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ABSTRACT

Scientists have been increasingly interested in recent years in finding new anti-inflammatory
drugs. Chalcone term is given to the flavonoid compounds bearing the 1,3-diphenyl-2-propen-
1-one framework. Generally, chalcones are precursors of flavonoids with two aromatic rings
joined together through three carbons, a, B-unsaturated carbonyl system. In plants, chalcones
are converted to the respective (2S)-flavanones by enzymatic reaction of chalcone isomerase.
Based on the close chemical and biogenetic relationship between flavanones and chalcones,
they are considered as natural products. For anti-inflammatory activity of chalcones, activated
macrophages play an important role and compounds with that inhibit nitro oxide production
by macrophages have been found potential for the prevention and treatment of inflammatory
disorders. Some functional groups such as dimethylamine, methoxy and butoxy groups
increase the electron density of the B-ring resulting in significant loss of anti-inflammatory
activity. Therefore, in this project we synthesised five compounds for chalcones containing
halogens (-Cl, -F) at meta-positions on aromatic rings in chalcones and tested for their anti-
inflammatory activity. The synthesized compounds were purified by column chromatography
and characterised by 1H-NMR, 13C-NMR, FTIR, Mass and UV spectra. Further evaluation
of their in vitro anti-inflammatory activity were carried out using RAW 264.7 mouse
macrophages. The test dose of chalcones were determined was cytotoxicity (MTT) assay on
RAW264.7 mouse macrophages. The results showed that the halogen substitution at meta-
positions on aromatic rings improved the anti-inflammatory activity for the compound (E)-
1,3-bis(3-chlorophenyl) prop-2-en-1-one (111) shows the best activity. The table below
showed the compounds activity with 1Cso values.

Chalcone ICso value
C > 100 UM
C-1 (E)-1-(3-chlorophenyl)-3-phenylprop-2-en-1-one > 100 uM
C-1l E)-3-(3-chlorophenyl)-3-phenylprop-2-en-1-one > 100 uM
C-lI(E)-1, 3-bis (3-chlorophenyl) prop-2-en-1-one 29.7 uM
C-IV (E)-1-(3-fluorophenyl)-3-phenylprop-2-en-1-one 75 uM
C-V (E) -3-(3-fluorophenyl)-1-phenylprop-2-en-1-on 73 uM

1Background

The chemistry of chalcones has generated
intensive scientific studies throughout the
world. The name “Chalcones” was given
by Kostanecki and Tambor [X Chalcones
are also known as benzyl acetophenone or

benzylideneacetophenone. In chalcones,

two aromatic rings are linked by an
aliphatic three carbon chain. Chalcones
(trans-1, 3-diaryl-2-propen-1-ones) are a,
B-unsaturated ketones consisting of two
aromatic rings (ring A and B) having

diverse array of substituents. Rings are
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interconnected by a highly electrophonic

three carbon a, P-unsaturated carbonyl

They contain the ketoethylenic group (-
CO-CH=CH-).
conjugated double bonds and a completely

Chalcones possess

delocalized m-electron system on both
benzene rings. the other hand, the
chalcones with meta- (i.e. 2',4', 3',5)
substitutions show significant decrease in
activities (around 25% of the control) even
at the concentration of 1C50>200 uM. It
demonstrates that the substitution of two
hydroxyl groups on chalcone rings is very
important structural feature for their
antioxidant and radical scavenging
2 Materials and Methods

2.1 Chemicals

All the chemicals including ketones
(acetophenone, 3-chloro acetophenone,
3-floro acetophenone), aldehydes
(benzaldehyde, 3-chloro benzaldehyde
and 3-floro benzaldehyde), and sodium
hydroxide were of analytical grade and
bought from Sigma Aldrich and used
without further purification. Deionized
double-distilled water was used
throughout the experiments. Absolute

ethanol from Sigma Aldrich was also used

without further distillation. The resulting

system that assumes linear or nearly planar

structure (24,

activities. For anti-inflammatory activity
of chalcones, activated macrophages play
an important role and compounds with
excess inhibition for production of NO by
macrophages have been found more
potential for the treatment and
prevention of inflammatory diseases.
Some functional groups such as
dimethylamine, methoxy and butoxy
groups will increase the electronic density
on the B-ring, resulting in decreased

inhibition of the nitrite production

(E)-chalcone, (E)-1-(3-chlorophenyl)-3-

phenylprop-2-en-1-one, (E)-1,3-bis(3-
chlorophenyl)prop-2-en-1-one,  (E)-1-(3-
fluorophenyl)-3-phenylprop-2-en-1-one,
(E)-1,3-bis(3-fluorophenyl)prop-2-en-1-
one products were synthesized and
purified based on previously reported

literatures (86-88).

The materials and chemicals used for the
chemical synthesis and cell culture assays
in this study are recorded below in Table

3.1
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Table 2.1Materials and chemicals that used for chemical synthesis and biological assay.

Materials and Chemicals

‘ Brand / Supplier

3-chlorobenzaldehyde

Darmstadt , Germany

3-chloroacetophenone

Darmstadt , Germany

3-fluoroacetophenone

Darmstadt, Germany

3-fluoro benzaldehyde

Darmstadt, Germany

Acetophenone

Sigma chemicals Co. (St.
Louis, MO, USA)

Benzaldehyde

Sigma chemicals Co. (St.
Louis, MO, USA)

Methanol

Darmstadt, Germany

Ethyl acetate

Sigma chemicals Co. (St.
Louis, MO, USA)

n-Hexane

Sigma chemicals Co, (St.
Louis, MO, USA)

Dulbecco’s Modified Eagle Medium (DMEM), supplemented

with10% heat-inactivated FBS, and 100U/ml of
penicillin/streptomycin

Interferon-gamma (IFN-y) 12.5 Ul/ml
Lipopolysacharide (LPS) 5pg/ml

Sigma chemicals Co, (St.
Louis, MO, USA)

Dimethyl sulfoxide (DMSO) 0.1%

3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium bromide Sigma chemicals Co,

(MTT)
0.25% trypsin-EDTA

(St.Louis, MO, USA)

2.2 Instrumentation

The synthesized chalcones were
kept in a desiccator and related melting
points were determined by Electro
Thermal Digital Melting point apparatus
model IA 9100 (0-400) . The IR of the
products were recorded by using Perkin
Elmer GX spectrophotometer in the range
of 400-4000 cmt and the
spectrophotometer is attached with

Attenuated Total Reflectance (ATR)

sample holder. Nuclear Magnetic
Resonance (NMR) for 'H and 13C
experiments were performed with Joel-
ECP 400 MHz and bench top NMR (50
MHz) spectrometer using CDCl3 and
DMSO.ds as solvents. UV-visible
absorption spectrum of the compounds
were recorded using UV-VIS

spectrophotometer using quartz cuvette.
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Multi-Analyte ELIS Array Kits from Qiagen were used for anti-inflammatory tests.

3. Synthetic routes
3.1 Synthesis of (E)-1-(3-fluorophenyl)-3-phenylprop-2-en-1-one (IV)

The (E)-1-(3-fluorophenyl)-3-phenylprop- some residue was formed. The solid was
2-en-1-one was prepared by the stirring filtered and washed with cold ethanol. The
mixture of 3-flouro acetophenone (8.57 product, (E)-1-(3-chlorophenyl)-3-
mMol, 1.2 g), and benzaldehyde (8.57 phenylprop-2-en-1-one, was then
mMol, 0.9 g) in minimum amount of recrystallized from ethanol and dried
ethanol at room temperature for 8 hours. using rotavap White powder was obtained
After completion of reaction using then in ca 25% yield Melting point; (62-63°C)
thin layer chromatography (TLC), 40% (Scheme 3.1).
sodium hydroxide was added slowly and
0 0 O
F F =
M NaOH, EtOH
—_—
RT

Scheme 3.1. Synthesis of (E)-1-(3-fluorophenyl)-3-phenylprop-2-en-1-one (i)

3.2 Synthesis of (E) -3-(3-fluorophenyl)-1-phenylprop-2-en-1-on

The (E)-3-(3-fluorophenyl)-1- hydroxide was added slowly until the
phenylprop-2-en-1-one  was prepared residue was formed. The solid was filtered
from the stirring mixture of acetophenone and washed with cold ethanol to remove
(8.57 mMol, 1.2 g) and 3- the unreacted starting materials. The
flourobenzaldehyde (8.57 mMol, 1 g) in product, (E)-3-(3-fluorophenyl)-1-
minimum amount of ethanol at room phenylprop  -2-en-1-one, was then
temperature for 8 hours. After completion recrystallized from ethanol and dried
of reaction using then thin layer Yalow powder was obtained in ca 79%

chromatography (TLC), 40% sodium yield (m.p.78-89°C). (Scheme 3.5).
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Scheme 3.2. Synthesis of (E) -3-(3-fluorophenyl) -1-phenylprop-2-en-1-one (ii)

3.3 In-vitro anti-inflammatory studies

The in-vitro anti-inflammatory
studies were carried out using in-vitro model
of lipopolysaccharide and/or IFNy- induced
inflammation in RAW 264.7 cells with the
objective of obtaining an insight on structure
activity relationships (89, 90). All of the
1-one were subjected to RAW 264.7 cells for
their anti-inflammatory activities. These tests
were carried out by Microbial Culture

synthesized (E)-1-(3-chlorophenyl)-3-
phenylprop-2-en-1-one, (E)-1,3-bis(3-
chlorophenyl)  prop-2-en-1-one,  (E)-1-(3-
fluorophenyl)-3-phenylprop-2-en-1-one, and
(E)-1,3-bis(3-fluorophenyl) prop-2-en-

Collection Unit (UNiCC), International Medical
University (IMU).

3.4  Cell culture and treatment of RAW 264.7mouse macrophages

Mouse leukaemic macrophage
cells (RAW 264.7),were purchased from
cell line bank of China and cultured in
RPMI 1640 medium supplemented
with10% fetal bovine serum, 1% of 2 mM
L-glutamine, 50 IU/mL penicillin and 50

pg/mL streptomycin, under atmosphere of

Preparation of compounds:

In preparation step, concentration of
compounds was calculated based on
molecular weight, density and volume. DMSO
was used to prepare the stock solutions, and
serial dilutions in different concentrations of

100, 50, 25, 12,5, 6.25, and 3.125 pl were
Treatment with LPS:

For LPS preparation, the 10 pl of stock
solution was thawed at room temperature
before diluting. Then, 990 pl of complete

media was added to the tube to achieve 10

CO2 (5%), at 37 °C. The cells were
harvested with trypsin-EDTA and diluted
to a suspension in fresh medium. In all

experiments, macrophages were

incubated in the presence of various
concentrations of linalool, which added 1

h before LPS (1 mg/mL) stimulation(85).

prepared for dose response and ICso. 20 ul of
DMSO 1% was prepared and transferred to
the vehicle wells. Then 20 pl of compounds
was transferred to each respective well. The
plate was incubated at 37 °C and CO, (5%) for
4 hours (85,86).

pl/ml in 1 ml concentration. 20 pl of
supernatant of each well except for blank and
vehicle without LPS was remove 20 ul of 10

pl/ml was then added to each well to achieve
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1 pl/ml of LPS inside the well. The plates were
then incubated 37 °C and CO; (5%) for 20

3.5 Cell viability assay by MTT

The cell viability was evaluated by MTT
assay (87). 100 ul of supernatant from each
well was transferred to a new plate for nitrate
assay. 50 pl of MTT was then added to the
current plate for cell viability assay. The plate
was then incubated at 37 °C and CO, (5%) for

3-4 hours. After about 4 hours, the wells were

hours(85,86).

decanted and 100 pl of DMSO 100% was
added to each well. Purple color was observed
for viable cells, and the plate was then
measured at 550 and 570 nm with 630 nm as
reference. The results were interpreted in

percentage of cell viability based on control.

3.6 Inhibitory effect on LPSEc induced nitric oxide production

The cells were seeded in a 96- well
plate with 5 x 10% cells/well and allowed to
settle down for 24 h at 37 °C in a humidified
atmosphere containing 5% carbon
dioxide.Then the medium was replaced with
fresh medium containing 100 ng
lipopolysaccharide (LPSEc) together with
various concentrations of compounds and

then incubated for 48 hours. Nitric oxide (NO)

Preparation of Griess reagent:
For preparation of Griess reagent,

a 1:1 mixture of 2%
naphtylethylenediaminedihydrochloride

(NED) and 2% sulphanilamide were
dissolved in 5% phosphoric acid at room
temperature for 15-30 minutes and under

dark conditions. 50 pl of sulphanilamide

solution was added to the wells containing

production was determined by measuring the
accumulation of nitrite in the culture
supernatant using the Griess reagent. The
absorbance of the solution at 570 nm was
measured using microplate reader. The
compounds that showed anti-inflammatory
effect were proceed to phase 3. The standard

drug used in this study was flurbiprofen.

the supernatant and incubate for 5-10
minutes under dark conditions. 50 pl of
NED solution was then added to the same
wells and incubated for 5-10 minutes
under dark conditions. Purple color
(Magenta) was observed and the plate was
measured at 540 nm. The results was then
interpreted in percentage of inhibition of
ICsovalue(86.87).
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3.6  Profiling of differential expression of cytokines/chemokines

The effect of active compounds (identified in
previous level) on differential expression of
cytokines and/or chemokines (IL-1a, IL-1f, IL-

2, IL-4, IL-6, IL-10, IL-17¢a, IFN-y, TNF-a, G-CSF

and GM-CSF) in cell supernatant solution was
determined as per the protocol present in
mouse inflammatory cytokines multi-analytic

ELISA array kit from Qiagen.

4.The characterization of the compound (E)-1-(3-fluorophenyl) prop-2-en-1-one

The IR spectrum of compound (1V), (E)-1-
(3-fluorophenyl)-3-phenylprop-2-en-1-one,
also showed the presence of (C-H) stretching,
C=0, C=C, (=C-H) npending and C-F

functional groups at 3030, 1683,1585,
1249 and 779 cm?, respectively as has
shown in Fig 4.1.

T

Figure 4.1. Infra-red (IR) spectrum of (E)-1-(3-fluorophenyl)-3-phenylprop-2-en-1-one

The H NMR of (E)-1-(3-fluorophenyl)-3-
phenylprop-2-en-1-one showed the vinyl
protons at chemical shifts of 7.49 and 7.23 6
ppm, respectively. The aromatic ring protons

were also observed in overlap to each other at

chemical shifts of about .08, 6.97, 6.89,

and 6.84 § ppm as shown in dppm . The
UV-visible spectrum of compound showed
the electron transaction of n n at

maximum UV 256 nm (Figure 4.2).
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Figure 4.2UV-visible spectrum of (E)-1-(3-fluorophenyl)-3-phenylprop-2-en-1-one

The LC-MS fraction pattern of product IV, also showed the (M+H)*, and (M+K)* clustersat m/z of

228.29, 265.34, respectively (Figure 4.3).
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Figure 4.3LC-MS spectrum of (E)-1-(3-fluorophenyl)-3-phenylprop-2-en-1-one (IV

O

T

Figure 4.4Based on the above spectral data, the structure of (E)-1-(3-fluorophenyl)-3-

phenylprop-2-en-1-one

4.1The characterization of the compound (E)3-(3-fluorophenyl)-1phenylprop-2-

en-1-one

The IR spectrum of compound (V), (E)-3-(3-fluorophenyl)-1-phenylprop-2-en-1-one, also showed the

presence of (C-H) stretching, C=0, C=C, (=C-H) pending and C-F functional groups at 3065, 1657,1586, 1246

and 779 cm’, respectively as has shown in Fig 4.4.
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Figure 4.4Infra-red (IR) spectrum of (E)-3-(3-fluorophenyl)-1-phenylprop-2-en-1-one

The H NMR of (E)-3-(3-fluorophenyl)-1- were also observed in overlap to each other at
phenylprop-2-en-1-one (V) showed the vinyl chemical shifts of about7.68, 7.24, 7.11,6.81,
protons at chemical shifts of 7.79 and 7.38 6 and 6.71 6 éppm .
ppm, respectively. The aromatic rings protons
The UV-visible spectrum of benzoyl moiety at maximum UV band of
compound (V) showed the electron 250 nm as shown in Figure 4.5
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Figure 4.5UV-visible spectrum of (E)-3-(3-fluorophenyl)-1-phenylprop-2-en-1-one
The LC-MS fraction pattern of product V, was clusters at m/z of 228.34 ,255.45 and 265.36,

in agreement with the expected structure respectively (Figure 4.6).

showing (M+H)*, (M+CyHs)*, and (M+K)*
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Figure 4.6LC-MS spectrum of (E)-3-(3-fluorophenyl)-1-phenylprop-2-en-1-one

O
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Figure 4.7Based on the above spectral data, the structure of (E)-3-(3-fluorophenyl)-1-
phenylprop-2-en-1-onewas assigned.
4.2 In vitro anti-inflammatory activity of chalcones

4.2.1The chalcones were tested for their effect on viability of RAW 264.7 cells using MTT assay.

MTT Assay of Chalcones
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Figure 4.7Cytotoxic effect of chalcones onRAW 264.7 cell line. RAW 264.7 cells were treated with

chalcones at a concentration of 100 puM.
Cell viability was determined using MTT

assay. All the compounds were found to be
non-toxic on RAW 264.7 cells. For all in vitro
experiments, the activities of halogen
substituted chalcones (C-I to C-V) were
compared with unsubstituted simple chalcone

4.2.2 Nitro oxide inhibiting test

(C). The MTT assay results revealed that all the
chalcones at 100 uM (the highest
concentration used in subsequent studies) do
not decrease the cell viability of RAW 264.7
cells indicating that all the chalcones were
non-toxic.

Dose Response curve of Compounds in Inhibition NO production

12 ——
_\\ '
- '
s
2w S S
= :
- 8 \ .
3 | \\< ;
. . |
& " e —— =]
6 3 —
g =
|
-
£ s
Colrs C-014LPs C02 « LIS
z
COI+LPS  —T-034 LPS ——C-OY<LPS
0
6.25% 15 25 S0 100
Compound Concentration in micro M

Figure 4.8In vitro anti-inflammatory activity chalcones in inhibiting NO production in RAW

264.7 cell line.

The chalcones (C-I to -V) were found to more
active than simple chalcone (C) in reducing
nitric oxide production in RAW 264.7 cells.
These results indicate that halogens at meta-
position on aromatic rings of chalcones have

positive influence on their anti-inflammatory

fluorine showed positive influence than
chlorine in inhibiting NO production in RAW
264.7 cells. Disubstitutedchalcone (C-lll) was
found to be more potent than mono-
substituted chalcones. The ICso values of

chalcones were shown in the following Table

activity. Among mono-substituted chalcones, 4.2
Chalcone ICso value
C > 100 uM
Cc-01 > 100 uM
C-02 > 100 uM
C-03 29.7 uM
C-04 75 uM
C-05 73 uM

Table 4.1 ICsp values of chalcones in inhibiting NO production by RAW 264.7 cells
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From the Table 4.1, it is clearly evident that
chalcones substituted with mono- substituted
fluorine and disubstituted chlorine were
found to be more potent than simple chalcone

(C). Since di-chlorsubstitutedchalcone (C-llI)

Relative exrpestion of

: I

was found to be more potent, it’s influence on
the expression cytokines were determined
using multi-analytie ELISA kit from Qiagen

whose results were shown in Fig 4.29.

eytakines in RAW 264.7 cells upan challenging with LPS with/withaut C-03

. A
]
r 1 -11.1

Figure4.9Relative expression of cytokines in RAW 264.7 cells treated with LPS with and

without disubstitutedchalcone (C-111)

Interleukin (IL)-1a, IL-1B, IL-2, IL-6, TNF-0, G-
CSF and GM-CSF are pro-inflammatory
cytokines. IL-4, IL-10, IFN-y and anti-
inflammatory cytokines. The remaining
cytokines IL-12 and IL-17a. could be either pro-
or anti-inflammatory cytokines. From the
figure 4.24; it is clearly evident that C-03 at a

concentration of 25uM  reduced the

CONCLUSION

expression of pro-inflammatory cytokines (IL-
la, IL-1B, IL-2, IL-6, TNF-a0 and G-CSF). The
chalcone C-lll at a concentration also
increased expression of anti-inflmmatory
cytokines such as IL-4 and IL-10. The chalcone
C-lll does not possess any effect on expression

of cytikines, IL-12, IL-170, and IFN-y.
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In the present study, five chalcones were
synthesized in which the halogens (Cl and F)
were substituted at meta positions on
aromatic rings. All the compounds were
purified well by using column chromatography
technique, and then characterised using
physical and spectral data such as *H and 3C
NMR, Mass and FTIR spectra. Furthermore, in
vitro anti-inflammatory activity of chalcones
were determined in RAW 264.7 mouse
macrophage cells using Greiss reagent. The in
vitro anti-inflammatory activity of chalcones
were compared with simple chalcone to
determine the influence of halogens on anti-
inflammatory activity. The results showed that
the halogen substitution at meta-positions on
aromatic  rings  improved the anti-

inflammatory activity of chalcones, the order

of activity being di-chloro substituted

>monofluoro substituted >monochloro
substituted > simple chalcone. The toxicity of
chalcones were determined using MTT assay
and the chalcones were found to be non-toxic
against RAW264.7 cells at the concentration
of 100 puM, the highest concentration used in
in vitro assays. The dichloro-substituted
chalcone (C-lll) was found to be the most
potent and tested for its influence on
expression of cytokines using multianalyte
ELISA array kit. The chalcone, C-lll (E)-1,3-
bis(3-chlorophenyl)prop2-en-lone, reduced
the expression of a few pro-inflammatory
cytokines, increased the expression of a few

anti-inflammatory cytokines and few more

cytokines were unaffected.

FUTURE WORK RECOMMENDATIONS

The aim of this study was to synthesise
meta-halogen substituted chalcones and test
their influence on in vitro anti-inflammatory
activity and differential expression of
cytokines. The limited time and funding
available only five chalcones could be
synthesised. Further work should be carried
out to synthesise more chalcones to obtain
meaningful structure activity relationship of
chalcones in eliciting anti-inflammatory
activity. The metabolic stability of chalcones
and their efficacy in in vivo inflammatory

model should also be carried out.
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