonta beckii

Boesenbergia
pandurata

Aqueous extracts of
Dyer's saffron
flowers

Dried flowers of
Helichrysum

2D chromatography,
color reactions, NMR
UV light and UV
spectroscopy

UV spectroscopy and Rf

values
Infrared spectroscopy

and NMR
UV spectroscopy

'H NMR

Drewes and Roux**
1966
Star et al.,*® 1978

Roberts*® 1980

Isa et al.,*® 2012

Saito and
Fukushima®® 1989

Van et al.,*” 1989

chromatography EtOAc, hexane, H,O, odoratissimum
and MeOH

4’ 6'-Dihydroxy-2'- Si gel chromatography ~ MeOH, CHCl;, Syzygium 'H NMR, IR, and ESI-  Srivastava et al.,*®
methoxy-3/, BuOH, and H,0 samarangense MS 1995
5’-dimethyl chalcone
Table 2 New methods/techniques used in extraction of chalcones
Compounds Method of extraction Solvents used Sources Characterization technique References
Chalcones Solid phase Solution of aqueous Honey samples GC-MS Daher and Gulacar®®

(E)-1-(2,4'-Dihydroxy,
5’-methoxy,
3’-methylphenyl)-3-
phenylprop-2-en-1-one
Bioactive compounds

Chalcone fractions

Chalcones

Chalcone-rich extracts

Flavonoid group

Dietary polyphenols

microextraction
Silica gel column
chromatography

Liquid-liquid
extraction,

Sephadex LH-20
column

Silica gel column
chromatography
Supercritical CO, fluid
extraction

Silica gel column
chromatography
QuEChERS method
Sorbent-based

micro-extraction
technique

NacCl and acetic acid
Hexane,
dichloromethane,
ethyl acetate and
methanol

Ethanol, hexane,
and CHCl;

Chloroform-
acetone gradient
Dichloromethane
and liquid CO,

Hexane,
dichloromethane
and methanol
Acetonitrile-acetic
acid

Solvent free

kinetic energies of ions as well as the friction between ions due
to their continuous movements and changes in direction. The
efficiency of microwave assisted phytochemical extraction could
be dependent on several factors like the frequency and power of

© 2024 The Author(s). Published by the Royal Society of Chemistry

Leaves of
Heteropyxis
natalensis

Brazilian propolis

Roots of Codonopsis
cordifolioidea

Citri Reticulatae
pericarpium

Roots of
Lonchocarpus
cultratus

Apple and grape
juice

Food samples

IR, NMR, HR-ESI-MS

H NMR, *C NMR, UV, and

mass spectrometry

HPLC

Ultra-high-performance

liquid chromatography-Q
Exactive Orbitrap tandem

mass spectrometry
'H NMR

UHPLC/Q Orbitrap ESI-MS

UHPLC-IT-TOF-MS/MS

2008
Adesanwo et al.,*®
2009

Oldoni et al.,”* 2011

Meng et al.,>® 2013

Zheng et al.,>® 2020

Staffen et al.,”* 2022

Wang and Chow™
2022
Casado et al.,”® 2020

microwave, moisture content, microwave radiation exposure
time, sample type, particle size, behavior and amount of solvent
used, proportion of solute to solvent, extraction pressure,
extraction temperature, and number of extraction cycles.*®
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3.2.3 Ionic liquid assisted extraction. The use of ionic
liquids (ILs) as diluents or extractants in solvent extraction is
basically referred to as IL assisted extraction. It is the latest and
novel technique in separation science. The unique properties of
ILs are low combustibility, high thermal stability, low vapor
pressure, and wide liquid range, which make them a better
substitute for volatile compounds in solvent extraction.*
Recently, imidazolium based ILs were applied as new solvents
to extract bioactive glabridin from licorice and flavonoids from
grape skin.®**

3.2.4 Accelerated solvent extraction. Accelerated solvent
extraction (ASE) is known as green technology of extraction, and
basically it is based on the use of pressurized hot water in the
extraction process for bioactive compounds from the plants.
Several reports are available in which ASE is applied to extract
phenolic compounds.®>® Very recently, the accelerated solvent
extraction (ASE) method was compared to conventional ultra-
sonic-assisted extraction (UAE) and solvent extraction (CSE)
methods, and interestingly the ASE was found to be more
appropriate and efficient among all three methods for the
extraction of anthocyanin and total phenolic compounds.**

3.2.5 Supercritical fluid extraction. Supercritical fluid
extraction (SFE) operates based on the concept of dissolving
target compounds in the solvent's liquid phase and then tran-
sitioning the solvent to a gaseous state to facilitate component
separation. SFE is particularly useful in the pharmaceutical
industry for isolating specific phytochemicals from plants, such
as volatile oils. Recently, SFE was used to extract the chalcone
pinostrobin, along with combinations of volatile and non-
volatile compounds.*

3.2.6 Solid phase micro-extraction. Solid phase micro-
extraction (SPME) is a sophisticated extraction technique. It was
designed to address certain limitations of solid phase extraction
(SPE), such as reducing the extraction time and the consump-
tion of organic solvents. SPME is a solvent-free sample prepa-
ration method that utilizes a fused silica fiber coated with
a suitable stationary phase, which is connected to a modified
micro-syringe.® The use of SPME to determine aromatic
compounds and other phenolics is well known and getting
more popular day-by-day.*

Table 3 Biological activity of chalcones from natural sources
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4 Biological activities of chalcones

Chalcones are a superabundance of biologically active
compounds in natural products. Synthetic modifications and
natural isolates of chalcones are being explored globally for the
development of more potent molecules for various diseases.
Chalcones, having an o, B-unsaturated carbonyl moiety,
exhibited various pharmacological activities due to their
multiple mechanisms.®® Chalcones, which belong to the flavo-
noid family, broadly occur in nature in the form of pigments
and are phenolic group compounds. These are one of the
dominant categories of natural products and are extensively
distributed in vegetables, fruits, tea and spices. Chalcones,
presumed to be precursors of flavonoids as well as iso-
flavonoids, are present in ample amounts in edible plants and
exhibit multiple arrays of pharmacological activities.®” Chal-
cones have demonstrated remarkable biological characteristics
and a low toxicity profile. According to several researchers, the
removal of the keto-ethylenic group reduces biological activi-
ties, which supports the theory that the presence of this group is
the primary contributor to these biological activities. In the
absence of nerve growth factor chalcones like helichrysetin,
flavokawain-C and xanthohumol alone had no effect on neurite
outgrowth. In the presence of nerve growth factor (5 ng mL™ %),
helichrysetin and xanthohumol at the concentration of 10 pg
mL ™" have effect on neurite outgrowth and neurite bearing cells
growth was found 30.2 £ 5.9% and 44.3 £ 3.2% respectively.®®

Chalcones have aroused interest due to their radical prop-
erties suppression of phenolic groups which is used in food
preservation and in the development of drugs.*® There are
several reports available which indicate that chalcones have
various useful properties such as antifungal, anti-inflammatory,
cytotoxic, antioxidant, antitumor and anticancer properties
(Table 3).**%%7° A phenolic substance called isoliquiritigenin,
which is present in liquorice, has been used in a number of
illnesses. Liquorice (Glycyrrhiza glabra) is enriched in natural
chalcones and has been widely used in China for curing various
diseases such as gastric problems, duodenal ulcer, bronchial
asthma, Addison's disease, and skin problems like eczema.*
The benefits of natural dietary chalcone butein in nutraceut-
icals are widely recognized.®" In Eastern countries, for instance,

Chalcones Source

Biological activities Reference

Xanthohumols and dihydroxanthohumol

Licochalcone A
Prenylbutein and homobutein
Crotaorixin
Medicagenin
Xanthohumol
Isobavachalcone
Aureusidin
Licochalcone B and D
Garcinol
Isoliquiritigenin
Butein

Mallotus philippinensis (fruit)
Liquorice root

Crotalaria orixensis

C. medicagenia root

Humulus lupulus

Psoralea corylifolia Linn (seed)
Soybean

Roots of Chinese licorice
Garcinia indica

Glycyrrhiza glabra

Rhus verniciflua

1460 | Sustainable Food Technol., 2024, 2, 1456-1468

Anti-inflammatory

Multiple pharmacological activities
Antiplasmodial

Antimalarial

Multiple pharmacological activities
Multiple pharmacological activities
Multiple pharmacological activities
Antioxidant

Antioxidant and chemopreventive activity
Antioxidant

Anticancer properties

Anticancer properties

Zhao et al.,”* 2005
Chen et al.,”* 1994
Yenesew et al.,”® 2004
Narender et al.,”* 2005
Narender et al.,”* 2005
Frolich et al.,”® 2005
Wang et al.,”® 2021
Detsi et al.,”” 2009
Pastorino et al.,”® 2018
Padhye et al.,”® 2009
Wang et al.,*® 2020
Semwal et al.,*' 2015

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Japan, China and Korea, butein has been conventionally used 4.1 Antioxidant properties

for curing stomach cancer, gastritis, pain and various parasitic
infections.®> Chalcones are presumed to be the precursors of

flavonoids in the biosynthetic pathways (Fig. 2).

Most of the naturally occurring chalcones are polyhydroxylated
in the phenyl ring. Due to the presence of phenolic moieties in
chalcones, chalcone enriched plant extracts have been of

0 o]
OH OH
[
NH, PAL Cinnamic acid
Phenylalanine
OH
p-Coumaric acid
OH Q
4CL *
OH OH
OH
O, p-Coumaroyl CoA
OH
Malonyl CoA
\ CHS/CHR OH
l CHS/STS
OH
Naringenin (chalcone)
OH
OH
Trihydroxychalcone
OH
CHI Flavonols
Liquiritigenin
IFS l Deoxyanthocyanidins
Isoflavones
l OH O Naringenin Flavones
Hydroxy isoflavone l
¢ Dihydroflavonols — Flavonols — Flayonols glycosides

Isoflavonoids

'

Leucoanthocyanidins —— Proanthocyanidins

Anthocyanidins

Fig. 2 Flowchart depicting the biosynthetic pathway of chalcone, isoflavonoids and anthocyanidins.
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interest as antioxidants for drugs or food preservatives.**** For
the protection of human health, antioxidants are essential. The
relationship between chalcones' antioxidant activity, cytotox-
icity against tumour cells, and chemopreventive characteristics
is well known. Vanadium complexes with 1-(1-hydroxy-naph-
thalen-2-yl)-3-phenyl-propenone and 2’-hydroxychalcone have
been synthesized and assessed for their antiradical properties.*
Among these, the vanadium oxychloride complex with 2'-
hydroxychalcone demonstrated the highest efficacy in scav-
enging DPPH free radicals, with an ICs, of 0.03 pg mL™". Lico-
chalcone B and D, isolated from roots of Chinese licorice,
exhibited excellent antioxidant activity.” According to Padhye
et al.,” garcinol is a powerful antioxidant; however, new data
suggest that garcinol might be effective as a cancer preventative
agent.

4.2 Antimicrobial properties

The antibacterial properties of chalcones are currently being
gradually documented. Several researchers have not only iso-
lated but also recognized the structures of various chalcones
and/or modified natural chalcones having antibacterial prop-
erties.®**®” The antibacterial properties of these compounds are
attributed to the o, B-unsaturated ketone group, which causes
toxicity through interaction with cellular nucleophiles, such as
the thiol groups in proteins, and forms adducts with proteins
that play important roles in cellular processes.* For instance,
liquorice is used in the pharmaceutical, cigarette, and confec-
tionery sectors. Among different retro-chalcones, licochalcone A
and licochalcone C, isolated from Glycyrrhiza inflata, exhibited
excellent antibacterial activity, particularly against Staphylo-
coccus aureus, Bacillus subtilis and Micrococcus luteus® (Fig. 3A).
Recently, the antibacterial activity of isoliquiritigenin was re-
ported against Staphylococcus epidermidis and S. aureus (MIC =
250 pg mL™').°° Pinocembrin chalcone also exhibited good
activity against S. aureus.”® Asebogenin (dihydrochalcone),
which is present in the ethanolic fractions of Piper long-
icaudatum leaves and twigs, inhibited the growth of S. aureus
(IC50, 10 pg mL™1).*2 The chalcone isolated from Dalea versicolor
showed efficacy against the human pathogen S. aureus both on
its own and in combination with other antibiotics.*® Fluorinated
chalcone-1,2,3-triazole was synthesized and tested against S.
epidermidis, E.coli, B. subtilis and P. aeruginosa. The results
revealed that it is better than the standard drug ciprofloxacin
(MIC: 0.0047 pmol mL™") against E. coli and S. epidermidis with
a minimum inhibitory concentration (MIC) of 0.0032 pmol
mL "% Recently, triazolyl bearing chalcones were synthesized
and tested against S. aureus, M. luteus, B. typhi, B. subtilis, P.
aeruginosa, C. mycoderma and B. proteus. They displayed
maximum activity against C. mycoderma (MIC: 8 pg mL™ ') and
M. luteus (MIC: 4 pg mL '), which are comparable to or better
than the control drugs such as chloromycin and norfloxacin.**

4.3 Anti-inflammatory activity

Prostaglandin E2 (PGE2) and nitric oxide (NO) suppression is
a potential treatment for a variety of inflammatory disorders.
The tissues are damaged due to an excessive amount of NO
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Crotaorixin

Medicagenin

Fig. 3 Natural chalcones possessing (A) antibacterial properties, (B)
anti-inflammatory activities and (C) antimalarial activities.

production. Numerous chalcone compounds showed NO and
PGE2 inhibitory effects.”**> Mallotophilippens C, D, and E, as
well as xanthohumols and dihydroxanthohumol, which were
extracted from Mallotus philippinensis fruits, were novel chal-
cone derivatives that inhibited NO formation (Fig. 3B). Also,
nuclear factor kB (NF-kB) was suppressed by these
compounds.”™ Additional insights into how natural chalcones
suppress NF-kB-mediated cancer and inflammation are dis-
cussed in various reviews on the subject.®*®® A range of 2'-
hydroxy- and 5'-dihydroxychalcones were synthesized and
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evaluated in vitro for their capacity to inhibit the activation of
various immune cells, including microglial cells, macrophages,
mast cells and neutrophils. The compound 2,2’-dihydrox-
ychalcone was reported as an effective agent in suppressing the
release of B-glucuronidase and lysozyme from rat neutrophils.
Additionally, 2',5'-dialkoxychalcones demonstrated significant
inhibitory effects on the production of nitric oxide by LPS-
stimulated murine microglial cells of the N9 cell line.*®

4.4 Antimalarial activity

Chinese liquorice roots contain licochalcone A which has
exhibited excellent activity against P. falciparum strains.” Pre-
nylbutein, licoagrochalcone A and homobutein exhibited anti-
plasmodial activity (IC5¢: 10.3-16.1 uM) against P. falciparum’
(Fig. 3C). The aerial portion of the Crotalaria orixensis plant
contains crotaorixin, which showed an outstanding inhibitory
effect against P. falciparum strain. Medicagenin, a diprenylated
compound, isolated from C. medicagenia roots, showed 100%
inhibition at 2 ug mL~*, while the chromeno-dihydrochalcones,
from C. ramosissima, showed lower activity at the same
concentration.” The Humulus lupulus (hops; Family: Cannaba-
ceae) plant has prenylated chalcone derivatives and exhibits
antiplasmodial activity. Xanthohumol, a main hop chalcone,
exhibits activity against P. falciparum.”

4.5 Antitumor activity

Chalcones are one of the precursors of all flavonoids and have
many biological activities, including antitumor,'"*” antima-
larial and anti-inflammatory activities. Research on the
structure-activity relationship (SAR) indicates that the inclu-
sion of methoxy and hydroxy groups on rings A and B of
chalcones is crucial for their antioxidant properties.””**
Natural chalcones, such as xanthohumol, loncocarpine, lico-
chalcones, and panduretin, have been comprehensively
studied and moderated.”® Some prime examples of
compounds isolated from natural sources include iso-
liquiritigenin, licochalcone A, isobavachalcone and butein
known for their potential anticancer activity. Isoliquiritigenin,
a bioactive compound with a chalcone structure, is extracted
from the roots of the licorice plant and has shown promising
inhibitory activity against various cancers such as colon,
breast, stomach, lung, and ovarian cancers, leukemia, and
melanoma. Butein obtained from the bark of Rhus verniciflua
contains a physiologically active flavonoid that exhibits anti-
cancer properties in a variety of cancers.'” Different studies
show that licochalcone A induces the apoptosis of epithelial
ovarian carcinoma cells, U87 glioma cells, bladder cancer cells
and nasopharyngeal cancer cells. Also, chalcones have the
ability to enhance autophagy and in breast cancer cells block
the cell cycle. Furthermore, they suppress the specific protein
1 in breast cancer and induce apoptosis.’”® By generating
Reactive Oxygen Species (ROS) that are dependent on endo-
plasmic reticulum stress, an apoptotic pathway can be acti-
vated both in vivo and in vitro.*
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4.6 Neuroprotective effect

Dopamine is degraded in the presence of a Mg”* cofactor by the
catechol-O-methyltransferase (COMT) protein, and the catalytic
site of the enzyme is completed with Asp141, Lys144, Asp169,
Asn179, Glu199, and the SAM (S-adenosylmethionine) frag-
ment.'** A study revealed that the chalcone derivatives through
metal-donor interactions can bind to Mg>* and by non-covalent
bonding stabilize the chalcone-COMT complexes. In this
adduct, several conventional H-bonds are also found with key
residues (Lys144, Asn169, and Asp170) in the catalytic site and
some alkyl and w-bonds also contribute to the stabilization of
complexes. The coordination bond between chalcone deriva-
tives and Mg”"* significantly affects the binding energy, and this
conformation is most stabilized. Also, other studies have found
that the chalcone derivatives have a stronger interaction with
COMT than dopamine and levodopa. Therefore, the chalcone
derivatives can both potentially protect them from COMT
induced degradation and prevent their depletion. Monoamine
oxidase B (MAO-B) enzyme is associated with deamination of
alkylamines, and malfunction of this enzyme has been associ-
ated with depression conditions. Its malfunction also causes
ADHD (attention deficit hyperactivity disorder). The chalcone
derivative dCHA-553 through the m-forces presents the stron-
gest interaction with the MAO-B enzyme, and shows inhibitor
activity than the parent molecule for the MAO-B enzyme.'” In
Parkinson's disease, the role of the MAO-B enzyme is not clear,
but it is well known that the enzyme inhibitors help nerve cells
make better use of the neurotransmitters, and chalcones being
the inhibitor of MAO-B may help in better use of neurotrans-
mitters in Parkinson's disease. In Alzheimer's disease, the loss
of cholinergic neurons occurs in the brain, and AChE is
responsible for the hydrolysis of acetylcholine neurotransmit-
ters. The inhibitor of AChE downregulates the acetylcholine
degradation in the synaptic clefts. The chalcone derivatives
form adducts with the AChE via intermolecular forces to form
the stable adducts and lead to the loss of esterase activity.'* The
chalcones have high inhibition potential because with this
enzyme they present high stabilization energy and at a nano-
molar range have an estimated inhibition constant. Neverthe-
less, the best estimated inhibition effect was shown by
donepezil. Thus, the results show that the chalcone might
function as an acetylcholine protector and inhibit the action of
AChE. 1-Hydroxynaphthalene-4-trifluoromethylphenyl chal-
cone has been synthesized and evaluated for its inhibitory
activity against acetylcholinesterase (49.76 pg mL™') and
butyrylcholinesterase (77.82 pg mL™"). Docking studies have
shown that this chalcone binds to the catalytic active site of
acetylcholinesterase'® and inhibits the cholinesterase activity,
which may help in the prevention of neurodegenerative
damage. In beta-amyloid plaques, for confirmation of the
binding affinity in the mouse brain, a fluorescence study was
carried out. Intense staining of beta-plaques by the compounds
5-iodo-2-thienyl and 4-dimethylaminophenyl was observed.
Also, in cerebrovascular amyloids, clear staining was observed.
These suggest that these compounds detect beta-plaques in the
brain. Furthermore, an inhibition study was conducted to know
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the information of the binding site of the chalcones and chal-
cone like compounds. Congo red (CR) and thioflavin T (ThT)
were used for the inhibition study, and these are prototypes of
amyloid imaging probes. 5-Iodo-2-thienyl and 4-dimethylami-
nophenyl compounds competes to 4-dimethylamino-40-iodo-
chalcone for binding to Ab aggregates. This study suggests that
chalcone like compounds show antiamyloid activity but with
different binding sites compared to CR and ThT on Ab
aggregates.'*

5 Toxicity of chalcones

Results showed that embryos treated with 3’-hydroxychalcone (3
ppm) displayed a high percentage of muscle defects (96.6%),
especially myofibril misalignment.'”” In addition, the prefer-
ential reactivity with thiols in contrast to amino and hydroxyl
groups makes these molecules less toxic than other therapeutic
cancer drugs.'® At very low and non-toxic concentrations, tube
formation and human brain endothelial cell migration were
inhibited by flavokawain B chalcone. Moreover, at a concentra-
tion of 2.5 ng mL™}, it did not show any toxic effect, but in
a dose dependent manner it blocked the angiogenesis process
in zebrafish and reduced the subintestinal vein formation.'*
Synthetic chalcones like (E)-2-(40-methoxybenzylidene)-1-ben-
zosuberone in non-toxic concentrations inhibited VEGF
induced migration of HUVECs. Also, they decreased the secre-
tion of VEGF and MMP-9 at the same time.'** Similarly, 4-
hydroxychalcone (22 mg mL™"), without showing any sign of
cytotoxicity, suppressed the angiogenesis steps like prolifera-
tion, migration, and tube formation. Further, in vivo studies
showed that at concentrations of 25 mg per kg per day and 50
mg per kg per day for 25 days it could inhibit breast cancer and

neo-angiogenesis.""*

6 Conclusion

Chalcone scaffolds are vital bioactive precursors to plant
flavonoids and possess significant chemical and biological
potential, which are essential in the fields of medicinal chem-
istry and biology. The chemical and biological relevance of
naturally occurring chalcones is yet to be fully explored. While
these compounds have widespread medicinal uses, compre-
hending their pharmacokinetics poses a considerable chal-
lenge. But there is limited preclinical or clinical research on
naturally occurring chalcones in the existing literature. This
study highlights the applications of chalcones, with a focus on
their critical biological activities both in vitro and in vivo,
including antibacterial, antioxidant, antitumor, antimalarial,
and anti-inflammatory effects. It calls for more thorough
research to tackle the biological activities and toxicological
challenges associated with naturally occurring chalcones and
their flavonoid derivatives. Additionally, further clinical inves-
tigations are essential to decipher their action mechanisms at
the cellular level and link their structural features to biological
effects, particularly regarding anticancer activity. The identifi-
cation of lead molecules or drug candidates from bioactive
chalcones found in nature holds great promise. Therefore,
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strategic chemical modifications of natural chalcones are
essential to create new flavonoid molecules, potentially making
a significant impact on drug discovery utilizing chalcone
frameworks.
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