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Effects of Synthetic Chalcone Derivatives on Oxidised Palmitoyl
Arachydonoyl Phosphoryicholine-Induced Proinflammatory
Chemokines Production
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Norsyahida Mohd Fauzi*

Oxidised 1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphorylcholine (OxPAPC) induces the production of
proinflammatory chemokines has been widely studied for its role in vascular inflammation. There is
increasing evidence on the role of chalcones as potential anti-inflammatory agents but less is known about
its effects on OxPAPC-induced chemokines production and the involvement of unfolded protein response
(UPR) signalling, particularly through XBP1 pathway. The present study sought to investigate the inhibitory
potential of synthetic chalcone derivatives on the release of interleukin-8 (IL-8) and monocyte
chemoattractant protein-1 (MCP-1), induced by OxPAPC through XBP1 signalling pathway on differentiated
U-937 macrophages. The effects of synthetic chalcone derivatives on the chemokines productions were
investigated using enzyme-linked immunosorbent assays, while the inhibitions of XBP1 signalling were
detected using western immunoblot. Results show that all the three tested synthetic chalcone derivatives
inhibited OxPAPC-induced chemokines production in a concentration-dependent manner. Compound 1.5
exhibited the strongest inhibition of IL-8 and MCP-1 at 61.4 + 4.23% and 63.8 + 2.16%, respectively.
Compound 1.5 also achieved the lowest ICs, values for both IL-8 (18.33 £ 1.59 um) and MCP-1 (8.42 + 1.05
um) inhibitions. For XBP1 protein expression, both compound 1.4 and 1.5 exhibited significant concentration-
dependent suppression of the protein expressions. The results suggest that synthetic chalcone derivatives
may serve as potential alternatives for future development of anti-inflammatory agents, particularly in
vascular inflammation.

as oxidised 1-palmitoyl-2-arachidonoyl-sn-glycero-3-
phosphorylcholine (OxPAPC) can induce the release of these

important roles in inflammatory chemokines. However, induction of IL-8 and MCP-1 by OxPAPC is

processes. Diverse factors such as oxidised phospholipids (OxPLs) 1,
ultraviolet radiation exposure 2 and endotoxin * are known to be
involved in the generation of chemokines. Overproduction of
proinflammatory chemokines such as interleukin-8 (IL-8) and
monocyte chemoattractant protein-1 (MCP-1) has been associated
with various inflammatory diseases including atherosclerosis 4
MCP-1 is widely known to play important role in the accumulation
and transmigration of mononuclear cells such as monocytes to the
sites of inflammation * while IL-8 is responsible for monocytes
arrestment to vascular endothelium ®’. IL-8 and MCP-1 are
chemokines that are widely known to play a major role in vascular
inflammations . These chemokines can be induced by conventional
pro-inflammatory inducers such as lipopolysaccharide (LPS) through
activation of NF-kB pathway. Similarly, oxidised phospholipid such
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independent of the classic nuclear factor kappa b (NFkB) pathway
and therefore unlike LPS, OxPAPC did not induce certain pro-
inflammatory cytokines such as TNF-alpha and IL-1B. Moreover,
stimulation with OxPAPC will generally result in more prolonged
upregulation of these chemokines °,

Oxidised phospholipids (OxPLs), the bioactive components of
oxidised low density lipoprotein (OxLDL) particles, have received
considerable attentions in their effects on vascular inflammatory
events ™2 Oxidised 1-palmitoyl-2-arachidonoyl-sn-glycero-3-
phosphorylcholine (OxPAPC) is present at high
concentration in atherosclerotic plaques B oand is thought to
contribute to the inflammatory processes induced by OxLDL.
OxPAPC has been shown to induce the expressions of inflammatory
genes such as IL-8 and MCP-1 in human endothelial cells through
UPR pathway”, which is one of the pathways that are activated
during endoplasmic reticulum stress. The levels of OxPAPC-induced

in particular

J. Name., 2013, 00,1-3 | 1



RSC/Advances

IL-8 and MCP-1 release were also reported in human THP-1 cell B
Furthermore, an in vivo study carried out by Furnkranz and co-
workers showed that topical administration of OxPAPC on C57BL/6J
mice carotid arteries resulted in enhanced mRNA expression of
MCP-1 and keratinocyte-derived chemokine (KC) 16, of which the
latter is @ murine chemokine with closest resemblance to IL-8 in
human system.

Endoplasmic reticulum (ER) stress is characterised as imbalanced of
cellular protein modifications. Various stimuli which initiate ER
stress include accumulation of unfolded proteins, deprivation of
glucose, disruption in calcium homeostasis as well as accumulation
of free cholesterol and oxidised phospholipids 1718 Continual ER
stress causes activation of unfolded protein response (UPR)
signalling, which involves inositol requiring enzyme (IRE) 1, RNA-
depending protein kinase-like endoplasmic reticulum kinase (PERK)
and activating transcription factor (ATF) 6 9 Among the three
signalling arms, IRE1 is the most evolutionarily conserved pathway,
whereby activation of IRE1 is responsible for X-box protein (XBP) 1
activation. It is linked to various inflammatory disorders such as
atherosclerosis 20, inflammatory bowel disease 21 and colitis »
Besides, it was reported that UPR is responsible in effector cells of
the response through the enhanced release of
proinflammatory mediators 23,24

immune

Chalcones (1,3-diphenyl-2-propen-1-one) are natural polyphenolic
compounds biosynthesized abundantly in fruits, soy beans, spices
and vegetables. They are composed of open-chain flavanoids which
are joined by a,B-unsaturated ketone moiety 2 Chalcones have
been a considerable interest among scientists due to their broad
range of pharmacological activities and simple synthesis. The anti-
inflammatory effects of chalcones have been reported extensively.
For example, hydroxychalcones were shown to be effective in
inhibition of lipopolysaccharide (LPS)-induced tumour necrosis
factor-a (TNF-a) % and LPS-induced inducible nitric oxide synthases
(iNOS) 7 on RAW 264.7 macrophages.

Nevertheless, synthetic chalcone derivatives have not been
extensively studied in  OxPAPC-induced proinflammatory
chemokines release. Therefore, this study was aimed to investigate
the inhibitory effects of synthetic chalcone derivatives on the
release of IL-8 and MCP-1 induced by OxPAPC on differentiated U-
937 macrophages and the mechanism of action. Results obtained
demonstrated that the synthetic chalcones derivatives tested were
able to reduce the release of IL-8 and MCP-1 through inhibition of
XBP1 signalling.

Materials and methods
Chemicals and reagents

All cell culture reagents were purchased from Invitrogen
(Burlington, ON, Canada). 1-palmitoyl-2-arachidonoyl-sn-glycerol-3-
phosphocoline (PAPC) was purchased from Avanti Polar Lipids
(Alabaster, AL, USA) and ELISA kits were purchased from
eBioscience (San Diego, CA, USA). Other chemicals were purchased

from Sigma (St. Louis, MO, USA) unless otherwise stated.
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Synthesis of chalcone derivatives

Synthetic chalcone derivatives used in this study were synthesised
by members of research group using Claisen-Schmidt condensation
reaction and reported previously (Table 1). Briefly, an amount of 10
mmol of the respective ketones was added to a solution of the
respective aldehydes (10 mmol) in ethanol (15 mL). NaOH (50%)
solution was added dropwise as catalyst, and the reaction mixture
was stirred at room temperature for 2-24 h accordingly. Reaction
completion was monitored by TLC and appearance of precipitate
and colour changes of the reaction mixture were an indicative of
product formation. Upon completion, the reaction mixture was
poured into acidified ice, extracted with ethyl acetate (50 mL),
washed with water (2 x 150 mL), dried and concentrated in vacuo to
give oils and solids. The crude products were further purified either
by column chromatography or recrystallizationzs.

All compounds were characterised as reported previouslyzg. 'H and
3¢ NMR spectra were recorded with a JEOL ECP spectrometer
operating at 500 MHz, with Me,Si as internal standard and CDCl; or
DMSO-d6 as solvent. High resolution mass spectra (HRMS) were
determined by the electrospray ionisation mass spectrometry (ESI-
MS) on MicroTOF-Q mass spectrometer (Bruker, Coventry, UK).
Microanalyses data were obtained from the Fison EA 1108
elemental analyser. Infrared spectra were recorded using KBr disc
on a Perkin Elmer 400 (FTIR) spectrometer.

4-(4-Diethylamino-phenyl)-1,1-diphenyl-but-3-en-2-one (1.2) 8

This compound was obtained by reacting 1,1-diphenylacetone (2.10
g, 10 mmol) with 4-diethylamino benzaldehyde (1.76 g, 10 mmol) to
give light red solids (1.25 g, 34%). RF 0.55 (EtOAc-PE 1:3 v/v); mp:
106-107 °C; "H NMR (500 MHz, CDCLy): d = 7.84 (d, J = 7.5 Hz, 2H),
7.74 (d, ) = 8.50, 1H), 7.61 (d, J = 7.0 Hz, 1H), 7.35 (m, 10H), 6.70 (d J
= 7.0 Hz, 1H), 6.63 (d, J = 8.0 Hz, 1H), 5.41 (s, 1H), 3.45 (g, J = 7.0 Hz
4H), 1.23 (t, J = 10.0 Hz, 6H). **C NMR (500 MHz, CDCl5): d=190.10,
149.68, 144.40, 141.32, 130.74, 129.30, 128.57, 128.49, 128.09,
126.93, 110.60, 62.91, 44.50, 12.57; HRMS (ESI) m/z: 370.21 [M + H]
*; Anal. calcd for C,gH,,NO: C 84.51, H 7.37, N 3.79, found C 84.53, H
7.67, N 3.81.

1,1,5-Triphenyl-hex-3-en-2-one (1.4) 28

This compound was obtained by reacting 1,1-diphenylacetone (2.10
g, 10 mmol) with 2-phenylpropionaldehyde (1.34 mL, 10 mmol) to
give white powder (2.8 g, 86%). RF 0.72 (EtOAc-PE 2:3 v/v); mp:
156 - 157 °C; 'H NMR (500 MHz, CDCl5): d = 7.66 (d, J = 8.0 Hz, 1H),
7.30 (m, 10H), 7.11 (m, 5H), 6.88 (d, J = 8.0 Hz, 1H), 4.95 (s, 1H),
3.65 (m, 1H), 1.61 (d, J = 6.0 Hz, 3H); *C NMR (500 MHz, CDCly):
d=207.71, 153.41, 143.06, 140.14, 128.65, 128.60, 127.26, 126.94,
126.21, 125.92, 122.98, 63.00, 41.82, 16.97; Anal. calcd for CyH,,0:
C 88.31, H 6.79, found C 88.15, H 6.97.

3-(5-methyl-furan-2-yl)-1-naphthalen-1-yl-propenone (1.5) 8

This compound was obtained by reacting 1-acetonaphthone (1.52
mL, 10 mmol) with 5-methyl furfural (1 mL, 10 mmol) to give brown
crystals (2.2 g, 84%). RF 0.38 (EtOAc-PE 1:3 v/v); mp: 138 - 139 °C;
'H NMR (500 MHz, CDCl5): d = 8.39 (d, J = 7.5 Hz, 1H), 8.00 (d, J = 7.5
Hz, 1H), 7.91 (d, J = 17.5 Hz, 1H), 7.77 (d, J = 18.5 Hz, 1H), 7.55 (m,
3H), 7.31(d, J = 7.5 Hz, 1H), 7.16 (d, J = 7.5 Hz, 1H), 6.65 (s, 1H), 6.14
(s, 1H), 2.34 (s, 3H); *C NMR (500 MHz, CDCl3): d = 195.20, 156.29,

This journal is © The Royal Society of Chemistry 20xx
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149.93, 137.45, 133.85, 131.85, 131.36, 130.53, 128.40, 127.32,
126.89, 126.39, 125.81, 124.58, 122.73, 118.40, 109.47, 14.01;
HRMS (ESI) m/z: 285.06 [M + Na]"; Anal. calcd for CigH;40,: C 82.42,
H 5.38, found C 82.76, H 5.45.

Autoxidation of PAPC

Autoxidation of PAPC was carried out using the method previously
described . PAPC (1 mg) was dissolved in high performance liquid
chromatography (HPLC)-grade methanol and evaporated under a
nitrogen stream. The dried PAPC was left to autoxidise at room
temperature for 7 days. Both the purity of PAPC and the
autoxidation status of OXPAPC were analysed and monitored using
the positive ion-electrospray ionization-mass spectrometry (ESI-
MS).

Cell culture and cell differentiation

U-937 (ATCC® CRL-1593.2 TM) cell line was purchased from American
Type Culture Collection (ATCC) (Manassas, VA, United States). U-
937 mononuclear cell line was grown in the Rosewell Park
Memorial Institute-1640 (RPMI-1640) culture media, enriched with
10% (v/v) foetal bovine serum (FBS) and 1% (v/v) penicillin
G/streptomycin in a 75 cm? cell culture flask. The cultured cells
were maintained at 37°C humidified atmosphere with 5% CO,. Prior
to treatment with the tested compounds, U-937 cells (5 x 10°
cells/mL) were incubated with phorbol myristate acetate (PMA) at
concentration 200 nM/mL for 24 hours to allow differentiation from
monocytes to macrophage-like phenotypes. Subsequently, cells
were incubated with serum free media overnight for recovery
phase »,

Measurement of cell viability

The cytotoxic effect of the synthetic chalcone derivatives was
determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay 3 Differentiated U-937
macrophages were treated with different concentrations of
synthetic chalcone derivatives and simvastatin (6.25, 12.5, 25, 50
and 100 um) in the presence and absence of OXPAPC for 24 hours.
Subsequently, MTT salt reagent was added and cells were further
incubated for 4 hours. The formazan crystals were dissolved in
DMSO and analysed at 565 nm using Tecan’s Infinite® 200PRO
NanoQuant microplate reader (Tecan Trading AG, Mannedorf,
Switzerland). The concentrations of test compounds at viability
more than 90% ' were chosen and used for subsequent assays.

Determination of chemokines release

The chalcone derivatives were dissolved in dimethylsulphoxide
(DMSO) and further diluted in serum-free RPMI media prior to use
at the desirable concentrations. The highest concentration of DMSO
used in cell culture was at 0.1%. Differentiated U-937 macrophages
were pre-treated with synthetic chalcone derivatives at
concentration 6.25, 12.5, 25, and 50 uM (2 hours), followed by
stimulation with 30 pug/mL of OXxPAPC for 6 hours and 9 hours for IL-
8 and MCP-1 quantifications, respectively. Preliminary work in our

This journal is © The Royal Society of Chemistry 20xx

laboratory showed that significant level of IL-8 and MCP-1 were
started to be observed from the respective time points forward
(supplementary fig. | & IlI). A negative control group received
OxPAPC (30 pg/mL) whilst a positive control group received
simvastatin and vehicle control group received 0.1% DMSO.
Supernatants were collected and enzyme-linked immunosorbent
assay (ELISA) was carried out according to the manufacturer’s
instructions. The percentage of inhibition (%) at highest treatment
concentrations (50 um) and ICsqy values for respective compounds
were determined. Percentages of inhibition (%) were calculated
using formula as follows:

o cn-C
% inhibition = ——=

n

x 100%

Where Cn is the concentration of chemokines (pg/mL) at 0 uMm
treatment (negative control), while Cx is the concentration of
chemokines (pg/mL) at corresponding concentrations (uMm).
Western immunoblot

XBP1 protein expressions determined using western
immunoblot. Cells were pre-treated with test compounds with
concentrations ranging from 6.25 to 50 um, followed by stimulation
of OxPAPC for 2 hours. Cells treated with complete media and
OxPAPC only were used as negative controls while cells treated with
4-phenylnutyric acid (4-PBA) %2 were used as positive controls. Total
protein lysates of 1 mg/mL were loaded and separated by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
and transfer onto polyvinylidene difluoride (PVDF) membranes. The
western immunoblot techniques used were as previously described
3 Rabbit polyclonal anti-XBP1 antibody (1: 5000, abcam,
Cambridge, MA) was used to detect XBP1 protein expressions (42
kDa) while mouse monoclonal anti-beta actin antibody (1: 10,000,
abcam, Cambridge, MA) was used as loading control. The
established bands  were  visualised using enhanced
chemiluminescence substrate (ECL) (Perkin Elmer, USA) and the
relative intensity of each band was quantified using Fusion-Capt
Advance Software (Vilber Loumat, Germany).

was

Statistical analysis

Data were obtained from at least three independent experiments
and analysed using the GraphPad Prism5 software (GraphPad
Software Inc., San Diego, CA, USA). Values were presented as mean
+ standard error of mean (SEM). Statistical test analysis of variance
(ANOVA) and Bonferroni post hoc test were used for multiple
comparisons and data analysis with p-values < 0.05 was regarded as
statistically significant.

Results

Cytotoxic effect of synthetic chalcone derivatives on PMA-
differentiated U-937 cells

All the 6 synthetic chalcone derivatives were tested towards

differentiated U-937 macrophages at concentrations ranging from 0
to 100 um. Compounds 1.2, 1.4 and 1.5 showed 90 % or higher

J. Name., 2013, 00, 1-3 | 3
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percentage of cell viability and were used in the subsequent assays
(Fig. 1).

Inhibitory effect of synthetic chalcone derivatives on OxPAPC-
induced IL-8 secretion

All tested compounds inhibited IL-8 release induced by OxPAPC in a
concentration-dependent manner. Compound 1.5 at the maximum
concentration of 50 um showed the strongest inhibition (61.39 +
4.23%) of OXPAPC-induced IL-8 release and achieved the lowest ICsq
value of 18.33 + 1.59 um. Compound 1.2 and 1.4 similarly inhibited
OxPAPC-induced IL-8 with percentage of inhibition of 51.66 + 0.40%
and 45.46 = 1.78%, respectively. Moreover, the percentage of
inhibition for compound 1.5 at 50 um showed comparable effects to
the inhibition of simvastatin at concentration 25 um. The
percentage of inhibition and ICs, values for each tested compound
are presented in Table 2.

Inhibitory effect of synthetic chalcone derivatives on OxPAPC-
induced MCP-1 secretion

All the tested compounds inhibited MCP-1 release induced by
OxPAPC in a concentration-dependent manner. Among the three
synthetic chalcone derivatives tested, compound 1.5 showed the
highest percentage of inhibition (63.79 + 2.16%) and also achieved
the lowest ICsy value, recorded at 13.05 + 1.37 uM. On the other
hand, compound 1.2 and 1.4 demonstrated relatively moderate
inhibition at 48.23 + 4.16% and 54.79 + 1.81%, respectively.The
percentage of inhibition and ICs, values for each tested compound
are presented in Table 3.

Suppression of XBP1 protein expression

Differentiated U-937 macrophages incubated with media only
without stimulation of OxPAPC showed no induction of XBP1
protein expression, while 4-PBA (0.4 um) used as positive controls
showed significant reduction in XBP1 protein expression. Data
obtained from western immunoblot analysis were as shown in fig.
2. The intensity of each bands were normalised with respect to beta
actin protein expressions while statistical analysis was carried out
with respect to negative control. From the results obtained, both
compounds 1.4 and 1.5 showed significant reduction of XBP1
protein expressions in a concentration dependent manner. Cells
treated with these 2 compounds showed significant reduction of
XBP1 protein expressions at concentration 25 and 50 pwm.
Interestingly, compound 1.4 at 50 um while compound 1.5 at
concentrations 25 and 50 um showed no significant difference in
XBP1 protein expression compared with positive control, suggesting
a comparable effect of these compounds with 4-PBA in the
suppression of XBP1 protein expressions.

Discussion

Previous findings reported that concentrations of individual
component of OxPAPC ranging from 1 to 50 um are available in
human and rabbit atherosclerotic plaques * A preliminary study

carried out in our lab (data not shown) showed that OxPAPC at
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concentration 30 pg/ml of OxPAPC, which is within the
pathophysiological concentration, was able to induce significant
increase in IL-8 and MCP-1 production. This concentration was
selected to investigate the effect of synthetic chalcones on oxidised
phospholipids-induced chemokine production. In the present study,
compounds 1.2, 1.4 and 1.5 were shown to inhibit the production
of IL-8 and MCP-1 as well as the expression of XBP1 induced by
OxPAPC.

Chalcone derivatives have been shown to inhibit proinflammatory
chemokines production induced by LPS and TNF-a. Naringenin, a
chalcone derivative, was shown to suppress the LPS-induced MCP-1
in RAW 264 macrophages . Moreover, 4’-hydroxychalcone was
reported to inhibit IL-8 production induced by TNF-a in K562 cell
line *®. To the best of the authors’ knowledge, the three tested
synthetic chalcone derivatives used in this study were shown for
the first time to inhibit the release of IL-8 and MCP-1 induced by
pathophysiological concentration of OxPAPC. It was observed that
compound 1.5 with naphthalene functional group has the highest
inhibitory activity in OxPAPC-induced IL-8 and MCP-1 as compared
to compound 1.2 and compound 1.4 with diphenyl functional
groups. It is possible that naphthalene functional group plays a
more important role in the inhibitory activity of synthetic chalcone
derivatives on proinflammatory chemokines production. Moreover,
in our previous studies®® it was observed that methyl-furan group is
very important and all the compounds bearing methyl-furan group
were found strong inhibitor of phagocytic activity of
polymorphonuclear neutrophils (PMNs) so strong activity of
compound 1.5 in present study can also be result of the presence of
methyl-furan group. On other hand, comparison of two compounds
(1.2 and 1.4) bearing same diphenyl moiety shows that substitution
pattern on aldehyde ring is also very important and effective.

Simvastatin was shown to be able to reduce chemokines level and
therefore were used as a reference drug for inhibition of IL-8 and
MCP-1. Based on a research carried out by Rezaie-Majd et al. 37,
treatment with simvastatin was able to reduce the serum levels of
IL-8 and MCP-1 tested on patients with hypercholesterolemia.
Moreover, simvastatin was demonstrated to inhibit the production
of MCP-1 induced by LPS on human peripheral blood mononuclear
cells and human endothelial cells in a dose-dependent manner B 1t
also effectively inhibits IL-1-induced IL-8 release on epithelial cells
¥ A preliminary work carried out in our laboratory showed that
simvastatin was able to inhibit chemokines production induced by
OxPAPC (supplementary fig. 1ll), which led to its use as a positive
control in the present study. Simvastatin at concentration of 25 um
was used as it is the highest non-toxic concentration towards the
treated differentiated U-937 macrophagess based on MTT assay.

Activations of IRE1 signalling cause activation of XBP1, forming
isoform of spliced XBP1, the functionally active transcription factor
in the UPR pathway. XBP1 signalling was chosen in the present
study due to the fact that the expression of XBP1 is ubiquitous,
specifically within endothelial cells ¥ and macrophages . The
activated XBP1 plays dual roles, either promoting or inhibiting
inflammation, depending on the cell type and context. Previous
research has shown that expression of XBP1 is correlated with

This journal is © The Royal Society of Chemistry 20xx
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development of vascular inflammations. Based on a study carried
out by Zeng et al. 41, it was reported that the enhanced expression
of activated XBP1 leads to increased of inflammatory
atherosclerotic lesions. To the best of the authors’ knowledge, the
synthetic chalcones derivatives tested have shown for the first time
to cause inhibition on XBP1 protein expression tested on
differentiated U-937 macrophages.

Conclusions

The present study demonstrated that the synthetic chalcone
derivatives possessed potential anti-inflammatory effects by
inhibiting OxPAPC-induced proinflammatory chemokines release
through inhibition of XBP-1 pathway.

Acknowledgements

This study was supported by Universiti Kebangsaan Malaysia (UKM)
through Geran Galakan Penyelidik Muda (Grant no: GGPM-2013-
059) and Ministry of Higher Education (MOHE) through
Fundamental Research Grant Scheme (Grant No:
FRGS/2/2013/SKK01/UKM/03/7). The authors would like to extend
appreciation to the Molecular Structure Characterisation
Laboratory, Centre for Research and Instrumentation Management
(CRIM), UKM for providing the ESI-MS services.

Notes and references

Drug and Herbal Research Centre, Faculty of Pharmacy, Universiti
Kebangsaan Malaysia, Jalan Raja Muda Abdul Aziz, 50300 Kuala
Lumpur, Malaysia. Tel: +60392898053; E-mail:
drnorsyahida@ukm.edu.my

1 H. Lee, W. Shi, P. Tontonoz, S. Wang, G. Subbanagounder,
C. C. Hedrick, S. Hama, C. Borromeo, R. M. Evans, J. A.
Berliner and L. Nagy, Circ. Res., 2000, 87, 516-521.

2 S. Meller, F. Winterberg, M. Gilliet, A. Mu"ller, I.
Lauceviciute, J. Rieker, N. J. Neumann, R. Kubitza, M.
Gombert, E. Bu"nemann, U. Wiesner, P. Franken-Kunkel,
H. Kanzler, M. C. Dieu-Nosjean, A. Amara, T. Ruzicka, P.
Lehmann, A. Zlotnik and B. Homey, Arthritis. Rheum.,
2005, 52, 1504-1516.

3 K. Jatta, D. Wagsater, L. Norgren, B. Stenberg and A.
Sirsjo, J. Vasc. Res., 2005, 42, 266-271.

4  C. Papadopoulou, V. Corrigall, P. R. Taylor, and R. N.
Poston, Cytokine., 2008, 43, 181-186.

5 M. Navab, S. S. Imes, S. Y. Hama, G. P. Hough, L. A. Ross,
R. W. Bork, A. J. Valente, J. A. Berliner, D. C. Drinkwater
and H. Laks, J. Clin. Invest., 1991, 88, 2039-2046.

6  R. E. Gerszten, E. A. Gracia-Zepeda, Y. C. Lim, M. Yoshida,
H. A. Ding, M. A. Gimbrone, A. D. Luster, F. W. Luscinskas
and A. Rosenzweig, Nature., 1999, 398, 718-723.

7  D. F. Smith, E. Galkina, K. Ley and Y. Huo, Am. J. Physiol.
Heart. Circ. Physiol., 2005, 289, 1976-1984.

8 K. E. Wellen and G. S. Hotamisligil, J. Clin. Invest., 2005,
115, 1111.

This journal is © The Royal Society of Chemistry 20xx

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

M. Yeh, N. Leitinger, R. de Martin, N. Onai, K.
Matsushima, D. K. Vora, J. A. Berliner and S. T. Reddy,
Arterioscler. Thromb. Vasc. Biol., 2001, 21, 1585.

N. Leitinger, T. R. Tyner, L Oslund, C. Rizza, G.
Subbanagounder, H. Lee, P. T. Shih, N. Mackman, G. Tigyi,
M. C. Territo, J. A. Berliner and D. K. Vora, Proc. Natl.
Acad. Sci., 1999, 96, 12010-12015.

K. A. Walton, X. Hsieh and N. Gharavi, J. Biol. Chem., 2003,
278, 29661-29668.

M. Yeh, A. L. Cole, J. Choi, Y. Liu, D. Tulchinsky, J. H. Qiao,
M. C. Fishbein, A. N. Dooley, T. Hovnanian, K.
Mouilleseaux, D. K. Vora, W. P. Yang, P. Gargalovic, T.
Kirchgessner, J. Y. Shyy and J. A. Berliner, Circ. Res., 2004,
95, 780-788.

A. D. Watson, N. Leitinger, M. Navab, K. F. Faull, S.
Horkko, J. L. Witztum, W. Palinski, D. Schwenke, R. G.
Solomon and W. Sha, J. Biol. Chem., 1997, 272, 13597-
13607.

P. S. Gargalovic, N. M. Gharavi, M. J. Clark, J. Pagnon, W.
P. Yang, A. He, A. Truong, T. Baruch-Oren, J. A. Berliner, T.
G. Kirchgessner, A. J. Lusis, Arterioscler Thromb Vasc Biol.
2006, 26, 2490-2496.

C. Erridge, D. J. Webb and C. M. Spickett, Atherosclerosis.,
2007, 193, 77-85.

A. Furnkranz, A. Schober, V. N. Bochkov, P. Bashtrykov, K.
Gerhard, A. Kadl, B. R. Binder , C. Weber and N. Leitinger,
Arterioscler. Thromb. Vasc. Biol., 2005, 25, 633-638.

F. R. Maxfield and I. Tabas, Nature., 2005, 438, 612-621.
C. Xu, B. Bailly-Maitre, and J. C. Reed, J. Clin. Invest., 2005;
115, 2656-2664.

M. Schro“der and R. J. Kaufman, Annu. Rev. Biochem.,
2005, 74, 739-789.

E. Thorp, G. Li, T. A. Seimon, G. Kuriakose, D. Ron and |I.
Tabas, Cell. Metab., 2009, 9, 474-481.

M. M. Barmada, S. R. Brant, D. L. Nicolae, J. P. Achkar, C. I.
Panhuysen, T. M. Bayless and J. H. Cho, Inflamm Bowel
Dis., 2004, 10, 15-22.

A. Bertolotti, X. Wang, I. Novoa, R. Jungreis, K.
Schlessinger, J. H. Cho, A.B. West and D. Ron, J. Clin.
Invest., 2001, 107, 585-593.

F. Martinon, X. Chen, A. H. Lee and L. H. Glimcher, Nat.
Immunol., 2010, 11, 411-450.

D. J. Todd, J. McHeyzer-Williams, C. Kowal, A. Lee, B. T.
Volpe, B. Diamond, M. G. McHeyzer-Williams and L. H.
Glimcher, J. Exp. Med., 2009, 206, 2151-2159.

D. N. Dhar, In chemistry of chalcones and related
compounds, 1981.

H. S. Ban, K. Suzuki, S. S. Lim, S. H. Jung, S. Lee, J. Ji, H. S.
Lee, Y. S. Lee, K. H. Shin and K. Ohuchi K, Biochem.
Pharmacol., 2004, 67, 1549.

H. H. Ko, L. T. Tsao, K. L. Yu, C. T. Liu, J. P. Wang and C. N.
Lin, Bioorg. Med. Chem., 2003, 11, 105-111.

S. N. A. Bukhari, Y. Tajuddin, V. J. Benedict, K. W. Lam, I.
Jantan, J. Jalil and M. Jasamai, Chem. Biol. Drug. Des.,
2014, 83: 198-206.

S. Takashiba, T. E. van Dyke, S. Amar, Y. Murayama, A. W.
Soskolne and L. Shapira, Infec. Immun., 1999, 67, 5573-
5578.

J. Name., 2013, 00, 1-3 | 5



JE RSO Advances: sl

ARTICLE Journal Name

30 T.Mosmann, J. Immunol. Methods., 1983, 65, 55-63.

31 M. B. Almeida, A. Costa-Malaquias, J. L. M. Nascimento, K.
R. Oliveira, A. M. Herculano and M. E. Crespo-Lo’pez,
Braz. J. Med. Biol. Res., 2014, 47, 398-402.

32 D. Shimizu, Y. Ishitsuka, K. Miyata, Y. Tomishima, Y.
Kondo, M. Irikura, T. Iwawaki, Y. Oike and T. Irie,
Pharmacol. Res., 2014, 87, 26-41.

33 M. G. Rossano, L. S. Mansfield, J. B. Kaneene, A. J.
Murphy, C. M. Brown, H. C. Schott Il and J. C. Fox, J. Vet.
Diagn. Invest., 2000, 12, 28-32.

34 F. H. Greig, S. Kennedy and C. M. Spickett, Free. Radical.
Bio. Med., 2012, 53, 266.

35 S. Hirai, Y. Kim, T. Goto, M. S. Kang, M. Yoshimura, A.
Obata, R. Yu and T. Kawada, Life. Sci., 2007, 81, 1272.

36 B. Orlikova, D, Tasdemir, F. Golais, M. Dicato and M.
Diederich, Biochem. Pharmaco., Available from:
http://www.tara.tcd.ie/bitstream/handle/2262/64540/PE
ER stage2 10.1016%252Fj.bcp.2011.06.012.pdf?sequenc
e=1&isAllowed=y. [Accessed: 27 August 2014].

37 A. Rezaie-Majd, T. Maca, R. A. Bucek, P. Valent, M. R.
Muller, P. Husslein, A. Kashanipour, E. Minar and M.
Baghestanian, Arterioscler. Thromb. Vasc. Biol., 2002, 22,
1194.

38 M. Romano, L. Diomede, M. Sironi, L. Massimiliano, M.
Sottocorno, N. Polentarutti, A. Guglielmotti, D. Albani, A.
Bruno, P. Fruscella, M. Salmona, A. Vecchi, M. Pinza and
A. Mantovani, Lab. Invest., 2000, 80, 1095.

39 K. Sakoda, M. Yamamoto, Y. Negishi, J. K. Liao, K. Node
and Y. lzumi, J. Dent. Res., 2006, 85, 520.

40 J. Zhou, S. Lhotak, B. A. Hilditch, and R. C. Austin,
Circulation., 111, 1814-1821.

41 L. Zeng, A. Zampetaki, A. Margariti, A. E. Pepe, S. Alam, D.
Martin, Q. Xiao, W. Wang, Z. Jin, G. Cockerill, K. Mori, Y. J.
Li, Y. Hu, S. Chien and Q. Xu, PNAS., 2009, 106, 8326-8331.

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins




Page 7 of 10

100

VIABILITY OF U-937 CELL LINE (%)

RSC Advances

|
|
E
ﬁ

m €
=

3

— = °
=3

c

E

a

=

-]

@ 3
]
)
<
3
a
-
Y
1
T )
7 3
= b ]
mg| )
] <
] 3
T a
| -
mll] @
imp|
m

**

sy §

T it

[T

7777777
70
7000000000

OO

A
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Compound Molecular structures Molecular

weight
(0] o/ ‘
0

1.1 =

318.37

3-(2,3-Dimethoxy-phenyl)-1-naphthalen-1-yl-propenone

O O
1.2 - O
l h[\ 369.21

4-(4-Diethylamino-phenyl)-1,1-diphenyl-but-3-en-2-one

@) O/

L 0)
13 O e
O 358.16
4-(2,3-Dimethoxy-phenyl)-1,1-diphenyl-but-3-en-2-one
(L
_F
1.4

326.17

1,1,5-Triphenyl-hex-3-en-2-one
o]
1.5
‘ 262.30
(o)
3-(5-methyl-furan-2-yl)-1-naphthalen-1-yl-propenone

1.6 314.42

3-(4-tert-butyl-phenyl)-1-(naphthalen-1-yl)-2-propen-1-one

Table 1: Structures of synthetic chalcone derivatives
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Table 2: Percentage of inhibition (%) and ICs, (uM) values of test compounds on
IL-8 secretion.

Compound Percentage of inhibition (%) ICs¢ (uM)
1.2 51.66 +0.40 4546 +1.78
14 53.19+4.28 27.32+4.84
1.5 61.39 £423™ 18.33 +1.59
Simvastatin (25 uM) 77.64 +1.51 5.97+0.93
Negative control 0.00 -
(OxPAPC 30pug/ml)

Values are expressed in mean + SEM; n=3. Percentage inhibition>10% was significant at p<0.05
compared with negative control. ™ p>0.05 was considered not significant compared with
simvastatin.

Table 3: Percentage of inhibition (%) and ICsy (uM) values of test compounds on
MCP-1 secretion.

Compound Percentage of inhibition (%) ICsp (uM)
1.2 4823 £4.16 ND
1.4 54.79 £1.81 23.45+£0.47
1.5 63.79 +£2.16 " 13.05 + 1.37
Simvastatin (25 uM) 75.46 £ 1.75 8.42 +1.05
Negative control 0.00 -

Values are expressed in mean + SEM; n=3. Percentage inhibition>10% was significant at p<0.05
compared with negative control. ™ p>0.05 was considered not significant compared with
simvastatin. ND represents ICs, value not determined.



