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f neutrophil superoxide generation
and elastase release via JNK, ERK and FAK
pathways: blockade by methoxy-chalcone
derivatives
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A series of chalcone-based derivatives were synthesized and assessed for their ability to target neutrophil-

driven inflammation. Strategic modifications on the 1,3-diaryl-prop-2-en-1-one scaffold, all bearing

a methoxylated ring B, revealed two distinct anti-inflammatory profiles: inhibitors of both superoxide

(SO) generation and elastase release, and selective SO inhibitors. Compound 17, featuring 3-methoxy

and 2,4-dichlorophenyl substitutions, demonstrated the most potent dual inhibition (IC50 = 1.17 mM for

SO and 2.60 mM for elastase), while compound 15 selectively suppressed SO production (IC50 = 2.63 mM)

with minimal elastase impact. Compound 17 hampered neutrophil migration without inducing

cytotoxicity, and mechanistically inhibited the phosphorylation of JNK, ERK, and FAK/paxillin—key

signaling pathways in neutrophil migration and activation, without altering calcium flux. These findings

highlight compound 17 as a promising lead for targeting neutrophil-mediated inflammatory disorders

and underscore the potential of chalcone scaffolds for precise immunomodulation.
1 Introduction

Neutrophils are considered the rst-line defenders of the
immune system that respond swily to both infectious patho-
gens and non-infectious foreign invaders. Neutrophils rapidly
accumulate at the site of invasion via complex recruitment and
migration cascades where they get activated and deploy a range
of potent defense mechanisms, including phagocytosis,
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respiratory burst, degranulation, and the formation of neutro-
phil extracellular traps (NETs).1,2 The respiratory burst gener-
ates reactive oxygen species (ROS) through the NADPH oxidase
complex, which actively combats pathogens. In addition, NETs,
composed of myeloperoxidase, elastase, decondensed chro-
matin, and histones, trap and neutralize microorganisms.3

The intricate functional complexity of neutrophils is under-
scored by the diverse signaling pathways that are activated
through various receptor engagements. For instance, the
recruitment of neutrophils to infection sites necessitates
a sophisticated interplay among neutrophils, vascular endo-
thelial cells, and the surrounding extracellular matrix (ECM).
The binding of integrins to the ECM facilitates the phosphory-
lation of paxillin (Pax), a cytoskeletal scaffold protein that
assembles other proteins essential for the formation of the focal
adhesion complex (FA).4 Central to this complex is the focal
adhesion kinase (FAK), whose autophosphorylation recruits Src
protein to form an active kinase complex, that initiates down-
stream phosphorylation cascades that engage key signaling
molecules, including mitogen-activated protein kinases
(MAPKs), phosphoinositide 3-kinase (PI3K), and phospholipase
C-gamma (PLCg).4,5 These pathways culminate in actin cyto-
skeleton rearrangement and the dynamic assembly and disas-
sembly of FAs, processes that are critical for neutrophil
attachment, spreading, migration, and survival.5,6 Furthermore,
FAK has been implicated in key roles in NADPH oxidase-driven
RSC Adv., 2026, 16, 24551–24567 | 24551
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ROS production, complement-mediated phagocytosis, and the
formation of NETs in activated neutrophils.4

The activation of G protein-coupled receptors (GPCRs), such
as the formyl peptide receptor (FPR) upon binding to the che-
moattractant fMLF, is another crucial promoter of neutrophil
inammatory responses. Such receptor engagement triggers the
activation of PLC and the production of inositol trisphosphate
(IP3), which facilitates the mobilization and depletion of Ca2+

from the endoplasmic reticulum (ER) stores and promotes the
inux of extracellular calcium through store-operated Ca2+

channels (SOCs).7,8 The resulting surge in intracellular calcium
levels signicantly inuences the comprehensive immune
defensive machinery of neutrophils against pathogenic
microorganisms.9

MAPKs, including p38, Jun N-terminal kinase (JNK), and
extracellular signal-regulated kinase (ERK), also play a central
role in modulating neutrophil-driven inammation by regu-
lating diverse cellular processes including chemotaxis, adhe-
sion, migration, cytokine secretion, inammatory gene
expression, and the formation of NETs.10–13 Furthermore, the
PI3K/Akt signaling pathway is pivotal in governing critical
neutrophil functions, encompassing chemotactic responses,
NADPH oxidase-dependent superoxide (SO) generation,
degranulation and the release of elastase, thereby enhancing
the immune response.14–16 Conversely, the cAMP/protein kinase
A (PKA) pathway is thought to exert an inhibitory effect on
neutrophil activation.17

Although essential for host defense against pathogens, the
overwhelmed activation and uncontrolled immune responses
by human neutrophils can lead to tissue damage and sustained
inammation implicated in various disorders, such as rheu-
matoid arthritis, ischemia-reperfusion injury, chronic obstruc-
tive pulmonary disease, and asthma.2,18,19 Consequently, the
modulation of neutrophil immune responses presents a prom-
ising therapeutic strategy for the management of neutrophilic
inammatory disorders.

Chalcones (1,3-diaryl-2-propen-1-ones) are well recognized
as precursors to avonoids and isoavonoids, with their
natural, semi-synthetic, and synthetic derivatives demon-
strating a diverse array of pharmacological properties,
Fig. 1 Representative chalcone derivatives targeting neutrophil-mediate

24552 | RSC Adv., 2026, 16, 24551–24567
including antimalarial, antimicrobial, anticancer, anti-HIV,
anti-allergic, and antioxidant activities.20 Additionally, chalc-
one derivatives have been found to inhibit multiple inamma-
tory cascades, as extensively documented in prior reviews,
including those associated with neutrophil-mediated
inammation.21,22

Research has demonstrated that 20,50-dihydroxychalcone
derivatives are potent inhibitors of degranulation in fMLF-
stimulated rat neutrophils, evidenced by a decline in the
release of b-glucuronidase and lysozyme.23,24 The immuno-
modulatory properties of compound (I; Fig. 1) were correlated to
its ability to inhibit chemotaxis, phagocytosis, and the genera-
tion of both intracellular and extracellular ROS in fMLF-
activated neutrophils.25 Moreover, compound (II; Fig. 1) effec-
tively impedes the release of elastase and the synthesis of the
critical chemotactic mediator and leukocyte activator leuko-
triene B4 (LTB4) in human neutrophils stimulated by fMLF.26

Hwang and colleagues have further elucidated the signicant
effects of chalcone derivatives (III–V; Fig. 1) on neutrophil func-
tions, including respiratory burst, degranulation, adhesion,
migration, and calcium mobilization, through their impact on
various signaling pathways in fMLF-activated human neutro-
phils. Notably, (a) the inhibition of cAMP-specic phosphodies-
terase (PDE) and the consequent increase in cellular cAMP levels
by 30-isopropoxychalcone (III),27 (b) the selective suppression of
the adhesion integrin CD11b and SOC-mediated extracellular
Ca2+ inux by the cinnamic acid-containing bractelactone (IV),28

and (c) the mitigation of intracellular alkalization and Ca2+

mobilization through a K+-dependent regulatory mechanism by
the heterocyclic chalcone Mannich base derivative, MVBR-28
(V),17 have been highlighted as key mechanisms of anti-
inammatory action of chalcone derivatives.

The present study investigated a focused library of chalcone-
based derivatives to identify novel modulators of neutrophilic
inammation. Biological screening in fMLF-activated human
neutrophils revealed several compounds capable of selectively
inhibiting SO production or simultaneously suppressing both
SO and elastase release, all without compromising cell viability.
Mechanistic studies further demonstrated that the most potent
candidate exerted its anti-inammatory and anti-migratory
d inflammation.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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effects by specically disrupting the JNK, ERK, and FAK/paxillin
signaling pathways, highlighting its potential as a promising
therapeutic lead.
2 Compound design

In a recent study, we evaluated the anti-inammatory potential
of a diverse set of 1,3-disubstituted prop-2-en-1-one derivatives
in human neutrophils activated by the FPR1 agonist fMLF and
cytochalasin B (CB).29 CB serves to augment the neutrophil
responses to fMLF30 and impedes actin polymerization, allow-
ing for a more precise analysis of the signaling pathways
involved in neutrophil activation, while reducing interference
from cytoskeletal changes.31 The impact of the compounds on
respiratory burst and degranulation in activated neutrophils
was quantied by measuring SO anion and elastase levels,
respectively. The study primarily focused on enones with
electron-withdrawing substituted aryl groups at position 3, and
revealed noticeable enhancement of activity when employing
mono or di-methoxylated phenyl rings at position 1 (Fig. 2A).29

Notably, compound VI (6a in ref. 29) was the most potent in
suppressing both SO and elastase levels by targeting JNK and
Akt signaling pathways. Meanwhile, compound VII (26a in ref.
29) inhibited SO production with minimal effects on elastase
levels by modulating MAPK phosphorylation (Fig. 2A).29

We aimed herein to explore the anti-neutrophilic effects of
a new series of chalcones (Fig. 2B), featuring electron donating
methoxy group(s) on ring B, while examining the inuence of
various substituents on ring A. Moreover, the impact of
heterocyclic surrogates for ring A, as well as the rigidication
achieved by fusing ring A with the a-carbon of the enone linker,
on the activity was explored.
Fig. 2 (A) Chalcone derivatives with established anti-neutrophilic prope
introduced in the newly synthesized chalcone-based series.

© 2026 The Author(s). Published by the Royal Society of Chemistry
3 Chemistry

The Claisen–Schmidt condensation reaction stands out as one of
the most frequently cited synthetic methodologies in the literature
for the preparation of chalcone derivatives, owing to its simplicity
and the readily available starting materials. This reaction entails
the condensation of an aromatic aldehyde with an appropriate
ketone, catalyzed by either acidic or basic agents.32,33 As illustrated
in Scheme 1, a 10% aqueous KOH solution in methanol served as
the base catalyst for this process. The targeted chalcone derivatives
(1–28) were obtained as precipitates from the reaction mixtures in
variable yields. Approximately half of the compounds reached
optimal purity aer simple washing withmethanol/water mixtures
or diethyl ether. The remaining derivatives required purication by
column chromatography (CC), followed by a nal diethyl ether
wash. The purity of all compounds was conrmed by HPLC, and
full characterization was achieved usingmass spectrometry as well
as 1H and 13C NMR spectroscopy.
4 Biological evaluation
4.1 Inhibitory effects of chalcones on superoxide anion and
elastase levels in fMLF/CB stimulated human neutrophils

The synthesized chalcone derivatives (1–28) were assessed for
their inhibitory effects on neutrophilic SO production and
elastase release upon stimulation with fMLF and CB. Initial
testing was conducted at a concentration of 10 mM. Compounds
that demonstrated over 50% inhibition underwent further
evaluation to determine their IC50 values. The ndings shown in
Table 1 support the following key SAR conclusions:

(1) The chalcone analogue featuring an unsubstituted ring A
and a para methoxy substituted ring B (compound 1) exhibited
rties from our prior work. (B) Overview of the structural modifications

RSC Adv., 2026, 16, 24551–24567 | 24553
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Scheme 1 Synthesis of chalcone derivatives (1–28).
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only marginal inhibitory effects on both fMLF-induced SO
generation and elastase release. The impact of mono-
substitution of ring A with various electron withdrawing halo-
gens was subsequently investigated (compounds 2–9). Para
substitution with halogens generally proved detrimental to anti-
neutrophilic activity. On the other hand, compounds featuring
2-chloro (5), 3-chloro (6), and 2-bromo (8) substitutions di-
splayed superior efficacy compared to their uorinated coun-
terparts (2 and 3), effectively inhibiting fMLF-induced
neutrophilic SO production with comparable IC50 values
ranging from 6.26 to 7.03 mM.

(2) Ring A substitution with electron donating groups such
as polar hydroxy (10–12) and ethoxy (13) groups or lipophilic
methyl (14) generally exerted a negative impact on overall anti-
neutrophilic activity. A notable exception to this trend was
observed in compound 11, which possesses a 3-hydroxy
substituent and exhibited an ability to inhibit fMLF-induced SO
production, resembling that of its chlorinated congener (6).

(3) When compared to its monochlorinated counterpart
(compound 5), 2,4-dichloro substitution of ring A (15) prompted
a 2.7-fold enhancement in inhibitory activity against SO
generation, achieving an IC50 value reaching 2.63 mM, while
elastase release remained minimally inhibited. The substitu-
tion of ring A with 3,4-dichloro groups (compound 16) led to
diminished neutrophilic SO inhibition as compared to 15, but
successfully extended the anti-inammatory spectrum to
24554 | RSC Adv., 2026, 16, 24551–24567
include the inhibition of elastase release (IC50 = 7.34 mM).
Interestingly, maintaining the 2,4-dichloro substitution of ring
A while varying ring B substitution of compound 15 with 3-
methoxy (17), 2,5-dimethoxy (19), or 3,4-dimethoxy (20) groups
granted substantially potent inhibitors of both SO generation
and elastase release. Among these, compound 17 exhibited the
most pronounced overall anti-neutrophilic activity, with IC50

values of 1.17 mM for SO generation and 2.6 mM for elastase
secretion. Conversely, substituting ring B with 2,4-dimethoxy
groups (in compound 18) signicantly reduced overall anti-
inammatory activity relative to compounds 17, 19 and 20.

(4) Substituting ring A of compound 1 with isosteric
heterocycles such as 2-thienyl (21) and 2-pyridyl (22) did not
yield any enhancement in anti-neutrophilic efficacy. Likewise,
attempts to extend ring A into fused aromatic systems (2-
naphthyl in 23) or biaryl congurations (4-biphenyl in 24 and 4-
phenoxyphenyl in 25) did not confer any signicant improve-
ment in anti-inammatory activity. Moreover, rigid analogues
created by the fusion of ring A with the a-carbon of enone via
methylene (26), ethylene (27), or oxymethylene (28) spacers
demonstrated limited anti-neutrophilic potency.

At the screening concentration of 10 mM, compounds 7, 9,
and 13 notably induced elastase release while compound 27
uniquely triggered SO anion generation in the presence of
cytochalasin B alone, suggesting potential immune-modulating
properties of these derivatives.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Effects of chalcone derivatives (1–28) on levels of superoxide anion and elastase in neutrophils stimulated by fMLF and CBa

Cpd. R1 R2 R3 X

Superoxide anion Elastase

Inhibition % IC50
b (mM) Inhibition % IC50

b (mM)

1 4-Methoxy H ̶ ̶ 20.04 � 8.06 n.d. 24.45 � 4.56 ** n.d.
2 4-Methoxy 2-Fluoro ̶ ̶ 20.13 � 5.64 * n.d. 2.99 � 2.92 n.d.
3 4-Methoxy 3-Fluoro ̶ ̶ 31.12 � 5.41 ** n.d. 14.69 � 0.93 *** n.d.
4 4-Methoxy 4-Fluoro ̶ ̶ 28.71 � 5.71 ** n.d. 3.31 � 2.73 n.d.
5 4-Methoxy 2-Chloro ̶ ̶ 57.42 � 7.46 *** 7.03 � 1.22 15.66 � 8.52 n.d.
6 4-Methoxy 3-Chloro ̶ ̶ 58.91 � 3.08 *** 6.26 � 0.24 27.52 � 5.31 ** n.d.
7 4-Methoxy 4-Chloro ̶ ̶ 31.90 � 6.96 * n.d. c n.d.
8 4-Methoxy 2-Bromo ̶ ̶ 59.33 � 5.37 *** 6.55 � 0.33 9.48 � 4.36 n.d.
9 4-Methoxy 4-Bromo ̶ ̶ 33.58 � 6.96 ** n.d. c n.d.
10 4-Methoxy 2-Hydroxy ̶ ̶ 19.46 � 2.55 ** n.d. 21.24 � 1.35 *** n.d.
11 4-Methoxy 3-Hydroxy ̶ ̶ 54.74 � 5.90 *** 6.45 � 0.32 8.03 � 2.27 * n.d.
12 4-Methoxy 4-Hydroxy ̶ ̶ 26.93 � 6.92 * n.d. 13.53 � 2.94 * n.d.
13 4-Methoxy 4-Ethoxy ̶ ̶ 2.36 � 0.17 *** n.d. c n.d.
14 4-Methoxy 4-Methyl ̶ ̶ 26.48 � 5.10 ** n.d. 12.00 � 5.83 n.d.
15 4-Methoxy 2,4-Dichloro ̶ ̶ 79.10 � 2.59 *** 2.63 � 0.15 25.81 � 7.96 * n.d.
16 4-Methoxy 3,4-Dichloro ̶ ̶ 49.38 � 1.52 *** ∼10 53.27 � 4.66 *** 7.34 � 2.83
17 3-Methoxy 2,4-Dichloro ̶ ̶ 96.30 � 1.28 *** 1.17 � 0.31 116.78 � 7.81 *** 2.60 � 0.30
18 2,4-Dimethoxy 2,4-Dichloro ̶ ̶ 34.08 � 8.37 * n.d. 39.49 � 5.41 ** n.d.
19 2,5-Dimethoxy 2,4-Dichloro ̶ ̶ 75.88 � 0.59 *** 3.70 � 0.56 123.91 � 6.44 *** 2.00 � 0.25
20 3,4-Dimethoxy 2,4-Dichloro ̶ ̶ 80.28 � 2.88 *** 2.54 � 0.61 63.68 � 3.40 *** 6.35 � 0.32
21 ̶ ̶ 2-Thienyl ̶ 28.83 � 8.45 * n.d. 31.70 � 8.96 * n.d.
22 ̶ ̶ 2-Pyridyl ̶ 5.52 � 4.12 n.d. 17.34 � 5.29 * n.d.
23 ̶ ̶ 2-Naphthyl ̶ 29.19 � 9.4 * n.d. 42.87 � 4.93 ** n.d.
24 4-Methoxy 4-Phenyl ̶ ̶ 4.81 � 4.17 n.d. 18.86 � 5.46 * n.d.
25 4-Methoxy 4-Phenoxy ̶ ̶ 2.47 � 2.84 n.d. 23.49 � 3.54 ** n.d.
26 ̶ ̶ ̶ CH2 9.09 � 0.23 *** n.d. 14.84 � 3.57 * n.d.
27 ̶ ̶ ̶ CH2–CH2

c n.d. 8.69 � 3.25 n.d.
28 ̶ ̶ ̶ CH2–O 36.95 � 4.85 ** n.d. 17.34 � 3.82 * n.d.
LY294002d 101.58 � 2.64 *** 2.02 � 0.84 82.53 � 3.76 *** 4.93 � 2.48

a Inhibition percentages (inhibition %) are assessed at 10 mM concentration. Results are provided as mean± S.E.M. (n= 3–5); n.d. not determined.
*p < 0.05, **p < 0.01, ***p < 0.001 in comparison to the control (fMLF/CB). b Half-maximal inhibitory concentration (IC50).

c When pretreated with
cytochalasin B alone, 10 mM of compound 27 raised the neutrophilic levels of superoxide anion while compounds 7, 9 and 13 induced elastase
release. d Positive control.
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Fig. 3 summarizes the SAR ndings, delineating two distinct
neutrophil-targeting anti-inammatory proles among the
examined chalcone derivatives. One prole embraces dual
suppressors of neutrophilic SO and elastase levels (highlighted
in green), with compound 17 emerging as the most potent. The
other prole comprises exclusive inhibitors of SO anion
production (highlighted in yellow), with compound 15 exhibit-
ing the highest potency. Notably, no compounds were identied
that selectively inhibited elastase release without concurrently
affecting SO production.
4.2 Cytotoxicity evaluation of lead chalcone derivatives in
human neutrophils

Lactate dehydrogenase (LDH), an enzyme typically conned
within the intracellular milieu, is known to be liberated into the
© 2026 The Author(s). Published by the Royal Society of Chemistry
extracellular space upon compromise of the plasma membrane
integrity due to cellular injury or lysis.34 Consequently, in
studies assessing neutrophil viability, quantifying LDH present
in the supernatant serves as a credible marker for cell
membrane disruption and subsequently cytotoxicity.35

In this context, we have further explored the potential cyto-
toxic effects of the four potent anti-neutrophilic chalcone
derivatives (16, 17, 19, 20), identied for their inhibitory impact
on both fMLF-induced SO production and elastase release.
Neutrophils were treated with 10 mM concentrations of these
compounds, and the resultant LDH levels were measured and
compared to those in untreated controls (0.1% DMSO). The
results shown in Table 2 indicate preserved cell membrane
integrity and negligible cytotoxicity, thereby reinforcing the
potential of these chalcone analogues as promising therapeutic
agents targeting neutrophil-mediated inammatory responses.
RSC Adv., 2026, 16, 24551–24567 | 24555
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Fig. 3 Summary of SAR findings highlighting key structural features associated with anti-neutrophilic activity. Substituents linked to superoxide
inhibition are marked in yellow, those associated with elastase inhibition in blue, and dual-action features are indicated at the intersection in
green.

Table 2 Impact of potent chalcone derivatives on human neutrophil
viability

Cpd. Cell viabilitya (%)

16 93.01 � 2.29
17 96.03 � 3.39
19 99.87 � 0.86
20 92.40 � 2.91

a Percentage of cell viability (%) at 10 mM. Results are presented as mean
± S.E.M. (n = 4–5).
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4.3 Extended functional and mechanistic proling of
compound 17

Given its superior dual inhibitory activity against both SO
generation and elastase release, compound 17 was selected for
further biological characterization. To gain deeper insights into
its potential as a modulator of neutrophil-driven inammation,
additional functional assays were conducted, including evalu-
ation of its effects on neutrophil chemotaxis and analysis of key
downstream signaling pathways involved in neutrophil
activation.

4.3.1 Compound 17 attenuates fMLF-induced neutrophil
migration. As delineated in the introduction, numerous studies
have elucidated the precise mechanisms through which chalc-
one derivatives modulate neutrophil migration and chemotaxis,
thereby presenting promising avenues for anti-inammatory
therapies.20,22,25

To evaluate the impact of compound 17 on neutrophil
migration in response to the chemoattractant fMLF, a micro-
chemotaxis chamber was employed. This apparatus comprises
two compartments: the upper chamber, containing neutrophils
24556 | RSC Adv., 2026, 16, 24551–24567
pretreated with either DMSO (serving as the control) or 17 (10
mM), and the lower chamber, infused with or without 0.1 mM
fMLF. These compartments are separated by a microporous
membrane that facilitates cellular migration while averting
uid intermixing. This conguration establishes a stable
concentration gradient, directing neutrophils from the upper to
the lower chamber.

Flow cytometry was utilized to quantify the migrating
neutrophils, thus providing insights into their chemotactic
activity. As depicted in Fig. 4, compound 17 prompted an
approximate 80% reduction in the migratory capacity of
neutrophils in response to fMLF, suggesting potential thera-
peutic benets in mitigating excessive neutrophil-driven
inammatory responses.

4.3.2 Compound 17 disrupts JNK and ERK phosphoryla-
tion in fMLF-induced human neutrophils. The MAPKs (p38,
JNK, and ERK) and PI3K/Akt signaling pathways are critically
implicated in the modulation of neutrophil-mediated inam-
matory responses. These cascades orchestrate essential cellular
processes, including chemotaxis, adhesion, aggregation, and
transmigration across endothelial barriers, all of which are
crucial for the effective recruitment of neutrophils to sites of
infection or tissue damage. Furthermore, these kinases are
integral for the production of pro-inammatory cytokines, thus
perpetuating the inammatory response.11–13,15

The activation of the PI3K/Akt pathway in neutrophils has
been demonstrated to induce key activation processes,
including oxidative burst and degranulation.14–16 Moreover,
MAPKs are involved in regulating the lifespan of neutrophils by
inuencing apoptotic pathways, ensuring the timely clearance
of these cells following the resolution of infection.36 ERK acti-
vation, oen initiated through immune receptors, promotes the
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Compound 17 suppresses neutrophil chemotaxis. Neutrophils
treated with DMSO (0.1%) or 17 (10 mM) were placed in the upper
chamber of the chemotaxis wells. fMLF (0.1 mM) was added to the
lower chamber to induce neutrophil migration for 90 min (n = 5).
Results are presented as box-and-whiskers plots with median (min to
max) ***p < 0.001 compared with fMLF control.
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expression of inammatory genes, thereby enhancing the
effector functions of neutrophils.12,37 Intriguingly, ERK activa-
tion has also been observed to occur independently of mitogen-
activated protein kinase (MEK), affecting gene expression and
neutrophil behavior through non-canonical mechanisms.38

Furthermore, JNK signaling was proven essential for neutrophil
responses to bacterial infections, including the formation of
NETs through a process known as suicidal NETosis.39,40

Previous investigations have established a correlation
between the capacity of chalcone derivatives (VI and VII; Fig. 1)
to inhibit respiratory burst and degranulation and their ability
to impede MAPK and/or Akt phosphorylation.29 Compound 17
has been identied as the most potent inhibitor within the
present series, effectively attenuating fMLF-induced SO and
elastase secretion, in addition to signicantly suppressing
neutrophil migration in response to fMLF. Consequently, the
current study sought to elucidate whether these anti-
neutrophilic properties of 17 are mediated through modula-
tion of the MAPK or PI3K/Akt signaling cascades.

Immunoblotting analyses revealed that treatment of human
neutrophils with 0.1 mM of the FPR1 agonist fMLF resulted in
elevated phosphorylation levels of MAPKs (JNK, ERK, and p38)
and Akt. Conversely, treatment with 17 (10 mM) signicantly
attenuated the phosphorylation of JNK and ERK in neutrophils
stimulated by fMLF, while the phosphorylation states of p38
and Akt remained unaffected (Fig. 5). These ndings suggest
that 17 exerts its inhibitory effects on fMLF-induced oxidative
burst, degranulation, and migration partly through the
suppression of JNK and ERK phosphorylation, highlighting its
potential as a targeted modulator of neutrophilic inammatory
responses.

4.3.3 Compound 17 impairs FAK/paxillin phosphorylation
in activated neutrophils. Paxillin is a pivotal cytoskeletal protein
that is actively recruited to sites of integrin-extracellular matrix
adhesion. Upon phosphorylation, paxillin generates binding
sites necessary for the assembly of key focal adhesion proteins
such as talin, vinculin, tensin, and FAK. The autophosphor-
ylation of FAK at Tyr397 following integrin activation estab-
lishes a binding site for the Src homology 2 (SH2) domain of Src
tyrosine kinases. This recruitment facilitates the formation of
© 2026 The Author(s). Published by the Royal Society of Chemistry
an active FAK/Src kinase complex, which subsequently phos-
phorylates additional sites on FAK (such as Tyr576 and Tyr925),
thereby activating multiple signaling pathways and growth
factor signals that regulate cellular processes such as spreading,
migration, and survival. Simultaneously, phosphorylation of
paxillin by Src at tyrosine residues 88 and 118, along with FAK-
induced phosphorylation at Tyr118 and Tyr31, leads to pax-
illin's dissociation from adhesion complexes, enhancing
neutrophil transmigration across endothelial cells.5,6,41,42

Beyond its involvement in neutrophil transmigration, FAK is
pivotal in NADPH oxidase-mediated respiratory burst and
complement-mediated phagocytosis in integrin-adherent
neutrophils.4 Additionally, FAK contributes to fMLF-induced
SO production in suspended neutrophils, indicating FAK
regulation via GPCRs independently of integrins.4 FAK also
inuences NET formation, where FAK inhibition diminishes
NET production and cytokine release likely due to impaired
PI3K phosphorylation.43 Moreover, neutrophils with down-
regulated or knocked-out FAK were found to display compro-
mised pathogen-killing abilities and lower survival rates.4

The chalcone derivative avokawain C has been previously
documented to inhibit the FAK/PI3K/Akt signaling pathway,
suppressing the proliferation and migration of liver cancer
cells.44 Another avone chalcone derivative has also demon-
strated the capacity to impede the invasion and migration of
gastric cancer cells by inhibiting FAK and JNK1/2 phosphory-
lation, which subsequently downregulates matrix
metalloproteinases.45

Motivated by these ndings and having conrmed
compound 17's ability to suppress respiratory burst and
migration in fMLF-stimulated neutrophils, we embarked on an
investigation to determine whether the observed anti-
neutrophilic effects could be attributed to the inhibition of
FAK or paxillin signaling. Neutrophils stimulated with 0.1 mM
fMLF were incubated with 10 mM of 17, and the levels of
phosphorylated FAK at tyrosine residues 397, 576, and 925, as
well as phosphorylated paxillin at tyrosine residues 31 and 118,
were semi-quantied relative to their respective unphosphory-
lated forms using western blot analysis. The results revealed
a signicant inhibition of tyrosine phosphorylation for both
FAK and paxillin at all examined sites (Fig. 6), thereby under-
scoring the inhibition of FAK/paxillin signaling as a key
contributor to the compound's observed anti-inammatory
efficacy.

4.3.4 Compound 17 exerts anti-inammatory effects inde-
pendent of calcium signaling. The activation of G protein-
coupled receptors and tyrosine kinase-coupled receptors on
neutrophils initiates the PLC/IP3 signaling cascade. Upon
binding to its receptors on the endoplasmic reticulum, IP3
induces the release of stored calcium, which subsequently
triggers the inux of extracellular Ca2+ through the gradual
activation of store-operated calcium channels. Themobilization
of Ca2+ and the precise regulation of intracellular Ca2+

concentrations are crucial for controlling the full spectrum of
pro-inammatory responses in neutrophils.7,9 Specically,
fMLF-induced Ca2+ mobilization is essential for the complete
activation of NADPH oxidase, the respiratory burst, and
RSC Adv., 2026, 16, 24551–24567 | 24557
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Fig. 5 Compound 17 attenuates the phosphorylation of JNK and ERK in fMLF-stimulated neutrophils. Human neutrophils were pretreated with
either 0.1% DMSO or 10 mM of compound 17 for 5 minutes, followed by exposure to 0.1 mM fMLF for 30 seconds or left unstimulated. After
treatment, cells were lysed and analyzed via immunoblotting, where the phosphorylation levels of (A) JNK, (B) ERK, (C) p38 MAPK, and (D) Akt
were determined using antibodies specific to both the phosphorylated and total forms of each protein. Phosphorylation data were normalized to
the corresponding total protein levels and expressed as mean± S.E.M. Statistical significance was determined relative to the DMSO+ fMLF group
(*p < 0.05, ***p < 0.001; n = 3).
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degranulation processes in human neutrophils.46 Additionally,
b2-integrin activation, cytoskeletal reorganization, and neutro-
phil migration within tissues are all governed by Ca2+

signaling.46 It has been proposed that an elevation in intracel-
lular Ca2+ concentration ([Ca2+]i) during Fc receptor-mediated
phagocytosis is necessary for the early trafficking of azur-
ophilic granules to the phagosome prior to its sealing.47

Furthermore, an increase in [Ca2+]i activates calcineurin, which
dephosphorylates NFAT, allowing its translocation to the
nucleus where it becomes transcriptionally active, promoting
the expression of cytokines.9 A localized rise in intracellular
[Ca2+] also facilitates the vesicular transport of NETs to the
24558 | RSC Adv., 2026, 16, 24551–24567
plasma membrane, promoting their secretion into the extra-
cellular space without compromising membrane integrity.48

Bractelactone (IV; Fig. 1) demonstrated a potent capacity to
suppress SO anion generation, elastase release, as well as the
adhesion and migration of fMLF-stimulated human neutro-
phils. These effects were achieved through the selective inhi-
bition of store-operated calcium entry, without inducing any
alterations in MAPKs or Akt phosphorylation, or modulating
cAMP levels.28 Moreover, the anti-inammatory properties of
MVBR-28 (V; Fig. 1) were partially attributed to potassium-
mediated regulation of calcium mobilization, operating inde-
pendently of the FPR1 receptor or the cAMP/PKA signaling
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 Compound 17 suppresses focal adhesion kinase (FAK) and paxillin (Pax) phosphorylation in fMLF-stimulated human neutrophils.
Neutrophils were pre-incubated with either 0.1% DMSO (control) or compound 17 (10 mM) for 5 minutes, followed by stimulation with fMLF (0.1
mM) for 30 seconds. Phosphorylation levels of FAK at Tyr397 (A), Tyr576 (B), and Tyr925 (C), as well as paxillin at Tyr31 (D) and Tyr118 (E), were
assessed by immunoblotting using phospho-specific antibodies. Data were normalized to the fMLF-stimulated control group and are presented
as mean ± S.E.M. (n = 4). *p < 0.05, **p < 0.01, ***p < 0.001 versus fMLF control.
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pathway.17 These observations underscore the critical role of
calcium signaling in neutrophil functionality, prompting
further investigation into the potential inuence of compound
17 on calcium mobilization. As illustrated in Fig. 7, the [Ca2+]i
was rapidly elevated in neutrophils following fMLF (0.1 mM)
stimulation, whereas 17 did not exhibit any inhibitory effect on
Fig. 7 Compound 17 does not alter Ca2+ mobilization in fMLF-induced
DMSO or 17 (10 mM) for 5 min before activating with fMLF (10 mM). Ca2+ m
(A) was calculated. Data are shown as means ± SEM (n = 5).

© 2026 The Author(s). Published by the Royal Society of Chemistry
calcium mobilization. Consequently, it can be inferred that the
anti-inammatory actions of 17 are not mediated through
calcium signaling pathways.

Fig. 8 summarizes the key intracellular targets and down-
stream inammatory processes modulated by compound 17 in
fMLF-activated neutrophils.
human neutrophils. (A) Fluo-4-labeled neutrophils were treated with
obilization was determined by a spectrofluorometer. (B) The D[Ca2+]i of

RSC Adv., 2026, 16, 24551–24567 | 24559
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Fig. 8 Mechanistic overview of compound 17 as a selective modulator of fMLF-induced neutrophil inflammatory responses. fMLF engagement
with FPR triggers multiple intracellular signaling pathways, including MAPKs (ERK1/2, JNK, p38), PI3K/Akt, PLC/PKC, and integrin-associated FAK/
paxillin signaling in addition to PLC/IP3-mediated calcium mobilization from ER stores and subsequent store-operated calcium entry. These
cascades regulate key effector functions—chemotaxis, respiratory burst, and degranulation. Compound 17 selectively inhibits ERK1/2, JNK, and
FAK/paxillin phosphorylation, leading to suppression of SO production, elastase release, and migration, while sparing PI3K/Akt signaling and
calcium mobilization. Created in BioRender. Hwang, T. (2026) https://BioRender.com/nvr2r91.
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5 Conclusion

In the current study, a novel series of chalcone derivatives based
on the 1,3-diaryl-prop-2-en-1-one scaffold was synthesized and
evaluated for their modulatory effects on fMLF-induced
neutrophil activation. Structure–activity relationship analysis
revealed that the combination of electron-donating methoxy
groups on ring B and electron-withdrawing 2,4-dichloro
substituents on ring A was critical in dening two distinct
pharmacological proles: dual inhibitors of SO generation and
elastase release, and selective inhibitors of SO generation alone.
Throughout the investigated series, no compounds were found
to inhibit elastase release exclusively without affecting SO
generation.

Among the synthesized compounds, compound 17 emerged as
the most potent dual inhibitor, displaying IC50 values of 1.17 mM
for SO production and 2.60 mM for elastase release, while main-
taining excellent safety with negligible cytotoxicity and robust
inhibition of neutrophil chemotaxis. In contrast, compound 15
selectively inhibited SO generation (IC50= 2.63 mM) with minimal
effect on elastase release, highlighting its potential as a more
targeted modulator of oxidative neutrophil responses.
24560 | RSC Adv., 2026, 16, 24551–24567
Mechanistic investigations demonstrated that the anti-
inammatory effects of compound 17 are partly mediated
through selective attenuation of ERK and JNK phosphorylation,
without signicant modulation of p38 or Akt pathways.
Furthermore, 17 effectively suppressed phosphorylation of FAK
and paxillin—key components of the integrin-associated
signaling cascade—suggesting that disruption of this axis
underlies its inhibition of neutrophil migration and respiratory
burst. Notably, 17 did not interfere with intracellular calcium
mobilization, suggesting amechanism of action independent of
store-operated calcium entry pathways.

Altogether, the dual inhibition prole, potent activity, and
favorable safety of compound 17 position it as a highly prom-
ising lead for the development of therapeutic agents targeting
neutrophil-driven inammatory disorders. While the present
ndings establish a solid foundation at the cellular level, several
important avenues remain to be explored in future studies.
First, although compound 17 was shown to inhibit the phos-
phorylation of JNK, ERK, and FAK/paxillin, the direct molecular
target to which it initially binds has not yet been identied.
Future work employing target identication strategies will be
essential to delineate the precise binding partner(s) and fully
© 2026 The Author(s). Published by the Royal Society of Chemistry
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characterize the pharmacological mechanism of action. Second,
broader toxicity proling, including evaluation against addi-
tional cell types such as hepatocytes, as well as assessment of
genotoxicity, will be necessary to build a more comprehensive
safety prole. Third, the present ndings are derived entirely
from in vitro assays using isolated human neutrophils, which,
while informative at the cellular level, do not recapitulate the
complexity of systemic inammatory responses. Validation of
the anti-inammatory efficacy of compound 17 in appropriate
in vivo animal models of neutrophil-driven inammatory
disorders, alongside evaluation of its pharmacokinetic proper-
ties and systemic bioavailability, will be critical to have
a comprehensive overview over its pharmacological prole.

6 Experimental section
6.1 Chemistry

Solvents and reagents were obtained from commercial sources
and used as received. The purity of all tested compounds was
conrmed by UHPLC linked to mass spectrometry, with a purity
level of at least 95%. The structure of all derivatives was deter-
mined via 1H and 13C NMR spectra that were recorded on a Varian
Mercury 400 spectrometer, using the residual protonated CDCl3 or
DMSO-d6 signals as the reference for chemical shis. Ultra-high-
performance liquid chromatography coupled with electrospray
ionization tandem mass spectrometry (UHPLC-ESI-MS/MS) was
conducted using a Waters ACQUITY Xevo TQD platform. The
system comprised an ACQUITY UPLC H-Class module interfaced
with a Xevo™ TQD triple-quadrupole mass spectrometer equip-
ped with an electrospray ion source (Waters Corporation, Milford,
MA, USA). Chromatographic separation was achieved on an
ACQUITY BEH C18 column (100 × 2.1 mm, 1.7 mm particle size;
Waters, Ireland). The mobile phase comprised 0.1% tri-
uoroacetic acid (TFA) in water (solvent A) and 0.1% TFA in
acetonitrile (solvent B). The UHPLC gradient elution protocol
operated at a ow rate of 200 mL min−1, initiating with 5% solvent
B held constant for 0.5 min, followed by a linear ramp to 100% B
over 3min, an isocratic hold at 100% B for 2min, a return to 5% B
within 2 min, and re-equilibration at 5% B for 0.5 min. Mass
spectrometric detection parameters included a capillary voltage of
3.5 kV, cone voltage of 20 V, RF lens voltage of 2.5 V, source
temperature of 150 °C, and desolvation gas temperature of 500 °C.
Nitrogen served as both desolvation gas (1000 L h−1) and cone gas
(20 L h−1). Instrument control, data acquisition, and processing
were performed using MassLynx™ soware version 4.1 (Waters).
Melting points were measured using a Buchi B-540 melting point
apparatus and are presented without correction.

6.1.1 General procedure for enone synthesis. A solution
containing 10 mmol of the designated ketone in 50 mL of
methanol was cooled using an ice bath, followed by the addition
of 30 mL of 10% aqueous KOH. Subsequently, 10 mmol of the
specied aromatic aldehyde was added slowly. The mixture was
le to stir at room temperature overnight. The resulting
precipitate was ltered and washed three times with either a 5 :
3 methanol/water mixture or diethyl ether.49 In several cases,
further purication by CC followed by a nal diethyl ether wash
was required to attain optimal purity.
© 2026 The Author(s). Published by the Royal Society of Chemistry
6.1.1.1 (E)-3-(4-Methoxyphenyl)-1-phenylprop-2-en-1-one (1).
p-Methoxybenzaldehyde and acetophenone were used as reac-
tants; the resulting precipitate was puried by CC (EtOAc :
hexane 1 : 4) followed by washing with diethyl ether (3 × 10 mL)
to give the desired pure product as a white solid (79% yield); mp
75–77 °C (as reported in ref. 50); 1H NMR (400 MHz, CDCl3)
d 7.88 (d, J = 7.6 Hz, 2H), 7.66 (d, J = 15.6 Hz, 1H), 7.45 (dd, J =
15.7, 7.7 Hz, 3H), 7.36 (t, J = 7.5 Hz, 2H), 7.28 (d, J = 15.6 Hz,
1H), 6.80 (d, J = 8.3 Hz, 2H), 3.72 (s, 3H); 13C NMR (101 MHz,
CDCl3) d 191.01, 162.13, 145.13, 138.95, 132.99, 130.67, 129.00,
128.85, 128.06, 120.23, 114.86, 55.84; MS (ESI):m/z = 239.5 (M +
H)+.

6.1.1.2 (E)-1-(2-Fluorophenyl)-3-(4-methoxyphenyl)prop-2-en-
1-one (2). p-Methoxybenzaldehyde and 20-uoroacetophenone
were used as reactants; the resulting precipitate was puried by
CC (EtOAc : hexane 1 : 4) followed by washing with diethyl ether
(3 × 10 mL) to give the desired pure product as a yellow solid
(80% yield); mp 54–56 °C (as reported in ref. 51); 1H NMR (400
MHz, CDCl3) d 7.71 (t, J = 1.9 Hz, 1H), 7.63 (d, J = 15.7 Hz, 1H),
7.49 (d, J = 8.4 Hz, 2H), 7.43 (td, J = 7.7, 5.1 Hz, 1H), 7.24–7.13
(m, 2H), 7.07 (dd, J = 10.8, 8.2 Hz, 1H), 6.84 (d, J = 8.3 Hz, 2H),
3.77 (s, 3H); 13C NMR (101 MHz, CDCl3) d 189.28 (d, J = 2.6 Hz),
161.97, 161.47 (d, J = 242.6 Hz), 144.99, 133.74 (d, J = 8.8 Hz),
131.05 (d, J = 2.9 Hz), 130.55, 129.12, 127.56, 124.58 (d, J = 3.4
Hz), 123.58 (d, J = 6.4 Hz), 116.61 (d, J = 23.1 Hz), 114.57, 55.55;
MS (ESI): m/z = 257.3 (M + H)+.

6.1.1.3 (E)-1-(3-Fluorophenyl)-3-(4-methoxyphenyl)prop-2-en-
1-one (3). p-Methoxybenzaldehyde and 30-uoroacetophenone
were used as reactants;50 The resulting precipitate was puried
by CC (EtOAc : hexane 1 : 4) followed by washing with diethyl
ether (3 × 10 mL) to give the desired pure product as a yellow
semisolid (77% yield); 1H NMR (400 MHz, CDCl3) d 7.74–7.68
(m, 2H), 7.60 (d, J= 2.6 Hz, 1H), 7.52 (d, J= 8.3 Hz, 2H), 7.38 (td,
J = 8.0, 5.4 Hz, 1H), 7.26 (d, J = 15.6 Hz, 1H), 7.18 (t, J = 4.2 Hz,
1H), 6.85 (d, J = 8.3 Hz, 2H), 3.77 (s, 3H); 13C NMR (101 MHz,
CDCl3) d 189.27 (d, J = 2.2 Hz), 162.68 (d, J = 248.0 Hz), 162.04,
145.58, 140.81 (d, J = 6.3 Hz), 130.51, 130.33 (d, J = 7.7 Hz),
127.53, 124.20 (d, J = 3.0 Hz), 119.65 (d, J = 21.5 Hz), 119.33,
115.35 (d, J = 22.3 Hz), 114.62, 55.57; MS (ESI):m/z= 257.2 (M +
H)+.

6.1.1.4 (E)-1-(4-Fluorophenyl)-3-(4-methoxyphenyl)prop-2-en-
1-one (4). p-Methoxybenzaldehyde and 40-uoroacetophenone
were used as reactants; the resulting precipitate was collected by
ltration and washed using (3 × 10 mL) of 5 : 3 mixture of
methanol and water to give the desired pure product as
a yellowish white solid (74% yield); mp 83–84.5 °C (as reported
in ref. 50); 1H NMR (400 MHz, DMSO-d6) d 8.25–8.20 (m, 2H),
7.86–7.69 (m, 4H), 7.37 (t, J = 8.6 Hz, 2H), 7.01 (d, J = 8.2 Hz,
2H), 3.81 (s, 3H); 13C NMR (101 MHz, DMSO-d6) d 187.54, 164.94
(d, J= 251.5 Hz), 161.44, 144.20, 134.48 (d, J= 2.8 Hz), 131.36 (d,
J = 9.4 Hz), 130.87, 127.27, 119.27, 115.70 (d, J = 21.7 Hz),
114.41, 55.38; MS (ESI): m/z = 257.3 (M + H)+.

6.1.1.5 (E)-1-(2-Chlorophenyl)-3-(4-methoxyphenyl)prop-2-en-
1-one (5). p-Methoxybenzaldehyde and 20-chloroacetophenone
were used as reactants; the resulting precipitate was puried by
CC (EtOAc : hexane 2 : 3) followed by washing with diethyl ether
RSC Adv., 2026, 16, 24551–24567 | 24561
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(3 × 10 mL) to give the desired pure product as an off-white
solid (78% yield); mp 78–80 °C (as reported in ref. 50); 1H
NMR (400 MHz, CDCl3) d 7.51 (d, J = 8.3 Hz, 2H), 7.46–7.32 (m,
5H), 6.99 (d, J = 16.2 Hz, 1H), 6.91 (d, J = 8.3 Hz, 2H), 3.84 (s,
3H); 13C NMR (101 MHz, CDCl3) d 194.36, 162.42, 146.81,
139.83, 131.66, 131.59, 130.86, 130.67, 129.69, 127.55, 127.22,
124.60, 114.92, 55.87; MS (ESI): m/z = 273.2 (M + H)+.

6.1.1.6 (E)-1-(3-Chlorophenyl)-3-(4-methoxyphenyl)prop-2-en-
1-one (6). p-Methoxybenzaldehyde and 30-chloroacetophenone
were used as reactants; the resulting precipitate was puried by
CC (EtOAc : hexane 2 : 3) followed by washing with diethyl ether
(3 × 10 mL) to give the desired pure product as a yellow solid
(91% yield); mp 92–94 °C (as reported in ref. 51); 1H NMR (400
MHz, CDCl3) d 7.86 (s, 1H), 7.76 (d, J = 7.7 Hz, 1H), 7.68 (d, J =
15.6 Hz, 1H), 7.49 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 5.8 Hz, 1H),
7.32 (t, J = 7.8 Hz, 1H), 7.23 (d, J = 15.6 Hz, 1H), 6.83 (d, J =
8.3 Hz, 2H), 3.74 (s, 3H); 13C NMR (101 MHz, CDCl3) d 188.89,
161.73, 145.33, 139.93, 134.64, 132.24, 130.21, 129.69, 128.29,
127.16, 126.26, 118.90, 114.29, 55.23; MS (ESI):m/z = 273.2 (M +
H)+.

6.1.1.7 (E)-1-(4-Chlorophenyl)-3-(4-methoxyphenyl)prop-2-en-
1-one (7). p-Methoxybenzaldehyde and 40-chloroacetophenone
were used as reactants; the resulting precipitate was puried by
CC (EtOAc : hexane 2 : 3) followed by washing with diethyl ether
(3 × 10 mL) to give the desired pure product as a beige solid
(82% yield); mp 120–122 °C (as reported in ref. 50); 1H NMR (400
MHz, CDCl3) d 7.88 (d, J = 8.6 Hz, 2H), 7.72 (d, J = 15.5 Hz, 1H),
7.53 (d, J = 8.9 Hz, 2H), 7.40 (d, J = 8.2 Hz, 2H), 7.29 (d, J =
15.6 Hz, 1H), 6.87 (d, J = 8.8 Hz, 2H), 3.79 (s, 3H); 13C NMR (101
MHz, CDCl3) d 188.99, 161.67, 145.01, 138.75, 136.63, 130.14,
129.64, 128.68, 127.25, 118.98, 114.29, 55.24; MS (ESI): m/z =

273.1 (M + H)+.
6.1.1.8 (E)-1-(2-Bromophenyl)-3-(4-methoxyphenyl)prop-2-en-

1-one (8). p-Methoxybenzaldehyde and 20-bromoacetophenone
were used as reactants; the resulting precipitate was puried by
CC (EtOAc : hexane 2 : 3) followed by washing with diethyl ether
(3 × 10 mL) to give the desired pure product as a yellow solid
(87% yield); mp 89–91 °C (as reported in ref. 52); 1H NMR (400
MHz, CDCl3) d 7.59 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.2 Hz, 2H),
7.36–7.34 (m, 2H), 7.31–7.20 (m, 2H), 6.94–6.84 (m, 3H), 3.79 (s,
3H); 13C NMR (101 MHz, CDCl3) d 194.94, 162.14, 146.83,
141.55, 133.50, 131.27, 130.56, 129.21, 127.42, 127.23, 124.13,
119.60, 114.62, 55.56; MS (ESI): m/z = 317.1 (M + H)+.

6.1.1.9 (E)-1-(4-Bromophenyl)-3-(4-methoxyphenyl)prop-2-en-
1-one (9). p-Methoxybenzaldehyde and 40-bromoacetophenone
were used as reactants; the resulting precipitate was puried by
CC (EtOAc : hexane 2 : 3) followed by washing with diethyl ether
(3× 10mL) to give the desired pure product as a yellowish white
solid (86% yield); mp 140–142 °C (as reported in ref. 50); 1H
NMR (400 MHz, CDCl3) d 7.78 (d, J = 8.1 Hz, 2H), 7.69 (d, J =
15.6 Hz, 1H), 7.52 (dd, J = 13.4, 8.3 Hz, 4H), 7.26 (d, J = 15.6 Hz,
1H), 6.85 (d, J = 8.3 Hz, 2H), 3.76 (s, 3H); 13C NMR (101 MHz,
CDCl3) d 189.17, 161.67, 145.07, 137.04, 131.65, 130.15, 129.76,
127.40, 127.23, 118.93, 114.28, 55.24; MS (ESI):m/z = 317.1 (M +
H)+.

6.1.1.10 (E)-1-(2-Hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-
en-1-one (10). p-Methoxybenzaldehyde and 20-
24562 | RSC Adv., 2026, 16, 24551–24567
hydroxyacetophenone were used as reactants; the resulting
precipitate was collected by ltration and washed using (3 × 10
mL) of 5 : 3 mixture of methanol and water to give the desired
pure product as a yellow solid (83% yield); mp 94–96 °C (as
reported in ref. 50); 1H NMR (400 MHz, CDCl3) d 12.90 (s, 1H),
7.88–7.83 (m, 2H), 7.58 (d, J = 8.3 Hz, 2H), 7.51–7.42 (m, 2H),
6.98 (d, J = 8.4 Hz, 1H), 6.90 (d, J = 8.5 Hz, 3H), 3.82 (s, 3H); 13C
NMR (101 MHz, CDCl3) d 193.66, 163.55, 162.03, 145.35, 136.13,
130.54, 129.53, 127.34, 120.12, 118.74, 118.57, 117.58, 114.52,
55.44; MS (ESI): m/z = 255.2 (M + H)+.

6.1.1.11 (E)-1-(3-Hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-
en-1-one (11). p-Methoxybenzaldehyde and 30-
hydroxyacetophenone were used as reactants; the resulting
precipitate was collected by ltration and washed using (3 × 10
mL) of 5 : 3 mixture of methanol and water to give the desired
pure product as a yellow solid (72% yield); mp 183–185 °C (as
reported in ref. 50); 1H NMR (400 MHz, DMSO-d6) d 9.78 (s, 1H),
7.82 (d, J= 8.3 Hz, 2H), 7.68 (s, 2H), 7.59 (d, J= 7.6 Hz, 1H), 7.44
(s, 1H), 7.35 (t, J = 7.9 Hz, 1H), 7.02 (dd, J = 18.2, 8.1 Hz, 3H),
3.80 (s, 3H); 13C NMR (101 MHz, DMSO-d6) d 188.78, 161.14,
157.50, 143.61, 139.10, 130.54, 129.57, 127.11, 119.85, 119.51,
119.23, 114.36, 114.21, 55.16; MS (ESI): m/z = 255.4 (M + H)+.

6.1.1.12 (E)-1-(4-Hydroxyphenyl)-3-(4-methoxyphenyl)prop-2-
en-1-one (12). p-Methoxybenzaldehyde and 40-
hydroxyacetophenone were used as reactants; the resulting
precipitate was collected by ltration and washed using (3 × 10
mL) of 5 : 3 mixture of methanol and water to give the desired
pure product as a greenish yellow solid (74% yield); mp 187–
189 °C (as reported in ref. 50); 1H NMR (400 MHz, DMSO-d6)
d 10.37 (s, 1H), 8.02 (d, J = 8.2 Hz, 2H), 7.80–7.70 (m, 3H), 7.62
(d, J = 15.5 Hz, 1H), 6.97 (d, J = 8.2 Hz, 2H), 6.87 (d, J = 8.2 Hz,
2H), 3.78 (s, 3H); 13C NMR (101 MHz, DMSO-d6) d 187.48,
162.47, 161.53, 143.08, 131.43, 130.95, 129.73, 127.94, 120.02,
115.75, 114.78, 55.76; MS (ESI): m/z = 255.2 (M + H)+.

6.1.1.13 (E)-1-(4-Ethoxyphenyl)-3-(4-methoxyphenyl)prop-2-
en-1-one (13). p-Methoxybenzaldehyde and 40-ethoxyacetophen-
one were used as reactants; the resulting precipitate was
collected by ltration and washed using (3 × 10 mL) of 5 : 3
mixture of methanol and water to give the desired pure product
as a white solid (80% yield); mp 112–114 °C (as reported in ref.
50); 1H NMR (400 MHz, CDCl3) d 7.86 (d, J= 8.4 Hz, 2H), 7.62 (d,
J = 15.6 Hz, 1H), 7.44 (d, J = 8.3 Hz, 2H), 7.27 (d, J = 15.5 Hz,
1H), 6.79 (dd, J = 11.5, 8.5 Hz, 4H), 3.95 (q, J = 7.0 Hz, 2H), 3.69
(s, 3H), 1.29 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl3)
d 188.51, 162.50, 161.28, 143.49, 130.96, 130.49, 129.88, 127.64,
119.38, 114.17, 114.01, 63.54, 55.19, 14.49; MS (ESI):m/z= 283.6
(M + H)+.

6.1.1.14 (E)-3-(4-Methoxyphenyl)-1-(p-tolyl)prop-2-en-1-one
(14). p-Methoxybenzaldehyde and 1-(p-tolyl)ethan-1-one were
used as reactants; the resulting precipitate was collected by
ltration and washed using (3 × 10 mL) of 5 : 3 mixture of
methanol and water to give the desired pure product as a beige
solid (75% yield); mp 95–97 °C (as reported in ref. 50); 1H NMR
(400 MHz, CDCl3) d 7.82 (d, J = 7.8 Hz, 2H), 7.67 (d, J = 15.6 Hz,
1H), 7.49 (d, J= 8.8 Hz, 2H), 7.31 (d, J= 14.0 Hz, 1H), 7.19 (d, J=
7.8 Hz, 2H), 6.83 (d, J= 8.8 Hz, 2H), 3.74 (s, 3H), 2.32 (s, 3H); 13C
NMR (101 MHz, CDCl3) d 189.85, 161.39, 144.03, 143.16, 135.72,
© 2026 The Author(s). Published by the Royal Society of Chemistry
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129.97, 129.07, 128.37, 127.55, 119.61, 114.20, 55.20, 21.46; MS
(ESI): m/z = 253.5 (M + H)+.

6.1.1.15 (E)-1-(2,4-Dichlorophenyl)-3-(4-methoxyphenyl)prop-
2-en-1-one (15). p-Methoxybenzaldehyde and 20,40-di-
chloroacetophenone were used as reactants;50 The resulting
precipitate was collected by ltration and washed using (3 × 10
mL) of 5 : 3 mixture of methanol and water to give the desired
pure product as a yellow semisolid (85% yield); 1H NMR (400
MHz, CDCl3) d 7.46–7.37 (m, 3H), 7.33 (dd, J = 12.1, 3.9 Hz, 2H),
7.25 (dd, J = 8.2, 1.9 Hz, 1H), 6.92–6.81 (m, 3H), 3.76 (s, 3H); 13C
NMR (101 MHz, CDCl3) d 193.08, 162.57, 147.08, 138.19, 137.07,
132.72, 130.95, 130.75, 130.57, 127.66, 127.40, 124.16, 114.98,
55.89; MS (ESI): m/z = 307.1 (M + H)+.

6.1.1.16 (E)-1-(3,4-Dichlorophenyl)-3-(4-methoxyphenyl)prop-
2-en-1-one (16). p-Methoxybenzaldehyde and 30,40-di-
chloroacetophenone were used as reactants; the resulting
precipitate was collected by ltration and washed using (3 × 10
mL) of 5 : 3 mixture of methanol and water to give the desired
pure product as a yellow solid (75% yield); mp 139–141 °C (as
reported in ref. 53); 1H NMR (400 MHz, CDCl3) d 8.03 (s, 1H),
7.79–7.71 (m, 2H), 7.53 (dd, J = 14.9, 8.3 Hz, 3H), 7.26 (d, J =
15.5 Hz, 1H), 6.89 (d, J = 8.3 Hz, 2H), 3.81 (s, 3H); 13C NMR (101
MHz, CDCl3) d 188.39, 162.50, 146.37, 138.56, 137.47, 133.64,
131.13, 130.94, 130.83, 127.89, 127.68, 118.98, 114.97, 55.90; MS
(ESI): m/z = 307.2 (M + H)+.

6.1.1.17 (E)-1-(2,4-Dichlorophenyl)-3-(3-methoxyphenyl)prop-
2-en-1-one (17). m-Methoxybenzaldehyde and 20,40-di-
chloroacetophenone were used as reactants; the resulting
precipitate was collected by ltration and washed using (3 × 10
mL) of 5 : 3 mixture of methanol and water to give the desired
pure product as a white solid (87% yield); mp 95.5–97.5 °C; 1H
NMR (400 MHz, CDCl3) d 7.54–7.18 (m, 5H), 7.18–6.98 (m, 3H),
6.92 (d, J = 5.9 Hz, 1H), 3.78 (s, 3H); 13C NMR (101 MHz, CDCl3)
d 192.71, 160.11, 146.63, 137.55, 137.09, 135.74, 132.51, 130.55,
130.35, 130.17, 127.43, 126.29, 121.47, 117.12, 113.51, 55.50; MS
(ESI): m/z = 307.2 (M + H)+.

6.1.1.18 (E)-1-(2,4-Dichlorophenyl)-3-(2,4-dimethoxyphenyl)
prop-2-en-1-one (18). 2,4-Dimethoxybenzaldehyde and 20,40-di-
chloroacetophenone were used as reactants; the resulting
precipitate was collected by ltration and washed with diethyl
ether (2 × 6 mL) to give the desired pure product as a white
solid (70% yield); mp 108–110 °C (as reported in ref. 54); 1H
NMR (400 MHz, CDCl3) d 7.60 (d, J= 16.1 Hz, 1H), 7.41–7.35 (m,
2H), 7.30 (d, J = 8.1 Hz, 1H), 7.22 (d, J = 8.3 Hz, 1H), 7.00 (d, J =
16.1 Hz, 1H), 6.42 (d, J = 8.7 Hz, 1H), 6.34 (s, 1H), 3.74 (s, 6H);
13C NMR (101 MHz, CDCl3) d 193.25, 163.57, 160.43, 142.51,
138.05, 136.28, 132.27, 131.04, 130.30, 130.03, 127.06, 124.12,
116.41, 105.59, 98.39, 55.52, 55.50; MS (ESI): m/z = 337.1 (M +
H)+.

6.1.1.19 (E)-1-(2,4-Dichlorophenyl)-3-(2,5-dimethoxyphenyl)
prop-2-en-1-one (19). 2,5-Dimethoxybenzaldehyde and 20,40-di-
chloroacetophenone were used as reactants;55 The resulting
precipitate was collected by ltration and washed with diethyl
ether (2 × 6 mL) to give the desired pure product as a white
solid (73% yield); mp 115–117 °C; 1H NMR (400 MHz, CDCl3)
d 7.64 (d, J = 16.2 Hz, 1H), 7.37–7.28 (m, 2H), 7.21 (d, J = 8.2 Hz,
1H), 7.06–6.94 (m, 2H), 6.84–6.80 (m, 1H), 6.72 (d, J = 9.1 Hz,
© 2026 The Author(s). Published by the Royal Society of Chemistry
1H), 3.69 (s, 3H), 3.66 (s, 3H); 13C NMR (101 MHz, CDCl3)
d 193.04, 153.51, 153.30, 141.89, 137.65, 136.65, 132.36, 130.41,
130.13, 127.16, 126.55, 123.69, 118.18, 113.37, 112.52, 56.07,
55.78; MS (ESI): m/z = 337.1 (M + H)+.

6.1.1.20 (E)-1-(2,4-Dichlorophenyl)-3-(3,4-dimethoxyphenyl)
prop-2-en-1-one (20). 3,4-Dimethoxybenzaldehyde and 20,40-di-
chloroacetophenone were used as reactants; the resulting
precipitate was collected by ltration and washed with diethyl
ether (2 × 6 mL) to give the desired pure product as a white
solid (79% yield); mp 132–134 °C (as reported in ref. 56); 1H
NMR (400 MHz, CDCl3) d 7.39 (s, 1H), 7.35–7.25 (m, 3H), 7.06 (d,
J= 6.4 Hz, 1H), 7.00 (s, 1H), 6.88 (d, J= 16.0 Hz, 1H), 6.80 (d, J=
8.3 Hz, 1H), 3.84 (s, 6H); 13C NMR (101 MHz, CDCl3) d 192.64,
151.89, 149.31, 146.94, 137.67, 136.59, 132.23, 130.23, 130.10,
127.20, 127.16, 123.96, 123.57, 111.09, 110.01, 56.00, 55.91; MS
(ESI): m/z = 337.1 (M + H)+.

6.1.1.21 (E)-3-(4-Methoxyphenyl)-1-(thiophen-2-yl)prop-2-en-
1-one (21). p-Methoxybenzaldehyde and 1-(thiophen-2-yl)ethan-
1-one were used as reactants; the resulting precipitate was
puried by CC (DCM only) followed by washing with diethyl
ether (3 × 10 mL) to give the desired pure product as a yellow
solid (73% yield); mp 83–85 °C (as reported in ref. 50); 1H NMR
(400 MHz, CDCl3) d 7.71 (d, J = 16.0 Hz, 2H), 7.54 (d, J = 5.0 Hz,
1H), 7.49 (d, J= 8.1 Hz, 2H), 7.19 (d, J= 15.5 Hz, 1H), 7.06 (t, J =
4.4 Hz, 1H), 6.83 (d, J = 8.3 Hz, 2H), 3.74 (s, 3H); 13C NMR (101
MHz, CDCl3) d 182.04, 161.71, 145.77, 143.86, 133.47, 131.44,
130.26, 128.15, 127.42, 119.27, 114.41, 55.39; MS (ESI): m/z =

245.2 (M + H)+.
6.1.1.22 (E)-3-(4-Methoxyphenyl)-1-(pyridin-2-yl)prop-2-en-1-

one (22). p-Methoxybenzaldehyde and 1-(pyridin-2-yl)ethan-1-
one were used as reactants; the resulting precipitate was puri-
ed by CC (DCM only) followed by washing with diethyl ether (3
× 10 mL) to give the desired pure product as a yellow solid (70%
yield); mp 80–82 °C (as reported in ref. 50); 1H NMR (400 MHz,
CDCl3) d 8.51 (d, J = 4.8 Hz, 1H), 7.99–7.93 (m, 2H), 7.72–7.61
(m, 2H), 7.47 (d, J = 8.2 Hz, 2H), 7.27–7.23 (m, 1H), 6.71 (d, J =
8.2 Hz, 2H), 3.63 (s, 3H); 13C NMR (101 MHz, CDCl3) d 189.36,
161.71, 154.45, 148.76, 144.66, 136.94, 130.62, 127.94, 126.68,
122.82, 118.50, 114.30, 55.36; MS (ESI): m/z = 240.5 (M + H)+.

6.1.1.23 (E)-3-(4-Methoxyphenyl)-1-(naphthalen-2-yl)prop-2-
en-1-one (23). p-Methoxybenzaldehyde and 1-(naphthalen-2-yl)
ethan-1-one were used as reactants; the resulting precipitate
was puried by CC (DCM only) followed by washing with diethyl
ether (3 × 10 mL) to give the desired pure product as a yellow
solid (81% yield); mp 91–93 °C (as reported in ref. 51); 1H NMR
(400MHz, CDCl3) d 8.36 (s, 1H), 7.94 (d, J= 8.5 Hz, 1H), 7.83 (d, J
= 7.8 Hz, 1H), 7.78–7.67 (m, 3H), 7.50–7.39 (m, 5H), 6.79 (d, J =
8.2 Hz, 2H), 3.69 (s, 3H); 13C NMR (101 MHz, CDCl3) d 190.73,
162.13, 145.06, 136.27, 135.83, 133.02, 130.72, 130.15, 129.92,
128.91, 128.68, 128.24, 128.12, 127.15, 124.98, 120.21, 114.87,
55.84; MS (ESI): m/z = 289.4 (M + H)+.

6.1.1.24 (E)-1-([1,10-Biphenyl]-4-yl)-3-(4-methoxyphenyl)prop-
2-en-1-one (24). p-Methoxybenzaldehyde and 1-([1,10-biphenyl]-4-
yl)ethan-1-one were used as reactants; the resulting precipitate
was puried by CC (DCM only) followed by washing with diethyl
ether (3 × 10 mL) to give the desired pure product as a yellow
solid (86% yield); mp 88–90 °C (as reported in ref. 50); 1H NMR
RSC Adv., 2026, 16, 24551–24567 | 24563
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(400 MHz, DMSO-d6) d 8.21 (d, J= 7.9 Hz, 2H), 7.85–7.70 (m, 8H),
7.51–7.39 (m, 3H), 7.00 (d, J = 8.2 Hz, 2H), 3.80 (s, 3H); 13C NMR
(101 MHz, DMSO-d6) d 188.04, 160.99, 143.90, 143.57, 138.56,
136.25, 130.44, 128.77, 128.68, 127.94, 126.93, 126.60, 126.51,
119.12, 114.02, 54.97; MS (ESI): m/z = 315.5 (M + H)+.

6.1.1.25 (E)-3-(4-Methoxyphenyl)-1-(4-phenoxyphenyl)prop-2-
en-1-one (25). p-Methoxybenzaldehyde and 1-(4-phenoxyphenyl)
ethan-1-one were used as reactants; the resulting precipitate
was puried by CC (DCM only) followed by washing with diethyl
ether (3 × 10 mL) to give the desired pure product as a yellow
solid (84% yield); mp 61–63 °C (as reported in ref. 50); 1H NMR
(400 MHz, CDCl3) d 7.91 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 15.5 Hz,
1H), 7.49 (d, J = 8.3 Hz, 2H), 7.33–7.26 (m, 3H), 7.15–7.06 (m,
1H), 6.96 (dd, J = 16.8, 8.1 Hz, 4H), 6.82 (d, J = 8.3 Hz, 2H), 3.74
(s, 3H); 13C NMR (101 MHz, CDCl3) d 188.86, 161.60, 155.63,
144.25, 133.08, 130.65, 130.15, 130.01, 127.68, 124.48, 120.07,
119.45, 117.45, 114.39, 55.39; MS (ESI): m/z = 331.2 (M + H)+.

6.1.1.26 (E)-2-(4-Methoxybenzylidene)-2,3-dihydro-1H-inden-
1-one (26). p-Methoxybenzaldehyde and 2,3-dihydro-1H-inden-1-
one were used as reactants; the resulting precipitate was
collected by ltration and washed using (3 × 10 mL) of 5 : 3
mixture of methanol and water to give the desired pure product as
a faint yellow solid (66% yield); mp 120–122 °C (as reported in ref.
50); 1H NMR (400MHz, CDCl3) d 7.73 (d, J= 7.6 Hz, 1H), 7.47–7.36
(m, 5H), 7.24 (t, J = 7.3 Hz, 1H), 6.81 (d, J = 8.4 Hz, 2H), 3.82 (s,
2H), 3.69 (s, 3H); 13C NMR (101 MHz, CDCl3) d 194.33, 160.83,
149.46, 138.22, 134.30, 133.76, 132.53, 132.38, 128.13, 127.54,
126.07, 124.26, 114.44, 55.36, 32.44;MS (ESI):m/z= 251.7 (M +H)+.

6.1.1.27 (E)-2-(4-Methoxybenzylidene)-3,4-di-
hydronaphthalen-1(2H)-one (27). p-Methoxybenzaldehyde and
3,4-dihydronaphthalen-1(2H)-one were used as reactants; the
resulting precipitate was collected by ltration and washed
using (3 × 10 mL) of 5 : 3 mixture of methanol and water to give
the desired pure product as a yellow solid (82% yield); mp 110–
112 °C (as reported in ref. 50); 1H NMR (400 MHz, CDCl3) d 7.99
(d, J = 7.8 Hz, 1H), 7.71 (s, 1H), 7.34–7.27 (m, 3H), 7.22 (t, J =
7.6 Hz, 1H), 7.11 (d, J= 7.5 Hz, 1H), 6.81 (d, J= 8.3 Hz, 2H), 3.71
(s, 3H), 3.02–2.99 (m, 2H), 2.82–2.79 (m, 2H); 13C NMR (101
MHz, CDCl3) d 188.27, 160.40, 143.50, 137.10, 134.08, 133.97,
133.52, 132.19, 128.83, 128.57, 128.51, 127.40, 114.38, 55.77,
29.22, 27.65; MS (ESI): m/z = 265.2 (M + H)+.

6.1.1.28 (E)-3-(4-Methoxybenzylidene)chroman-4-one (28). p-
Methoxybenzaldehyde and chroman-4-one were used as reactants;
the resulting precipitate was collected by ltration and washed
using (3× 10mL) of 5 : 3mixture ofmethanol and water to give the
desired pure product as a faint yellow solid (85% yield); mp 134–
136 °C (as reported in ref. 50); 1H NMR (400MHz, CDCl3) d 7.91 (d,
J = 9.7 Hz, 1H), 7.73 (s, 1H), 7.36 (t, J = 7.7 Hz, 1H), 7.17 (d, J =
8.3 Hz, 2H), 6.95 (t, J= 7.9 Hz, 1H), 6.86 (d, J= 8.6 Hz, 3H), 5.26 (s,
2H), 3.75 (s, 3H); 13C NMR (101 MHz, CDCl3) d 182.28, 161.08,
160.84, 137.42, 135.78, 132.18, 129.01, 128.00, 127.13, 122.24,
121.94, 117.93, 114.39, 67.90, 55.52; MS (ESI):m/z= 267.3 (M +H)+.
6.2 Biological evaluation

6.2.1 Human neutrophil isolation. The protocol governing
the use of human neutrophils was reviewed and approved by the
24564 | RSC Adv., 2026, 16, 24551–24567
Institutional Review Board of Chang Gung Memorial Hospital
(approval no. 201902217A3) and was conducted in full compli-
ance with the ethical principles outlined in the Declaration of
Helsinki. Blood samples were collected from healthy volunteers
between 20 and 35 years aer obtaining written informed
consent. Neutrophils were isolated through a multi-step
procedure involving dextran sedimentation, density gradient
separation using Ficoll-Hypaque (GE Healthcare, BioTech,
Stockholm, Sweden), and subsequent hypotonic lysis of
remaining erythrocytes.57 The resulting neutrophils exhibited
viability exceeding 98%, as conrmed by trypan blue exclusion.
For the anti-inammatory assays, the neutrophils were resus-
pended in Hank's Balanced Salt Solution (HBSS, Gibco, NY,
USA) supplemented with 1 mM Ca2+ adjusted to a pH of 7.4.57

6.2.2 Measurement of superoxide anion release. The
generation of SO by activated human neutrophils was assessed
by monitoring the reduction of ferricytochrome c. In this
procedure, ferricytochrome c (0.6 mg mL−1) was incubated, and
neutrophils (6 × 105 cells per mL) were treated with either
DMSO (0.1%) as a vehicle control or experimental compounds
for 5 minutes at 37 °C. The cells were then activated with formyl-
L-methionyl-L-leucyl-L-phenylalanine (fMLF, 0.1 mM) in the
presence of cytochalasin B (CB, 1 mg mL−1) and incubated for 10
minutes. Changes in absorbance at 550 nm were measured
using a Hitachi U-3010 spectrophotometer. LY294002 served as
a positive control.57

6.2.3 Determination of elastase release. The assay started
with the incubation of the elastase substrate, methoxysuccinyl-
Ala-Ala-Pro-Val-p-nitroanilide (100 mM). Neutrophils (6 × 105

cells per mL) were preincubated with DMSO (0.1%) or experi-
mental compounds for 5 minutes at 37 °C, followed by stimu-
lation with fMLF (0.1 mM) in the presence of cytochalasin B (0.5
mg mL−1). The elastase-mediated cleavage of the substrate was
monitored by recording the absorbance at 405 nm using
a Hitachi U-3010 spectrophotometer. LY294002 was utilized as
a positive control.57

6.2.4 Cytotoxicity assay. Cell viability was evaluated by
measuring lactate dehydrogenase (LDH) release using
a commercially available kit (Promega, Madison, WI, USA).
Neutrophils (6 × 105 cells per mL) were treated with either
DMSO (0.1%) or test compounds (10 mM) for 15 minutes at 37 °
C. To determine total LDH activity, cells were lysed with 0.1%
Triton X-100 for 30 minutes at 37 °C. The resulting supernatant
was collected by centrifugation, subjected to LDH detection
reagent, and the change in absorbance was measured at 490 nm
using a Hitachi U-3010 spectrophotometer.35

6.2.5 Measurement of intracellular Ca2+ mobilization.
Neutrophils were incubated with 5 mM of Fluo-4 acetoxymethyl
ester (Fluo-4/AM, purchased from Invitrogen, OR, USA) at 37 °C for
30 min. Fluo-4-labeled human neutrophils were treated with
DMSO (0.1%, as control) or compound 17 at 37 °C for 5 min, and
then the increase of intracellular calcium concentration ([Ca2+]i)
was obtained by adding fMLF (0.1 mM). The [Ca2+]i was determined
by the uorescence changes (excitation 494 nm and emission 516
nm) using a spectrouorometer (Hitachi F 4500; Tokyo, Japan).35

6.2.6 Analysis of neutrophil migration. Amicro-chemotaxis
chamber with 3-mm pore size was used to test neutrophil
© 2026 The Author(s). Published by the Royal Society of Chemistry
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migration. DMSO (0.1%, as control) or compound 17-pretreated
neutrophils were placed in the upper chamber, and then the
upper chambers were placed into the bottom wells with or
without fMLF (0.1 mM) as chemoattractant. The number of
migrated cells in bottom wells was detected using Accuri C6
ow cytometer (BD Biosciences, CA, USA).

6.2.7 Immunoblotting assay. Immunoblot analyses were
performed following the procedures outlined in ref. 29. The
primary antibodies used targeted total and phosphorylated
forms of p38 (1 : 8000), JNK (1 : 3000), Akt (1 : 5000), ERK (1 :
8000) along with paxillin, phospho-paxillin (Y31 and Y118),
FAK, and phospho-FAK (Y397, Y576/577, and Y925). Proteins
were detected using HRP-conjugated anti-rabbit IgG, and
immunoreactive bands were visualized via chemiluminescence
and quantied using a ChemiDoc MP Imaging System (Bio-Rad,
USA).35

6.2.8 Statistics. Data were analyzed using GraphPad Prism
soware (version 9.0, GraphPad Soware, San Diego, CA, USA).
All results are presented as the mean ± standard error of the
mean (SEM). Statistical signicance was evaluated using
Student's test, with p < 0.05 dened as the threshold for
signicance.
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