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ABSTRACT

The antibacterial activity, in-silico DNA molecular docking, DNA binding and photo
cleavage studies of newly synthesized pyrazole is described. Antibacterial potential of
these compounds screened against a wide range of Gram-positive and Gram-negative
bacteria showed significant zone of inhibition and MIC with standard drug ciproflaxin is
investigated. Among all the orientation of binding, fourth orientation showed significant
binding and revealed that the blndlng and docking energy of 4a was -8.62 and -8.66
and inhibition constant 7.46 X e®. The absorption spectra showed the d}/nam|c
interaction with CT DNA and as prof|C|ent DNA intercalator (K, = 4.5x10* M™). The
viscosity measurements and thermal denaturation affords the positive results towards
DNA intercalation in both the studies. The light induced DNA damage was pragmatic in
the absence of various “inhibitors” shows in photo cleavage activities at 360 nm.

Keywords: CT-DNA; intercalator; in-silico; molecular docking; photocleavage; pyrazole;

1. INTRODUCTION

The heterocyclic compounds results in enormous significance in the field of drug discovery
process. Substituted oxazole, pyrazole and their analogues have been used as precursors
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for synthesis of various biologically dynamic molecules, pyrazole derivatives as brain-derived
neurotrophic factor inducers (Maekawa et al., 2003), analgesic, (Lunzer et al., 2007),
trypanocidal activity (Sao Paulo et al., 2001), anti-mitotic agents with pro-apoptotic activity
(Uckun et al., 2001), antifungal activity (Laure et al., 1988), anti-inflammatory (Gill et al.,
2008), anti-depressant (Loaiza-Rodriguez et al., 2004), anti-cancer (Benedetti et al.,1994),
anti-diabetic and anti- obesity (Viti et.al.,1994). Pyrazolidinones had attracted attention as a
new class of active synthetic antibiotics with a unique mechanism of bacterial protein
synthesis inhibition (Cohen 2000; Brickner 1996; Barbachyn et al., 1997; Shinabarger 1999).
The pyrazole with ether linkage at fifth position had good anti-bacterial, anti-inflammatory
and CNS activity (Desai et al., 2000; Aglawe et al., 2003) and play an imperative role in the
catalytic antioxidant activity.

Since, Selenium resembles sulfur, topical studies revealed that the intramolecularly
stabilized organoselenium, sulfur and oxygen containing compounds in many of its
properties have isosteric nature (Bhojya Naik et al., 2009).

The biological and pharmaceutical activities of different selenium compounds are of special
interest since they are active sites of a large number of selenium dependent enzymes
(Klayman et al., 1973) and help in prevention of cancer (Fisher et al., 1991). On the other
hand, literature survey showed that the evidence of antitumor activity is due to the
compound intercalation between the base pair of DNA and interference with normal
functioning of the enzyme topoisomerase II, which is involved in the breaking and releasing
of DNA strands (Gatto et al., 1999).

There are variety of studies concerning DNA cleavage by photo sensitizers which either
initiate a single electron transfer from a base to the triplet state of chromophores, which often
leads to a selective cleavage at the 5'-G of GG step in duplex DNA, or generate active
oxygen species (Howell et al., 2001; Tornoe et al., 2002; Angell et al., 2005; Roma et.al.,
2000; Chen et al., 2001).

Above literature manifest the biological properties of compounds with intermolecular atoms
has made lashing force for increasing interest in the synthetic routes. With these facts and in
continuation of research exploration of pyrazole with heteroatoms, we designed and studied
the in-silico molecular docking of newly synthesized compounds. With this, antibacterial
potential of our newly synthesized compounds against a wide range of Gram-positive and
Gram-negative bacteria was studied with four bacterial strains. To validate the ethno-
therapeutic claims of these S/Se compounds the antibacterial activity are studied. By
considering the docking hypothesis, the DNA binding, viscometric measurements, thermal
denaturation methods and photo nuclease activities were presented. With these results the
present study reports a newly synthesized heterocyclic fused pyrazoles with biological
parameters.

2. MATERIALS AND METHODS

2.1 CHEMICALS AND INSTRUMENTS

The melting points are determined by capillary methods and are uncorrected. The IR spectra
were recorded on a Shimadzu model impact 8400S FT-IR spectrometer (KBr pellets, 3 cm’”
resolution). 'H NMR spectra on a Bruker 400 MHz and mass spectra were recorded on
ESMS Kratos pekompact SEQ V1.2.2 spectrometer and UV—visible absorption spectra are
recorded using Shimadzu 1650 model. Micro-wave oven from kenstar-2450Hz. Viscosity
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measurements are studied by semi micro dilution capillary viscometer (Viscomatic Fica
MgW) with a thermostated bath D40S. Unless or otherwise mentioned, all chemicals are
purchased from himedia. All solvents are freshly distiled. CTDNA is purchased from
Bangalore Gene, Bangalore, India. Tris—HCI buffer (5mMTris—HCI, 50MNaCl, pH = 7.2,
Tris=Tris (hydroxymethyl) aminomethane) solution is prepared using deionized double-
distilled water. TLC analysis was carried out using the precoated silica gel GF,s4 plates.

2.2 GENERAL EXPERIMENTAL PROCEDURE FOR THE PREPARATION OF
CHALCONES 3(a-e).

10mmol of Acetyl derived compound is dissolved in the alcohol with 10mmol 2-chloro-
quinoline carbaldehyde in presence of 2.5 equivalence of K,COj; with stirring for 30 minutes
in ice cold condition (Mokle et al., 2010). Then reaction is stirred in room temperature for 5- 6
hrs and checked for TLC for the completion of the reaction. The compound was quenched
on ice then acidified with dilute HCI and then filtered, dried and recrystallized in the ethanol.

2.2.1 [3-[3-(2-chloro-quinolin-3-yl)-acryloyl]-1-selena-9-aza-anthracen-2-one] (3a)

Creamish white in colour, solid, yield-84%, melting point (180-182°C). FT-IR (KBr) (v)
2854(C-H str), 1640(C= O), 1612 (C=N), 1180 (C-Se-C), 1578, 1542, 1474 (Ar-C=Cstr),
1036.8(C-N), 642.5(C-Cl) cm™. '"H-NMR (DMSO-d¢) § 6.2(d, 1H, -CO-CH=), 7.2(d, 1H, =CH-
Ar), 7.6-8.1(m, 9H, Ar-H), 8.5(s, 1H, Ar-H), 8.7(s, 1H, Ar-H). Elemental analysis
Calculated(Found): Co4 Hqz Cl N,O,Se: C, 60.59 (60.56); H, 2.75 (2.78) ; N, 5.89 (5.91).
Mass ES-MS m/z (%) [M]": [476.78]".

2.2.2 [3-[3-(2-chloro-quinolin-3-yl)-acryloyl]-1-thia-9-aza-anthracen-2-one](3b)

Light brown in colour, solid, yield-76%, melting point (146-148°C). FT-IR (KBr) (v) 2850(C-
Hstr),1637(C=0) 1610 (C=N), 1575,1544,1468(Ar-C=C str), 1038.8(C-N), 642.5(C-Cl) cm™.
"H-NMR (DMSO-dg) 6 6.4(d,1H,-CO-CH=), 7.4 (d,1H, =CH-Ar), 7.5-8.05(m,9H, Ar-H), 8.4
(s,1H, Ar-H), 8.6(s,1H, Ar-H),; Elemental analysis Calculated (found) C.4H3CIN,O,S: C,
67.21(67.24); H, 3.06 (3.04); N, 6.53 (6.55). Mass ES-MS m/z (%) [M]": [427.8]".

2.2.3. [3-[3-(2-hydroxy-quinolin-3-yl)-acryloyl]-1-thia-9-aza-anthracen-2-one](3c)

Yellowish brown in colour, solid, yield-79%, melting point (132-134°C). FT-IR (KBr) (v)
2852(C-H str), 1640 (C=0), 1616(C=N), 1224(C-S-C), 1572, 1542,1472 (Ar-C=C str),
3616(Ar-OH) cm™.'H-NMR (DMSO-ds) & 6.6(d,1H,-CO-CH=), 7.3(d,1H,=CH-Ar), 7.4-
8.1(m,9H,Ar-H), 8.5(s,1H,Ar-H) , 8.6 (s,1H,Ar-H), 8.8(s,1H,Ar-OH);Elemental analysis
Calculated (found) C,4H14N,0O3S: C, 70.23 (70.25); H, 3.44 (3.42); N, 6.83 (6.81). Mass ES-
MS m/z (%) [M]": [411.40]".

2.2.4 [2-[3-(2-chloro-quinolin-3-yl)-acryloyl]-4-oxa-5-aza-phenanthren-3-one] (3d)

Pale yellow in colour, solid, yield-74%, melting point (128-130°C). FT-IR (KBr) (v) 2850(C-
H str), 1640 (C=0), 1100(C-O-C), 1612(C=N), 1577, 1538, 1466(Ar-C=Cstr), 1040.2(C-N),
645.5(C-Cl) cm™. 'H-NMR (DMSO-d¢) & 7.0(d,1H,-CO-CH=), 7.6(d,1H,=CH-Ar), 7.2-
8.2(m,8H,Ar-H), 8.3(s, 1H, Ar-H) 8.81 (d, 1H, Ar-H),8.83(s, 1H, Ar-H) Elemental analysis
Calculated (found) Cy4H43CIN,O3: C, 69.83(69.79); H, 3.17(3.21); N, 6.79(6.75). Mass ES-
MS m/z (%) [M]": [413.82]".
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2.2.5 [2-[3-(2-chloro-quinolin-3-yl)-acryloyl]-benzo[flchromen-3-one] (3e)

Light green in colour solid, yield-81%, melting point (1 18—120°C). FT-IR (KBr) (v) 2849(C-
Hstr),1637(C=0),1090(C-0O-C), 1615 (C=N), 1578, 1538, 1472 (Ar-C=C str), 1035.8(C-N),
646.5(C-Cl) cm'. 'H-NMR (DMSO-d¢) & 6.6(d,1H,-CO-CH=),6.9(d,1H,=CH-Ar),7.2-
8.3(m,10H,Ar-H),8.35(s, 1H,Ar-H), 8.8 (s,1H,Ar-H). Elemental analysis Calculated (found)
C2sH14CINOs: C, 72.91(72.88); H, 3.43(3.38); N, 3.40 (3.36). Mass ES-MS m/z (%) [M]":
[412.82]".

2.3 GENERAL EXPERIMENTAL PROCEDURE FOR THE PREPARATION OF
PYRAZOLE

The compounds 3(a-e) of chalcone 1 equivalent and 1.25 equivalent hydrazine hydrate is
added in dried ethanol (10ml) containing catalytic amount of glacial acetic acid was refluxed
for 3-4 hrs with stirring(Adnan 2004). The reaction mixture was checked for TLC for the
completion of reaction, and then it was concentrated, filtered, dried and recrystallized from
ethyl acetate 4(a-e).

2.3.1[3-[5-(2-chloro-quinolin-3-yl)-2H-pyrazol-3-yl]-1-seleno-9-aza-anthracen-2-one](4a)

White in colour, solid, yield-78%, melting point (166-168°C). FT-IR (KBr) (v) 3336.9(C-
NH), 2854(C-H str), 1634 (C=0), 1614(C=N), 1584, 1542, 1474 (Ar-C=C str), 1032.8(C-N),
639.5(C-Cl) cm™. "H-NMR (DMSO-dg) & 6.4(d,1H,-CH=), 7.3-8.2(m,10H,Ar-H), 8.7(s,1H,Ar-
H), 13.2(s,1H,-NH) Elemental analysis Calculated (found) C,4H3CIN,OSe: C, 59.09(59.20);
H, 2.69 (2.64); N, 11.49 (11.57). Mass ES-MS m/z (%) [M]": [488.79]".

2.3.2 [3-[5-(2-chloro-quinolin-3-yl)-2H-pyrazol-3-yl]-1-thia-9-aza-anthracen-2-one](4b)

Yellowish brown in colour, solid, yield-68%, melting point (110-112°C). FT-IR (KBr) (v)
3336.9(C-NH), 2850(C-H str),1637 (C=0), 1610(C=N), 1580, 1540, 1470(Ar-C=C str),
1032.8(C-N), 640.5(C-Cl) cm™ . '"H-NMR (DMSO-d¢) & 6.2 (d,1H,-CH=), 7.4-8.05 (m,10H,Ar-
H), 8.6(s,1H,Ar-H), 13.5(s,1H,-NH), Elemental analysis Calculated (found) C,4H43;CIN4OS:
C,65.38(65.36) ;H, 2.97(2.92); N, 12.71 (12.64). Mass ES-MS m/z (%) [M]": [441.90]".

2.3.3 [3-[5-(2-hydroxy-quinolin-3-yl)-2H-pyrazol-3-yl]-1-thia-9-aza-anthracen-2-one](4c)

Light green in colour, solid, yield-70%, melting point (120-122°C). FT-IR (KBr) (v)
3338.9(C-NH), 2855(C-H str), 1640(C=0), 1614(C=N), 1578, 1542, 1468(Ar-C=Cstr),
1034.8(C-N), 645.5(C-Cl), 3614.8 (Ar-OH) cm™.'"H-NMR (DMSO-dg) 5 6.3(d, 1H, -CH=), 7.4-
8.05(m, 10H, Ar-H), 8.2(s,1H,Ar-H), 13.7(s, 1H, -NH), 8.9(s, 1H, -OH). Elemental analysis
Calculated (found) Cp4H14N4O,S: C, 68.23 (68.28); H, 3.34(3.39); N, 13.26(13.3). Mass ES-
MS m/z (%) [M]":[423.40]".

2.3.4 [2-[5-(2-chloro-quinolin-3-yl)-2H-pyrazol-3-yl]-4-oxa-5-aza-phenanthren-3-one](4d)

Pale green in colour, solid, yield-74%, melting point (114-1 16°C). FT-IR (KBr) (v) 2852(C-
H str), 1636(C=0), 1090(C-O-C), 1608(C=N), 1579, 1539, 1472(Ar-C=C str), 1034.8(C-N),
643.5(C-Cl), cm™.'"H-NMR (DMSO-d;) 6 6.2(d, 1H, -CH=), 7.4-8.5(m, 10H, Ar-H), 8.7(s, 1H,
Ar-H), 13.5 (s, 1H,-NH). Elemental analysis Calculated (found) Cy4H3CIN4O;:
C,67.85(67.80); H, 3.08(3.15); N, 13.19(13.14). Mass ES-MS m/z (%) [M]": [425.82]".
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2.3.5 [2-[5-(2-chloro-quinolin-3-yl)-2H-pyrazol-3-yl]- benzo[flchromen-3-one](4e)

White in colour, solid, yield-72%, melting point (106—10800).FT-IR (KBr) (v) 2847(C-H str),
1640 (C=0), 1096 (C-O-C), 1610(C=N), 1580, 1540, 1470(Ar-C=C str), 1032.8(C-N),
645.5(C-Cl) cm™. "H-NMR (DMSO-dg) & 6.4(d, 1H, -CH=), 7.2-8.1(m, 11H, Ar-H), 8.5(s, 1H,
Ar-H), 13.7(s, 1H, -NH).Elemental analysis Calculated (found) Cx5H4CIN;O.: C,
70.84(70.80); H, 3.33 (3.38); N, 9.91(9.87). Mass ES-MS m/z (%) [M]": [424.82]".

2.4 ANTIBACTERIAL ASSAY

The agar well diffusion method (Udupa et al., 1995) is used for the assessment of
antibacterial activity of the test samples. Medium (peptone 10 g/l, yeast extract 5 g/l, sodium
chloride 10 g/l, agar—agar 15 g/l, pH 7.2) was poured into sterilized Petri dishes (90 mm
diameter). LB broth containing 100 ml of 24-h incubated cultures of the respective clinical
isolates and the ATCC and MTCC strains was spread separately on the agar medium. Wells
are created using a sterilized cork borer under aseptic conditions. Cell count was taken
using haemo-cytometer after loading 10 ml of the cell suspension in PBS and no. of cells/mL
is calculated. the final concentration of each strain was 106 cells /mL. Cultures are grown for
3 days at 37 °C and wells are made using cork borer and 100 ml (10 mg/mL) of test
compounds is loaded to each wells. The reference antibacterial agent ciprofloxacin is (10
mg/mL) loaded in the corresponding wells. Plates were then incubated at 37 °C for 48 h. At
the end of the incubation period, inhibition zones formed on the medium are evaluated in
millimeters.

2.4.1 MINIMUM INHIBITORY CONCENTRATIONS (MICS)

The minimum inhibitory concentrations (MICs) of the newly synthesized compounds 4a and
4b are determined by micro dilution techniques in LB broth, according to Clinical and
Laboratory Standards Institute (CLSI), USA guidelines. The bacterial inoculates are
prepared in the same medium with density adjusted to a 0.5 McFarland turbidity standard
colony forming units and diluted 1:10 for the broth micro dilution procedure. The microtiter
plates are incubated at 37 °C and MIC is determined after 24 h of incubation. The highest
activity of the standard drug compared with those of our synthesized compounds 4a and 4b
indicated potent antibacterial activity (Table 4).

2.4.2 BACTERIAL STRAINS

Of the six clinical strains three of the bacterial pathogens belong to Gram-positive S. aureus
— ATCC-29737, and S. pyogenes — NCIM-2608 and Gram-negative bacteria such as P.
aeruginosa — ATCC-20852 and B. subtilis — NCIM-2010 are collected from National
Chemical Laboratory (NCL), Pune, India. All the bacterial microorganisms are maintained at
30°C in Brain Heart Infusion (BHI) containing 17% (v/v) glycerol. Before testing, the
suspensions are transferred to LB broth and cultured overnight at 37 °C. Inocula are
prepared by adjusting the turbidity of the medium to match the 0.5 McFarland standards.
Dilutions of this suspension in 0.1% peptone (w/v) solution in sterile water is inoculated on

LB agar, to check the viability of the preparations (Nair et al., 2005).
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2.5 IN-SILICO MOLECULAR DOCKING

Automated docking is used to determine the orientation of synthesized pyrazole compound
binding with DNA. A genetic algorithm method is,implemented in the program Auto Dock 3.0,
is employed (Bhat et al., 2003). The synthesized pyrazole compound is designed and the
structure is analyzed by using ChemDraw Ultra 6.0. 3D coordinates are prepared using
PRODRG server (Ghose et al.,, 1987). The DNA structure file 3GJH is taken from PDB
(www.rcsb.org/pdb) is edited by removing the heteroatom (Binkowski et al., 2003).For
docking calculations, Gasteiger Marsili partial charges are assigned to the ligands and
nonpolar hydrogen atoms were merged. (Gasteiger et al., 1980).

All torsions are allowed to rotate during docking. The grid map is centered at the major
groove and is adjusted such that it accommodated the major groove of the DNA duplex at
the torsional degree of freedom 0.5 units. The genetic algorithm is applied for minimization,
using default parameters. The number of docking runs is 50, the population in the genetic
algorithm is 250, the number of energy evaluations is 100,000, and the maximum number of
interactions 10,000.

2.6 DNA INTERACTION EXPERIMENT (SPECTRAL MEASUREMENTS)

UV-visible absorption spectra are determined in a SHIMADZU, UV-1650 PC recording
spectro-photometer using quartz cuvettes of 10mm light-path. The parameter of interaction
between compound 4a with CT-DNA was determined spectro-photometrically by UV-visible
spectrophotometer. Aliquots of a concentrated DNA solution (0.25-1.125 pl) are added to a
cuvette filled with 4a solution (12-25uM) and thoroughly mixed. Extreme care is taken to
ensure that optical reference solutions are prepared in an identical manner. The binding data
expressed in the form of a Scatchard plot (Hollemans et al., 1975). The variables r (moles of
ligand bound/mole of nucleotides) and C (the molar concentration of free drug) are
calculated from the absorption measurements according to the method of Peacocke and
Skerrett (Scott et al., 1998). The intrinsic binding constant K, and the maximum number of
available binding sites/nucleotide (n) are deduced from Scatchard plot.

Absorption: (DNA)/(g, — &) = (DNA)/(g, — &) + 1/(g. — &) (1)
Where ¢,, € and g, are the apparent, free, and bound extinction coefficients at 298 nm for

compound 4a respectively. A plot of [DNA]/(ep,— &) versus [DNA] gave a slope of 1/(e,—¢€;) and
a y intercept equal to 1/Ky(gp, — &), where K, is the ratio of the slope to the y intercept.

2.7 VISCOSITY MEASUREMENTS

Viscosity measurements are carried out by using a semi micro dilution capillary viscometer
(Viscomatic Fica MgW) with a thermostated bath D40S at 20 °C. For the viscosity
experiments, samples of calf thymus DNA are sonicated (Baez et al., 1983) to fragments
having an estimated molecular weight of approximately (Cohen 1969); (John et al., 1966).

2.8 THERMAL DENATURATION EXPERIMENTS

The DNA melting studies are done by controlling the temperature of the sample cell with a
Shimadzu (SHIMADZU, UV-1650 PC) circulating bath while monitoring the absorbance at
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260 nm. The temperature of the solution is continuously monitored with a thermo-couple
attached to the sample holder.

2.9 DNA PHOTOCLEAVAGE STUDIES

The extent of cleavage of super coiled (SC) pUC19 DNA (0.5 ml, 0.5 mg) to its nicked
circular (NC) form is determined by agarose gel electrophoresis in Tris-HCI buffer (50 mM,
pH 7.2) containing NaCl (50 mM). In the cleavage reactions, the 40 mM complexes in 18 ml
buffer are photo-irradiated using monochromatic UV or visible light for 1 h followed by
addition to the loading buffer containing 25% bromophenol blue, 0.25% xylene cyanol, 30%
glycerol (3 ml) and finally loaded on 0.8% agarose gel containing 1.0 mg/ml ethidium
bromide. Electrophoresis is carried out at 50 V for 3 h in Tris-borate EDTA (TBE) buffer.
Bands are visualized by UV light and photographed to determine the extent of DNA cleavage
from the intensities of the bands using UVITEC Gel Documentation System. Because of
corrections are made for the trace of NC DNA present in the SC DNA sample and for the low
affinity of EB binding to SC DNA in comparison to the NC form, the wavelength used for the
photo-induced DNA cleavage experiments is 360 nm (Bhojya Naik et al., 2008).

3. RESULTS AND DISCUSSION

In the present study, a series of chalcones are prepared by condensing quinoline nucleus
with 3-acetyl-derevatives 3(a-e) as shown in the (scheme-1). In the previous procedures
(Badiadka Narayana et al., 2009) the condensations of reaction using NaOH or KOH as
catalyst are used. In this procedure K,COj; is used as mild base catalyst for the synthesis.
The conversion of 2-chloro-3-formyl-quinoline to 2-mercapto and 2-seleno-3- formyl-
quinoline is reported (Bhojya Naik et al., 2006, 2008). The compound 8-hydroxy quinoline
and 2-napthol is formylated using Rieman-Tieman reaction (He-Ping Zeng et al., 2006) and it
is cyclised (Bhojya Naik et al., 2006, 2008). The compounds 3(a-e) are converted in to
pyrazole by condensing with hydrazine hydrate and refluxed for cyclization as shown in the
(scheme-2). All newly synthesized compounds have confirmed by elemental analysis and
spectroscopic methods like IR and 'H NMR and mass spectral data.

The synthesized chalcones 3(a-€), showed the IR bands at 2850 cm™(C-H str), at 1610 cm’
(C=N), 3610 cm™ (Ar-OH), -NH at 3420 cm™ and 1580, 1540, 1470 cm' of (Ar-C=C)
whereas in "H-NMR the 6.4 signal showed doublet peak of proton (-CO-CH=), at 7.4 doublet
signal of (=CH-Ar), at 7.5-8.3 multiplet signals of aromatic protons.

In compound 4(a-e), the IR band showed at 3336.9 cm™ of (C-NH) stretching, at 2850 cm”
peak corresponds to (C-H str), at 1640 cm” corresponds to (C=0), at 1610 cm” (C=N)
stretching ,at 1580, 1540, 1470 cm™ showed (Ar-C=C str) , at 1032.8 cm™ showed (C-N)
stretching and 640.5 cm'showed (C-Cl) stretching. The "H-NMR signals at 6.2 doublet peak
of proton (-CH=), the multiplet of aromatic protons at 7.4-8.05, the signal at 8.6 singlet of
aromatic proton, at 13.5 broad singlet of —.NH proton. The rest of the aromatic protons
appeared in the usual region. Molecular ion [M+H]" peak of compound 4(a-e) are observed
at different intensities in positive ionization mode and confirmed the molecular weights.

Compound which has halogen atoms in their molecule showed characteristic peaks in their
mass spectrum analogous to isotopic distribution (**Cl and *'Cl isotopes).
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3.1 SCHEME 1 OI
0
X
RH]\ + R |N/
1a 2a
K,CO 3lethanol
(0]

R=Cl and OH
R 1=substituted acetyl compounds

3.2 SCHEME 2

H,N-NH ,.H,0
Acetic acid.80 °C,6h

R=CI/OH
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Table 1. The chalcones using different acetyl group compounds, Product, Yield and melting point of the compound
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. Melting
SI. Compound=R; R Product Y'oeld Point
No. %o °
(°C)
‘O o
3a NN T cl T T 84 180-182
N/ se” O N/ Se (0} R N/
(o] [e}
3b YU ™ e PDOGES 76 146-148
N/ s~ O N s No R N i
o (0]
3c 79 132-134
3d 69 128-130
3e 81 118-120
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Table 2. The Pyrazole using different chalcones, Yield and melting point of the compound

"?‘I’ Chg:::)les Pyrazoles Yield% P“g?rlltti?(%)
4a 78 166-168
4b 68 110-112
de 70 120-122
4d 74 114-116
* 72 106-108
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3.3 ANTIBACTERIAL ACTIVITY

The minimum inhibitory concentrations (MICs) of the newly synthesized compound 4a, 4b
and standard ciprofloxacin against all bacterial strains are as shown in Table 4. The
significant MIC value is obtained for Staphylococcus aureus, 10mg/mL for compound 4a and
7 mg/mL for compound 4b. Comparison of results of the antibacterial activity between newly
synthesized compounds 4a and 4b and ciprofloxacin showed a synchronizing effect on
strains of pathogenic bacteria. The zones of inhibition of the bacterial colony are depicted in
Table 3. Compound 4a demonstrated antibacterial activity against all the strains of bacteria.
But it is significant on Gram-positive bacteria Staphylococcus aureus (17.60 mm) and
Streptococcus pyogenes (17.40 mm).

Among the newly synthesized compounds, compound 4a containing selenium component
proved to be a more potent bactericidal agent against S. aureus (17.60 mm) and Bacillus
subtilis — NCIM- 2010 (17.10 mm). Compound 4b containing sulfur showed a meager
antimicrobial property against all the pathogenic strains of bacteria (Figure.1).

Fig. 1. Antibacterial activity of compound 4. A: zone of inhibition for Staphylococcus
aureus; B: zone of inhibition for Bacillus subtilis; C: zone of inhibition for
Streptococcus pyogenes; D: zone of inhibition for Pseudomonas aeruginosa.

The results obtained in this study indicate a considerable difference in antibacterial activity
among the two newly synthesized compounds. Compound 4a containing selenium exhibited
significant antibacterial activity against pathogenic bacterial strains. Its bio-controlling
potency is per with that of the standard antibiotic ciprofloxacin. Generally, the Gram-positive
bacteria are more susceptible having only an outer peptidoglycan layer which is not an
effective permeability barrier (Scherrer et al., 1971). Whereas the Gram-negative bacteria
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possess an outer phospholipidic membrane carrying the structural lipo-polysaccharide
components. This makes the cell wall impermeable to drug constituents (Betoni et al., 2006).

Table 3. Antibacterial activity of the synthesized compounds against pathogenic
bacterial strains

Diameter of zone of inhibition (mm)

Clinical strains

Compound 4a Compound 4b Ciproflaxin
Streptococcus pyogenes 17.40 £ 0.10 14.10+£0.10 22.60 £ 0.10
Staphylococcus aureus 17.60 £ 0.10 14.90 £ 0.10 23.80£0.10
Pseudomonas aeruginosa 16.40+0.10 15.60 £ 0.10 22.20+£0.10
Bacillus subtillis 16.10 £ 0.10 15.90 £ 0.10 2110+ 0.10

So the maximum inhibitory activity is observed in Gram-positive bacteria Staphylococcus
aureus. In the case of Gram-negative Pseudomonas aeruginosa the zone of inhibitory
activity is significant because of a multilayered phospholipidic membrane carrying the
structural lipo-polysaccharide components (Nikaido 1985). Selenium containing compound
4a showed maximum inhibition zones compared to that of sulfur containing compound 4b.
Thus, compound 4a is effective in controlling the growth of pathogenic strains to a
considerable extent. The highest activity of compound 4a, when compared to that of
compound 4b, indicated that it is solely responsible for antibacterial activity.

Table 4. MIC (mg/mL) values of synthesized compounds 4a and 4b

Bacterial strains Minimum inhibitory concentrations (MIC)

Compounds 4a 4b Ciprofloxacin
Streptococcus pyogenes 11.5 11.5 6.35
Staphylococcus aureus 10.0 7.0 6.85
Pseudomonas aeruginosa 12.0 12.9 6.35
Bacillus subtilis 12.25 12.2 7.50

3.4 IN-SILICO MOLECULAR DOCKING

Careful examination of B-DNA structures reveals the reason for the difference in the
positioning in the two helical forms. The predicted binding of ligands to the DNA bases on
the basis of the clustering of Cartesian coordinates is thus more directional than that
expected from the ellipsoids derived from Fourier averaging. Calculation of the energy of a
drug-DNA system entails the enumeration of a set of critical atoms on the drug that may
interact with the ligand-binding sites around the DNA bases. Each of the potential hydrogen
bond donor or acceptor atoms on the drug is assigned a DNA-binding ellipsoid with
complementary acceptor or donor properties.

The partner ellipsoid is selected on the basis of the magnitude of interaction with the drug
atom, i.e., the interaction score of lowest value. The number of interactions with DNA is
limited by the hydrogen-bonding quotas of the unfulfilled proton donor and acceptor sites on
the edges of the Watson-Crick base pairs.

Since an atomic-resolution structure of newly synthesized compounds bound to DNA is not
yet available, there is no much experimental evidence regarding the orientation and binding
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modes of parent compounds 4a when it is bound at the major groove. According to two
criteria, prediction statistics and energy ranking, docking of pyrazole to DNA results in both
energetically favorable binding mode and binding site Figure 2.

Fig. 2. (a) Ball and Stick of DNA with the compound (4a) (green ball and stick) and
showing the hydrogen bond formation with bond length. (b) The synthesized
compound (green ball and stick) is enfolded in the major groove of DNA showing
interacting with chain A and chain B (MSMS-MOL). (c) Hydrogen bond between the
compound(4a) (stick and ball colored by green) and the N7 (DG16) residue of chain B
of DNA and interacting with residues DA5, DA6, DT7, DT8, B7C9 of chain A and DG16
of chain B.

In-silico molecular docking of compound 4a with the DNA revealed that the docked energy
for the compound is -8.66 with an estimated binding energy of -8.62 (A units), intermolecular
energy -8.93. The synthesized compound is completely enfolded in the entire major groove
of DNA (Figure 1b). However, orientation of synthesized molecule is perpendicular to the
plane made by DA5, DA6, DT7, DT8, B7C9 of chain A and DG16 of chain B (Figure 1c). The
compound 4a showed efficient binding at major groove than minor groove and inhibition
constant (7.46 X e'6).The Grid is adjusted such that it accommodated the major groove of
the DNA duplex at the torsional degree of freedom 0.5 units and is docked using genetic
algorithm. The compound (4a) hydrogen bonded with the backbone hydrogen of DG16 with
a bond distance of 2.771 with internal energy of 0.27 and torsional energy of 0.31 (Figure-
1a).

3.5 DNA BINDING STUDIES

Primarily, the DNA binding is observed by the following parameters:

(i) electrostatic interactions with the negative charged nucleic sugar—phosphate
structure which are along the external DNA double helix and do not possess
selectivity

(i) binding interactions with two grooves of DNA double helix; and

(iii) intercalation between the stacked base pairs of native DNA (Fairley et al., 1993;

Gopal et al., 2002).
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In comparison of compound 4(a-e), the compound 4a shows good results for both DNA
binding cleavage studies compared to other compounds. The interaction of 4a with DNA
resulted in the decrease of absorption intensity accompanied by a shift towards higher
wavelengths from 298 nm. The addition of increasing higher concentration of DNA led to
hypochromic and bathochromic (red shift) changes in its visible absorption spectra.
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Fig. 3. Absorption spectra of pyrazole in Tris—HCI buffer upon addition of
DNA: = 0.5uM, [DNA] = 0-100uM. Showing variation in absorption with increase in
concentration of [DNA].Inner plot of [DNA]/ (ea — €f ) versus [DNA] for titration of DNA.

The DNA binding studies are characterized by absorbance maxima at 298nm for quinoline
Pyrazole (4a). Around 5-8% reduction (hypo-chromism) of absorption is observed at 298 nm
peak maximum in the presence of an excess of calf thymus DNA. The lowest observation
value observed in spectral changes (including red shift and hypochromicity) are used to
evaluate intrinsic binding constant (K,), it observed 4.5x10™* M~ which are consistent with
the intercalation of (4a) with DNA base pairs (Wolfe et al., 1987); (Devappa et al., 2008).

3.6 VISCOSITY MEASUREMENTS

To further clarify, the interaction modes of the compounds 4a with DNA are investigated by
viscosity measurements. An increase in viscosity of native DNA is regarded as a diagnostic
feature of an intercalation process (Maiti et al.,, 1984); (Kunes et al., 2001). We have
measured the viscosity changes in short, rod like DNA fragments.

The relative length increase (L/LO) of the complex formed between 4a with DNA is shown in
Figure (4). It is evident that binding of these compounds increases the viscosity of DNA
corresponding to an increase in the contour length of the DNA fragments.

The measured slopes of the plots 1.23 + 0.03, for compound 4a falls within 63% of the slope
of a theoretical curve for an idealized intercalation process (1 + 2r) (Patel et al., 1979).
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Fig. 4. Plot shows effect of 4a on the viscosity of CT-DNA at 25 (+0.1°C).
4a =0-100 uM and [DNA] = 50 uM

On this basis, we calculated that intercalation of 4a molecule provoked an increase of 1.9°A
in the contour length of DNA. Since the size of these sonicated fragments is significantly
greater than the persistence length, the estimated 1.9 A° lengthening is probably best
regarded as a lower limit.

3.7 THERMAL DENATURATION

Other strong evidence for the intercalative binding of compounds into the double helix DNA
is obtained from DNA melting studies. The intercalation of small molecules into the double
helix is known to increase the DNA melting temperature (Tm), at which the double helix
denatures into single stranded DNA owing to the increased stability of the helix in the
presence of an intercalator (Zuby 1988).

The molar extinction coefficient of DNA bases at 260 nm in the double helical form is much
lesser than the single stranded form. Hence, melting of the helix leads to an increase in the
absorbance at 298 nm. Thus, the helix to coil transition temperature can be determined by
monitoring the absorbance of DNA at 298 nm as a function of temperature (Maguire et al.,
1994). The DNA melting studies are carried out with calf thymus DNA in the absence and
presence of 4a [1: 3 ratio of 4a to DNA-c(P)]. The Tm for calf thymus DNA was 60+5°C.
These DNA melting experiments strongly supported the intercalation of 4a into the double
helix DNA (Figure. 5).
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Fig. 5. Melting curves of CT-DNA in absence and presence of compounds 4a in the
absence of compounds, but in the presence of parent compound (4a) the Tm of CT
DNA were increased by 5°C.

3.8 THE PUC 19 DNA PHOTO CLEAVAGE STUDIES

It is now recognized that the extremely reactive OH radical derived from O, and H,O, is a
cause of DNA strand scission in cellular damage. Figure 6 shows the electrophoresis pattern
of DNA after UV-photolysis of H,O, (2.5 pmol/L) in the absence or presence of the
compound. The faster-moving band corresponding to the native form of supercoiled circular
DNA (SCDNA) and the slower-moving band being the open circular form (OC-DNA) (Bhojya
Naik et al., 2008).The UV irradiation of DNA in the presence of H,O, (lane 2) caused the
cleavage of SC-DNA to give open coiled DNA (OC-DNA) and the linear form (lin-DNA) in
lane 5 and 7, indicating that -OH generated by UV-photolysis of H,O, produced DNA strand
scission. The presence of the compound under investigation increases the DNA damage
which has been particularly implicated in carcinogenesis.

We found that the supercoiled DNA (form |) is cleaved by lane 6 only after 45 min and 1hr. In
order to clarify the DNA cleavage mechanism, compound was investigated in the presence
of chelating agent. The compounds are tested for DNA cleavage under hydrolytic conditions,
and a concentration dependent cleavage is observed. Reaction that leads to formation of
open circular DNA (form Il) from the supercoiled (form 1) over various concentrations of
compound 4a (100-500 pM/L) and constant DNA concentration is followed for different
concentration at 37 °C (Figure 6).
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Form-T Lin DNA
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Fig. 6. Effects of 6 at various concentrations (100-600 pmol/L) on the pUC 19
supercoiled DNA against OH generated by photolysis at 360 nm in presence of H,0,.
Lane 1, Untreated DNA (control); lane 2, DNA + H,0,; lane 3, DNA + 4a (100 pmol/L);
lane 4, DNA +4a (200 pmol/L); lane 5, DNA + 4a (300 pmol/L); lane 6, DNA + 4a (400
pmol/L); lane 7, DNA + 4a (500 pmol/L).

4. CONCLUSION

We developed a versatile and useful new access to different scaffold of biologically
important newly synthesized pyrazoles. The selenium containing pyrazole showed significant
zone and minimum inhibitory concentration in antibacterial activity over sulfur containing
compound. In-silico molecular docking studies revealed that can efficiently bind to DNA with
significant docking and binding energy.

The DNA binding showed intercalative mode of binding in the base pair of DNA. The
compounds have been found to cleave plasmid pUC19 DNA from the supercoiled Form | to
the nicked circular Form Il upon H,O, activation, where as in photocleavage studies these
compounds in the absence of “inhibitors” shows more cleavage properties, which may taken
as these compounds are potential DNA cleaving agents. Therefore, it is suggested that
further work could be performed on similar heterocyclic pyrazole analogues. By this we can
conclude that our newly synthesized compound has importance in medicinal/ biological field.
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