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Abstract
Background: Genotoxic effects of many of clinically useful anticancer drugs are due to their interaction with the amino
groups of nucleic acids. Literature reveals that the chalcones however may be devoid of this important side effect. With
this view in mind, we synthesized a novel quinazolinone-chalcone derivative and evaluated its anticancer potential.
Methods: Anticancer potential of A novel quinazolinone-chalcone derivative 2-Methyl-3-(3-((E)-3-(3,4,5-trimethoxyphenyl)-2-propenoyl)phenyl)-3,4-dihydro-4-quinazolinone (8b) was determined through MTT assay, colony formation
assay, Wound healing assay, Cell cycle and Western Blot Analysis in Mia paca-2 cells treated with 8b.
Results: The cytotoxicity studies showed a concentration dependent decrease in cell viability of HCT-116, HL-60, PC-3,
A-549, Mia pacca-2 and MCF-7 cell lines with IC50 values ranging from 5.5 to 8.5 µM. The motility of Mia paca-2 cells
treated with 8b was found inhibited in a dose dependent manner. Cell cycle studies revealed a concentration dependent rise
in G2/M phase of cell cycle from 1% to 52%. Decreased expression of cyclins regulating G2/M transition of the cell cycle
(cyclin B1 and cdk1) was recorded after treatment of Mia Paca-2 cells with 8b. Mitochondrial membrane potential was
also significantly lost in cultures exposed to 8b. However, nuclear morphology of 8b treated Mia paca-2 cells revealed no
significant changes. 8b significantly inhibited the growth of Ehrlich ascites carcinoma, Sarcoma-180 (ascites), Ehrlich
tumor (solid) and Sarcoma-180 (solid).
Conclusion: The findings are indicative of 8b exerting anticancer activity through cell cycle arrest at G2/M phase and not
through apoptosis. Reduction in the motility of Mia paca-2 cells indicates anti-metastatic potential of 8b.
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1 Introduction
Natural products constitute a major source of biologically active compounds that may serve themselves as significantly
commercial entities or as lead structure providers for the development of modified derivatives with enhanced activity
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and/or reduced toxicity. In almost all therapeutic areas, many natural products and synthetically modified natural product
derivatives have been developed for clinical use in order to treat human diseases [1]. During the past decade, the focus of
drug development has been on the natural products and their synthetic and semi-synthetic analogs because of their least
side effects. In the area of anticancer drug discovery, many natural products including chalcones are being studied by both
the academia and the industry. However, only a few studies report in-depth mechanistic basis of their anti-proliferative
activity.
Chalcones belong to the largest class of plant secondary metabolites and are synthesized in a large number of plant species.
Chemically, they are aromatic ketones with two phenyl rings that are also intermediates in the synthesis of many biological
compounds. They are considered to be precursors of flavonoids and isoflavonoids which serve in plant defense mechanisms to counteract reactive oxygen species (free radicals) and prevent molecular damage and damage by microorganisms,
insects and animals. Chalcones possess multifarious biological activities like anti-inflammatory [2], antioxidant [3], antimicrobial [4], anti-HIV [5], anti-malarial [6], anti-allergic [7] and anticancer [8]. Owing to their easy synthesis and good safety
profile, chalcones are being explored worldwide for their pharmacological activities.
Chalcones and their derivatives are reported to exhibit promising anticancer activity. This has inspired numerous synthetic
efforts to develop novel synthetic chalcones. Many studies have demonstrated their anticancer activity against various
tumor cells. Strong antiproliferative effects of natural and synthetic chalcones have been shown in both primary and
established ovarian cancer cells and in gastric cancer HGC-27 cells [9]. Kinases like epidermal growth factor receptor and
vascular endothelial growth factor receptor that are essential for the proliferation of tumor cells have also been reported to
be inhibited by chalcones [10, 11]. Compounds containing 2(1H)-quinazolinone ring structure have also shown anticancer
activities [12]. Further, chalcones are likely to be devoid of the genotoxic side effect [13-15] which a number of anticancer
drugs have due to their interactions with the amino groups of nucleic acids. Therefore, with the view of making good use of
quinazolinones and chalcones, we synthesized a novel quinazolinone-chalcone derivative and evaluated its anticancer
potential.

2 Materials and methods
2.1 Chemicals and antibodies
MEM, RPMI-1640, MTT (3-(4,5-dimethylthiazole-2-yl)-2,5 diphenyltetrazolium bromide), Rh-123(Rhodamine-123),
penicillin, streptomycin, pyruvic acid, L-glutamine, PMSF (phenylmethanesulfonyl fluoride), PI (Propidium iodide),
DNAse free RNAse, Hoechst 33258, eukaryotic protease inhibitor cocktail, camptothecin and fetal bovine serum were
purchased from Sigma–Aldrich Co., India. Anti-human antibodies to PARP-1(#SC8007), β-Actin (#SC-47778), goat
anti-mouse IgG-HRP (#SC2031) and goat anti-rabbit IgG-HRP (#SC2301) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Electrophoresis reagents, protein estimation kit and protein markers were purchased from
Bio-Rad Laboratories, USA. Hyper film and ECL Plus Western blotting detection kit were from Amersham Biosciences,
UK.

2.2 Synthesis of 8b
The starting material for quinaxolinone-chalcone derivative (8b) was antranilic acid (compound 1) as outlined in Figure 1.
The first synthetic step involved the condensation of anthranilic acid with acetic anhydride to afford benzoxazinone
(compound 2) in quantitative yield. Later, benzoxazinone (compound 2) was coupled to 3-amino acetophenone to provide
the quinazolinone (compound 3). This quinazolinone (compound 3) was made to undergo condensation reaction with
substituted benzaldehydes in presence of a base to afford the desired quinazolinone-chalcone 8b in good yield.
Reactions were performed on silica gel glass plates containing 60 GF-254, and visualized on TLC by UV light or iodine
indicator. Column chromatography was performed with Merck 60-120 mesh silica gel. 1H spectra were recorded on
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Bruker UXNMR/XWIN-NMR (300 MHz) instrument. Chemical shifts (δ) were reported in ppm downfield from internal
TMS standard. ESI spectra were recorded on Micro mass, Quattro LC using ESI+ software with capillary voltage 3.98 kV
and ESI mode positive ion trap detector. High-resolution mass spectra (HRMS) were recorded on QSTAR XL Hybrid
MS/MS mass spectrometer. Melting points were determined with an Electro thermal melting point apparatus, and are
uncorrected.

Figure 1. Reagents and conditions: (1) (CH3CO)2O, 150ºC, 30 min.; (2) 3-aminoacetophenone, AcOH, reflux, 4 h;
(3) Ba(OH)2·H2O, MeOH, rt, 12 h.

2.3 Synthesis of 2-methyl-4H-benzo[1,3]oxazin-4-one (2)
The compound 2 was prepared by heating 1 (2.05 g, 15 mmol) in acetic anhydride (5 ml) at 150ºC for 30 min. The reaction
mixture was poured in ice water, filtered and the precipitate was washed with water, dried and used without purification to
get 2 as white solid (2.19 g, 91%); mp 82-84ºC; 1H NMR (CDCl3, 300 MHz): δ 2.48 (s, 3H), 7.49 (d, 1H, J = 7.5 Hz), 7.55
(d, 1H, J = 7.7 Hz), 7.77-7.84 (m, 1H), 8.19 (dd, 1H, J = 1.1, 7.9 Hz); MS (ESI): m/z 162 (M+H)+.

2.4 Synthesis of 3-(3-acetylphenyl)-2-methyl-3,4-dihydro-4quinazolinone (3)
The compound 3 was prepared by heating equimolar quantities (1.61 g, 10 mmol) of 2 and 3-amino acetophenone (1.35 g,
10 mmol) in acetic acid at 120ºC for 4 h. The reaction mixture was then washed with cool sodium bicarbonate solution and
then extracted with ethyl acetate (2×50 ml). The combined organic fractions were washed with water followed by brine,
dried over Na2SO4 and purified by column chromatography (30% ethyl acetate-hexane) to afford the compound 3 as white
solid (2.36 g, 85%);1H NMR (CDCl3, 400 MHz): δ 2.25 (s, 3H), 2.63 (s, 3H), 7.47-7.51 (m, 2H), 7.69 (d, 1H, J = 5.8 Hz),
7.77-7.81 (m, 1H), 7.89 (t, 1H, J = 2.2 Hz), 7.92 (d, 1H, J = 8.0 Hz), 8.08 (d, 1H, J = 8.0 Hz), 8.25 (dd, 1H, J = 1.4, 8.0 Hz);
MS (ESI): m/z 279 (M+H)+.

2.5 Synthesis of 2-Methyl-3-(3-((E)-3-(3,4,5-trimethoxyphenyl)-2propenoyl)phenyl)-3,4-dihydro-4-quinazolinone (8b)
To a stirred solution of an equivalent amount of 3 (278 mg, 1 mmol) and 3,4,5-trimethoxy benzaldehyde (196 mg,
1 mmol), in methanol was added Ba(OH)2·H2O (568 mg, 3 mmol) and stirred for 12 h at room temperature. After
completion of the reaction as monitored by TLC, the solvent was evaporated, neutralized with dilute HCl and extracted
with ethyl acetate (2×50 ml). The combined organic fractions were washed with water followed by brine, dried over
Na2SO4 and purified by column chromatography (50% ethyl acetate-hexane) to afford the pure compound 8b as yellow
solid (297 mg, 65%); mp 97-99ºC; 1H NMR (CDCl3, 300 MHz): δ 2.26 (s, 3H), 3.88 (s, 3H), 3.90 (s, 6H), 6.85 (s, 2H),
7.34 (d, 1H, J = 15.2 Hz), 7.47 (d, 2H, J = 7.6 Hz), 7.69 (t, 2H, J = 7.6 Hz), 7.75 (d, 1H, J = 15.2 Hz), 7.78 (t, 1H, J =
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7.6 Hz), 7.90 (s, 1H), 8.14 (d, 1H, J = 7.6 Hz), 8.24 (d, 1H, J = 7.6 Hz); 13C NMR (75 MHz, CDCl3) δ 24.45, 56.42, 61.01,
106.08, 119.46, 120.56, 121.77, 122.24, 123.12, 124.20, 126.92, 127.23, 129.51, 130.68, 133.09, 138.48, 142.77, 144.38,
147.39, 153.76, 162.35, 188.68; MS (ESI): m/z 457 (M+H)+.

2.6 Cell culture
Human cancer cell lines HL-60, A549, MCF-7, PC-3, HCT-116 and Mia Paca-2 were obtained from European Collection
of Cell Cultures (ECACC), UK. RPMI/MEM containing 10% FCS, 100U penicillin and 100μg streptomycin per ml of the
medium was used for growing the cells. Cells were grown in a CO2 incubator (Thermocon Electron Corporation, Houston,
TX) at 37ºC with 95% humidity and 5% CO2. Cells were treated with 8b dissolved in DMSO while control cultures
received only the vehicle (DMSO < 0.2%).

2.7 Cell proliferation assay
Cells were seeded in 96 well plates and exposed to 8b at concentrations ranging from 1 μM to 100 μM for 48 h. MTT dye
(2.5 mg/ml in PBS) was added 4 h prior to the termination of experiment. The MTT-formazan crystals were dissolved in
150 μL of DMSO and the OD was measured at 570 nm with reference wavelength of 620 nm [16].

2.8 Cellular and nuclear morphology
Mia Paca-2 cells were treated with 8b at 1, 3, 5 and 10μM concentrations for 24h. Cells were collected and washed with
PBS and fixed in 400 μl cold acetic acid: methanol (1:3, v/v) overnight at 4ºC. Cells were washed with fixing solution and
dispensed in 50 μl of fixing solution. The cells were then spread on slide and dried overnight at room temperature. Hoechst
33,258 (5 μg/ml in 0.01 M citric acid and 0.45 M disodium phosphate containing 0.05% Tween 20) was added to stain the
cells for 30 min. PBS wash was given to the slides. Slides were covered with glass cover slips after pouring 40 μl of
mounting solution (PBS: glycerol, 1/1) and sealed with nail polish. Cells were observed under the microscope for nuclear
morphological changes that occur in apoptosis [17].

2.9 DNA content and cell cycle phase distribution
Mia Paca-2 cells (0.3 × 106 / ml/6 well culture plate) were treated with 1, 3, 5 and 10 μM concentrations of 8b for 24 h.
Cells were collected, washed in PBS, fixed with 70% cold ethanol and placed at 4oC overnight. Again, PBS wash was
given and cells were subjected to RNase digestion (200 μg/ml) at 37ºC for 1.5 h. Cells were then incubated with PI 206
(propidium iodide 10 μg/ml) for 30 min and analyzed on flow cytometer FACS Calibur (Becton Dickinson, USA). The
data were collected in list mode on 10,000 events and illustrated in a histogram, where the number of cells (counts) was
plotted against the relative fluorescence intensity of PI (FL-2-A vs. FL2-W). Resulting DNA distributions were analyzed
by Modfit software (Verity Software House Inc., Topsham, ME) for the proportions of cells in apoptosis, G1, S, and G2-M
phases of the cell cycle [18].

2.10 Determination of mitochondrial membrane potential
Mia Paca-2 cells (0.3×106/ml) were treated with different concentrations of 8b (1, 3, 5, and 10 μM) for 24 h and ΛΨm was
measured by flow cytometry using Rhodamine-123 (Rh-123) dye. Rh-123 (1mM) was added 1h before the termination of
experiment. Cells were collected, washed in PBS and incubated with propidium iodide (10 μg/ml) for 15 min. The
decrease in the intensity of fluorescence because of the loss of mitochondrial membrane potential was analyzed in FL-1
channel [16].

2.11 Colony formation assay
Mia Paca-2 cells (1×103) were seeded in six well plate. After attachment of cells, fresh medium was added and treatment of
8b at 1, 3, 5 and 10 μM concentrations was given. Cells were incubated at 37ºC for 2 weeks and were fixed with 4%
formaldehyde for 10 min. Cells were thereafter incubated with 0.5% crystal violet for 30 min. Images were taken by digital
camera [19].
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2.12 Wound healing assay
Mia Paca-2 cells were seeded in six-well plate and maintained in DMEM. Scratches were given with a 200-μl sterile tip. 8b
was added at different concentrations in fresh culture medium. Using an inverted microscope equipped with digital camera
(Olympus Imaging Corp., Center Valley, PA, USA), the wound closure was photographed at 0, 24 and 36 h after injury.

2.13 Preparation of whole cell lysates for immunoblotting
Mia Paca-2 cells (0.3 × 106/ml) after treatment with indicated concentrations of 8b for 24h were suspended in cold RIPA
buffer (50 mM Tris-HCl, pH 7.4, 1% Triton X-100, 150 mM NaCl, 30 mM Na2HPO4, 5 mM EDTA, 0.1% SDS, 50 mM
NaF, 0.5 mM NaVO4, 2 mM PMSF, and 10% protease cocktail inhibitor) for 30 min, vortexed and centrifuged at 12,000 g
for 15 min. Supernatant thus obtained was whole cell lysate which was stored at -80oC for future use. Protein estimation
was carried out employing BCA (Sigma assay) kit using BSA as standard and the absorbance was measured at 562 nm in
plate reader (Biotek).

2.14 Western blot analysis of various proteins
Proteins from Mia Paca-2 cells treated with and without 8b were resolved on SDS-PAGE at 100 V and transferred to
polyvinylidenedifluoride (PVDF) membrane (Millipore) for 1.5 h at 250 V and 4ºC. Membrane was washed for 5 minutes
by TBST and was probed with respective primary antibody for 2-3 h. Membrane was again washed 5 times with TBST
and each wash lasted for 5 min. Anti- mouse secondary antibody was added for 1 h and enhanced chemiluminescence
reagent (ECL kit, Amersham Biosciences) was used for the detection of protein bands.

2.15 In vivo anticancer activity against ehrlich ascites carcinoma and
ehrlich tumor (solid)
8b was evaluated for its in vivo anti-cancer activity against various murine tumor models. Non-inbred Swiss albino mice
(18-23 g) from an in-house colony, were maintained at 24 ± 2ºC temperature, 15-20 complete fresh air changes per hour
and 50%-60% relative humidity. The animals were housed under standard husbandry conditions as per guide for the care
and use of laboratory animals and fed with standard pellet diet (M/S Ashirwad Industries, Chandigarh, India) and
autoclaved water was given ad libitum. Approval of the Institutional Animal Ethics Committee, Indian Institute of
Integrative Medicine, Jammu was sought for the study and number of animals used in all the experiments.
Ehrlich Ascites Carcinoma (EAC) cells were obtained from the peritoneal cavity of Swiss albino mice harboring 8-10 days
old ascitic tumor. 1×107 EAC cells were injected intra-peritoneally (i.p.) in Swiss Albino mice (n=31) and the same
number of these cells were injected intramuscularly in the right thigh of each animal of the other group (n=31) on day 0.
Intraperitoneally injected animals were randomized the next day and assigned to different groups containing seven animals
each in case of treatment groups and 10-15 animals in case of control group. First and second test groups received
25 mg/kg and 40 mg/kg of 8b (i.p.) and the third group was treated with 5-FU which served as positive control. Tumor
bearing control group was administered normal saline (0.2 ml, i.p.). Treatment was given for nine consecutive days. For
evaluation of tumor growth animals were sacrificed and ascitic fluid was collected from the peritoneal cavity of each
mouse on day 12. Inhibition in tumor growth (percent) was calculated on the basis of the total number of tumor cells
present in the peritoneal cavity as on day 12 of the experiment [20].
Intramuscularly injected animals were also randomized on day 1 and divided into different groups containing seven
animals each. However the control group contained 10 animals. First two groups received 30 mg/kg and 50 mg/kg of 8b
(i.p.) and the third group received 5-FU (22 mg/kg i.p.) and the same served as positive control. Tumor bearing control
group was given normal saline (0.2 ml i.p.). Treatment lasted for nine consecutive days. Tumor dimensions were measured
by means of vernier caliper on day 13. Inhibition in tumor growth in percentage was calculated on the basis of the weight
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oof tumor preseent in the right thigh of anim
mals. The average tumor weigght of each grooup was calculaated and the peer cent
ttumor growth inhibition in trreated groups was
w arrived at in
i comparison tto control grouups.

2.16 In vivo
v
antic
cancer ac
ctivity against Sarrcoma-18
80 (ascites) and
Sarcoma-180 (so
olid)
Sarcoma-180 (Ascites) cellss were obtain
ned from the peritoneal
p
cavvity of BALB
B/c mice harbooring 8-10 daays old
7
Sarcoma-180 (Ascites).
(
1×10
0 S-180 cells were
w injected in
ntra-peritoneallly (i.p.) in 31 B
BALB/c mice aand the same nnumber
oof these cells were also injeected intramuscularly in the right thigh off 24 BALB/c m
mice on day 00. The proceduure for
eexperimentatio
on was same ass that of EAC and
a ET (solid)..
T
Treatment of 8b
8 was given to
o two groups beearing Sarcom
ma-180 (Ascitess) tumor at doses of 25 mg/kgg and 40 mg/kgg ( i.p.)
th
ffor nine days and
a evaluation was done on 12 day of the experiment.
e
IIntramuscularlly injected anim
mals were assiigned to three groups with seeven animals eeach and the tuumor bearing ccontrol
ggroup with ten
n animals. The first group waas administered
d 30 mg/kg of 8b ip. Rest of the procedure and experimenntation
w
was same as th
hat of Ehrlich Tumor
T
(solid). All the in vivo
o experiments w
were carried ass per NCI protoocols [20].

3 Results
3.1 8b in
nhibits pr
roliferatio
on of different can
ncer cell lines
8b inhibited cell
c proliferatio
on of various cancer cell lin
nes. MTT assaay was used tto evaluate celll cytotoxicityy. With
iincreasing concentrations of 8b,
8 a decrease in
i the viability of HCT-116, H
HL-60, PC-3, A
A-549, Mia paccca-2 and MCF
F-7 cell
llines was obseerved. The IC5
50 values of 8b
b against various cancer cell lines are show
wn in Figure 2B. As the com
mpound
showed most prominent
p
activity against Mia
M Paca-2 cell line, further sstudies investiggating the mecchanism of celll death
w
were carried ou
ut in Mia Pacaa-2 cells.

F
Figure 2. (A) Chemical struccture of the com
mpound 8b. (B)) Effect of 8b oon proliferationn of various hum
man cancer celll lines.
((A549, HL-60, MCF-7, PC-3, HCT-116 and Mia
M Paca-2) Thee cells grown inn 96-well culturre plate were treeated with 1, 10,, 30, 50
aand 100 µM co
oncentrations off compound 8b
b for 44 h. Therreafter cultures were incubatedd with MTT forr another 4 h aat 37ºC.
O
Other condition
ns are described
d in Materials and
a Methods secction. Data are Mean ± SD (frrom three experriments). (C) Efffect of
ccompound 8b for
f 24 and 48 h on Miapacca--2 cells. Cells were
w
treated wiith 8b for 24 annd 48 h at 1, 10, 30, 50 and 1100µM
cconcentrations.
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3.2 8b induces no chang
ge in mor
rphologic
cal featurres of cells
With Hoecchst staining, nu
uclear morphological changees can be monittored under fluuorescence miccroscope as it sselectively
binds DNA
A. No significaant changes were
w
observed in the nuclearr morphology of 8b treated Mia paca-2 ccells under
fluorescentt microscope (ssee Figure 3).

Control

8b, 1μ
μM

8b, 3 μM

88b, 5μM

8b, 10μM

Figure 3. Effect
E
of compo
ound 8b on thee nuclear morph
hology of Miappacca-2 cells. C
Cells were treatted with 1,3,5 aand 10 µM
concentratio
ons of 8b for 24
4 h and subsequ
uently stained with
w Hoechst 332258 as described in materials aand methods secction. Cells
were observ
ved under fluoreescence microscope (30×). Datta are representtative of one off three similarexxperiments.

3.3 Los
ss of mito
ochondrial memb
brane pottential by
y 8b
Mia Paca-2
2 cells were an
nalyzed by flow
w cytometer fo
or Rh-123 uptaake after their exposure to 8bb for 24 h. Alm
most all of
control cellls were bio-eneergetically activ
ve and the sam
me was revealedd by high Rh-1223 fluorescencce. 8b acted on mitochondrial functiions very effecttively in Mia Paca-2
P
cells as shown
s
by a siggnificant loss off mitochondriaal membrane pootential up
to 49.3% in
n cells treated with
w 10 μM co
oncentration off 8b (see Figurre 4).

Figure 4. Compound 8b
b induced loss of mitochond
drial membranee potential (Ψm
mt) in Miapaccca-2 cells. Ceells (0.35×
106/ml/6well Culture platte) were incub
bated with ind
dicated doses oof 8b for 24 hh. Thereafter, cells were staained with
ment terminationn and analyzed in FL-1 channeel of flow cytom
meter. Data
Rhodaminee-123 (200 nM),, added 40 min before experim
are represen
ntative of one of three similar experiments.
e

3.4 8b inhibits colony fo
ormation in Mia P
Paca-2 cells
Single cell’s ability to gro
ow and form a colony is mad
de use in colonyy formation assay. Upon treaatment with 8b at various
concentratiions, only a fraaction of the seeeded cells retaiined the capaciity to produce ccolonies. A few
w colonies werre found at
1 μM concentration of 8b
b but at higher concentrations
c
s colony formattion almost dissappeared (see Figure 5).
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F
Figure 5. Com
mpound 8b inh
hibited colony
fformation in Mia
M Paca-2 cellls. Cells were
ttreated with diffferent concentraations of 8b for
ttwo weeks as described in materials and
m
methods.

3.5 8b pr
rolongs wound
w
he
ealing in Mia paca
a-2 cells
W
Wound healing
g assay was ussed to determin
ne whether 8b
b could inhibit the motility oof Mia paca-2 ccells. In this assay, a
w
wound was intrroduced in a ceell monolayer by
b a sterile pipeette tip. Cells w
were grown for 24 h after introoduction of wouund. In
tthe untreated control,
c
cells almost
a
filled th
he scratch regio
on; whereas thhe cells treatedd with 8b inhibbited motility oof Mia
ppaca-2 cells in
n dose dependen
nt manner (seee Figure 6).

F
Figure 6. Comp
pound 8b inhibiited migration in
n Mia Paca-2 ceells. A scratch w
was given to the cells by sterile tip after attachm
ment of
ccells in six welll plate as descriibed in materialls and methods.
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3.6 8b induces G2/M ph
hase cell cycle arrrest
Cell cycle distribution
d
waas analyzed to see
s the mechan
nism of action rresponsible forr 8b mediated ccell growth inhiibition. By
measuring DNA content,, apoptotic cellls and cell cycle phase specifficity can be iddentified. 8b pproduced a conncentration
dependent rise in G2/M cell
c cycle phasee. There was a rise in G2/M ppopulation from
m 1% to 52% ((see Figure 7).

Figure 7. DNA
D
cell cycle analysis
a
of Miap
pacca-2 cells. Cells were treatedd with indicatedd concentrations of 8b for 24h aand stained
with propid
dium iodide (10 μg/ml) to deterrmine DNA florrescence and ceell cycle phase ddistribution as ddescribed in maaterials and
methods. Data
D were analyzzed by Modfit software
s
(Verity
y Software Houuse Inc., Topshham, ME) for thhe proportions oof different
cell cycle phases. Data exp
pressed are meaan±SD of three independent
i
exp
xperiments.

3.7 Efffect of 8b
b on cell cycle
c
regulatory p
proteins
Treatment of Mia Paca-2 cells with 8b caused
c
decreassed expression of cyclin B1 aand cdk1. Thesse cyclins reguulate G2/M
transition of
o the cell cyclee (see Figure 8). There was no
n change in thee expression of p53. Besides, no PARP-cleavage was
seen.

Figure 8. Effect
E
of compo
ound 8b on the
expression of
o important pro
oteins involved
in the regulaation of cell cyccle. Mia Paca-2
cells were treated
t
with 1-1
10 μM conc. off
8b for 24 h. Protein lysatess were prepared
ophoresed as described in
and electro
materials an
nd methods. β-actin was used
as internal control. Data are representative of onee of three similaar experiments.

3.8 8b inhibited
d tumor growth
g
in
n experim
mental m
mice
3.8.1 Efffect of 8b on
o Ehrlich Ascites Ca
arcinoma a nd Ehrlich Tumor (so
olid)
8b was evaaluated for its efficacy
e
of tumo
or growth inhib
bition in murinne ascites and ssolid tumor moodels. 8b at 25 m
mg/kg and
40 mg/kg intra-peritoneaal doses for 9 consecutive daays induced a significant tum
mor growth innhibition of 633.10% and
74.08% resspectively in Eh
hrlich Ascites Carcinoma,
C
wh
hich was evidennced by a signiificant decreasee in the volumee of ascetic
fluid, body
y weight and av
verage number of tumor cells present
p
in the aascitic fluid (seee Table 1). Sim
milarly, 8b show
wed 37.30
and 54.01%
% inhibition in
n tumor growth
h at doses of 30
3 and 50 mg/kkg body weighht respectivelyy, against Ehrliich Tumor
(solid) (seee Table 2).
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Table 1. In vivo anticancer activity of 8b against Ehrlich Ascites Carcinoma (EAC)
Sample
8b
5 FU
Control

Dose(mg/kg i.p.)

Tumor volume (ml)
Mean ± S.E

Tumor weight (gm)
Mean ± S.E

Tumor Cell count (×107)
Mean ± S.E

% Tumor growth
inhibition

25 mg/kg
40 mg/kg
20 mg/kg
NS(0.2 ml)

7.34±1.33
8.2±1.71
0.13±0.01**
8.33±0.82

7.32±1.35
8.07±1.68
0.12±0.01**
8.14±0.87

140.13±25.56**
98.41±26.38**
10.85±1.01**
379.78±48.45

63.10
74.08
97.14
-

** highly significant (p≤ .01). Data are Mean ± S.E

Table 2. In vivo anticancer activity of 8b against Ehrlich Tumor (solid)
Dose(mg/kg i.p.)

Day 13 Tumor Weight (mg)
Mean ± S.E

% Tumor growth inhibition

30

795.05±94.39*

37.30

50

583.1±83.82**

54.01

5 FU

22

453.5±84.02**

64.23

Control

NS(0.2 ml)

1268.1±14.96

-

Samples
8b

*significant (p≤.05). ** highly significant (p≤ .01). Data are Mean ± S.E

3.8.2 Effect of 8b on Sarcoma-180 (Ascites) and Sarcoma-180(solid)
8b showed 70.12 and 78.32% tumor growth inhibition at doses of 25 mg/kg and 40 mg/kg respectively against Sarcoma180 Ascites (see Table 3), whilst against sarcoma-180 (solid) 8b showed a tumor growth inhibition of 54.98% at a dose of
30 mg/kg body weight administered intraperitoneally for 9 consecutive days (see Table 4).
Table 3. In vivo anticancer activity of 8b against Sarcoma-180 (Ascites)
Sample

Dose (mg/ kg i.p.)

Tumor volume (ml)
Mean ± S.E

Tumor weight (gm)
Mean ± S.E

Tumor Cell count (×107)
Mean ± S.E

% Tumor growth
inhibition

8b

25 mg/kg
40 mg/kg

2.87±0.60**
2.32±0.60**

2.75±0.68**
2.27±0.51**

36.41±11.56**
26.42±10.13**

70.12
78.32

5 FU

20 mg/kg

0.17±0.01**

0.15±0.007**

5.57±0.42**

95.42

Control

NS (0.2 ml)

7.71±0.68

7.49±0.64

121.87±11.02

-

** highly significant (p≤ .01). Data are Mean ± S.E

Table 4. In vivo anticancer activity of 8b against Sarcoma-180 (solid)
Sample

Dose
(mg/kg i.p.)

Day 13 Tumor Weight (mg)
Mean ± S.E

% Tumor growth inhibition

8b

30

561.1±37.11**

54.98

5 FU

22

391.6±28.28**

68.58

Control

NS(0.2 ml)

1246.59±42.15

-

** highly significant (p≤ .01). Data are Mean ± S.E

Interestingly, treatment with 8b at all doses and in all four murine tumor models was non- toxic to animals as none of the
animals (0/7) died during the experimental process. Besides, average body weight of all treated animals increased during
the course of treatment (data not shown).
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4 Discussion
The major challenges associated with currently available anticancer agents include lack of selectivity, toxicity, resistance
and development of secondary malignancy. These drawbacks have motivated the search for newer, more efficacious and
better tolerated antitumor drugs, with natural products especially plants offering an inexhaustible reservoir for new drug
discovery and development. Chalcones are widely present in edible plants. Chalcones and their derivatives are reported to
exhibit promising anticancer activity. Therefore we tried to explore the anticancer activity of a novel chalcone derivative
8b.
The cytotoxic effect of 8b was explored using a panel of cancer cell lines of different human tissue origin and it inhibited
the proliferation of cells with IC50 values ranging from 5.5 to 17 μM (see Figure 2). The results thus depict a better
cytotoxic profile of 8b. In vivo anticancer potential of 8b was studied in four murine tumors viz., Ehrlich Ascites
Carcinoma, Ehrlich Tumor (solid), Sarcoma-180 (Ascites) and Sarcoma-180 (solid). Compound 8b showed a significant
tumor growth inhibition against all the four murine tumor models (see Tables 1-4). Interestingly, the compound was
non-toxic to animals at all the doses as no mortality was recorded in any group besides an increase in body weight of all the
treated animals during the course of treatment with 8b. Hoechst staining was carried out to see if any changes like
chromatin condensation, nuclear morphology or shrinkage of cells are induced by 8b, but the results did not show any one
of these changes (see Figure 3). However, 8b induced G2/M phase arrest of cell cycle, with increase in the population of
cells up to 52%. There was no increase in apoptotic population of cells even at higher concentrations of 8b. The percentage
of apoptotic cells remained constant (1%) in untreated control as well as in all the treatments at all concentrations. Besides,
there was no DNA fragmentation seen upon treatment with 8b (data not shown), which clearly confirms that 8b inhibits
tumor cell growth both in vitro and in vivo through the arrest of cell cycle only and not because of apoptosis.
Cell migration plays a critical role in tumor cell invasion and metastasis [21]. Inhibition of cell migration and invasion is an
important property for a chemotherapeutic agent other than having potential to cause specific cancer cell death. Molecules
involved in the inhibition of cancer cell migration could be potential agents for anti-metastatic therapy. We found that 8b
inhibited wound healing and colony formation in Mia paca-2 cells significantly.
Cancer may be regarded as a disease of the cell cycle. Deregulation of the cell cycle is one of the most frequent alterations
during tumor development. Cell cycle progression is induced by Cyclin-dependent kinases (CDKs) and their cyclin
partners as they are the positive regulators or accelerators of cell cycle [22]. We examined the expression of various cell
cycle proteins (CDKs and cyclins) and found that 8b decreased the expression of cyclin B1 and cdk1 which revealed the
arrest of cell cycle at G2/M phase, as these two proteins are the key regulators of G2/M phase of cell cycle (see Figure 8).
Further, 8b also caused loss of mitochondrial membrane potential which may be due to stress, as cancer cells come under
stress upon chemotherapy treatment.
One of the imidazo[2,1-b]pyridine/pyrimidine chalcone derivatives has been reported to induce apoptosis in MCF-7 cell
line [23] but it’s in vivo efficacy has not yet been established. Recently, few halogenated chalcone derivatives have also
been reported to possess in vitro cytotoxic activity against colon and ovarian cancer cell lines with IC50 values of 49.9 and
66.6 µM respectively [24]. Among unconventional chalcones, 3-(3-chloro-2-(2,6-dinitro-4-(trifluoromethyl) phenoxy)phenyl)-1-p-tolylprop-2-en-1-one has been reported to be cytotoxic to MCF-7 cells with IC50 value of 0.03µg/ml [25] and
is found to inhibit tubulin polymerization. Thus, some of the chalcone derivatives are showing promise as anticancer
agents but need further detailed studies with regards to their modes of action, in vivo efficacy and toxicities. In the light of
the available literature, 8b is a novel quinqzolinone-chalcone derivative and shows optimum anticancer activity both in
vitro and in vivo by arresting cell cycle at G2/M phase.
Further studies on 8b with respect to its efficacy against human cancer xenograft models and toxicity is undoubtedly
necessary by the scientific and medical communities for its development as a future anticancer agent with intended clinical
use for anti-metastatic therapy.
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