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Anti-Cancer Potential of Benzophenone-Bis-Schiff bases on
Human Pancreatic Cancer Cell Line
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Summary: Synthetic benzophenone-bis-Schiff bases (1-17) were evaluated for PC3 cell line
inhibition. Most of the compounds showed cytotoxic effects but compounds 4, 8, 14, 16, and 17
were found to be potent. The growth inhibition of PC3 cells was in a concentration-dependent
manner when treated with compounds 4, 8, 14, 16 and 17 (Figure-2) after 24 h exposure time. The
ICs values of all five most active compounds were calculated as 4 (ICsp =24 + 1.4 uM), 8 (ICso = 29
+ 1.3 uM), 14 (ICso = 66 + 2.8 uM), 16 (ICso = 28 £ 1.4 uM) and 17 (ICso = 18 + 2.8 uM) when
compared with standard cisplatin (ICso = 20 £+ 1.1 xM). This study has identified potent anticancer

agents.
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Introduction

Cancer, the uncontrolled cell growth, is a
principal cause of death throughout the world and it
was found that 7.6 million deaths in 2008 occur due
to cancer which is about 13% of total deaths [1, 2].
To minimize the chances of death due to this discase
great efforts have been made in the area of cancer
research over the past few decades but still it is a
major cause of death among other diseases. The
medicinal chemists are in search of developing novel
compounds that will have potent anti-cancer potential
with less adverse effects.

Regardless of considerable development
accomplished in anticancer therapy, the control of
malignancies in humans still founds a major contest
for current medicine [3-6]. The chemotherapy mostly
results in serious side effects that cause the
destruction of normal cells. It was observed that
currently used anticancer drugs result in substantial
toxicity in the nervous system and is liable for
neurological side effects [7-11]. It is an important
need of the day to develop such anti-cancer
compounds that exhibit anti-proliferative potential in
tumor cells without affecting the normal cells. The
major side effects of currently used anti-cancer drugs
is the development of resistance [12] that reveals the
crucial requisite for the discovery of novel anti-
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cancer agents, particularly those with unusual and
discriminating mechanisms of action.

The Schiff bases or hydrazone scaffold with
extensive pharmacological properties [13] exhibited
activity against malaria [14]. Benzophenone
hydrazones analogs also showed insecticidal
activities [15]. The substituted hydrazones were
reported as an exciting agent against insect pests and
other lepidopteran [16-18]. The hydrazones
molecules having carbamate showed potent
insecticidal properties [19].

The hydrazone analogs have anti-leukemic
and antitumor activity [20] and because of emergent
biological importance the research in this area is
quiet of great attention. The derivatives of
hydrazones like 2-acetylthiophene 2-
thiazolyhydrazone [21] and dexamethasone have been
described as dual COX/5-LO inhibitors which show
anti-inflammatory and analgesic activity [22].

The present study deals with the synthesis of
various benzophenone-bis-Schiff bases and their
cytotoxic effect on PC3 human pancreatic cancer cell
line.
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Experimental
General Experimental

NMR analyses were performed on Avance
Bruker AM 300, 500 MHz instruments. CHN
analyses were done on a Carlo Erba instrument,
Strumentazione-Mod-1106, Italy. EI-MS  were
calculated on a Finnegan MAT-311A, Germany.
TLC was performed on pre-coated silica gel
aluminum plates (Kieselgel 60, 254, E. Merck,
Germany). Chromatograms were visualized by UV at
254 and 365 nm or iodine vapors.

Cell line, Chemicals and Culture Reagents

Human pancreatic cancer cell line was
purchased from the American Type Culture
Collection (Rockville, MD, USA). Roswell Park
Memorial Institute (RPMI) 1640 medium, phosphate
buffer saline (PBS) and 1% penicillin/streptomycin
(pen/strep) were obtained from GIBCO BRL Life
Technologies (Gaithersburg, MD, USA). Cell titer
blue was purchased from Promega (Madison, UI)
while trypsin-EDTA and fetal bovine serum (FBS)
were from Hyclone (Logan, UT, USA).

Cell Culture

Human pancreatic cells were cultured in 75
cm? polystyrene culture flask with canted neck and
filtered caps (Corning Inc, NY, USA) in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented
with 10% Fetal bovine serum (FBS) and 1%
penicillin/streptomycin (100U/ml/100 ug/ml). Cells
were consistently provided a warm and humidified
environment of 37 'C, 5% CO, and 95% humidity
and grown at 80% confluency before every
experiment. The cancer cells were washed with
phosphate buffer saline (PBS) and harvested with a
solution of trypsin—-EDTA and suspended cells were
counted in a Casey 1 cell counter (Scharfe, Germany)
for further experiments.

Cytotoxicity Assay

PC3 cells at a density of 5 x 10° were
cultured in a black 96-well plate and after 24 hours
cells were treated with different concentrations of
benzophenone-bis-Schiff bases 1-17. Next day, the
cells were exposed to the fluorescent dye, cell titer
blue (CTB), the indicator compound in the CTB is
blue colored resazurin which is oxidized by the
viable cells in to red colored resorufin compound.
Following 2 and 4 h of incubation at 37 'C, the
fluorescence was measured on Spectra Max MS5
spectrofluorometer (Molecular Devices Corporation,
CA, USA) at excitation/emission wavelengths of
490/514 nm [23].
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General  procedure  for  the  synthesis of
Benzophenone-Bis-Schiff bases derivatives (1-17)

Benzophenone-bis-Schiff bases 1-17 were
synthesized by reacting commercially available
benzophenone Schiff base and different aromatic
aldehydes in anhydrous methanol in the presence of
few drops of acetic acid. The resulting products were
obtained in good yields.

In a typical reaction few drops of acetic acid
were added in stirred mixture of benzophenone-
Schiff bases (3.0 mmol) and substituted
benzaldehydes (3.0 mmol) in methanol. The reaction
mixture was refluxed for 2-3 h and monitored by
TLC. When reaction completed, then it was allowed
to cool to room temperature. Re-crystallization from
methanol afforded pure benzophenone-bis-Schiff
bases 1-17 in high yields (Scheme-1) [24].

Characterization of 2-Hydroxy-3-
methoxybenzaldehyde-N-

(diphenylmethylene)hydrazone (1)

Yield: 0.30g (90%); 'H-NMR: (300 MHz,
DMSO): § 9.64 (s, 1H, -OH), 8.78 (s, 1H, vin-H),
7.60 (d, 2H, J = 7.5 Hz, H-2/6), 7.45 (m, 6H, H-
3'/4'/5'/3/4/5), 7.24 (d, 2H, J = 7.5 Hz, H-2'/6'), 6.89
(d, 1H, J = 8.5 Hz, H-6"), 6.39 (d, 1H, J = 8.5 Hz, H-
5"), 6.37 (d, 1H, J = 8.5 Hz, H-4"); MS: m/z (rel.
abund. %), 330 (M", 100), 207 (39), 165 (25), 77
(22). Anal. caled. for CyH sN,O, (330.14); C, 76.34;
H, 5.49; N, 8.48; O, 9.69, Found C, 76.32; H, 5.47;
N, 8.45; 0, 9.66 [24].

The data of compounds (2-17) has already
reported in our previous publication [24].

Results and Discussion
Chemistry

Benzophenone-bis-Schiff bases derivatives
1-17 were synthesized by reacting commercially
available benzophenone-Schiff base and different
aromatic aldehydes in methanol. The resulting
products were obtained in good yields.

In a typical reaction few drops of acetic acid
were added in stirred mixture of benzophenone-
Schiff base (3.0 mmol) and substituted
benzaldehydes or different ketones (3.0 mmol) in
methanol. Refluxed the reaction mixture for 2-3 h
and monitored by TLC the reaction progress. When
reaction completed, then it was allowed to cool to
room temperature. Re-crystallization from methanol
pure benzophenone-bis-Schiff bases 1-17 were
obtained in high yields (Scheme-1) [24].
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Table-1: Different substituted benzophenone-bis-Shicff bases 1-17.

S. No. Rl R2 S. No. Rl S. No. Rl
N -OH
1 H 7 H 13 H
5 )y OMe
I
6! 2"
2 H L 8  Me 4 H
|
"
o OH
3 H 9 Me 15 H
o Y
4 H 10 Me 16 H
5 H 11 Me 17 H
6 H 12 H - - -

Table-2: PC-3 Cell line activity of substituted benzophenone-bis-Shicff bases 4, 8, 14, 16 and 17.

S. No. Compounds 1Cso (uM £ SEM?)
1 4 24+ 1.4
2 8 29+1.3
3 14 66+2.1
4 16 28+ 1.4
5 17 18+ 0.1
Cisplatin® 20+ 1.1
SEM?® is the standard error of the mean
N RZ\I(RI fluorescence dye cell-titer blue (CTB), was
o N ? N performed with various concentrations of compounds
Acetic Acid |

(1-2 drops)

Ethanol,
Reflux, 2-3 h

Scheme-1:  Synthesis of Benzophenone-Bis-Schiff
bases (1-17).
Biological Activity

Synthetic benzophenone-bis-Schiff bases 1-
17 have been evaluated for their anti-cancer potential.
The compounds 4, 8, 14, 16, and 17 showed
significant anti-cancer activity (Table-2).

The data of various compounds is presented
in ICsy value in uM. To determine the cytotoxic
effect of the above-mentioned compounds on human
pancreatic cancer cells, a cytotoxic assay using a

i.e. 50, 100, 200 uM. The cytotoxic action is based
upon the conversion of resazurin in to resorufin, a
fluorescent dye, which emits fluorescence making the
assay more sensitive than the conventional MTT
colorimetric assay [25]. Results indicate that all
synthetic benzophenone-bis-Schiff bases (1-17)
showed cytotoxic effects as shown in Figure-1,
however, compounds 4, 8, 14, 16, and 17 were found
to be potent. The growth inhibition of PSN-1 cells
was in a concentration-dependent manner when
treated with compounds 4, 8, 14, 16, and 17 (Figure-
2) after a 24 h exposure time. Later the ICs, values of
all five compounds were calculated as 4 (ICsy =24 +
1.4 uM), 8 (IC5o =29 £ 1.3 uM), 14 (IC5, = 66 £ 2.8
uM), 16 (ICso = 28 £ 1.4 uM), and 17 (IC5, = 18 +
2.8 uM).
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Figure-1: PC3 cell line inhibitory potential of
Benzophenone-Bis-Schiff bases 1-17.
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Fig.2: PC3 cell line inhibitory potential of
benzophenone-bis-Schiff bases 4, 8. 14, 16,
and 17.

Conclusion

Compounds 4, 8, 14, 16, and 17 were found
to be potent and identified as lead molecules for anti-
cancer activities and further chemical refining of
these molecules may produce potential anti-cancer
agents.
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