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SUMMARY Senolytics are drugs that specifically target senescent cells. Flavonoids such as quercetin and
fisetin possess selective senolytic activities. This study aims to investigate if chalcones exhibit anti-
senescence activities. Anti-senescence effect of 11 chalcone derivatives on the replicative senescence
human aortic endothelial cells (HAEC) and human fetal lung fibroblasts (IMR90) was evaluated.
Compound 2 (4-methoxychalcone) and compound 4 (4-bromo-4'-methoxychalcone) demonstrated
increased cytotoxicity in senescent HAEC compared to young HAEC, with significant differences on
IC,, values. Their anti-senescence effects on HAEC exceeded fisetin. Higher selectivity of compound
4 toward HAEC over IMR90 could be attributed to 4-methoxy (4-OMe) substitution at ring A (R1).
Chalcone derivatives have potentials as senolytics in mitigating replicative senescence, warranting
further research and development on chalcones as anti-senescent agent.
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1. Introduction

Chalcones is a class of plant-derived polyphenolic
compounds that belongs to the flavonoid family. These
compounds can be found in various natural sources
(1,2). Chalcones are alternatively known as benzyl
acetophenone and come in two isomeric forms: trans and
cis. The trans isomer exhibits greater thermodynamic
stability (3). Structurally, chalcones are characterised
by a,B-unsaturated ketones containing two aromatic
benzene rings (referred to as rings A and B) with
varying arrangements of substituents. These two rings
are connected by an aliphatic three carbon series (4).
Extensive research has explored the potential biological
activities of natural, synthetic, and chalcone-derived
compounds in preclinical studies. Notably, hydroxyl
chalcones and bis-chalcones have shown promising in-
vitro and in-vivo antidiabetic effects (3,6). Additionally,
chalcones and their derivatives have been found to
inhibit nuclear factor kappa-light-chain-enhancer of
activated B (NF-«xB), suppress cyclooxygenase and
inducible nitric oxide synthase (iNOS) activity, and
possess anti-inflammatory properties (7,8). Moreover,
the antioxidant activity of chalcones increases when one
or two hydroxyl (OH) groups are substituted on ring B,

Chalcones, cellular senescence, endothelial cells, senolytic, senotherapeutics

with the order of potency being 2-OH < 3-OH << 4-OH
<< 3,4-di-OH (9). In addition, the chalcone derivatives
also possess potent antiproliferative and cytotoxic effects
against several cancer cell lines, highlighting their
potential as anticancer agents (/0,/1). Chalcones and
their derivatives have also exhibited antimicrobial (/2),
antiparasitic (//), and neuroprotective activities (/3).
The diverse range of biological activities demonstrated
by chalcones underscores their significance in
pharmacological research.

To date, research exploring the potential of
chalcones as anti-senescence or senolytic agents has
been limited. For instance, licochalcone D (Scheme 1a),
a chalcone derivative found in licorice root (Glycyrrhiza
echinata), has demonstrated a reduction in oxidative-
stress-induced senescence through the activation of 5'
AMP-activated protein kinase (AMPK) and autophagy
pathways (/4-16). Similarly, another chalcone
derivative, bavachalcone (Scheme 1b) has been shown
to suppress senescence in human endothelial cells
and downregulate mRNA expression of inhibitor of
cyclin-dependent kinase 4 (INK4) family member p16
(pl6INK4a) and interleukin (IL)-1a by modulating
retinoid acid-related orphan receptor alpha (ROR-a)
(15). Additionally, 4,4'-dimethoxychalcone (Scheme
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Scheme 1. Reported anti-senescence flavonoids. (A) licochalcone D,
(B) bavachalcone, (C) 4,4'-dimethoxychalcone, (D) fisetin.
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1c) has been observed to prolong the lifespan of yeast,
worms, and flies, slow down senescence in human cell
cultures, and protect mice from prolonged myocardial
ischemia (/4). Among these reported anti-senescence
chalcone, licochalcone been widely used in traditional
Chinese medicine more specifically, Mongolian
medicine as an important raw material. However,
the scarcity of studies in this domain underscores the
need for further research to elucidate the potential
of chalcones in anti-senescence and senolytic
interventions.

Cellular senescence refers to a state of irreversible
arrest of cell proliferation in response to external
and internal stimuli, including oxidative stress,
mitochondrial dysfunction, oncogene expression,
shortening of telomeres and disrupted autophagy
(17). Senescent cells are apoptosis resistant, remain
metabolically active and possess distinct morphological
characteristics, express senescence markers such as
senescence-associated f-galactosidase (SA B-gal),
pl6INK4a, p21, and assume the senescence-associated
secretory phenotype (SASP). The secretome of SASP
causes chronic low-grade inflammation that disrupts
tissue homeostasis, amplifies immune activation
and reinforces paracrine senescence. Accumulation
of senescent cells contribute to ageing and ageing-
related diseases (ARDs) such as cardiovascular,
neurodegenerative and musculoskeletal diseases
(18). Senescent cells develop apoptosis resistance
by upregulating the senescence cell anti-apoptotic
pathways (SCAPs). Recent approaches to eliminate
senescent cells are aimed at inactivating these pro-
survival pathways in the senescent cells, leading to the
development of drugs termed senolytics. Extensive
research has shown that elimination of senescent cells
in animal models using senolytics attenuates functional
impairment of tissues and organs caused by cellular
senescence (/9,20). The use of dasatinib with quercetin
(D+Q) alleviated the age-related systolic dysfunction
and improved cardiac vascular function (27). To
date, only several senolytic compounds such as D+Q,
navitoclax and fisetin (Scheme 1d) have been evaluated
in preclinical and clinical trials (22), warranting more
studies to identify effective and safe senolytics. While
chalcones have been studied for various biological
activities, thus far, there are very few studies evaluating

their senolytic potentials. Hence, the aim of the study
was to synthesise chalcone derivatives and evaluate
their potentials in eliminating senescent endothelial
cells.

2. Materials and Methods
2.1. Synthesis of chalcones

All chemicals (reagent grade) used for compound
synthesis were purchased from Sigma-Aldrich
Sdn. Bhd. (Selangor, Malaysia). The synthesis of
chalcones was performed via a Claisen-Schmidt
condensation with substituted benzaldehydes (1.0
mmol) and acetophenones (1.0 mmol). The reaction
was performed under basic conditions in the presence
of aqueous potassium hydroxide (4.0 mmol) and 50
mL methanol and stirred at room temperature for 24
hours to synthesise a,p-unsaturated biaryl systems
(Scheme 2). The reaction was then monitored by thin-
layer chromatography (TLC) using ethyl acetate/
petroleum ether (1:6 or 1:2 v/v) as the solvent system.
TLC was run on Merck silica gel GF254 (Sigma-Aldrich
Sdn. Bhd., Selangor, Malaysia). Upon completion of
the reaction, the crude product was filtered off and
recrystallized from a mixture of dichloromethane and
ethanol or purified by column chromatography over
silica gel eluting with a mixture of petroleum ether and
ethyl acetate to give the pure product. The synthesis
generated 11 chalcone candidates (Figure 1). Compound
characterisation was performed using proton nuclear
magnetic resonance (NMR) spectroscopic method and
compared to the published data (23-29) (Supplementary
data). '"H-NMR spectra were recorded on a Bruker
AVN400 spectrometer (Selangor, Malaysia).

2.2. Cell lines

HAECs were purchased from ScienCell Research
Laboratories (California, USA). HAECs were
maintained at 37°C in humidified atmosphere of 5%
CO, in air and cultured in complete endothelial cell
medium (ECM; ScienCell Research Laboratories,
California, USA) supplemented with 5% v/v fetal
bovine serum (FBS, iDNA, Singapore), 1% v/v
endothelial cell growth supplement (ECGS, ScienCell
Research Laboratories, California, USA) and 1% v/v
penicillin-streptomycin (Gibco, Massachusetts, USA).
IMR90 human fetal lung fibroblast was purchased
from ATCC (Virginia, USA) and were cultured in
Minimum Essential Medium (MEM, Sigma Aldrich,
Missouri, USA) supplemented with 10% FBS at 37°C
in humidified atmosphere of 5% CO, in air.

2.3. Establishment of replicative senescence cell culture

Replicative senescence (RS) culture of HAEC was
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Scheme 2. Chalcone synthesis with various acetophenones (R,) and benzaldehydes (R;).
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Figure 1. Eleven chalcone candidates synthesized in the present study.

established by serially passaging these cells every
3 to 4 days until the cells have ceased to achieve
the typical population doubling level (PDL). PDL
refers to the total number of times the cell population
has doubled during in vitro culture. The percentage
of senescent HAEC was determined by detecting
senescence-associated-B-galactosidase (SA-B-gal)
activity through flow cytometry using a fluorogenic
substrate, 5-dodecanoylaminofluorescein di-
B-D-galactopyranoside (C,,FDG) (Invitrogen,
Massachusetts, US) to stain the senescent cells.
In brief, cells were treated with Bafilomycin Al
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(MedChemExpress, New Jersey, USA), a lysosomal
inhibitory drug, to increase the internal lysosomal
environment to pH 6 for an hour at 37°C in 5% CO,
incubator. C,,FDG (33 uM) was then added to the
cell medium and incubated for another 2 hours. Cells
were harvested, washed and centrifuged to remove
the cell supernatant. The cell pellets were then
resuspended in ice cold potassium buffered saline
(PBS, Gibco, Massachusetts, USA) and analysed using
a flow cytometer. Fluorescence signals in the cells
were measured by fluorescein isothiocyanate (FITC)
detector channel and acquisition was performed using
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FACSDiva software (Becton Dickinson, New Jersey,
US) and data were analysed using FlowJo (Ashland,
Oregon, US). The percentage of positive SA-B-Gal cells
was determined by the number of events within the
bright fluorescence quadrant/total number of cells in the
parental scatter plot x 100%. Cell cultures that exhibited
> 60% SA-B-gal positive cells were considered as
replicative senescence (RS) cultures whereas those <
20% SA-B-gal positive cells were considered as young
(Y) cultures (Figure 2).

2.4. Treatment of cells with compounds

The cytotoxicity of chalcone derivatives toward Y and
RS was determined by measuring real-time growth
kinetics of cells using the xCELLigence” Real Time
Cell Analyzer (RTCA, Roche Diagnostics, Mannheim,
Germany). RTCA measures impedance that increases
when adherent cells are attached and have spread across
the electrode sensor surface and vice versa, decreases
when the cells are dead and detached from the sensor
surface. Cells were seeded into the 96-well electronic
(E) plate at 5 x 10" cells per well and background
impedance readings were recorded. Cells were allowed
to attach to the wells for 24 hours. When the cells
entered the logarithmic growth phase, they were treated
with increasing concentrations (0.78 — 50 pM) of
chalcone derivatives for 72 hours. 17-allylamino-17-
demethoxygeldanamycin (17-AAG, Sigma Aldrich,
Missouri, USA), a heat shock protein 90 (HSP90)
inhibitor, which has been shown to target senescent
endothelial cells was used as positive control. Fisetin
(Sigma Aldrich, St Louis, MO, USA) (Scheme 1d), a
flavonoid which has been shown to induce cell death
in senescent but not young umbilical vein endothelial

cell (HUVECs) and young IMRO90 fibroblast (30) was
also used as positive control compound. The impedance
values were expressed as the Cell Index (CI). The
growth curves were normalised to the CI of the last
measured time point before the addition of treatment or
vehicle control. IC,, values were extracted individually
from the RTCA software and the results were plotted
using GraphPad Prism Version 5 (GraphPad Software,
California, USA). Selectivity index (SI) was calculated
by dividing the average 1Cs, values of the young with
senescent or HAEC with IMRO90 fibroblast.

3. Results and Discussion

Initially, we compared the cytotoxicity of compounds
1-11 on HAEC. Based on the ICs, values (Table
1), compound 10 emerged as the most cytotoxic
compound out of the 11. Compounds 1, 3, 5, 6-11
were equally cytotoxic to both young and senescent
HAEC. Compound 10 differs from the basic chalcone
structure, trans-chalcone by bearing a 4-bromo (4-
Br) substituent in R,. The 4-Br substituent in R, and
an unsubstituted R, in Compound 10 resulted in
increased cytotoxicity to young and senescent HAEC
compared to trans-chalcone. Compounds 7, 9 and 11
retained their cytotoxicity in the young HAEC, albeit
with higher ICs, values compared to compound 10.
Coincidentally, compounds 7, 9 and 11 are chalcones
bearing unsubstituted R, and electron donating groups,
OMe and OH on R,. Thus, an unsubstituted R, may
have contributed to the cytotoxic activity, regardless
of the variation of the substituent at R,. In comparison
to the highly cytotoxic compound 10, cytotoxicity
towards young HAEC was reduced when R, was
functionalised with 4-OMe substituent in compounds 1,
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Figure 2. Representative figures of SA-B-Gal staining of endothelial and fibroblast cells. (A) Young HAEC, (B) RS HAEC and (C) Young
IMR90. C,,FDG quadrants contain the population of senescent cells. Bottom panel shows representative cell morphology of young HAEC, RS

HAEC and young IMR90 fibroblast. Senescent cells are stained in blue.
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Table 1. Potential anti-replicative senescence activity against young and senescence HAEC

HAEC
Compound SI (Young/RS)
Young RS
(mean = SD; n =3)

2 11.50 + 1.06 342+0.53 34 Potential anti-RS compounds for

12.17+£1.09 523+0.32 23 HAEC
17-AAG 114.00 + 2.06 40.35+1.29 2.8
1 8.08 £0.91 7.38+0.87 1.1 Less potential anti-RS compounds for
3 10.29+£0.01 19.78 +1.30 0.5 HAEC
5 12.12+1.08 13.53£1.13 0.9
6 11.43 +1.06 10.25+£1.01 1.1
7 439+0.64 2.56+0.41 1.7
8 4.16 £0.62 2.34+0.37 1.7
9 4.63 £0.69 2.27+0.14 2.0
10 1.38+0.14 1.65+0.22 0.8
11 7.37+0.87 4.95+0.70 1.5
trans-chalcone 3.53+£0.55 3.71+0.57 1.0
fisetin 32.94+1.39 24.32+1.52 1.4

HAEC: Human aortic endothelial cell; RS: replicative senescence

4 and 6. Further reduction in cytotoxicity, as observed
with IC;, values > 10 pg/mL were observed when other
functional groups (4-OMe, Naphthyl and 4-methyl (4-
Me)) were added to the phenyl moiety of R, (compounds
2, 3 and 5). However, an exception was noted in
compounds 8 which had 2-nitro (2-NO,) on the phenyl
moiety of R,. It remained as cytotoxic as compounds
7, 9 and 11, suggesting an unfavourable cytotoxicity
by 2-NO, substituent at R,. It can be summarised that
substitutions with electron withdrawing groups such
as Br and NO, have resulted in greater cytotoxicity in
normal cell line such as endothelial cells, contrary to
the findings of Bai ef al. (31) which concluded that
chalcone bearing electron withdrawing groups exhibited
lower cytotoxicity toward cancer cell lines compared to
chalcones with electron donating groups (3/). Fisetin,
which is known to have a favourable safety profile
showed the least cytotoxicity towards both young and
senescent HAEC, with the highest IC;, values compared
to those of the chalcone derivatives.

Comparison of young to replicative senescence
cells, established by consecutive passing of the
young passage cells till proliferation has ceased, is an
established in vitro model for screening compounds that
preferentially inhibits senescent cells over young such
as quercetin and others (32,33). In the present study,
SI was calculated to determine the anti-senescence
potential of the compounds. High SI values indicate
greater cytotoxicity toward senescent HAEC compared
to young cells. Among the 11 compounds tested,
compounds 2 and 4 showed the highest SI values
(Table 1), indicating their higher anti-senescence
potentials compared to the other chalcone derivatives
and fisetin, showing the similar effects as the positive
control, 17-AAG. It appears that the addition of
4-OMe to the phenyl moiety of R, of compound 2
may have contributed to the increased selectivity for

senescent over young HAEC. Modifications on R,
and R, to synthesise compound 4 (4-OMe and 4-Br,
respectively) have slightly reduced the selectivity for
the senescent HAEC. Similarly, substitution of 4-Br
with 4-Me at R, (compound 5) has led to a decrease in
the SI compared to compound 4. On the other hand, the
appearance of 4-OMe on R, in compound 4 has greatly
reduced the cytotoxicity toward young and senescent
HAEC compared to compound 10. In comparison with
compound 4, addition of OH or OMe at the 1,6-positions
of R, respectively, to generate compounds 1 and 6, did
not increase the selectivity for senescent HAEC. Thus,
the addition of 4-OMe on the phenyl moiety of R, may
offer advantages in targeting senescent cells while
minimising toxicity to young endothelial cells.

The cell selectivity of the compounds was evaluated
in young HAEC and IMR90 fibroblasts (Table 2). A
higher SI value indicates increased selectivity toward
endothelial cells. Compounds 1, 3 and 5 were highly
cytotoxic to HAEC but not to IMR90, indicating the
selectivity of these compounds to endothelial cells.
By comparing the SI of compounds 1 and 4 (SI 8.7
and 28) with 6 and 10 (SI 4 and 3.1), respectively, the
substitution of 4-Br at R, plays no role in increasing
the selectivity for HAEC. Rather, modifications on
R, at at 2-position or 2-6-position with -OMe or -OH
(compounds 1, 6, 7, 9 and 10) may have contributed to
increased toxicity to HAEC. Likewise, incorporating
2-NO, substitutions on the phenyl moiety of R,
(compound 8), as well as OH substitutions on the
phenyl moiety of R, (compounds 9 and 11), did not
result in enhanced specificity for HAEC. Interestingly,
the candidate anti-senescence compounds, 2 and
4 demonstrated selectivity for endothelial cells, as
observed for fisetin and 17-AAG. Compound 4, in
particular, showed the highest selectivity for endothelial
cells, with SI 8.7. This suggests that a single 4-OMe
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Table 2. Potential anti-replicative senescence activity against young HAEC and young IMR90 cell lines

Young HAEC Young IMR90 SI
Compound (mean=SD;n=3)  (mean+SD;n=3)  (Young IMR90/Young HAEC)
2 11.50 = 1.06 2432+ 1.39 2.1 Potential anti-RS compounds
12.17 +1.09 105.60 +2.02 8.7 selective for HAEC
17-AAG 114.00 +2.06 Not converged -
1 8.08£0.91 226.00 £2.25 28.0 Compounds with no/minimal
3 10.29 +0.01 177.20 +£2.35 17.2 cytotoxicity on IMR90
5 12.12 £ 1.08 Not converged -
6 11.43 +£1.06 46.01 + 1.66 4.0
7 439+ 0.064 8.59+0.93 2.0 Compounds with cytotoxicity on
8 4.16+0.62 4.24 +0.63 1.0 both HAEC and IMR90
9 4.63 +0.69 6.73 £0.83 1.5
10 1.38+0.14 4.27+£0.63 3.1
11 7.37+0.87 8.08 +0.91 1.1
trans-chalcone 3.53+0.55 6.99 £ 0.84 2.0
fisetin 3294+ 1.39 75.88+1.88 2.3 Compound with least cytotoxicity on
both HAEC and IMR90

HAEC: Human aortic endothelial cell; RS: replicative senescence

substitution at R, unlike the two substitutions on
compound 6 could have likely conferred the specificity
towards HAEC. Fisetin has been previously reported to
reduce the viability of HUVEC to a greater extent than
IMROO0 fibroblast (30), consistent with our observation.

This study, to the best of our knowledge, revealed
that 4-methoxychalcone (compound 2) and its
derivative, 4-bromo-4-methoxychalcone (compound
4) possess anti-senescence potentials, particularly on
endothelial cells. Endothelial senescence contributes to
endothelial dysfunction giving rise to cardiovascular
diseases (34,35). Compound 2 is a well characterised
compound and has been extensively researched,
whereas compound 4 is less well characterised
for its biological activities. Previous studies have
shown that 4-methoxychalcone (compound 2) and its
derivatives exhibit a varying degree of cytotoxicity
to hepatocarcinoma, HepG2 cells (3/) where
4-methoxychalcone enhances the chemosensitivity to
cisplatin in lung carcinoma, A529 cells by inhibiting
the anti-oxidative NF-E2-related factor 2/antioxidant
responsive element (Nrf2/ARE) signalling pathway
(36). In non-cancerous cells, 4-methoxychalcone
possess melanogenesis inhibitory effect in BI6F10 cell
line at doses 3.125 uM to 12.5 uM but has phototoxic
and ecotoxic potentials, with ECs, of 3.57 pug/mL and
EC,, 0f 0.0047 mg/L, respectively (37). It also enhances
adipocyte differentiation at 5 uM dose by activating the
transcription factor, peroxisome proliferator-activated
receptor gamma (PPARY) (38). Compounds that can
eliminate senescent cells in a tissue microenvironment
can potentially attenuate ageing-related pathologies and
development of cardiovascular, neurodegenerative and
musculoskeletal diseases. Hence, further studies are
required to extensively characterise the anti-senescent
effects and identify the mechanisms that underpin the
senolytic effects of these compounds to fully harness
their potentials.

In conclusion, we have demonstrated that compound
2 and compound 4 in comparison to other compounds,
exhibited higher anti-senescence potentials as evidenced
by a large difference of ICy, value between young
and senescent HAEC, as well as HAEC and IMR90
fibroblast. 4-OMe substitution on the phenyl moiety of
R,, particularly in compound 4, conferred specificity
towards senescent HAEC while minimising toxicity
to young endothelial cells and fibroblasts. Substituting
4-Br at R, or incorporating other substitutions did not
significantly enhance selectivity. Hence, compound
4 can be investigated in future studies as a potential
senolytic agent to eliminate senescent endothelial cells
within the vasculature.

Acknowledgements

The authors wish to thank Ms. Nur Balgish binti Roslan
for her assistance in compound synthesis.

Funding: This study was supported by Universiti
Malaya Impact-Oriented Interdisciplinary Research
Grants No. IIRG0O01A-2020FNW and IIRG001B-
2020FNW.

Conflict of Interest: The authors have no conflicts of
interest to disclose.

References

1. Sahu NK, Balbhadra SS, Choudhary J, Kohli DV.
Exploring pharmacological significance of chalcone
scaffold: A review. Curr Med Chem. 2012; 19:209-225.

2. Schroder J. 1.27 - The Chalcone/Stilbene Synthase-type
Family of Condensing Enzymes. In: Comprehensive
Natural Products Chemistry (Barton SD, Nakanishi K,
Meth-Cohn O, eds.). Pergamon, Oxford, 1999; pp. 749-
771.

3. Zhuang C, Zhang W, Sheng C, Zhang W, Xing C, Miao Z.

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2024, 18(3).:199-206.

205

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Chalcone: A privileged structure in medicinal chemistry.
Chem Rev. 2017; 117:7762-7810.

Rojas J, Dominguez JN, Charris JE, Lobo G, Paya
M, Ferrandiz ML. Synthesis and inhibitory activity of
dimethylamino-chalcone derivatives on the induction of
nitric oxide synthase. Eur J Med Chem. 2002; 37:699-705.
Shin J, Jang MG, Park JC, Koo YD, Lee JY, Park
KS, Chung SS, Park K. Antidiabetic effects of
trihydroxychalcone derivatives via activation of AMP-
activated protein kinase. J Ind Eng Chem. 2018; 60:177-
184.

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

Mahapatra DK, Bharti SK, Asati V. Chalcone derivatives:
Anti-inflammatory potential and molecular targets
perspectives. Curr Top Med Chem. 2017; 17 28:3146-
3169.

Orlikova B, Schnekenburger M, Zloh M, Golais F,
Diederich M, Tasdemir D. Natural chalcones as dual
inhibitors of HDACs and NF-kB. Oncol Rep. 2012;
28:797-805.

Todorova I, Batovska DI, Stamboliyska BA, Parushev SP.
Evaluation of the radical scavenging activity of a series of
synthetic hydroxychalcones towards the DPPH radical. J
Serb Chem Soc. 2011; 76:491-497.

Birsa ML, Sarbu LG. Hydroxy chalcones and analogs
with chemopreventive properties. Int J] Mol Sci. 2023;
24:10667.

Salehi B, Quispe C, Chamkhi I, ef a/l. Pharmacological
properties of chalcones: A review of preclinical including
molecular mechanisms and clinical evidence. Front
Pharmacol. 2020; 11:592654.

Okolo EN, Ugwu DI, Ezema BE, Ndefo JC, Eze FU,
Ezema CG, Ezugwu JA, Ujam OT. New chalcone
derivatives as potential antimicrobial and antioxidant
agent. Sci Rep. 2021; 11:21781.

Barber K, Mendonca P, Soliman KFA. The
neuroprotective effects and therapeutic potential of the
chalcone cardamonin for Alzheimer's disease. Brain Sci.
2023; 13:145.

Carmona-Gutierrez D, Zimmermann A, Kainz K, et
al. The flavonoid 4,4'-dimethoxychalcone promotes
autophagy-dependent longevity across species. Nat
Commun. 2019; 10:651.

Dang Y, Ling S, Ma J, Ni R, Xu JW. Bavachalcone
enhances RORa expression, controls Bmall circadian
transcription, and depresses cellular senescence in human
endothelial cells. Evid Based Complement Alternat Med.
2015;2015:920431.

Maharajan N, Ganesan CD, Moon C, Jang CH, Oh WK,
Cho GW. Licochalcone D ameliorates oxidative stress-
induced senescence via AMPK activation. Int J Mol Sci.
2021;22:7324.

Campisi J, d'Adda di Fagagna F. Cellular senescence:
when bad things happen to good cells. Nat Rev Mol Cell
Biol. 2007; 8:729-740.

Mylonas A, O'Loghlen A. Cellular senescence and ageing:
Mechanisms and interventions. Front Aging. 2022;
3:866718.

Kirkland JL, Tchkonia T. Senolytic drugs: from discovery
to translation. J Intern Med. 2020; 288:518-536.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Roos CM, Zhang B, Palmer AK, et al. Chronic senolytic
treatment alleviates established vasomotor dysfunction in
aged or atherosclerotic mice. Aging Cell. 2016; 15:973-
977.

Zhu Y, Tchkonia T, Pirtskhalava T, et al. The Achilles' heel
of senescent cells: from transcriptome to senolytic drugs.
Aging Cell. 2015; 14:644-658.

Chaib S, Tchkonia T, Kirkland JL. Cellular senescence and
senolytics: the path to the clinic. Nat Med. 2022; 28:1556-
1568.

Ashtekar KD, Staples RJ, Borhan B. Development of
a formal catalytic asymmetric [4+2] addition of ethyl-
2,3-butadienoate with acyclic enones. Org Lett. 2011;
13:5732-5735.

He X, Xie M, Li R, Choy PY, Tang Q, Shang Y, Kwong
FY. Organocatalytic approach for assembling flavanones
via a cascade 1,4-conjugate addition/oxa-Michael addition
between propargylamines with water. Org Lett. 2020;
22:4306-4310.

Jiang Q, Jia J, Xu B, Zhao A, Guo CC. Iron-facilitated
oxidative radical decarboxylative cross-coupling between
a-oxocarboxylic acids and acrylic acids: An approach to
o,p-unsaturated carbonyls. J Org Chem. 2015; 80:3586-
3596.

Thieury C, Lebouvier N, Le Guével R, Barguil Y,
Herbette G, Antheaume C, Hnawia E, Asakawa Y, Nour
M, Guillaudeux T. Mechanisms of action and structure-
activity relationships of cytotoxic flavokawain derivatives.
Bioorg Med Chem. 2017; 25:1817-1829.

Unoh Y, Hirano K, Satoh T, Miura M. Palladium-catalyzed
decarboxylative arylation of benzoylacrylic acids toward
the synthesis of chalcones. J Org Chem. 2013; 78:5096-
5102.

Wang YH, Dong HH, Zhao F, Wang J, Yan F, Jiang YY,
Jin YS. The synthesis and synergistic antifungal effects of
chalcones against drug resistant Candida albicans. Bioorg
Med Chem Lett. 2016; 26:3098-3102.

Zhang M, XiJ, Ruzi R, Li N, Wu Z, Li W, Zhu C.
Domino-fluorination-protodefluorination enables
decarboxylative cross-coupling of a-oxocarboxylic acids
with styrene via photoredox catalysis. J Org Chem. 2017;
82:9305-9311.

Zhu Y, Doornebal EJ, Pirtskhalava T, Giorgadze N,
Wentworth M, Fuhrmann-Stroissnigg H, Niedernhofer LJ,
Robbins PD, Tchkonia T, Kirkland JL. New agents that
target senescent cells: the flavone, fisetin, and the BCL-
X(L) inhibitors, A1331852 and A1155463. Aging (Albany
NY). 2017; 9:955-963.

Bai XG, Xu CL, Zhao SS, He HW, Wang YC, Wang
JX. Synthesis and cytotoxic evaluation of alkoxylated
chalcones. Molecules. 2014; 19:17256-17278.

Hwang HV, Tran DT, Rebuffatti MN, Li CS, Knowlton
AA. Investigation of quercetin and hyperoside as
senolytics in adult human endothelial cells. PLoS One.
2018; 13:¢0190374.

Zhao J, Fuhrmann-Stroissnigg H, Gurkar AU, Flores RR,
Dorronsoro A, Stolz DB, St Croix CM, Niedernhofer LJ,
Robbins PD. Quantitative analysis of cellular senescence
in culture and in vivo. Curr Protoc Cytom. 2017;
79:9.51.51-59.51.25.

Erusalimsky JD. Vascular endothelial senescence: from
mechanisms to pathophysiology. J Appl Physiol (1985).
2009; 106:326-332.

Gevaert AB, Shakeri H, Leloup AJ, Van Hove CE, De
Meyer GRY, Vrints CJ, Lemmens K, Van Craenenbroeck

www.ddtjournal.com



206

Drug Discoveries & Therapeutics. 2024, 18(3).:199-206.

36.

37.

38.

EM. Endothelial senescence contributes to heart failure
with preserved ejection fraction in an aging mouse
model. Circ Heart Fail. 2017; 10:¢003806.

Lim J, Lee SH, Cho S, Lee IS, Kang BY, Choi HJ.
4-methoxychalcone enhances cisplatin-induced oxidative
stress and cytotoxicity by inhibiting the Nrf2/ARE-
mediated defense mechanism in A549 lung cancer cells.
Mol Cells. 2013; 36:340-346.

Gunia-Krzyzak A, Popiét J, Stoczynska K, Zelaszczyk D,
Orzet K, Koczurkiewicz-Adamczyk P, Wojcik-Pszczota
K, Kasza P, Borczuch-Kostanska M, Pekala E. In silico
and in vitro evaluation of a safety profile of a cosmetic
ingredient: 4-methoxychalcone (4-MC). Toxicol In Vitro.
2023; 93:105696.

Han Y, Lee SH, Lee IS, Lee KY. Regulatory effects of
4-methoxychalcone on adipocyte differentiation through

PPARYy activation and reverse effect on TNF-a in 3T3-L1
cells. Food Chem Toxicol. 2017; 106:17-24.

Received May 21, 2024; Revised June 21, 2024; Accepted
June 23, 2024.

*Address correspondence to:

Pooi-Fong Wong, Department of Pharmacology, Faculty of
Medicine, Universiti Malaya, 50603 Wilayah Persekutuan
Kuala Lumpur, Malaysia.

E-mail: wongpf@um.edu.my

Iskandar Abdullah, Department of Chemistry, Faculty of
Science, Universiti Malaya, Kuala Lumpur, 50603 Wilayah
Persekutuan Kuala Lumpur, Malaysia.

E-mail: iskandar.a@um.edu.my

www.ddtjournal.com



