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Abstract:

The major challenge in modern drug discovery has been the design and development of new anticancer drugs
with improved efficacy and minimal side effects, especially due to a rapid rise in multidrug resistant tumors. In
the recent past, United States Food & Drug Administration (US FDA) newly approved anticancer drug
Crizotinib (Xalkori) possess a pyrazole nucleus as core moiety. Therefore in the present investigation, we have
synthesised a series of pyrazoles KVP, KVP1-4 and evaluated their potential as anticancer agents by using in
vitro brine shrimp (Artemia salina) cytotoxicity bioassay. Among the compounds tested, compound KVP2 has
showed signifcant cytotoxicity at ED50 value 5.43 + 0.16 microgram/mL. Consequently, in silico molecular
docking studies have also been performed to evaluate the possible underlying mechanism of action of KVP and
KVP1-4 against DHFR (Dihydrofolate reductase) anticancer drug target. Molecular docking results revealed
that the KVP and KVP1-4 is less selective towards inhibition of DHFR.
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INTRODUCTION:

Cancer is the name given to a collection of related
diseases [1](Hennessy et al., 2005). In all types of
cancer, some of the body’s cells begin to divide
without stopping and spread into surrounding
tissues [2] (Fesik et al., 2005). Cancer can start
almost anywhere in the human body, which is
made up of trillions of cells [3] (Shea et al., 2016).
Normally, human cells grow and divide to form
new cells as the body needs them. When removed,
they usually don’t grow back, whereas malignant
tumors sometimes do. Unlike most benign tumors
elsewhere in the body, benign brain tumors can be
life threatening[4] (Cheng et al., 2016).

An antimetabolite is a chemical that inhibits the use
of a metabolite, which is another chemical that is
part of normal metabolism. Such substances are
often similar in structure to the metabolite that they
interfere with. Antimetabolites can be used in
cancer treatment, as they interfere with DNA
production and therefore cell division and the
growth of tumors. Because cancer cells spend more
time dividing than other cells, inhibiting cell
division harms tumor cells more than other cells. A
target of even greater complexity is the
incorporation of triphosphates into DNA or RNA
and the subsequent modification of these
macromolecules [5] (Renslo et al., 2006).
Dihydrofolate reductase (DHFR) is an essential
metabolic enzyme that plays critical rolein one-
carbon transfer reactions, including the biosynthetic
pathways for deoxythymidine monophosphate
(dTMP) [6] (Raoet al., 2000), purines and several
amino acids [7] (Banerjee et al., 2002). As such,
DHFR has been successfully targeted for both
anticancer (eg. methotrexate) and antimicrobial (eg.
trimethoprim, pyrimethamine) drug development
[8] (Schweitzeret al., 1990). Owing to its essential
role in both human and pathogenic cells, the
successful development of anticancer DHFR
inhibitors requires that the compounds are selective
for the carcinogenic cells [9] (Kayeet al., 1998).
Hence, it was proposed worthwhile to study the
possible protein-ligand interactions using molecular
docking studies against cancer targeted DHFR
enzyme by using iGemDock software [10] (Hsu et
al., 2011).

Pyrazole is a five membered and two-nitrogen
containing heterocyclic ring. These structures have
been investigated in the development of novel
compounds with hypoglycemic, analgesic, anti-
inflammatory, antimicrobial, anti convulsant,
antidepressant, anti mycobacterial, antioxidant,
antiviral, insecticidal and antitumor activities.
Therefore, these compounds have been synthesized
as target structures by many researchers and were
evaluated for their biological activities.

Guniz and Sevil., 2015 [11], have been reviewed
the structures of 1H-pyrazoles with their
corresponding biological activities for 21st (in
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2000-2014 years) century. The pyrazole is a five
membered and two-nitrogen containing
heterocyclic ring. These structures have been
investigated in the development of novel
compounds with hypoglycemic, analgesic, anti-
inflammatory, antimicrobial, anti convulsant,
antidepressant, anti mycobacterial, antioxidant,
antiviral, insecticidal and antitumor activities.
Demetrio et al., 2015 [12] , was reviewed the recent
advances in bioactive system containing pyrazole
fused with a five membered heterocycle, covering
the time span of the last decade. All of them are
represented around the common structure of the
pyrazole ring fused with another five membered
heterocycle containing the nitrogen, sulfur and
oxygen atoms in all their possible combinations.
Cancer is a primary global cause of mortality,
accounting for millions of deaths every year.
Though many anticancer agents have been
developed to treat different types of cancer
effectively, major adverse effects could occur
concurrently. Consequently, a huge demand is still
there to find some novel molecules to treat this
disease in current situation. Hence, we proposed
worthwhile to synthesis some novel pyrimidine
derivatives (dihydropyrimidones) and studied for
their anticancer druggable properties using brine
shrimp (Artemia salina) lethality bioassay.

Materials:

Instrumentation

« Melting points were taken in open capillary
tubes. Purity of the compounds was checked
on silica gel G TLC plates of 2 mm thickness
using n-hexane and ethyl acetate as solvent
system. The visualization of spot was carried
out in an UV-chamber. The spectra IR, NMR
and Mass have been recorded by sending the
pure sample to the Universiti Putra Malaysia
(UPM), Jalan Upm, 43400 Serdang, Selangor,
Malaysia.

Reagents and chemicals

¢+ Substituted aldehydes and ketones,
acetylacetone,  acetylhydrazide,  sodium
hydroxide, potassium hydroxide, pyridine,
triethylamine, Brine Shrimp Eggs, hexane,
ethyl acetate, acetone, chloroform, methanol,
ethanol, iodine, H,SO, spraying reagent, silica
gel (column & TLC) and other regular
laboratory chemical of AR grade were
procured from the local chemical suppliers
via. Purchase indent from Laboratory
Department, Asia Metropolitan University.

Computational software requirements

« Computer aided drug discovery softwares
along with graphical user interface (GUI) were
utilized for molecular modeling, energy
minimization, molecular docking and virtual
screening protocols.
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Table 1: List of software applications used in the present study

S No Activity Software License type Source
' (will be performed) (will be used) (will be obtained)
Molecular modeling Academic License . Open
1). (2D-Drawing) Accelrys Draw GPU (General Public User) Source
g License
Molecular modeling Academic License Open
2). (2D-3D Conversion) Open Babel G_PU (General Public User) Source
License
Molecular modeling Academic License Oven
3). (Molecular Mechanics & ArgusLab v 4.0 GPU (General Public User) S P
L . ource
Energy Minimization) License
Table 2: Citations for software applications used in the present investigation
S.No Software Citation
1) Accelrys Draw Draw, A. (2011). Accelrys Software Inc. San Diego.
2) OLBoyle, N. M., Banck, M., James, C. A., Morley, C., Vandermeersch,
Open Babel T., & Hutchison, G. R. (2011). Open Babel: An open chemical toolbox. J
Cheminf, 3, 33.
3) Arqus lab Thompson, M. A. (2004). ArgusLab 4.0. 1. Planaria Software LLC,
g Seattle, WA,
4) Hsu, K. C,, Chen, Y. F., Lin, S. R., & Yang, J. M. (2011). iGEMDOCK:
. a graphical environment of enhancing GEMDOCK using
iGemdock v 2.1 . . : . )
pharmacological interactions and post-screening analysis. BMC
bioinformatics, 12(1), 1.
5 -

) (P;%tg')“ Data Bank | 5ok p. D, (1971). Protein Data Bank. Nature New Biol, 233, 223.
Computational hardware requirements «» X-ray crystallographic data of DHFR Ligand
< The minimum central hardware system Binding Domain (LBD) was obtained from

configuration include Intel (R) Core (TM) Brookhaven Protein Data Bank
2Duo Central Processing Unit (CPU), 2.5 (http://lwww.rcsb.org/pdb). The protein data
GHz, 1 TB hard disk, 2 KV Power Backup, bank code (PCB ID: 4KD7) deposited by
WinXP or higher operating system was used Lamb, et al., 2013 [13].
for running all the selected computer aided
drug discovery softwares. All softwares were Methods
well compatible with the selected system General procedure for the synthesis of pyrazole
configuration. derivatives
X-ray crystallographic structure of % The reaction sequence intended for the
dihydrofolate reductase (DHFR) preparation of title compounds (KVP, KVVP1-

KVP4) is shown in Scheme 1; we have
followed the pre-existing methods for the
proposed synthesis.
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Scheme 1: Synthesis of Pyrazoles
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Table 3: Chemical structure of the titled molecules
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%+ The reaction as shown in scheme 1 was started by
adding equimolar concentration of substituted
acetylacetone and acetylhydrazide in g.s. amount of
ethanol. To this reaction mixture 10 mole
percentage of NaOH was added and stirred for 10
min, followed by reflux for 3 hrs, reaction mixture

turns to yellow color liquid. Further the reaction
mixture kept aside overnight and examined the
TLC profile. After completion of the reaction, the
reaction mixture was poured in crushed ice,
acidified if necessary with 1:1 dilute hydrochloric
acid, and the yellow color liquid which separated
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out was isolated by filtration using separating
The reaction as shown in scheme 1 further proceed by
adding substituted benzaldehydes to KVP in 1:1 mole
concentrations in g.s. amount of ethanol. To this
reaction mixture 1.5mL of 10% KOH solution was
added in drop-wise until the reaction mixture turns to
yellow. Further the reaction mixture kept aside
overnight and examined the TLC profile. After
completion of the reaction, the reaction mixture was
poured in crushed ice, acidified if necessary with 1:1
dilute hydrochloric acid, and the light colorless to
yellow color liquids which separated out was isolated
by using separating funnel, dried and purified by
drying agent. The light colorless or yellow color
liquids of pyrazoles KVP1-KVP4 which separated
out from the reaction mixture were collected and used
for doing physical characterization and bioassay.

Identification of pyrazoles (KVP, KVP1-KVP4)

« The formation of pyrazoles was identified and
analyzed by Co-TLC technique with the starting
materials. The visualization of the spots was
carried out by spraying 5% H,SO, in methanol
and heating at 110°C or under UV light or in
lodine chamber.

Characterization of pyrazoles (KVP, KVP1-KVP4)

% The chemical structures of the synthetic
pyrazoles were established on the basis of their
physical, chemical and spectral analytical data.

% Melting points were determined in open
capillary tube, and expressed in degree Celsius.

% The synthetic chalcones were characterized by
UV, IR, NMR & Mass spectral methods.

% NMR & IR spectral data were obtained by
sending the samples to Andhra University,
Visakhapatnam, India.

In vitro Cytotoxicity Evaluation of Pyrazoles

(KVP, KVP1-KVP4)

<+ Brine Shrimp Lethality Bioassay (Cytotoxicity
Bioassay)
The anticancer potential of the synthesized
pyrazoles was determined by Brine Shrimp
Lethality assay as described by Meyer et al., 1982.
Brine Shrimp (Artemia salina) nauplii were
hatched in sterile brine solution (prepared using
sea water salt 38 g/L and adjusted the pH to 8.5
using 1 N NaOH) under constant aeration for 38 h.
After hatching, 10 nauplii were placed in each vial
and added various concentrations of drug solutions
in a final volume of 5 mL, maintained at 37 °C for
24 h under light of incandescent lamps and
surviving larvae were counted. The EDs, values
(ng/mL) were determined by comparing mean
surviving larvae of test and control tubes. The
results of cytotoxicity study are given under
results section.

General procedure for the ligand preparation
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funnel, dried and purified by drying agent.

% The chemical structure of the selected ligand
KVP and KVP1-4 was initially modeled as 2D
chemical structures wusing Accelrys Draw
software and transformed into 3D chemical
structures using Open Babel software and
subjected for energy minimization using
ArgusLab v 4.0 software. Such energy minimized
structures were considered for molecular docking
studies using iGemdock v 2.1 software. The
corresponding docking engine compatible ‘MDL
MOL’ file format has been adapted to ligand by
using integral option (save as /MDL MOL).

General procedure for the protein target selection,

preparation and validation

«+ The selection of DHFR Ligand Binding Domain
(LBD) for molecular docking studies was carried
out based upon several factors such as structure
should be determined by X-ray diffraction
spectroscopy, and resolution should be between
>2.5 A° it should contain a co-crystallized
ligand; the selected protein should not have any
protein breaks in their 3D structure. Finally the
resultant protein target was prepared for
molecular docking simulation in such a way that
all heteroatoms (i.e., nonreceptor atoms such as
water, ions, etc.) were removed.

General procedure for the software validation

« IGEMDOCK v 2.1 software validation was
performed by using X-ray structure (4KD7)
deposited with co-crystallized ligand was
obtained from the Brookhaven Protein Data Bank
(http://www.rcsh.org/pdb). The Root Mean
Square Deviation (RMSD) between the X-ray co-
crystallized ligand and docked conformation was
1.84 A°indicated that the parameters for docking
simulation was good in reproducing X-ray crystal
structure.

General procedure for the Molecular Docking

¢ Molecular docking technique was employed to
dock the bioactive pyrazole KVP and KVP1-4
against 4KD7 using iGEMDOCK to locate the
interaction between KVP and KVP1-4 and
4KD7. iGEMDOCK requires the receptor and
ligand coordinates in either Mol2 or PDB format.
Non polar hydrogen atoms were removed from
the receptor file and their partial charges were
added to the corresponding carbon atoms.
Molecular docking was performed using standard
protein-ligand docking protocol. The binding site
was defined by crystallographic ligand of 4KD7.
Default settings were used for all the calculations
and docking run was performed.

Statistical analysis
« The SPSS 2.0 software was used in data
analysis. Data was expressed as mean £ SEM.
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RESULTS:
Results of Chemical Synthesis
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Table 4: Physical characterization data of pyrazole KVVP.

Pyrazole (KVP)

!

CHs

o] CHj3
Intermediate (KVP)
Physical state Liquid
Color Yellowish oil

Nomenclature

1-(3,5-dimethyl-1H-pyrazol-1-yl)ethanone

Molecular weight

138.17

Molecular formula C7H1oN,O
Boiling point (°C) >300
Yield (%) 67
Density 0.86

Thin Layer Chromatography (TLC)
Mobile phase concentration

Thin Layer Chromatography (TLC)
25% Ethylacetate/Hexane

R; value 0.22 cm
UV-254nm observation Light Green Fluorescence
UV spectrum data (Amax) 240

IR spectrum data (cm™)

1690C=0), 1620(C=C)

'H NMR spectrum data (5 ppm)

1.9(s, 3H, CHs), 2.3(s, 3H, CH3), 2.5(s, 3H,
CHy), 6.1(s, 1H, C4-Pyrazoline)

3C NMR spectrum data (5 ppm)

Not determined

Table 5: Physical characterization data of pyrazole KVPL1.

Pyrazole (KVP1)

0 CH3
X [\\| N
N=

CH,

Compound KVP1

Physical state

Liquid

Color

Yellowish oil

Nomenclature

(E)-1-(3,5-dimethyl-1H-pyrazol-1-yl)-3-
phenylprop-2-en-1-one

Molecular weight 226.27
Molecular formula C14H14N,0
Boiling point (°C) >300
Yield (%) 62
Density 1.65

Thin Layer Chromatography (TLC)
Mobile phase concentration

Thin Layer Chromatography (TLC)
25% Ethylacetate/Hexane

Rt value 0.58 cm
UV-254nm observation Light Green Fluorescence
UV spectrum data (Amax) 243

IR spectrum data (cm™)

1684(C=0), 1613(C=C)

'"H NMR spectrum data (6 ppm)

2.3(s, 3H, CHg), 2.6(s, 3H, CHa), 6.1(s, 1H,
C4-Pyrazoline), 6.7(d, J = 16 Hz, 1H, Ha),
7.7(d, J =16 Hz, 1H, HB)

3C NMR spectrum data (8 ppm)

Not determined

ISSN 2349-7750
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Table 6: Physical characterization data of pyrazole KVP2.

Pyrazole (KVP2)

z O cH,
O
=
F
CHj,

Compound KVP2

Physical state

Liquid

Color

Dark yellowish oil

Nomenclature

(E)-3-(2,4-difluorophenyl)-1-(3,5-dimethyl-
1H-pyrazol-1-yl)prop-2-en-1-one

Molecular weight

262.25

Molecular formula Ci4H1,FoN,0
Boiling point (°C) >300

Yield (%) 74

Density 12

Thin Layer Chromatography (TLC)
Mobile phase concentration

Thin Layer Chromatography (TLC)
25% Ethylacetate/Hexane

R; value 0.64 cm
UV-254nm observation Light Green Fluorescence
UV spectrum data (Amax) 245

IR spectrum data (cm™)

1671(C=0), 1590(C=C)

'H NMR spectrum data (5 ppm)

2.3(s, 3H, CH3), 2.6(s, 3H, CH3), 6.1(s, 1H,
C4-Pyrazoline), 6.7(d, J = 16 Hz, 1H, Ha),
7.7(d, J =16 Hz, 1H, HB)

C NMR spectrum data (5 ppm)

Not determined

Table 7: Physical characterization data of pyrazole KVP3.

Pyrazole (KVP3)

O CHj
O
N\
Cl
CH3

Compound KVP3

Color

White oil

Nomenclature

(E)-3-(4-chlorophenyl)-1-(3,5-dimethyl-1H-
pyrazol-1-yl)prop-2-en-1-one

Molecular weight 260.72
Molecular formula C14H13CIN,O
Boiling point (°C) >300

Yield (%) 50

Density 15

Thin Layer Chromatography (TLC)
Mobile phase concentration

Thin Layer Chromatography (TLC)
25% Ethylacetate/Hexane

Rs value 0.35cm
UV-254nm observation Light Green Fluorescence
UV spectrum data (Amax) 250

IR spectrum data (cm™)

1675(C=0), 1640(C=C)

'"H NMR spectrum data (6 ppm)

2.3(s, 3H, CHg), 2.6(s, 3H, CHa), 6.1(s, 1H,
C4-Pyrazoline), 6.7(d, J = 16 Hz, 1H, Ha),
7.7(d, J =16 Hz, 1H, HB)

3C NMR spectrum data (8 ppm)

Not determined

ISSN 2349-7750
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Table 8: Physical characterization data of pyrazole KVP4.

Pyrazole (KVP4)

Compound KVP4

Physical state

Liquid

Color

Yellow oil

Nomenclature

(E)-3-(4-bromophenyl)-1-(3,5-dimethyl-1H-pyrazol-1-yl)prop-
2-en-1-one

Molecular weight 305.17
Molecular formula C14H13BrN,O
Boiling point (°C) >300

Yield (%) 65

Density 1.0

Thin Layer Chromatography (TLC)
Mobile phase concentration

Thin Layer Chromatography (TLC)
25% Ethylacetate/Hexane

R; value 0.16 cm
UV-254nm observation Light Green Fluorescence
UV spectrum data (Ayay) 258

IR spectrum data (cm™)

1685(C=0), 1615(C=C)

THNMR spectrum data (6 ppm)

2.3(s, 3H, CHy), 2.6(s, 3H, CH,), 6.1(s, 1H, C,-Pyrazoline),
6.7(d,J =16 Hz, 1H, Ha), 7.7(d, ] = 16 Hz, 1H, HB)

BC NMR spectrum data (6 ppm)

Not determined

Results of Biological Evaluation

Table 9: Cytotoxicity data of pyrazoles KVP, KVP1-KVP4.

Compound

Artemia salina lethality (Brine shrimp)
Effective Dose Concentration (EDs,, pg/mL)*

CHg

\
LN
HzC N

P ch,
Intermediate (KVP)

KVP

>50

o CHg
= NN
N=

CHg

Compound KVP1

KVP1

>50

= o CHg
e
F N=
CH3
Compound KVP2

KVP2

5.43+0.16

CHg3
- N‘§
Cl N

CH3
Compound KVP3
KVP3

36.75+0.88

CH3
N “\'§
Br N
CHs3

Compound KVP4
KVP4

12.84 +0.31

*Mean+SEM, p<0.05
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Results of Computational Evaluation

Table 10: Molecular docking information of pyrazole KVP, KVP1-KVP4 against 4KD7

. No. of Hydrogen
Compound |Ger£dolc;k s?ore bonds/Interacting Amino
calimo acid residues

KVP -76.0298 1/Ala 9

KVP1 -96.9052 1/Ser 59

KVP2 -105.193 1/Ser 59

KVP3 -100.841 -Nil-

KVP4 -99.1600 UTyr 121

Fig 1: Binding orientation and H-bond interactions (Green) of KVP (Yellow) within the active binding
site region of 4KD7 (Residues)

. - .
eg oal AL TW A ¢ Eiy A
L \. :

.t

Fig 2: Binding orientation and H-bond interactions (Green) of KVP1 (Yellow) within the active binding
site region of 4KD7 (Residues)
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Fig 3: Binding orientation and H-bond interactions (Green) of KVP2 (Yellow) within the active binding site region of
4KD7 (Residues)
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Fig 4: Binding orientation and H-bond interactions (Green) of KVP3 (Yellow) within the active binding site region of
4KD7 (Residues

Fig 5: Binding orientation and H-bond interactions (Green) of KVP4 (Yellow) within the active binding site region of
4KD7 (Residues)
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DISCUSSION:

Synthesis

The compounds synthesized in the present study were
keeping with the expected structures by its spectral
data as shown in the Tables 4-8. Following are the
representative UV, IR, 'H-NMR spectra of the
Biological Evaluation

Cancer is the uncontrolled growth of cells that
interfere with the growth of healthy cells. The usual
treatments of Cancer are surgery, chemotherapy
(treatment with anticancer drugs), radiation, or some
combination of these methods. Anti-Cancer drugs are
targeted to control and treat various Cancer like,
Breast cancer, Cervical cancer, Small cell lung cancer,
Head and Neck cancer, Ovarian cancer, Hodgkin’s
and Non-Hodgkin’s lymphoma, Oesteo-sarcoma,
Seminomas of testis, Myeloblastic leukemia,
Lymphoblastic leukemia etc. The use and application
of drugs synthesized or procured from natural or
synthetic sources for cancer inhibition and cure is
known as “chemotherapy” and the drugs are more
commonly named as chemotherapeutic drugs.

Brine shrimp (Artemia salina) was used as a simple
bioassay tool for cytotoxicity test on new chemicals.
The procedure determined EDs, value in pg/ mL of
active compounds in the brine medium. The activities
of known active compounds are manifested as toxicity
to shrimps. The advantages of this method are being
rapid, reliability, inexpensive and convenient assay
[14] (Meyer et al., 1982).

Brine Shrimp Lethality bioassay has an excellent good
standard correlation with cytotoxic activity in human
solid tumors, and has led to the discovery of new class
of natural or synthetic active anticancer agents[15]
(McLaughlin et al., 1998).

Brine Shrimp Lethality bioassay has correlation with
cytotoxic activity in NCI (National Cancer Institute)
cancer cell lines [16,17,18](Mohammed et al., 20009,
Mirza et al., 2007, Pimenta et al., 2003).

The investigation of cytotoxicity screening data
(Table 9) revealed that the compound KVP2
demonstrated comparatively the most potent
cytotoxicity, with EDs, value of 5.43 + 0.16 pg/mL
(Table 9). It is interesting to note that the compound
KVP4 also showed appreciable cytotoxicity with
EDs, value of 12.84 + 0.31 pg/mL. The other
compounds such as KVP, KVP1 and KVP3 displayed
less activity at concentrations >50, >50 and 36.75 +
0.88 pg/mL, respectively. A close insight into basic
chemical structure of the molecules synthesized in the
present study clearly displayed the significance of
pyrazole and o,B-unsaturated ketone moieties forming
part of the core structure as seen in case of most of the
natural products such as pyrazole analogs and
chalcone flavonoids which are currently in clinical use
as potential anticancer agents.

The remarkable observation towards the observed
cytotoxicity was substitution and unsubstitution of the
phenyl ring B of the chalcone bridge which is
covalently attached to the 1H-Nitrogen atom of
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compounds KVP, KVP1-4, respectively. The results
of the spectral data of the compounds KVP, KVP1-4
were in close agreement with those of the structural
features of the pyrazoles and the structures of all the
compounds were confirmed by their corresponding
spectral data.

pyrazole nucleus. On the other hand, there was a clear

evidence that further substitution of KVP by a,p-

unsaturated ketone initially not showed significant

activity as seen in case of KVP1 but strong
improvement has been noticed on substitution with
halogens on ring B as seen in case of the compounds

KVP2-4. From the observed activity it was clearly

suggested that besides pyrazole the halogen

substituent on ring B is evenly necessary to maintain
the effectiveness.

Computational Evaluation

Common Mechanism of Action of Anti-Cancer

Drugs:

Cancer drugs have been designed to slowly act on the

cancerous cells and halt their progression by

suppressing them through various molecular
mechanisms:

a) They may act by damaging the DNA of
cancerous cells. The anticancer drugs cause
single strand (SSB) and double strand (DSB)
DNA breaks or may lead to manufacture of
nonsense DNA or RNA. Examples of drugs in
this category include Cisplatin, Mitomycin C,
Daunorubicin, Doxorubicin and Etoposide.

b) They inhibit the synthesis of new DNA to stop
the cell from replicating because replication of
cells leads to growth of tumor. These agents work
in a number of different ways. DNA building
blocks are folic acid, heterocyclic bases, and
nucleotides, which are made naturally within
cells. All of these agents work to block some step
in the formation of nucleotides or
deoxyribonucleotides (necessary for making
DNA). When these steps are blocked, the
nucleotides, which are the building blocks of
DNA and RNA, cannot be synthesized. Thus the
cells cannot replicate because they cannot make
DNA without the nucleotides. Examples of drugs
in this category include methotrexate,
fluorouracil, hydroxyurea and mercaptopurine.

c) They stop mitosis or the actual splitting of the
original cells into cell into two new cells.
Stopping mitosis stops cell division (replication)
of the cancer cells and may ultimately halt the
progression of the cancer.

In the present investigation we have selected

inhibition of synthesis of new DNA as the potential

hypothetical mechanism for the observed cytotoxicity
potential of bioactive pyrazole KVP and KVP1-4

(Table 9). Hence docking simulation has been

performed to determine possible protein-ligand

interactions within the active binding site region of the
4KD7 (selected anticancer antimetabolite target
protein DHFR) (Table 10, Figurel-5).
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In the recent past, the interactions between the
selective synthetic DHFR ligands revealed the
importance of hydrogen bonding with the amino acids
Asn 64, Phe 31 and Phe34 are important for increased
affinity to human DHF[13] R (Lambet al., 2013). The
compound KVP2 revealed one hydrogen bond
interactions with the single amino acid Ser 59
respectively. Since, the bioactive pyrazole KVP2 not
displayed the interactions with amino acids which
earlier reported to be most vital towards inhibition of
DHFR. Therefore, we hypothesized that the
cytotoxicity potential of the KVP2 might not be due
to DHFR inhibition; further target based screening has
to be performed to understand the inherent mechanism
of action of the series of compounds synthesized in
the present study.

CONCLUSION:

In conclusion, we could synthesis and characterize
some novel substituted pyrazoles KVP, KVP1-
KVP4. These compounds were screened for in-vitro
cytotoxicity study by using Brine Shrimp (Artemia
salina) lethality bioassay and the results revealed the
positive and significant contribution of KVP2
consisting of 2,4-difluoro substitution at position 4 of
ring B of chalcone moiety which is covalently
attached to the 1H-Nitrogen atom of pyrazole nucleus
towards the observed cytotoxicity (Artemia salina
lethality) at EDs, value 5.43 £ 0.16 pg/mL. Likewise,
the compound KVP4 has also been exhibited
significant activity not much comparatively with
KVP2 at EDs, value 12.84 + 0.31 pg/mL. The
observed remarkable activity of KVP2 and KVP4
may be due to the pharmacophores such as pyrazole
moiety, a,B-unsaturation moiety, halogen substituents
which forming part of basic skeleton of both the
molecules. Subsequently, molecular docking studies
revealed that the possible underlying mechanism
might not be due to the inhibition of DHFR. Further
studies have to be processed to understand complete
mechanism of cytotoxicity of KVP2.
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