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ABSTRACT 

Design and synthesis of APE1 inhibitors as putative anticancer agents 

Name of student                         :      Gagandeep Kaur 

Registration Number                   :      CUPB/MPHARM-MC/SBAS/CPS/2012-13/04 
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Name of supervisor                     :      Dr. Raj Kumar 

Name of co-supervisor                :      Dr. Anil K. Mantha 

     Centre                                         :      Chemical and Pharmaceutical Sciences and 
Centre for Biosciences 

School of Studies                         :      School of Basic and Applied Science 
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Success in chemotherapy has not been attained completely yet and has remained 
a worried issue from years. Various reasons drive this failure, but the much talked 
about is failure due to emergence of resistance to chemotherapeutic drugs due to 
various factors. One of the major reasons here we have targeted is the resistance 
developed against DNA damaging chemotherapy due to over activation of APE1 
enzyme evolved in BER pathway, which is the major repair pathway responsible 
for 95% of the DNA repair. Design and synthesis of APE1 inhibitors using rational 
approach fulfilling the pharmacophoric requirements has been carried out in this 
research work. Molecular modelling studies were performed to confirm that 
designed compounds fit well into the repair active cavity. 14 compounds have 
been designed and synthesized having pyrazolo-quinazolines core structure. The 
anticancer potential of the 8 representative compounds was evaluated against rat 
C-6 glial cell line at different concentrations. All synthesized compounds showed 
good anticancer activity against rat C-6 glial cell lines. The inhibitory potential of 
the compounds obtained from the MTT assay results helped us to formulate the 
SAR studies. Further ROS measurement was also carried out using DCFDA 
assay. Compounds showing good MTT results were also found to be potential 
antioxidants which conclude their mechanism of anticancer activity through APE1 
inhibition. The active compounds may be taken further for lead optimisation and 
mechanistic interventions for their in vitro binding studies on APE1 in future.   
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1. Introduction 

The present scenario of cancer chemotherapy depicts that various factors lead 

to failure of chemotherapy via several mechanisms such as altered drug target, 

decrease cellular uptake of drug due to enhanced drug efflux by efflux 

transporters, drug detoxification by overexpressed drug metabolising enzymes, 

blocked apoptosis, enhanced DNA repair, altered cell cycle check points, 

resistance due to enhanced cellular stress responses, and activation of 

microenvironment induced drug resistance pathways (Saraswathy & Gong, 

2013; Tomida & Tsuruo, 2002). However, especially the acquired resistance 

towards the DNA damaging agents is possibly because of the activation of DNA 

repair system which causes decreased cell mortality responsive to the DNA 

damaging chemotherapy (Rodrigues et al., 2013). 

DNA damaging factors can be endogenous, exogenous or environmental. 

Various endogenous DNA repair pathways naturally respond to DNA lesions 

and repair the damaged DNA (Sancar et al., 2004). These are repair of 

damaged bases and single strand breaks (SSBs) by base excision repair 

pathway (BER) (Dianov & Parsons, 2007; Fung & Demple, 2011; Gredilla, 

2010; Hitomi et al., 2007; Vascotto et al., 2012), repair of large adducts and 

bulky lesions by nucleotide excision repair (NER), recognition and repair of 

mismatches or  misalignments of short nucleotide segments by mismatch repair 

(MMR), direct repair of alkyl adducts by O6-methylguanine DNA 

alkyltransferase (MGMT), repair of double strand breaks (DSBs) by homologous 

recombination (HR) and non-homologous end joining (NHEJ) (Kelley & Fishel, 

2008; Luo et al., 2010; Rodrigues et al., 2013). Each one of these pathways 

employ various specialised set of enzymes and proteins (Almeida & Sobol, 

2007; Caldecott, 2007; Hung et al., 2005; Klungland & Lindahl, 1997; Kubota et 

al., 1996). 

It has been reported by Lindahl in 1993 that 2,000-10,000 apurinic/apyrimidinic 

(AP) sites are created every day in each human cell by normal metabolic 

processes and environmental factors which are subsequently repaired by BER-
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pathway (Hegde et al., 2008; Hegde et al., 2012; Lindahl, 1993; Mantha et al., 

2013). Certain cancers are deficient in one of the pathways to repair their DNA 

(e.g. HR) but have alternate pathways for repair i.e. BER-pathway. It has also 

been found that repair proteins are overexpressed in various cancers. So, BER-

pathway can be targeted selectively and innovative anticancer therapy can be 

developed by design of repair enzyme inhibitors (Rodrigues et al., 2013). 

Apurinic/apyrimidinic endonuclease 1 (APE1) is selectively targeted which is a 

key enzyme of BER pathway and is responsible for 95% of the repair activity. 

APE1 acts on AP sites of damaged DNA and repairs it by various consequent 

steps. Two types of APE1 repair inhibitors have been developed, specific and 

nonspecific. Specific ones bind to APE1 and inhibit its binding to endogenous 

ligand AP DNA and nonspecific repair inhibitors bind (abasic) AP DNA and 

inhibit APE1 to act on its ligand and thus inhibits repair of damaged DNA. 

Various inhibitors (Lucanthone, 6-hydroxy-DL-DOPA, Arylstibonic acids etc.) 

have emerged through random screening of library of compounds and they 

show various side effects and off target effects (Madhusudan et al., 2005; 

Simeonov et al., 2009). Now a days rational designing of APE1 repair inhibitors 

have been carried out on the basis of interactions of co-crystal structure of AP 

DNA with APE1 (Zawahir et al., 2008). Compounds designed on this basis have 

shown good IC50 values. In the present work we have designed and 

synthesized some novel APE1 inhibitors based on pharmacophoric 

requirements as well as resembling the shape of the repair active cavity of 

APE1 and evaluated them for in vitro anticancer activity. 
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REVIEW OF LITERATURE  
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2. Review of literature 

2.1 APE1 

APE1 was first recognised as Human APE1 (HAPE1) by Demple and co-

workers in 1991 (Demple et al., 1991). APE1’s C-terminal was found to actively 

participate in DNA repair BER-pathway. One year later Xanthoudakis and 

Curran reported that APE1 stimulates DNA binding activity of transcription 

factor (TF) AP-1 through conserved cysteine (Cys) residue in c-Fos and c-Jun 

(Xanthoudakis, S & Curran, 1992). It was further explored that N-terminal plays 

a major role in redox regulation of various TFs (e.g., AP-1, NF-кB, CREB, p53, 

HIF-1α, STAT3, Pax-6 etc.) which contributes in cell growth and progression, 

angiogenesis, inflammation, downregulation of apoptosis etc. in malignant 

melanomas (Abbotts, R. & Madhusudan, 2010; Ando et al., 2008). APE1 

converts the inactive TFs to their reduced active form, enhances their binding 

with DNA and increases expression of various genes responsible for 

progression and promotion of tumor (Luo et al., 2010; Xanthoudakis, S & 

Curran, 1992). Thus it was named redox effector factor 1 (Ref-1). Both these 

functions are independent of each other (Izumi et al., 2005). Any mutation in 

one’s active residue does not alter others’ activity (Jayaraman et al., 1997; Luo 

et al., 2008; Ordway et al., 2003). 

APEs play a critical role in repairing of oxidized base damages by BER-

pathway. There exist two classes of AP endonucleases, Class I and Class II 

(Figure 2.1). The Class-II can be further classified into two families which differ 

in structure but undergo the same mechanism for their function. These families 

are classified on the basis of their structural similarity with the two 

endonucleases in E. coli i.e. exoIII and endoIV. APE1 is human homologue of 

exoIII with 26% sequence identity. APE2 is also an Exonuclease III homologue 

and is not fully explored yet (Abbotts et al., 2011) 
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Figure 2.1: Classification of APEs 

APE1 is a 318 amino acid long, 35,000 Da globular protein. It consists of two 

distinct domains N-terminal and C-terminal. Each domain is composed of six 

stranded β sheets surrounded by α helices. Both collectively forms four layered 

α/β sandwich fold. Interior comprises of antiparallel β strands, while α helices 

line the exterior (Gorman et al., 1997; Khaliullin et al., 2012). The first crystal 

structure of APE1 was reported in 1997 (PDB ID 1BIX) as shown in figure 2.2 

(Gorman et al., 1997).    

 

Figure 2.2: Crystal structure of APE1 extracted from PDB 1BIX using autodock 

 

Figure 2.3:  Representation of amino acid residues involved in endonuclease 

and redox activity of APE1. Reproduced from Abbotts et al., 2011 
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The first 33-35 amino acids in the N-terminal are involved in protein-protein 

interaction(s) and its RNA binding activity (Mantha et al., 2012). It plays an 

essential role in transfer of cytoplasmic APE1 to the nucleus during oxidative 

stress conditions (Jackson, E. B. et al., 2005). The region between 35 and 127 

amino acids, is responsible for the redox activity and from 161 to 318, the C-

terminal region is responsible for DNA repair activity (Figure 2.3) (Bhakat et al., 

2009; Tell et al., 2010).    

2.2  EXPRESSION AND REGULATION 

The APE1 protein is encoded by the APE1 gene located at the chromosome 

number 14 which is of 2.6 kb containing four introns and five exons, the first one 

is non coding (Evans et al., 2000). Gene expression is regulated at 

transcriptional and post-transcriptional level. It has been seen that hydrogen 

peroxide (H2O2) and hypochlorous acid (HOCl) induces APE1 gene.(Bhakat et 

al., 2009; Grosch et al., 1998) Oxidative stress i.e. formation of ROS also acts 

as an inducer of APE1 gene (Hsieh et al., 2001; Pines et al., 2005; Ramana et 

al., 1998; Tell et al., 2009; Zaky et al., 2008). The ultimate outcome and 

activation is illustrated in figure 2.4. Further oxidative stress also enhances 

nuclear translocation of thioredoxin (TRX) which is an important factor for 

activation of Cys residues of APE1 responsible for redox function. External 

stimuli like cytokines and hormones are also responsible for regulation of APE1 

expression (Bhakat et al., 2009). It is found in an inverse relationship with p53 

(Chu et al., 2012; Zaky et al., 2008). APE1 also found to activate p53 and 

stimulates its DNA binding (Gaiddon et al., 1999). APE1 activates only wild-type 

p53 for enhanced DNA binding whereas it does not affects mutated p53 

(Jayaraman et al., 1997; Kelley et al., 2012). APE1 plays an essential role in 

p53 mediated apoptosis. It has been found that anti-apoptotic protein Bcl2 

directly interact with APE1 and inhibits BER-pathway by downregulation of 

APE1 gene (Bhakat et al., 2009; Zhao et al., 2008).   
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Helicobactor pylori (H. pylori) infection is also found to be an inducer of APE1 

(Crowe et al., 1995). Further activation of APE1 inhibits gastric epithelial cell 

(GEC) apoptosis by inducing cell proliferation and causing DNA repair of 

damaged cells (Chattopadhyay et al., 2010). Various stimulus and their effects 

have been described in figure 2.5. 

 

Figure 2.4: Multifunctional role of APE1 in response to oxidative stress (Tell et 

al., 2009). Early growth response protein 1 (EGR-1), nuclear factor kappa-B 

cells (NF-kB), activator protein 1 (AP-1), paired box protein (Pax 6), activating 

transcription factor (ATF), cAMP response element-binding protein (CREB), 

hepatic leukemia factor (HLF), phosphatase and tensin homolog (PTEN) 
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Figure 2.5: Various stimuli activating APE1 expression and function. 

Reproduced from (Tell et al., 2009) 

2.3  LOCATION OF APE1 

APE1 is abundantly expressed in many cell extracts i.e. 105-106 molecules per 

cell and has a relatively long half life of 8 hr (Zhao et al., 2008). Nuclear 

expression of APE1 is seen in ovarian, stromal and epithelial cells, adrenal 

medullary cells, cervical basal cells, and parathyroid glandular epithelial cells, 

possibly to perform the DNA repair function (Bapat et al., 2009; Kakolyris et al., 

1998). APE1 also highly expressed in many selected regions of central nervous 

system (CNS) (Ono et al., 1995). It is found predominantly in the dentate gyrus 

and CA3 and CA4 regions of hippocampus (Duguid et al., 1995). 

APE1 is highly expressed in cytoplasm of many cell types like macrophages, 

spermatocytes, hippocampal cells, hepatocytes, hypoglossal motor neurons, 

and breast cells (Duguid et al., 1995; Kakolyris et al., 1998; Rivkees & Kelley, 

1994). APE1 expression in cytoplasm is to keep the newly synthesised TFs in a 
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reduced state which is their active form. It has been seen that APE1 localized to 

nucleus on response to oxidative stress (Jackson et al., 2005). In some cells 

both cytoplasmic and nuclear localisation of APE1 has been seen especially 

including adreno cortical cells, cerebellar purkinje cells, some cervical cells, 

pneumocyes, and parietal and mucosal cells of the stomach (Evans et al., 2000; 

Tell et al., 2005). Higher levels of APE1 are found in cytoplasm as compared to 

nucleus (Mitra et al., 2007). Expression of APE1 has also found  in human and 

ascidian gametes and embryos (El-Mouatassim et al., 2007). 

APE1 is found in scarce quantity in mitochondria, so targeting mitochondrial 

DNA (mtDNA) repair is an important therapeutic target such as in maintaining 

neuronal cell genome integrity (Mantha, Anil K. et al., 2013). mtDNA is 10-15 

times more susceptible for oxidative damage due to absence of histones and 

other proteins bound to it which are capable of reducing oxidative damage. Also 

mtDNA is located in close proximity of electron transport chain (ETC) and more 

exposure to high levels of ROS. Further in mitochondria NER is absent, so 

BER-pathway is the major pathway for mtDNA repair which involves APE1 

(Hegde et al., 2012; Mantha et al., 2013; Zhao et al., 2008). 

2.4  DNA REPAIR ACTIVITY 

DNA repair activity is localized to the C-terminal region of APE1. DNA 

damaging instincts can be endogenous i.e. reactive oxygen species (ROS), 

hydrolytic damage, non-enzymatic alkylation by S-adenosylmethionine, adduct 

formation during lipid peroxidation, deamination and depurination [abasic, AP 

sites] (Lindahl, 1993). Various environmental insults such as hydrocarbons 

environmental xenobiotics are also responsible for DNA damage (Bernstein et 

al., 2013; Fishel et al., 2013). Exogenous agents  are mainly ionising radiations 

(IR), radiomimetic drugs, DNA damaging chemotherapeutic agents etc 

(Jackson, 2001). The major pathway involved for repair of oxidized base 

damage, AP sites, and strand breaks as discussed above is BER-pathway. 

BER pathway was discovered by Thomas Lindahl in 1974 (Krokan et al., 2000; 

Seeberg et al., 1995)(Mitra et al., 2007). BER-pathway is the major target, as 
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knockout studies of various proteins of this pathway leads to embryonic lethality 

of the mice models (Wilson & Thompson, 1997; Xanthoudakis, Steven et al., 

1996). APE1 and polymerase β (Polβ) are found to be the key players in BER-

pathway. No effective backup of APE1 has been seen in mammalian cells (Luo 

et al., 2010). It alone is responsible for the 95% endonuclease activity in DNA 

BER-pathway (Demple et al., 1991). BER involves two sub pathways for repair 

i.e. short patch (SP) and long patch (LP) which differ in involvement of different 

proteins and also the size of the damaged DNA involved in repair. Mechanism 

as shown in figure 2.6 involves removal of damaged base by hydrolysing the N-

glycosidic bond by enzyme DNA glycosylase in the first step. In SP-BER only 

one defected base is removed whereas in LP-BER 3-8 damaged bases 

surrounding the AP site are removed by glycolases. This leaves the DNA 

backbone intact with the AP site i.e. absence of base. APE1 act on AP site and 

hydrolyse the phosphodiester bond which is immediately 5’ to the AP site. This 

leaves a free 3’ OH group and a deoxyribose-5-phosphate on an AP site. 

Subsequently other enzymes act to repair the cleaved site. Polymerase β 

replaces the damaged nucleotide by a new nucleotide and DNA ligase seals the 

nicks (Hegde et al., 2008; Hegde et al., 2012; Mantha et al., 2013; Mohan & 

Madhusudan, 2013; Wilson III & Bohr, 2007). 

 

Figure 2.6: Steps and key enzymes involved with BER pathway. Adapted from 

(Luo et al., 2008) 
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2.5  MECHANISM OF ENDONUCLEASE ACTIVITY OF C-TERMINAL 

2.5.1  Key amino acids involved in APE1’s endonuclease activity          

The active site in APE1 for endonuclease activity is in the form of a V shaped 

pocket and lie at the top of the α/β sandwich (Figure 2.7), having two sites for 

metal ion binding site-A and B (Abbotts et al., 2011; Mol et al., 2000; Oezguen 

et al., 2011). It is comprised of several amino acid residues (His309, Glu96, 

Asp283, Thr265, Tyr171, Asn68, Asp210, Asp70, Asp90 and Asn212) which are 

essential for the endonuclease activity (Mol et al., 2000).  

 

Figure 2.7: Ribbon structure of APE1 showing V shaped endonuclease active 

site (PDB ID 1DE9) 

His309 and Asp283 are believed to play a key role in catalytic activity of APE1 

(Figure 2.8 a). Uncharged His309 act as a base and abstracts a proton from 

water molecule. Asp283 stabilises His309 key residue for endonuclease activity. 

Resultant hydroxide ion acts as a nucleophile and cleaves the DNA strand at 5’ 

end. Metal ion polarises the transition state and stabilises the negatively 

charged oxygen atom as shown in figure 2.8 a (Barzilay et al., 1995; Erzberger 

& Wilson III, 1999). In another proposed mechanism Asp210 activates the 

attacking water by abstracting the proton from water molecule and form 
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hydroxide ion nucleophile. Whereas the positively charged His309 facilitated by 

Asp283 participates in catalytic process by polarising the negatively charged 

oxygen which was polarised by Mg2+ ion (Figure 2.8 b). Mg2+ ion here 

coordinates the phosphate group and stabilises the transition state. Here 

Asn212 also plays a major role in stabilisation of intermediates and the cleaved 

phosphodiester deoxyribose (Mol et al., 2000). Yet another mechanism with two 

metal ions has been proposed with the advent of discovery of two metal ions in 

the active site of APE1 (Figure 2.8 c) (Beernink et al., 2001; Oezguen et al., 

2011; Sanderson et al., 1989). 

 

Figure 2.8: Catalytic mechanism(s) of endonuclease activity of active site of 

APE1. Reproduced from (Khaliullin et al., 2012) 
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2.6  REDOX ACTIVITY OF N-TERMINAL 

APE1/Ref-1 converts the inactive oxidised form of various stress or hypoxia 

induced TFs including AP-1, NF-ҝB, ATF/CREB, p53, Pax5, Pax8, c-Myb, HIF-

1α and Egr-1 (Bhakat et al., 2009; Cao et al., 2002; Gaiddon et al., 1999; 

Huang & Adamson, 1993; Lando et al., 2000; Luo et al., 2010; Nishi et al., 

2002; Tell et al., 1998; Tell et al., 2009; Tell et al., 2000; Xanthoudakis, S & 

Curran, 1992) to their reduced active form and thus enhances their DNA binding 

activity. Various genes are expressed which mediate genomic stability and are 

involved in cancer enhancement and progression by participating in cell 

proliferation, angiogenesis and downregulation of apoptosis (Figure 2.9).  

  

Figure 2.9: The Mechanism of redox regulation of various TFs by APE1/Ref-1. 

Reproduced from (Luo et al., 2008) 

2.6.1  Keys amino acids involved in redox function of APE1/Ref-1 

N-terminal’s 35 to 127 amino acids are involved in redox function of APE1/Ref-

1. This region lies as an extended loop across with β strands. Seven conserved 

Cys residues are found in human APE1: Cys65, Cys93, Cys99, Cys138, 

Cys208, Cys296 and Cys310. It is reported that redox function of APE1 is 

shown only by mammalian APE1 whereas its homologues Zebrafish (zAPE1) 

lacks it as it contains only five Cys residues compared to seven Cys residue 

present in mammalian APE1. Cys65 and Cys138 are not conserved in zAPE1 



 

 

15 

 

(Georgiadis et al., 2008; Luo et al., 2008). Cys65 was found to be responsible 

for full redox function of APE1 (Fantini et al., 2010; Georgiadis et al., 2008; 

Vascotto, Carlo et al., 2011; Walker et al., 1993). Any mutation in Cys65 residue 

pester APE1 towards redox inactive (Tell et al., 2009). 

2.6.2 Redox mechanism 

APE1 reduces the Cys residues of TFs, making them (TFs) active for further 

gene activation processes (Bhakat et al., 2009). Cys65 residue is found on the 

first β strand which is in the core of the protein, with its side chain pointing 

towards the hydrophobic pocket away from central β strands sheet. Cys65 is 

buried in the protein and is not directly water accessible. So, direct involvement 

of Cys65 in reduction process is yet an unresolved issue. 

It is hypothesized that Cys65 forms a disulfide bond with the Cys93 residue 

(Luo et al., 2012). But both are at large distance from each other i.e. 9 Ǻ, 

whereas distance of 2.2 Ǻ is required for disulfide bond formation. Also both 

these residues are present on opposite sides of β sheets. Other residues such 

as Cys99 and Cys138 are solvent accessible but not close enough to form 

disulfide bond. Further their mutation with Ala does not cause loss of redox 

activity implicating that they don’t play key role in redox function (Luo et al., 

2010). Although mutation of Cys99 with Ser has shown altered activity of 

enzyme to bind AP site (Mantha et al., 2008). A conformational change may be 

taking place so that Cys65 may come in vicinity of Cys93 and forms a disulfide 

bond which is the oxidized form. Thioredoxin (TRX) a redox protein reduces this 

disulfide bond and makes the Cys65 redox active as illustrated in figure 2.10 

(Hirota et al., 1997; Qin et al., 1996). Cys65 further reduces the disulfide bond 

of TFs and itself again retain the form of disulfide (Luo et al., 2010). 

Cys32 of TRX mediates a nucleophilic attack on oxidized disulfide linkage. The 

mixed disulfide is formed which is resolved by Cys35 resulting in formation of 

disulfide bond in TRX, thus reducing Cys65 and Cys93 in APE1/Ref-1 and 

oxidizing itself as shown in figure 2.10. The reduced form of APE1 being the 
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active form. This activated reduced Cys65 then reduces the disulfide bond of 

various TFs and converts them to their reduced active form to further perform 

the functions e.g. activation of target genes expression, cell growth and 

proliferation.  

 

Figure 2.10: Reduction and activation of oxidized Cys residues in APE1/Ref-1 

by TRX. Reproduced from (Luo et al., 2012) 

2.7  APE1 and CANCER 

Relation between cancer cell and APE1 level is of great importance as the role 

played by APE1 in proliferation of various cancer types and secondly also for 

developing diagnostic markers for early cancer detection. In case of cervical, 

prostate, ovarian, colon, rhabdomyosarcomas and germ cell tumors APE1 

expression is dramatically elevated as compared to normal tissues. It is in 

inverse relationship with p53 expression. In other types of cancers APE1 levels 

are unchanged but their distribution between normal and cancer cells is altered. 

In case of ovarian and colonic cancer there is also altered expression of APE1 

but levels are also elevated at the same time (Evans et al., 2000). In cancer 

elevated levels of APE1 are linked to both C terminal and N terminal functions 

i.e. increased DNA repair hence increased resistance to therapeutic agents, 

decreased therapeutic response, aggressive proliferation, more angiogenesis, 

short time progression, poor prognosis and hence poor survival rates (Kelley et 

al., 2012). APE1 levels get upregulated in response of radiation and 

chemotherapy involving DNA damage. This contributes to treatment resistance 

and its failure. Apoptosis and APE1 are also closely linked. Decline of APE1 

expression is linked with apoptosis. It has also been found that antiapoptotic 

protein bcl-2 directly interacts with APE1. It inhibits BER by downregulation of 
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APE1 gene. It can be conferred that when bcl-2 is there it makes the cell 

cancerous by inhibiting apoptosis, giving the synergistic action with APE1 so 

there is downregulation of APE1, as bcl-2 is also there for action (Zhao et al., 

2008).  

Several studies have shown that depletion of APE1 leads to sensitisation of 

tumour cells to DNA base damage and ultimately death of DNA. Antisense 

depletion of APE1 is found to hypersensitize HeLa cells to alkylating agents 

methyl methanesulphonate (MMS), H2O2, menadione and paraquet. Antisense 

APE1 downregulation also hypersensitize lung cancer cells to radiotherapy, 

pancreatic cancer cells to gemcitabine, and glioma cells to MMS, temozolomide 

and nitrosoureas. SiRNA mediated APE1 depletion in osteosarcoma also 

enhances cytotoxicity to alkylating agents and H2O2 (Abbotts et al., 2011). 

2.8  APE1 INHIBITORS  

As endonuclease activity pertaining to C-terminal and redox activity pertaining 

to N-terminal of APE1 are independent of each other, different inhibitors are 

reported for their active sites. 

2.8.1 Inhibitors of Endonuclease Activity 

Any compound that can halt BER-pathway thus results in accumulation of AP 

sites which are more susceptible to DNA damaging anticancer agents and 

further damages cancer cell and causes cell death. Thus damage of DNA due 

to various agents/drugs in cancer cells is much better assured (Wilson & 

Simeonov, 2010). Many compounds have been successfully screened out as 

repair inhibitors from random screening of library of compounds. In silico 

screening of inhibitors have led to identification of several DNA repair inhibitors 

based on pharmacophore models developed on the basis of interaction of AP 

DNA with the residues of the active site (Zawahir et al., 2008). The most potent 

inhibitors are known to have this pharmacophoric scaffold and similarity to 3′ 

and 5′- deoxyribosephosphate scaffold of AP DNA (Abbotts et al., 2011; Kelley 

& Fishel, 2008; Mohammed et al., 2011; Naidu et al., 2011). List of APE1 
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inhibitors synthesized and studied so far are illustrated in figure 2.11 along with 

their IC50 values. These inhibitors act via two mechanisms and are tabulated in 

Table 2.1. 

1) Specific (direct) Inhibitors: They interact with APE1 and inhibit it for binding to 

the abasic DNA i.e. AP site (Liu & Gerson, 2004). 

2) Nonspecific (indirect) Inhibitors: They bind to AP site on DNA and form a 

stable adduct. They inhibit APE1 to bind to AP site and display endonuclease 

activity (Mohammed et al., 2011; Sultana et al., 2012). 

Table 2.1: Specific and Non-specific DNA repair inhibitions 

Specific DNA repair inhibitors:             Non specific repair inhibitors:        

CRT0044876                                               Methoxyamine                                                          

6-hydroxy-DL-DOPA                                                                                                                                                                

Myricetine                                                                                                                        

Lucanthone                                                                                                                        

Arylstibonic Acids                                                                                                    

Aurintricarboxylic acid/(ATA) 

From screening of 5000 compounds Madhusudan et al., reported the first 

biological and biochemical endonuclease inhibitor for APE1. The compound-1 

i.e. CRT0044876 (7 nitro-indole-2 carboxylic acid) was found to be potent and 

selective inhibitor of APE1 and enhanced cytotoxicity of MMS in vitro but was 

not developed further as lead compound due to its poor drug like properties and 

toxicity issues due to the nitro aromatic feature. In another study, Simenov et 

al., proposed novel inhibitors 6- hydroxy-DL-DOPA, aurintricarboxylic acid 

(ATA), myricetin and reactive blue 2 (Figure 2.11) from screening of library of 

pharmacologically active compounds (LOPAC). ATA was found to be the most 

potent, and enhanced cell killing effect of alkylating agents such as 

methoxyamine, 6-hydroxy-DL-DOPA, myricetine, reactive blue 2 and 

methoxymethane sulfonate. But they showed additional off target effects 
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andsuffer from being unstable in the presence of oxygen (Madhusudan et al., 

2005).  

Seiple et al., by high-throughput screening of 2000 compounds suggested that 

arylstibonic acids can be employed as useful scaffolds for designing 

endonuclease inhibitors (Figure 2.11). The compound 2-nitro-4-stibonobenzoic 

acid was reported to be the most potent repair inhibitor of APE1 (Seiple et al., 

2008) among the tested ones. These compounds were found to have potential 

towards whole organ toxicity, due to heavy metal antimony (Wilson & 

Simeonov, 2010).  

Zawahir et al., in 2009 designed a set of pharmacophoric models based on 

interaction of abasic DNA with APE1. A total of 365000 molecules were 

screened on the basis of these models. Best hits (Figure 2.11) were found on 

the basis of models H1NI2, H1A1NI2, and A1NI2A3NI (H denoting hydrophobic 

moiety, NI-negatively ionisable group, A-hydrogen bond acceptor). These were 

the first molecules designed on the basis of rational drug designing towards AP 

endonuclease inhibitors (Zawahir et al., 2008). 

Methoxyamine was reported to be used in assay for detection of AP sites in 

vitro in BER-pathway (Liuzzi & Talpaert-Borle, 1985). Later, Taverna et al., and 

Fischel et al., in their independent studies reported that methoxyamine is an 

indirect inhibitor of APE1 and further it enhances the cytotoxic effect of TMZ in 

colon and ovarian cancers respectively (Fishel et al., 2007; Liuzzi & Talpaert-

Borle, 1985; Taverna et al., 2001).  

Thus Development of small molecule inhibitors of APE1 may lead to inhibition of 

APE1 activity at C-terminal and may prove as potential therapeutic target in 

treatment of resistant cancers. 
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Figure 2.11:  Various scaffolds of endonuclease inhibitors of APE1 
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Pharmacophore guided small molecule APE1 inhibitors:  

Various 3D pharmacophore models were designed based on interaction of 

residues of APE1 with the AP DNA in co crystal structure as shown in figure 

2.12 (Zawahir et al., 2008). 

 

 

 

 

 

 

Figure 2.12: Co-crystal structure of APE1 with substrate abasic DNA (Zawahir 

et al., 2008) 

Various interactions were observed which play a key role in determining the 

pharmacophoric requirements of APE1 inhibitors shown in figure 2.13. Arg177 

was found to interact with the negatively charged 3’phosphate of abasic 

fragment. A hydrophobic pocket containing amino acids Phe253, Trp280 and 

Ile282 was found to bind the abasic deoxyribose sugar moiety. H-bonding 

interactions of 5’ phosphate were seen with amino acids residues Asn174, 

Asn212, His309 and Mn+2 metal. 

 

Figure 2.13: Pharmacophoric 3-D models designed on the basis of interaction 

of AP site DNA with APE1 repair active residues, NI- negatively ionisable 
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groups (red), H-hydrophobic moiety (blue), and A-hydrogen bond acceptor 

(green) (Zawahir et al., 2008) 

Various 3D pharmacophore models designed based on APE1 interactions with 

the abasic deoxyribose 3′ and 5′ phosphate backbone in co-crystal structure of 

APE1 with substrate AP DNA. Various compounds were designed on basis of 

these models which showed good APE1 endonuclease inhibitory activity. 

2.8.2 Redox Inhibitors:   

Inhibiting APE1’s redox activity appears as a beneficial target in inhibition of 

cancer cell growth and promoting cancer cell death. Various TFs like HIF-1α, 

p53, NF-кB, CREB, and AP-1 have been explored as important aspects of 

cancer including angiogenesis and progression and promotion of tumor cell 

growth (Khan et al., 2013; Li et al., 2009; Milicevic et al., 2014; Ryu et al., 2014; 

Shen et al., 2008). By inhibiting APE1’s redox activity, these TFs cannot bind to 

their consenses DNA to display further gene expression and tumor cell 

signaling of uncontrolled growth and signaling. Various small molecule redox 

inhibitors, capable of attenuating one or more functions, offer potential for 

reversal of drug resistance (Dorjsuren et al., 2012; Kelley & Fishel, 2008). List 

of various redox inhibitors of APE1 are given in figure 2.14.  

Lou et al., reported (2E)-3-[5-(2,3-Dimethoxy-6-methyl-1,4-benzoquinoyl)]-2-

nonyl-2- propenoic acid (E3330) as inhibitor of redox activity of APE1. E3330 

checks growth of cancer cells by inhibiting cell proliferation and angiogenesis 

(Luo et al., 2008). Manvilla et al., proposed a mechanism for redox inhibition in 

which E3330 binds specifically to the repair active site of APE1 for stabilization 

of the enzyme for redox activity and preventing it from undergoing 

conformational change. Inhibition of endonuclease activity of APE1 was also 

observed at high concentrations of E3330 (Manvilla et al., 2011). Amidation of 

E3330 was done by Zhang et al., to confirm whether carboxylate of E3330 is 

essential for redox function. They found that E3330-amide (IC50 - 8.5µM) was 

more effective redox inhibitor than E3330 (IC50 - 20µM) in inhibiting AP1-DNA 

binding assisted by APE1. In addition E3330-amide did not show any binding to 
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repair active site which proves that carboxylate is essential for binding to the 

repair active site and quinone moiety is essential for redox inhibition (Zhang et 

al., 2013). Nyland et al., synthesized various benzoquinone and napthaquinone 

derivatives of E3330. Various quinone analogues were analyzed by Kelley et 

al., such as RN8-51, RN10-52 and RN7-60 as shown in figure 2.14 were found 

to be the best hits with lowest IC50 values (Nyland et al., 2010).  

Another study by Raffoul et al., reported that soy isoflavones can cause 

downregulation of redox activity as well as APE1 enzyme in prostate cancer 

cells both in in vitro and in vivo (Messina et al., 2006; Raffoul et al., 2007). 

Earlier study by Yang et al., disclosed that resveratol is involved in inhibition of 

redox function of APE1 by exhibiting reduced DNA binding of AP1 and NF-қB 

TFs which play major role in cancer progression (Yang et al., 2005). At high 

concentrations it was also found to inhibit APE1 endonuclease activity.  But 

neither it has been supported by others nor it is shown to be effective at 

physiological levels (Luo et al., 2010). 

 

Figure 2.14:  Various scaffolds of redox inhibitors of APE1 
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2.9  CLINICAL STATUS 

Till now only two APE1 inhibitors are in clinical trials approved by FDA, USA.   

1) Lucanthone: Due to its high lipophilicity it can easily cross blood brain 

barrier (BBB). It is in Phase II clinical trials for treatment of brain 

Metastases from non-small cell lung adjuvant to radiotherapy. It is required 

in much lower doses clinically as compared to in vitro studies (Naidu et al., 

2011; Wilson & Simeonov, 2010). 

2) Methoxyamine: It is currently in phase I clinical trials being pursued by 

TRACON pharmaceuticals. It is studied with temozolomide (TMZ) for 

treatment of advanced or metastatic solid tumors, primary brain tumors, 

lung cancer and various other malignancies. A significant preclinical data 

from Gerson laboratory reveals that methoxyamine increases the 

cytotoxicity of various alkylating agents as TMZ and carmustine 

significantly (Wilson & Simeonov, 2010). 
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3. Rationale for the proposal 

It has been seen from the literature review that one of the general 

pharmacophores for endonuclease activity is the compounds having central 

hydrophobic moiety and two negatively ionisable groups at the ends (Figure 

3.1). These pharmacophoric models were designed on the basis of interactions 

of APE1 with the abasic deoxyribose 3’ and 5’ phosphate backbone in co crystal 

structure of APE1 with abasic DNA substrate as shown in figure 3.2 (Zawahir et 

al., 2008). Some of the synthesized compounds were found to have very good 

IC50 values as shown in figure 2.11. 

 

Figure 3.1 Pharmacophoric model with central hydrophobic group linked with 

two negatively ionisable groups. H; Hydrophobic group, NI; Negatively ionisable 

group 

 

 

 

 

Figure 3.2 Co crystal structure of APE1 with substrate abasic DNA.  
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Further, it has been observed that the endonuclease cavity of APE1 is V 

shaped, and increase in resemblance of the structure of the repair inhibitors 

with the shape of the cavity leads to increase in activity (Figure 3.3).  

 

 

 

 

 

 

 

Figure 3.3: (A) V shaped repair active site containing 10 critical amino acid 

residues essential for endonuclease activity of APE1. (B)  Three prototypical 

scaffolds M1, M2 and M3 based on CRT0044876 and their docked poses into 

APE1 active site. They showed increase in activity with increase in shape based 

similarity with APE1 active site (Mohammed et al., 2011) 

So we have designed our compounds fulfilling the pharmacophoric 

requirements of endonuclease activity resembling the shape of the cavity. The 

designed compounds have one or two negatively ionisable groups at the ends 

and its shape consists of three arms which may fit into the V shaped 

endonuclease cavity APE1.  

For further ensuring that our compounds fit well to the endonuclease active site 

molecular modeling studies of the designed compounds were performed. It 

raises the speculation that designed compounds may exhibit anticancer activity 

by APE1 inhibition. As there is one chiral centre in the compound both the 

isomers of each compound were docked. 
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Molecular docking studies were carried out using the selected ligand molecules 

using Maestro 9.3 molecular docking suite (Glide). Ligand molecules were 

designed on the basis of pharmacophore discussed and V shaped cavity of the 

enzyme. 3D structure of the enzyme was extracted from the PDB ID 1DE9. The 

docking poses of both isomers were compared with the pose of the standard 

inhibitor 6-Hydroxy-DL-DOPA. Ligand molecules were prepared using 

respective wizard applications, where functions such as addition of hydrogen 

atoms, fixing of charges and orientation of groups, 2D to 3D conversion, 

corrected bond lengths and bond angles, states, tautomers, stereochemistry’s, 

ring conformation, etc. was incorporated into ligand molecules followed by 

minimization and optimization in Optimized Potential for Liquid Simulations 

(OPLS_2005) force field (Friesner et al., 2004; Friesner et al., 2006). Finally, 

one conformation for each ligand was generated, and ready for docking. 

Consequently, input protein molecule was prepared using respective wizard 

applications, where changes such as addition of hydrogen atoms, assigning 

bond orders, create zero order bonds to metal, fixing of the charges and 

orientation of groups were incorporated into the raw PDB structure. After the 

completion of ligand and protein preparations, a receptor-grid file was 

generated. For running the grid generation module, we have scaled Van der 

Waals radii of receptor atoms by 1.00 Ǻ with a partial atomic charge of 0.25. 

The active site of the receptor provides an accurate scoring function with 

thermodynamic optimal energy and is calculated on a grid by various sets of 

fields. After the formation of receptor-grid file, flexible ligands with rigid receptor 

molecular docking were performed. The final energy evaluation is done on the 

basis of G-score.  
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Table 3.1 Docking pose and interactions of designed ligands 

Structure  (Name) Docking pose  Dock 

Score 

Kcal/ 

mole 

Interactions 

 

            

Hydroxy-DL-DOPA 

(Standard) 

 

 

-3.58  

 

π-π TRP 280,  

H-bonding 

ASN212 and 

ASN 229 

 

 

GR5G-c R 

 

 

-4.64  

 

π-π TRP 280 

and ARG 177 

H- bonding ARG 

177, TRP 280 

and ASN 229 

 

 

GR5G-c S 

 

-5.05  
 

π-π ARG 177 

and PHE 266 

H-Bonding ARG 

177, ASN 174 

and ASP 308 
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-5.68 
 

π-π ARG 177 

H-Bonding ASN 

212 and ASN 

229 

π-cation ARG 

177 

 

 

 

 

-5.78 
 

π-π - ARG 177 

H-bonding- ARG 

177, ASN 212 

π cation- ARG 

177 

 

 

 

-5.61 
 

π-π -ARG 177 

H Bonding- ASN 

229, ASN 212 

π cation– ARG 

177 

 

 

-4.04 
 

π-π – ARG 177 

H- Bonding ASN 

212, ASN 229 

π cation-ARG 

177   



 

 

31 

 

 

 

 

 

-5.55 
 

π-π TRP 280, 

ARG 177 

H-Bonding- ASN 

174, ARG 177 

 

 

 

-5.62 
 

H- Bond THR 

268, VAL 278  

 

 

 

 

 

-5.46 
π-π TRP 280 

Mn+2 

Coordination 

H-Bonding 

(Side Chain)-

ASN 212 

H-Bond 

(Backbone) HIS 

309 

 

 

-5.48 
 

π-π-TRP 280 

Metal 

Coordination- 

Mn+2 

H Bond- His 309 

H Bonding- ASN 

212 
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-4.63 
 

π-π PHE 266 

and TRP 280 

 

 

 
 

-4.62 
 

π-π ARG 177, 

TRP 280 

H-Bonding- TRP 

280, ASN 229 

and ARG 177 

 

 

-3.89 
 

π-π TRP 280, 

ARG 177 

H Bonding- 

ARG 177, ASN 

229 

 

 

-4.33 
 

π-π ARG 177 

H-Bonding- 

ARG 177, ASN 

174 

π cation- ARG 

177 
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As we hypothesized that our compounds may exert their anticancer effect via 

inhibiting APE1 enzyme, we investigated the binding interactions of the 

compounds by docking designed compounds into the APE1 endonuclease 

cavity using Maestro 9.6 molecular docking suite. The 3D structure of the target 

protein was obtained from protein data bank (PDB ID-1DE9). All the compounds 

have one chiral center, so both R and S isomers of each designed compound 

was docked in the repair active site of APE1. The results obtained were 

compared with 6-Hydroxy-DL-DOPA which is an established APE1 repair 

inhibitor. Both R and S isomers of the designed compounds were found to 

occupy the same cavity as that of standard inhibitor 6-Hydroxy-DL-DOPA 

having interactions with common amino acids Arg 177, Asn 212, Asn 229, Trp 

280, Phe 266 conserved. Arg 177 was found to be majorly involved in hydrogen 

bond interactions, π-π interactions and cation interactions through its guanidino 

group with pyrazolo quinazoline moiety. Standard inhibitor was found to have 

interactions with Trp 280, Asn 212, Asn 229 and a metal ion Mn+2, the 

established interactions of endonuclease active residues (Simeonov et al., 

2009). The interaction energies of designed compounds were calculated by 

dock score as given in table 3.1. S isomer was found to have extra interactions 

with repair active residues as compared to R. Also dock score of all the 

designed compounds was found to be lower than standard 6-Hydroxy-DL-

DOPA. S isomer was found to have even lower interaction energies than R. 

This overall endorsed that the compounds fit well in the endonuclease activity 

and are good candidates for APE1 inhibition. GR5G-c, GR5-b and GR5G-b 

(Figure 3.5) were found to be the best compounds with least interaction 

energies of less than -5.50 kcal/mole as compared to -3.58 kcal/mole of 6-

Hydroxy-DL-DOPA -. These compounds contain negatively ionisable group OH 

and electron withdrawing Cl group at other end fulfilling our pharmacophoric 

requirements.  



 

 

34 

 

 

Figure 3.4: Docking pose of standard APE1 repair inhibitor 6-Hyroxy-DL-DOPA 

showing interactions with the active residues of endonuclease cavity of APE1 

         

Figure 3.5: Docking pose of R and S of GR5G-b in showing standard 

interactions with the active residues of endonuclease cavity of APE1 
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4. Objectives 

With the available literature background, the following objectives were set: 

1. Synthesis of the designed compounds pertaining to formula 1. 

 

 

2. In vitro cell line based evaluation for anticancer potential of the synthesized 

compounds.
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5 Materials and Methods 

5.1 Synthesis 

5.1.1  General 

1. All the reagents were of AR/GR quality and were purchased from Sigma-

Aldrich, Loba-Chemie Pt. Ltd., S.D. Fine Chemicals, Sisco Research 

Laboratory and Avra Synthesis Ltd. and were used without further 

purification. 

2. Sartorius analytical balance (BSA224S-CW) and Mettler Toledo were 

used for the weighing purposes. JSGW heating mantle, Tarson spinot 

digital, ILMVAC RO dist. digital rota vapour, digital hop top and NSW 

oven/vacuum oven were used during the course of reaction. 

3. The progress of the reaction was monitored by TLC, using n-

hexane/ethyl acetate and chloroform/methanol as the mobile phase on 

pre-coated Merck TLC (TLC silica gel 60, F254) plates in JSGW 

UV/fluorescent analysis cabinet and/or iodine chamber. 

4. Melting points were recorded on Stuart melting point apparatus (SMP-30) 

with open glass capillary tubed and were uncorrected. 

5. Infrared (IR) spectra of compounds were recorded with KBr on a Bruker 

FT-IR spectrophotometer. 

6. 1H and 13C Nuclear magnetic resonance (NMR) spectra were recorded at  

Panjab University, Chandigarh in CDCl3/d6-DMSO on a Bruker Avance II 

(400 MHz) NMR spectrometer using TMS (δ = 0) as an internal standard. 

7. Mass spectra were recorded on TOF-MS/ESI at Panjab University, 

Chandigarh and MS/EI at Central University of Punjab, Bathinda. 
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5.1.2 Synthesis of (E)-3-(2-nitrophenyl)-1-phenylprop-2-en-1-one (GR1) 

A mixture of 2-nitrobenzaldehyde (100 mg, 0.66 mmol) and aryl ketone (79 mg, 

0.66 mmol) in glacial acetic acid (5 mL) was stirred in 100 mL round bottomed 

flask (RBF). Conc. Sulphuric acid (4-5 drops) was added to the reaction mixture 

in ice cold condition and further stirred at room temperature (RT) for 24 h. 

Completion of the reaction was determined by thin layer chromatography (TLC). 

After the completion, the reaction mixture was poured on ice-cold water and 

filtered. The solid was washed with water and dried to obtain the crude product. 

The crude product was recrystallized from methanol to get pure compound 

(Konieczny et al., 2007).          

 

Yield: 85%, 142.37 mg, Creamy white solid, MP: 89-90°C (Alarcon et al., 2013). 

 IR (KBr, cm-1): 1666 (C=O), 1610 (C=C), 1510 (N=O), 1342 (N=O), 1014 (C-N).  

1H NMR (CDCl3, 400 MHz): 8.12 (1H, d, J = 15.9 Hz), 8.02 (3H, bs), 7.69-7.74 

(2H, m), 7.50 - 7.57 (4H, m), 7.34 (1H, d, J = 15.9 Hz).                                                   

13C NMR (CDCl3, 75 MHz): 190.22, 148.34, 140.03, 137.20, 133.56, 133.09, 

131.08, 130.31, 129.13, 128.62, 126.97 and 124.86. 

5.1.3 Synthesis of (E)-1-(4-chlorophenyl)-3-(2-nitrophenyl)prop-2-en-1-one 

(GR1G) 

A mixture of 2-nitrobenzaldehyde (100 mg, 0.66 mmol) and p-chloro 

acetophenone (189 mg, 0.66 mmol) in glacial acetic acid (5 mL) was stirred in 

100 mL round bottomed flask (RBF). Conc. Sulphuric acid (4-5 drops) was 

added to the reaction mixture in ice cold condition and further stirred at room 

temperature (RT) for 24 h. Completion of the reaction was determined by thin 
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layer chromatography (TLC). After the completion, the reaction mixture was 

poured on ice cold water and filtered. The solid was washed with water and 

dried to obtain the crude product. The crude product was recrystallized from 

methanol to get pure compound (Konieczny et al., 2007).   

 

Yield : 78%, 145.08 mg, Yellow solid, MP: 90 - 93°C (Alarcon et al., 2013).    

IR (KBr, cm-1): 1670 (C=O), 1610 (C=C), 1511 (N=O), 1341 (N=O), C-Cl (750), 

1090 (C-N). 

5.1.4 Synthesis of 5-(2-nitrophenyl)-3-phenyl-4,5-dihydro-1H-pyrazole 

(GR2) 

To a mixture of GR1 (100 mg, 0.37 mmol) in methanol (5 mL) was added 

hydrazine hydrate (0.053 mL, 1.11 mmol). The reaction mixture was refluxed for 

2 h. After completion of the reaction (TLC), methanol was evaporated under 

reduced pressure using rotary evaporator. Solid product was than extracted 

with ethyl acetate (10 mL × 3). Organics were washed with brine (10 mL × 3), 

dried over anhydrous Na2SO4 and evaporated under reduced pressure using 

rotary evaporator to obtain the final product GR2 (Levai, 2005). 

 

Yield: 97%, 102.3 mg, Orange crystalline solid, MP: 140-142°C (Levai, 2005). 
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IR (KBr, cm-1): 3310 (N-H stretch), 1575 (N-H bend), 1517 (N=O), 1350 (N=O), 

1605 (C=N), 1056 (C-N). 

1H NMR (CDCl3, 400 MHz): 7.96 (2H, t, J = 8.4 Hz), 7.65 (3H, m), 7.41 (4H, m), 

6.05 (D2O exchangeable NH, 1H, s), 5.42 (1H, t, J = 13.2 Hz), 3.80, (1H, q, J = 

14.2 Hz), 3.01 (1H, q, J = 13.2 Hz).                                       

5.1.5 Synthesis of 3-(4-chlorophenyl)-5-(2-nitrophenyl)-4,5-dihydro-1H-

pyrazole (GR2G) 

To a mixture of GR1 (100 mg, 0.37 mmol) in methanol (5 mL) was added 

hydrazine hydrate (0.053 mL, 1.11 mmol). The reaction mixture was refluxed for 

2 h. After completion of the reaction (TLC), methanol was evaporated under 

reduced pressure using rotary evaporator. Solid product was than extracted 

with ethyl acetate (10 mL × 3). Organics were washed with brine (10 mL × 3), 

dried over anhydrous Na2SO4 and evaporated under reduced pressure using 

rotary evaporator to obtain the final product GR2G (Levai, 2005).  

 

Yield: 97%, 101.72 mg, Brownish solid, MP: 134-136°C (Lévai, 2005). 

IR (KBr, cm-1): 3267 (N-H stretch), 1590 (N-H bend), 1520 (N=O), 1344 (N=O), 

1607 (C=N), 1092 (C-N), 747 (C-Cl). 

5.1.6 Synthesis of 5-(2-nitrophenyl)-3-phenyl-1H-pyrazole (GR3) 

To a solution of GR2 (100 mg, 0.37 mmol) in DMSO was added catalytic 

amount of molecular iodine and reaction mixture was refluxed at 130-140°C for 

4-6 h. After the completion of the reaction (TLC), the reaction mixture was 

poured in ice cold water; solid product was extracted using ethyl acetate. 
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Excess iodine was removed adding sodium thiosulfate. Organic layer was 

washed with brine (10 mL × 3), dried over sodium sulphate and was finally 

evaporated under reduced pressure using rotary evaporator to obtain the 

product (Lokhande et al., 2005). 

                                                                                                               

Yield: 92%, 91.31 mg, Brownish solid, MP: 194-196°C (Lokhande et al., 2005). 

IR (KBr, cm-1): 3456 (N-H stretch), 1664 (C=C), 1620 (C=N), 1524 & 1348 

(N=O), 1144 (C-N). 

1H NMR (CDCl3, 400 MHz): 7.67-7.76 (3H, m), 7.56-7.63 (3H, m), 7.33-7.51 

(5H, m). 

13C NMR (CDCl3, 100 MHz): 149.02, 146.37, 146.16, 132.09, 130.97, 129.04, 

128.74, 128.04, 126.47, 125.62, 124.56, 123.82 and 102.59. 

5.1.7 Synthesis of 3-(4-chlorophenyl)-5-(2-nitrophenyl)-1H-pyrazole 

(GR3G) 

To a solution of GR2G in methanol (100 mg, 0.33 mmol), was added 8-10 

equiv. oxone. Reaction mixture was refluxed for 4-6 h. Reaction was monitored 

by TLC. Excess oxone was removed by filtration and filtrate was recrystallized 

in methanol to obtain the pure product (Lokhande et al., 2005). 
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Yield:  92%, 91.38 mg, Brown solid, MP: 185 – 186 °C (Lokhande et al., 2005). 

IR (KBr, cm-1): 3342 (N-H stretch), 1601 (C=N), 1519 & 1343 (N=O), 1186 (C-

N), 780 (C-Cl). 

5.1.8 Synthesis of 2-(3-phenyl-1H-pyrazol-5-yl) aniline (GR4) 

To a mixture of GR3 (10.38 mmol, 2.75 g) in methanol (5 mL) was added SnCl2 

(8-10 equivalent). The reaction mixture was refluxed for 24 h. After the 

completion of the reaction (TLC), methanol was evaporated under reduced 

pressure using rotary evaporator. Solid product was than extracted with ethyl 

acetate (10 mL × 3). Excess of SnCl2 was precipitated in water by neutralizing 

the reaction mixture with 5% NaOH. Organics were washed with brine (10 mL × 

3), dried over anhydrous Na2SO4 and evaporated under reduced pressure using 

rotary evaporator to obtain the final product GR4 (Bellamy & Ou, 1984). 

 

Yield: 95%, 88.24 mg, Yellow solid, MP: 165-166°C (Bellamy & Ou, 1984). 

IR (KBr, cm-1): 3360 (N-H), 3285 (N-H), 1613 (C=N), 1579 (C=C), 1248 (C-N).  
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1H NMR (CDCl3, 400 MHz): 13.23 (D2O exchangeable NH, 1H, bs), 7.81 (1H, 

s), 7.79 (1H, s), 7.31 - 7.54 (4H, m), 7.00 (2H, s), 6.75 (1H, d, J =7.91 Hz), 6.61 

(1H, t, J = 7.32 Hz), 6.22 (D2O exchangeable NH, 2H, bs). 

5.1.9 Synthesis of 2-(3-(4-chlorophenyl)-1H-pyrazol-5-yl) aniline (GR4G) 

To a mixture of GR3G (100 mg, 0.37 mol) in methanol (5 mL) was added SnCl2 

(8-10 equivalent). The reaction mixture was refluxed for 24 h. After the 

completion of the reaction (TLC), methanol was evaporated under reduced 

pressure using rotary evaporator. Solid product was than extracted with ethyl 

acetate (10 mL × 3). Excess of SnCl2 was precipitated in water by neutralizing 

the reaction mixture with 5% NaOH. Organics were washed with brine (10 mL × 

3), dried over anhydrous Na2SO4 and evaporated under reduced pressure using 

rotary evaporator to obtain the final product GR4 (Bellamy & Ou, 1984). 

 

Yield: 95%, 85.70 mg, Yellow solid, MP: 184-186°C (Bellamy & Ou, 1984). 

IR (KBr, cm-1): 1614 (C=N), 1490 (C=C), 1215 (C-N), 748 (C-Cl). 

1H NMR (CDCl3, 400 MHz): 13.2 (D2O exchangeable NH, 1H, bs), 7.82 (2H, d, 

J = 8.3 Hz), 7.46 (2H, d, J = 8.3 Hz), 7.04 (2H, m), 6.68 - 6.81 (1H, m), 6.53 - 

6.67 (2H, m). 

5.1.10 Synthesis of 2-phenyl-5,6-dihydropyrazolo[1,5-c]quinazoline-5-

carboxylic acid (GR5) 

To a solution of GR4 (100 mg, 0.4255 mmol) in acetonitrile was added glyoxylic 

acid (31.4 mg, 0.4355 mmol) (50% aqueous soln) at 10-15 °C. The reaction 
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mixture was stirred for 5 min. After the completion of reaction (TLC), reaction 

mixture was evaporated using rotary evaporator and pure solid product was 

obtained (Murai et al., 2008). 

 

Yield: 98%, 121.35 mg, Creamy white solid, MP: 190-192 °C. 

1H NMR (CDCl3, 400 MHz, δ with TMS = 0): 12.4 (1H, s), 7.84 (2H, d, J = 7.29 

Hz), 7.51 (1H, d, J = 7.16 Hz), 7.38-7.45 (4H, bs), 7.30 (1H, q, J = 5.56 Hz), 

7.11 (1H, m), 7.04 (1H, s), 6.90 (1H, d, J = 8 Hz), 6.80 (1H, m), 6.01 (1H, d). 

13C NMR (CDCl3, 100 MHz, δ with TMS=0): 169.75, 151.07, 139.43, 138.34, 

132.95, 129.07, 128.09, 127.57, 125.14, 123.65, 118.53, 114.75, 112.84, 96.49 

and 68.41.  

5.1.11 Synthesis of 2-phenylpyrazolo[1,5-c]quinazoline (GR5-a1)  

To a solution of GR4 (100 mg, 0.4255 mmol) in methanol, was added glyoxylic 

acid (31.4 mg, 0.4355 mmol) (50% aqueous soln) at 10-15 °C. The reaction 

mixture was stirred for 5 min. After the completion of reaction (TLC), reaction 

mixture was evaporated using rotary evaporator and solid mixture of products 

was obtained which was further purified by coloumn chromatography. Two 

spots on TLC were separated at 5% and 15% EtOAc: Pet Ether. Compound at 

5% polarity was separated and characterized to obtain GR5-a1. 
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Yield: 30%, 37.14 mg, Creamy solid, MP: 145-150 °C (Kumar & Kumar, 2014). 

IR (KBr, cm-1): 3019 (CH), 1620 (C=N), 1539 (C=C), 1215 (C-N). 

1H NMR (CDCl3, 400 MHz): 9.11 (1H, s), 8.00-8.06 (3H, m), 7.95 (1H, m), 7.58-

7.68 (2H, m), 7.47-7.51 (2H, m), 7.41-7.45 (1H, m), 7.24 (1H, s). 

13C NMR (CDCl3, 100 MHz): 155.95, 140.09, 139.72, 139.31, 132.15, 129.85, 

129.32, 128.84, 128.75, 128.18, 126.73, 123.32, 119.99 and 95.42. 

MS (EI): 245 [M] +. 

5.1.12 Synthesis of methyl 2-phenyl-5,6-dihydropyrazolo[1,5-

c]quinazoline-5-carboxylate (GR5-a2)   

To a solution of GR4 (100 mg, 0.4255 mmol) in methanol, was added glyoxylic 

acid (0.24 mL, 0.4355 mmol) (50% aqueous soln) at 10-15 °C. The reaction 

mixture was stirred for 5 min. After the completion of reaction (TLC), reaction 

mixture was evaporated using rotary evaporator and solid mixture of  product 

obtained was further purified by coloumn chromatography. Two spots on TLC 

were separated at 5% and 15% EtOAc: Pet Ether. Compound at 15% polarity 

was separated and characterized to obtain GR5-a2 (Murai et al., 2008). 
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Yield: 67%, 82 mg, Creamish white solid, MP: 210-212°C. 

1H NMR (CDCl3, 400 MHz): 7.84 (2H, d, J = 5.88 Hz), 7.51 (1H, d, J = 6.4 Hz), 

7.40 (2H, s), 7.32 (1H, d, J = 6.16 Hz), 7.14 (1H, s), 7.04 (1H, s), 6.88 (3H, t, J = 

10 Hz), 6.11 (1H, s), 3.67 (3H, s). 

13C NMR (CDCl3, 100 MHz): 168.40, 151.56, 138.43, 138.19, 132.51, 128.91, 

128.05, 127.38, 125.05, 123.98, 123.36, 118.86, 114.70, 96.17, 68.08 and 

52.13.  

MS (ESI):  306 [M+1] +, 328 [M+Na] + 

5.1.13 Synthesis of 4-(2-phenyl-5,6-dihydropyrazolo[1,5-c]quinazolin-5-

yl)phenol (GR5-b) 

A mixture of GR4 (100 mg, 0.425 mmol) and 4-hydroxybenzaldehyde (70.64 

mg, 0.425 mmol) was dissolved in methanol and refluxed for 1h. After the 

completion of the reaction (TLC), the reaction mixture was left to cool. 

Precipitated solid was obtained by decanting extra methanol and recrystallized 

from methanol (Colotta et al., 1996). 

 

Yield: 86%, 121 mg, Brownish solid, MP: 215-218°C. 

IR (KBr, cm-1): 3387 (OH), 1612 (C=N), 1591 (C=C), 1233 (C-N), 1279 (C-O). 

1H NMR (CDCl3, 400 MHz): 9.34 (D2O exchangeable NH, 1H, bs), 7.79  (2H,  

m), 7.51 (1H, dd,  J  = 8.8 Hz), 7.37 (2H, t,  J  =  7.36 Hz), 7.27 (1H, t,  J  =7.32 
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Hz), 7.18 (D2O exchangeable OH,1H, s), 7.10 (3H, q,  J  = 8.6 Hz), 7.01 (1H, s), 

6.85 (1H, d, J = 7.8 Hz), 6.76 (1H, m), 6.68 (2H, q, J = 7.32), 6.57 (1H, s). 

MS (ESI) m/z = 340 [M+1] + 

5.1.14 Synthesis of 2-methoxy-4-(2-phenyl-5,6-dihydropyrazolo[1,5-

c]quinazolin-5-yl)phenol (GR5-c) 

A mixture of GR4 (100 mg, 0.425 mmol) and 4-hydroxy, 3-methoxy 

benzaldehyde (64.6 mg, 0.425 mmol) was dissolved in methanol and refluxed 

for 1h. After the completion of the reaction (TLC), the reaction mixture was left 

to cool. Precipitated solid was obtained by decanting extra methanol and 

recrystallized from methanol (Colotta et al., 1996). 

 

Yield: 90%, 131 mg, Light yellow solid, MP: 194-198 °C. 

IR (KBr, cm-1): 3401 (OH), 3015 (C-H), 1673 (C=N), 1590 (C=C), 1216 (C-N).  

1H NMR (CDCl3, 400 MHz): 8.97 (D2O exchangeable NH, 1H, bs), 7.80 (2H, d, 

J = 1.16 Hz), 7.53 (1H, dd, J = 8.68 Hz), 7.37 (2H, m), 7.27 (1H, t, J = 7.4 Hz), 

7.22 (D2O exchangeable OH, 1H, bs), 7.10 (1H, m), 7.03 (1H, s), 6.95 (1H, t, J 

= 3.32 Hz), 6.87 (1H, d, J = 7.97 Hz), 6.77 (1H, m), 6.68 (1H, d, J = 8.16 Hz), 6. 

57 (2H, t, J = 6.24 Hz), 3.70 (3H, s). 

13C NMR (CDCl3, 100 MHz, δ with TMS = 0): 150.47, 147.27, 146.73, 140.39, 

138.25, 133.18, 131.65, 129.11, 128.37, 127.38, 125.09, 123.55, 118.72, 

118.08, 114.92, 114.68, 112.83, 110.49, 96.17, 71.04 and 55.44. 
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MS (ESI) m/z = 370 [M+1] + 

5.1.15 Synthesis of 2-methoxy-5-(2-phenyl-5,6-dihydropyrazolo[1,5-

c]quinazolin-5-yl)phenol (GR5-d) 

A mixture of GR4 (100 mg, 0.425 mmol) and 4-hydroxybenzaldehyde (64.6 mg, 

0.425 mmol) was dissolved in methanol and refluxed for 1h. After the 

completion of the reaction (TLC), the reaction mixture was left to cool. 

Precipitated solid was obtained by decanting extra methanol and recrystallized 

from methanol (Colotta et al., 1996). 

 

Yield: 86%, 124 mg, Yellow solid, MP: 115-118°C. 

IR (KBr, cm-1): 3384 (OH), 2929 (CH), 2852 (CH), 1617 (C=N), 1439 (C=C), 

1130 (C-O), 1217 (C-N). 

1H NMR (CDCl3, 400 MHz, δ with TMS = 0): 7.80 – 7.82 (2H, m), 7.52 (1H, d, J 

= 7.52 Hz), 7.35 – 7.39 (2H, m), 7.29 (1H, m), 7.12 – 7.16 (1H, m), 6.84 – 6.91 

(3H, m), 6.70 – 6.79 (3H, m), 6.58 (1H, s), 3.82 (3H, s). 

MS (ESI) m/z = 370 [M+1] +   

5.1.16 Synthesis of 4-(2-phenyl-5,6-dihydropyrazolo[1,5-c]quinazolin-5-

yl)benzonitrile (GR5-e) 

A mixture of GR4 (100 mg, 0.425 mmol) and 4-hydroxybenzaldehyde (55.67 

mg, 0.425 mmol) was dissolved in methanol and refluxed for 1h. After the 

completion of the reaction (TLC), the reaction mixture was left to cool. 
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Precipitated solid was obtained by decanting extra methanol and recrystallized 

from methanol (Colotta et al., 1996).  

 

Yield: 75%, 110 mg, Off white solid, MP: 178-180 °C. 

IR (KBr, cm-1): 3059 (C-H), 2229 (C≡N), 1613 (C=N), 1591 (C=C), 1219 (C-N). 

1H NMR (CDCl3, 400 MHz, δ with TMS = 0): 9.34 (D2O exchangeable NH, 1H, 

bs), 7.79 (2H, t), 7.51 (1H, q), 7.37 (2H, t), 7.27 (1H, t), 7.18 (1H, s), 7.10 (3H, 

q), 7.01 (1H, s), 6.85 (1H, d), 6.76 (1H, m), 6.68 (2H, q) and 6.57 (1H, s). 

MS (ESI) m/z = 349 [M+1] + 

5.1.17 Synthesis of 2-(4-chlorophenyl)-5,6-dihydropyrazolo[1,5 

c]quinazoline-5-carboxylic acid (GR5G) 

To a solution of GR4G in acetonitrile (100 mg, 0.371 mmol) was added glyoxylic 

acid (0.042mL, 0.371 mmol) (50% aqueous soln) at 10-15 °C. The reaction 

mixture was stirred for 5 min. After the completion of reaction (TLC), reaction 

mixture was evaporated using rotary evaporator and solid product was obtained 

(Murai et al., 2008). 

 

Yield: 97%, 115.98 mg, Creamish white solid, MP: 210-213 °C. 
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IR (KBr, cm-1): 2500-3000 broad band (O-H stretch), 1715 (C=0 stretch), 770 

(C-Cl stretch) 

1H NMR (CDCl3, 400 MHz, δ with TMS = 0): 9.34 (1H, s), 7.9 (2H, d, J = 7.29 

Hz), 7.63 (2H, d, J = 8.24 Hz), 7.38-7.53 (4H, bs), 7.26 (2H, d,), 6.69 (1H, s). 

5.1.18 Synthesis of 2-(2-chlorophenyl)pyrazolo[1,5-c]quinazoline (GR5G-

a1) 

To a solution of GR4G (100 mg, 0.371 mmol) in methanol, was added glyoxylic 

acid (0.042mL, 0.371 mmol) (50% aqueous soln) at 10-15 °C. The reaction 

mixture was stirred for 5 min. After the completion of reaction (TLC), reaction 

mixture was evaporated using rotary evaporator and solid mixture of products 

was obtained which was further purified by coloumn chromatography. Two 

spots on TLC were separated at 5% and 15% EtOAc: Pet Ether. Compound at 

5% polarity was separated and characterized to obtain GR5G-a1. 

 

Yield: 30%, 36.24 mg, Off white solid, MP: 200-202 °C (Kumar & Kumar, 2014). 

IR (KBr, cm-1): 3019 (C-H), 1619 (C=N), 1477 (C=C), 1215 (C-N), 773 (C-Cl). 

1H NMR (CDCl3, 400 MHz): 9.33 (1H, s), 8.23-8.26 (1H, m), 8.05-8.09 (2H, m), 

7.90-7.93 (1H, m), 7.76 (1H, d, J = 0.6 Hz), 7.67-7.74 (2H, m), 7.53-7.57 (2H, 

m). 

13C NMR (CDCl3, 100 MHz): 153.57, 139.50, 139.40, 139.13, 133.89, 130.66, 

129.77, 128.82, 128.13, 128.09, 127.83, 123.49, 119.39 and 95.95. 

MS (EI) 280 [M] + 
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5.1.19 Synthesis of methyl 2-(4-chlorophenyl)pyrazolo[1,5-c]quinazoline-

5-carboxylate) (GR5G-a2) 

To a solution of GR4G (100 mg, 0.371 mmol) in methanol, was added glyoxylic 

acid (0.042mL, 0.371 mmol) (50% aqueous soln) at 10-15 °C. The reaction 

mixture was stirred for 5 min. After the completion of reaction (TLC), reaction 

mixture was evaporated using rotary evaporator and solid mixture of products 

was obtained which was further purified by coloumn chromatography. Two 

spots on TLC were separated at 5 and 15% EtOAc: Pet Ether. Compound at 

15% polarity was separated and characterized to obtain GR5G-a2 (Murai et al., 

2008). 

 

Yield: 60%, 72.48 mg, Creamish white, MP: 215-217 °C. 

1H NMR (CDCl3, 400 MHz): 7.80-7.75 (2H, m), 7.52 (1H, dd, J = 7.72 Hz), 7.38 

(2H, dd, J = 6.72 Hz), 7.26 (1H, d, J = 5.52 Hz), 7.00 (1H, s), 6.95 (1H, dt, J = 

7.76 Hz), 6.83 (1H, d, J = 7.52 Hz), 6.00 (1H, d, J = 1.92 Hz), 4.98 (D2O 

exchangeable NH, 1H, s), 3.68 (3H, s). 

13C NMR (CDCl3, 100 MHz): 169.18, 151.71, 138.64, 138.04, 135.95, 133.80, 

131.59, 129.69, 128.82, 127.15, 120.93, 115.56, 114.09, 97.29, 68.79 and 

53.22.  

5.1.20 Synthesis of 4-(2-(2-chlorophenyl)-5,6-dihydropyrazolo[1,5-

c]quinazolin-5-yl)phenol (GR5G-b) 

A mixture of GR4G (100 mg, 0.371 mmol) and 4-hydroxybenzaldehyde (45.35 

mg, 0.371 mmol) was dissolved in methanol and refluxed for 1h. After the 
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completion of the reaction (TLC), the reaction mixture was left to cool. 

Precipitated solid was obtained by decanting extra methanol and recrystallized 

from methanol (Colotta et al., 1996). 

 

Yield: 80%, 110 mg, Off white solid, MP: 230-232 °C. 

IR (KBr, cm-1): 3302 (OH), 1615 (C=N), 1590 (C=C), 1247 (C-N), 748 (C-Cl). 

1H NMR (CDCl3, 400 MHz): 9.38 (D2O exchangeable NH, 1H, bs), 7.78 (2H, t, J 

= 6.8 Hz), 7.51 (1H, dd, J = 0.84 Hz), 7.41 (2H, m), 7.22 (D2O exchangeable 

OH, 1H, bs), 7.08 (4H, m), 6.86 (1H, d, J =7.92 Hz) , 6.77 (1H, t, J = 7.53 Hz), 

6.68 (2H, t, J = 6.4 Hz), 6.57 (1H, s). 

13C NMR (CDCl3, 100 MHz): 157.60, 149.31, 140.43, 138.35, 132.13, 131.98, 

129.21, 128.40, 127.51, 126.63, 123.58, 118.00, 114.91, 114.63, 96.31 and 

71.00. 

MS (ESI) m/z = 374 [M+1] + 

5.1.21  Synthesis of 4-(2-(2-chlorophenyl)-5,6-dihydropyrazolo[1,5- 

c]quinazolin-5-yl)-2-methoxyphenol (GR5G-c) 

A mixture of GR4G (100 mg, 0.371 mmol) and 4-hydroxybenzaldehyde (56.39 

mg, 0.371 mmol) was dissolved in methanol and refluxed for 1h. After the 

completion of the reaction (TLC), the reaction mixture was left to cool. 

Precipitated solid was obtained by decanting extra methanol and recrystallized 

from methanol (Colotta et al., 1996).  
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Yield: 88%, 130 mg, Off white solid, MP: 195-198 °C. 

IR (KBr, cm-1): 3010 (C-H), 1616 (C=N), 1515 (C=C), 1218 (C-N), 744 (C-Cl). 

MS (ESI) m/z = 404 [M+1] + 
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5.2 Biological Studies 

5.2.1 Chemicals 

1. Dulbecco's Modified Eagle's Medium (DMEM), Penicillin, Streptomycin 

(PS), antibiotic solution, phosphate buffer saline (PBS) and fetal bovine 

serum (FBS) media were used for culture of the cancer cell lines and 

were purchased from HiMedia. 

2. 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide (MTT) dye 

was used for cell proliferation assay and was purchased from HiMedia. 

3. Dimethyl Sulfoxide (DMSO), extrapure (AR grade) was purchased from 

Societa a Responsabilita Limitata (SRL), India. 

 

5.2.2 Instruments 

Table 5.2.1. List of Instruments Used in Biological Evaluation 

S.No.     Instruments Purpose Company 

1 Automatic Cell Counter Counting of cells Invitrogen, 

2 Incubator Cell growth Eppendorf  

3 Centrifuge 5430 R Centrifugation Eppendorf 

4 Inverted microscope Visualization of cells Magnus, 

Olympus 

5 Laminar Air Flow Aseptic condition Klen Airflow 

6 UV-Vis Spectrophotometer Absorption studies Biotek, USA 

 

5.2.3 Cell Line Under Study 

Rat C-6 glial cell line was used for evaluating antiproliferative assay and this cell 

line was generously gifted by Prof. Gursharan Kaur, GNDU, Amritsar.   

5.2.4 Routine Assays in Cell Culture Laboratory  
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A. Culturing of the Cell Lines 

C-6 cancer cells were grown in DMEM media containing 10% FBS, 100 

units/mL penicillin, and 100 µg/mL streptomycin and were maintained at 37 °C 

in a 5% CO2 humidified incubator. When the cells became 70-80% confluent, 

culture medium was removed and discarded. Then the cells were rinsed with 

PBS to remove all the traces of serum that contains trypsin inhibitor. After that, 

trypsin-EDTA 0.25% (w/v) solution was added to the flask. It was then allowed 

to incubate until cells were detached from the surface (trypsinization). 

Subsequently, trypsin was inactivated by the addition of media containing 

serum (1mL). Centrifugation was done on 1200 rpm at 37˚C for 10 min for 

harvesting the cells. Further, supernatant was disposed and resuspension of 

the cell pellet was done using 2 mL of the media. The cell number was counted 

using automated cell counter. The cells were transferred to fresh media every 

three days. 

B. Maintenance and Sub-Culturing of Cell Lines  

The maintenance of C-6 cultured cell line was done in 25 cm2 or 75 cm2 flasks 

containing DMEM medium supplemented with 10% FBS, 1x Penicillin and 

Streptomycin antibiotic solution and afterward incubated at 37˚C in a humidified 

atmosphere containing 5% CO2 and 95% humidity (Mantha et al., 2012). 

The cells were sub cultured in 25 cm2 flasks and become important when the 

cell lines have attained 70-80% growth. The reagents necessary for the 

procedure were placed in water bath maintained at 37 °C for 10-15 min earlier 

to the sub-culturing. During sub-culturing, trypsin was added. After 5 min, 1 mL 

of media containing serum was added for ceasing the action of trypsin. Cells 

were then transferred to 15 mL centrifuge tubes and centrifuged for 10 min at 

1200 rpm. The supernatant was cast aside and the pellet was again 

resuspended in complete media. The cell lines were transferred to fresh media 

every two days. 
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5.2.5 Evaluation of Antiproliferative Activity of the Synthesized 

Compounds (MTT Assay) 

The assay was specified by Mosmann in 1983 and is also known as cell viability 

assay. This in vitro colorimetric assay is based on cleavage of tetrazolium rings 

of pale yellow MTT by mitochondrial dehydrogenase enzyme from viable cells 

resulting in formation of dark blue formazon crystals. The formazon crystals get 

accumulated in healthy cells as they are impermeable to cell membranes. So 

these are solubilised using DMSO. The number of surviving cells is directly 

proportional to level of formazon product formed. The results of assay are read 

using Shimadzu double-beam spectrophotometer at the Central Instrumentation 

Facility (CIF) of CUPB (Figure 5.2.1). (Mirzayans, 2007; Mosmann, 1983). 

 

Figure 5.2.1: Rudimentary Principle of MTT Assay 

Material: MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide), 

Phosphate buffer solution, DMSO (Dimethylsulfoxide). 
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Procedure: Rat C-6 glial cells were counted on the automated cell counter. 

About 8,000-10,000 cells were seeded in each well of the 96 well plate. The 

plate was incubated at 37 ˚C with 5% CO2 for 24 h. At the end of the 24 h, 

treatment was given to the cells in five concentrations of 1 µM, 5 µM, 15 µM, 30 

µM and 50 µM. The cells were further incubated for 12 h, 48 h and 72 h. The 

media was removed from each well and MTT solution (5 mg/10mL) was added. 

This was incubated in the dark for 4 h. At the end of 4 h, the MTT solution was 

disposed from each well and the intracellular precipitate was dissolved in 

DMSO solution and the absorbance of the violet colour formed as consequence 

of DMSO addition is read spectrometrically at 570 nm. The same procedure 

was repeated every time after 12 h, 48 h and 72 h. 

5.2.6 DCFDA Assay:  

The treated and control rat C-6 glial cells (1 x 105), cultured in 96-well plates 

were  equilibrated in PBS and incubated in the dark for 30 min with 100µM of 

H2DCF-DA (Invitrogen) [Ex478nm/Em518nm]. After washing twice with PBS, 

fluorescence was then read at the excitation wavelength of 478 nm and 

emission wavelength of 518 nm using BioTek Microplate Reader as per the 

protocol described (Dhiman & Garg, 2011). 

5.3 Statistical Analysis: 

All the statistical analysis was done using MS Excel 2013 and graphs were 

plotted using prism 5.0 (Graph Pad Software). IC50 values were calculated using 

scatter plot.  
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6 Results and Discussion 

6.1  Chemistry 

For the synthesis of compounds pertaining to formula 1, following scheme was 

followed. 

 

Scheme 6.1.1: Proposed route for synthesis of designed compounds 

6.1.1 Synthesis of nitro substituted 1,3-diarylpropenones 

The synthesis of nitro substituted 1,3-diaryl propenones was carried out through 

Claisen-Schmidt condensation of 2-nitrobenzaldehyde with aryl ketones in 

presence of glacial acetic acid and few drops of concentrated sulphuric acid 

(Scheme 6.1.2) (Konieczny et al., 2007). 
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Scheme 6.1.2: Synthesis of 1, 3-diaryl propenones. 

Mechanistically, acid catalysed Claisen-Schmidt condensation involves the 

nucleophile attack of carbanion on the electrophilic carbon of the aldehyde in 

the process rendering the oxygen electron rich which takes up the proton from 

reaction solution. The final step of the reaction is dehydration which affords the 

nitro substituted 1,3-diaryl propenones (Figure 6.1.1). 

 

Figure 6.1.1: Mechanism of synthesis of 1,3-diaryl propeonones 

The synthesized compounds (Figure 6.1.2) were characterized by melting point 

(MP), Infrared spectroscopy (IR) and Nuclear Magnetic Resonance (NMR) 

spectroscopy. For all the synthesized compounds, characteristic IR absorptions 

frequencies were observed at 1660-1670 cm-1 for carbonyl group which was 
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much lower than the normal value of 1710 cm-1. The reason for this decrease is 

the conjugation of α, β unsaturation with the carbonyl compound. Conjugation is 

known to increase the single bond character of the C=O and C=C bonds in the 

resonance hybrid, lowering their force constants and as a result lowering the 

frequencies. Other absorption frequencies observed were at 1610 cm-1 (C=C 

stretch), 1510 and 1342 cm-1 (N=O stretch) 1284-1281 cm-1 (C-O stretch), 

1653-1585 cm-1 (C=C aromatic). Melting point for these compounds was seen 

to be in the range of 85-95˚C which are uncorrected.  

In 1H NMR spectra we always detected the following typical peaks of 8.12 ppm 

for CH close to nitro group and 7.34 ppm for CH away from nitro group. J value 

of the olefenic protons 15.9 justifies the trans nature of the compounds. For all 

compound the aromatic protons appeared as multiplet at above 7.00 ppm. 13C 

NMR indicated the characteristic peak at 190 ppm for carbonyl carbon (C=O) 

and 148.34 ppm for C=N carbon. 

 

Figure 6.1.2: Structures of synthesized nitro substituted 1,3-diaryl propenones 

6.1.2 Synthesis of 3-(2-nitrophenyl)-1-aryl-4,5-dihydro-1H-pyrazolines 

Synthesis of 3-(2-nitrophenyl)-1-phenyl-4,5-dihydro-1H-pyrazoline (scheme 

6.1.3) mainly follows the mechanism for Michael Addition which takes place 

between the hydrazine hydrate and enone moiety of the 1,3-diaryl propenones. 

This reaction was carried out in the presence of methanol (Levai, 2005). 
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Scheme 6.1.3: Synthesis of 2H-pyrazolines 

All the pyrazolines so obtained (Figure 7.1.3) were pure and were characterized 

by MP, IR and NMR. IR spectrum showed absorptions which fell in between 

3250-3350 cm-1 (NH stretch), 1632-1590 cm-1 (C=N stretch) and 1223-1176 cm-

1(C-N stretch).  

1H NMR spectra of the pyrazoline derivatives showed the ABX system with 

three double doublets out of which one double doublet was de-shielded and 

appeared more downfield than the other two. The three double doublets 

represent the three protons of the pyrazoline nucleus; confirming its formation. 

The chemical shift for these protons appeared in the range of 5.55-5.91 ppm 

with the J values falling in the range of 7.6-12 Hz, 3.15-3.80 ppm with the J 

values falling in the range of 10-14 Hz, 2.91-3.15 ppm with the J values falling in 

the range of 7.6-14 Hz. The protons of the benzene ring appeared in the range 

of 7.24-7.78 ppm, varying according to the substitution on the ring.  

 

Figure 6.1.3: Structures of synthesised 2H-pyrazolines 
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6.1.3 Synthesis of 5-(2-nitrophenyl)-3-aryl-1H-pyrazoles 

Dehydrogenation of 4,5-dihydropyrazoline using I2/DMSO or oxone resulted in 

the aromatization of pyrazoline ring [Scheme 6.1.4] (Lokhande et al., 2005). 

 

Scheme 6.1.4: Synthesis of 5-(2-nitrophenyl)-3-aryl-1H-pyrazoles 

All the pyrazoles so obtained were pure (Figure 6.1.4) and characterized by MP, 

IR and NMR.  

IR spectra showed absorptions which fell in range of 1605-1615 cm-1 (C=C) 

owing to aromatization in addition to other IR peaks.  

1H NMR showed the disappearance of ABX pattern due to aromatisation. 

Appearance of peak at 6.69 ppm further confirmed the formation of pyrazole. 

13C NMR showed three most characteristic peaks at 149.02, 146.37 and 146.16 

ppm for de-shielded carbon attached to NO2, NH and N respectively. Peak 

corresponding to 102.59 ppm appeared due to pyrazole carbon. 

 

Figure 6.1.4: Structure of synthesized 5-(2-nitrophenyl)-3-aryl-1H-pyrazoles 
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6.1.4 Synthesis of 2-(3-aryl-1H-pyrazol-5-yl) aniline. 

Next reduction of the pyrazoles was carried out using various reducing agents 

such as Fe, FeSO4/NH4, ammonium formate/ Pd/C and NABH4. Unfortunately 

we were unsuccessful to obtain the desired reduced products. Fortunately the 

reduction was successful when carried out with SnCl2.2H2O in methanol under 

reflux [scheme 6.1.5] (Bellamy & Ou, 1984).  

The ease of reduction of the aromatic nitro group depends on the nature of the 

other substituents on the ring and on the reducing potential of the environment. 

 

Scheme 6.1.5: Synthesis of 2-(3-aryl-1H-pyrazol-5-yl) anilines 

The MPs of all the compounds (Figure 6.1.5) were found to be in range of 166-

186 °C. IR spectra confirmed the product formation due to appearance of a 

sharp characteristic absorption frequency of primary amine (NH2) at 3350-3380 

cm-1 and secondary amine (NH) at 3250-3270 cm-1 and 1613 cm-1 for C=C.  

1H NMR spectra showed a characteristic singlet peak at 13.23 ppm for proton of 

NH. This was due to the fact that nitrogen causes downfield shifting because of 

de-shielding of protons, 7.00 ppm for proton of NH2, aromatic protons occupied 

peaks between 7.00 - 8.00 ppm. 

13C NMR showed three most characteristic peaks at 152.59, 145.55 and 142.24 

ppm for de-shielded carbon attached to NH2, NH and N respectively. Peak 

corresponding to 99.5 ppm was due to pyrazole carbon. 115.59 and 115.18 

ppm value represents aromatic carbon attached next to the carbon of NH2 on 

either side. 129.23, 128.67, 127.81, 127.66 and 125.16 ppm are the normal 

aromatic carbon peak.  



 

 

66 

 

Mass spectra showed the molecular ion peaks at [M+1] + that is 236.1 in case of 

GR4 and 270.1 for GR4G compounds.  

 

Figure 6.1.5: Structures of synthesized 2-(3-aryl-1H-pyrazol-5-yl) anilines 

6.1.5 Synthesis of 2-aryl-5, 6-dihydropyrazolo [1,5-c]quinazoline 

2-(3-aryl-1H-pyrazol-5-yl) anilines were allowed to react with a variety of 

aldehydes to afford quinazolines (Scheme 6.1.6). The reaction was carried out 

in methanol under reflux. Crude precipitates so obtained were purified through 

crystallization from methanol to afford the pure products (Colotta et al., 1996).  

 

Scheme 6.1.6: Synthesis of 2-aryl-5,6-dihydropyrazolo[1,5-c]quinazolines 

 

Figure 6.1.6: Mechanism of formation of 2-aryl-5,6-dihydropyrazolo[1,5-

c]quinazolines 
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Figure 6.1.7: Structures of 2-arylpyrazolo [1,5-c]quinazolines synthesized 

 

 

Figure 6.1.8: Structures of synthesized dihydropyrazolo [1,5-c]quinazolines  
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The MPs of all the compounds (Figure 6.1.8) were found to be in the range of 

115-235 °C. The IR spectroscopy showed the most characteristic absorption 

frequencies in the range of 2900-3100 cm-1 for amine of quinazoline, other 

characteristic absorptions were obtained at 2229 cm-1 (C≡N), 1600-1700 cm-1 

(C=N), 1210-1220 cm-1 (C-N) and 770-780 cm-1 (C-Cl).  

1H NMR spectra highlighted the characteristic sharp singlet of NH in the range 

of 8-14 ppm this was due to the downfield shifting of proton by nitrogen. Peaks 

for aromatic protons were found in the region above 7-8 ppm. Singlet at 6-7 

ppm is the characteristic peak of proton attached to tertiary carbon confirming 

the formation of cyclised product.  

13C NMR confirmed the pyrazole carbon in the range between 95-100 ppm, 

quinazoline carbon attached with phenyl showed peak in between 70-75 ppm, 

carbon attached with oxygen at 145-150 ppm the reason being oxygen is more 

electronegative causes de-shielding.  

 Figure 6.1.9: Synthetic strategy of dihydropyrazolo[1,5-c]quinazolines 

Compounds GR5a1 and GR5a2 were obtained as mixtures which were 

separated by column chromatography. As the reaction of GR4 with glyoxylic 
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acid was performed in presence of methanol, the major product (65%) GR5a2 

formed was ester instead of expected acid (Figure 6.1.9). This was due to 

esterification of in situ formed acid by methanol which was used as solvent. 

Sharp singlet of 3H at 3-4 ppm confirmed the formation of methyl ester. A 

singlet at 6.11 ppm confirmed the cyclisation of two amino groups. All other 

aromatic protons fall in the range of 7-8 ppm. 13C NMR also revealed methyl 

carbon at 52.13 ppm confirming esterification of acid. Carbonyl carbon of ester 

appeared at 168.40 ppm. The HN=C-N appeared at 68.08 ppm. Carbon of 

pyrazole moiety falling at 96.17, 151.56 and 138.43 ppm are also the 

characteristic features confirming product (GR5-a2) formation. Two carbons of 

pyrazole appeared desheilded due to adjacent electronegative nitrogen, 

whereas one in middle at 96.17 ppm appeared shielded. All other aromatic 

carbons appeared in the range of 123-138 ppm. 

GR5a1 obtained in small amount (30%) may be formed due to decarboxylation 

of the in situ formed acid GR5 (Figure 6.1.9). Singlet peak at 9-10 ppm of N=C-

N is the characteristic peak of GR5-a1. It appears downfield due to electron 

withdrawing effect of attached nitrogen. A sharp singlet at 7.24 confirmed proton 

of pyrazole. All other aromatic protons appeared in the range of 7-8 ppm. 13C 

peak at 155 ppm confirms N=C-N, appearing downfield due to two adjacent 

electron withdrawing nitrogens. Again two carbons of pyrazole adjacent to 

nitrogen appear downfield at 140.09 and 139.72 and one appeared at 95 ppm.  

When the same reaction of GR4 with glyoxylic acid was performed in presence 

of acetonitrile as solvent instead methanol for 5 min stirring, GR5 was obtained. 

It was confirmed by singlet of COOH at 11-12 ppm. This proton appears 

downfield due to electron withdrawing carboxyl group attached to it. All other 

peaks resemble the ester product GR5-a2 except disappearance of the single 

peak of methyl at 3.5 ppm, further confirmed acid formation. Same pattern was 

followed by compounds GR5G-a2, GR5G-a1 and GR5G which are having 

chloro substitution. The 13C of acid appeared at 168-170 ppm. The rest of the 
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peaks resemble ester product GR5-a2 except disappearance of methyl carbon 

at 53 ppm. 

Mass spectra showed the molecular ion peak at [M+1]+ and most common 

fragment peak at 236.1 in case of GR4 series compounds and 270.1 for GR4G 

series. Molecular ion peak [M+1]+ at 306 and [M]+ at 245 confirmed the 

formation of GR5-a2 and GR5-a1, respectively. 

 

6.2 Biological Studies 

6.2.1 Evaluation of cytotoxic potential of the Compounds: 

In order to examine the anticancer potential of the synthesized novel 

compounds, some of the representative compounds GR5G-b, GR5G-c, GR5-b, 

GR5-c, GR5-d, GR5-e, GR4 and GR4G were screened through MTT assay 

which was executed with rat glial C-6 cell line. Approximately 8,000-10,000 cells 

were seeded per well of 96 well plate, overnight and treatments were given as 

stated in the experimental design. All the treatments were given in triplicates 

and repeated at least two to three independent experiments. MTT assay was 

carried out with C-6 cell line showed cytotoxic activity, thus, affirming the 

sensitivity and responsiveness of the compounds against brain cancer cells.  

The C-6 cells were seeded in a 96 well plate and treated with the compounds at 

various (1-50 µM) concentrations. They were then kept for overnight incubation 

at 37°C in serum free media under growth conditions. The absorbance was 

taken spectrophotometrically at 570 nm after 24 h, 48 h and 72 h. The results of 

MTT assay are given below: 

Antiproliferative activity against C-6 cells: It was observed that with increase 

in treatment time of the C-6 cells with APE1 inhibitors there was an increase in 

cytotoxic nature of the treated compounds from 24 h to 72 h.  As evident from 

figure 6.2.1, 6.2.2 and 6.2.3 and table 6.2.1, 6.2.3 and 6.2.3 the compound 

GR5G-c is the only compound which showed more than 50% inhibition in cell 

survival at a low concentration of 5 µM after 48 h of treatment. It was observed 

that the at a low concentration of 15 µM GR5G-b has shown 62% inhibition after 
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24 h of treatment and inhibition in cell survival increased to 75% and 88% after 

48 h and 72 h respectively. While GR5-c and GR5-b also showed more than 

50% inhibition in cell survival at 15 µM after 48 h treatment. At concentration 30 

µM all the compounds except GR5-e, GR4G and GR4 showed more than 50% 

inhibition in cell survival rate after 24 h, more than 75% inhibition after 48 h and 

90% inhibition in cell survival after 72 h. At concentration 50 µM GR5-b showed 

maximum inhibition of 90% after 24 h treatment followed by GR5G-c, GR5-d 

and GR5G-b with more than 70% inhibition in cell survival. After 48 h at 50 µM 

compound GR5-b showed maximum inhibition in cell survival  93% followed by, 

GR5G-c, GR5-d and GR5-c which showed 89% inhibition in cell survival. 

GR5G-b exhibited more than 80% inhibition in cell survival at 30 µM after 48 h 

treatment. Subsequently after 72 h treatment at 50 µM GR5-b showed 

maximum inhibition in cell survival of 95% followed by GR5G-c, GR5-d and 

GR5-c by more than 90% inhibition in cell survival, GR5G-b 89%, and GR4 and 

GR4G more than 80% inhibition in cell survival. GR5-e displayed a poor 

antiproliferative activity with only 26% inhibition in cell survival even after 72 h of 

treatment.  

Overall it seems that compounds GR5G-b and GR5G-c exhibited highest anti-

proliferative effect on rat glial C-6 cells at various concentrations followed by 

GR5-c, GR5-b and GR5-d. IC50 values were determined by fitting the 

concentration-response (in terms of %inhibition) data in equation 1 (Copeland, 

2013). Calculated IC50 values of some of the best compounds are listed in table 

6.2.4. These compounds showed decrease in IC50 values with increase in 

treatment time. GR5G-b and GR5G-c emerged as best compounds with lowest 

IC50 values as compared to the other compounds. 

 

% Inhibition = 100/ 1+(IC50/[I])                                     Equation 1 
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Figure 6.2.1: Percent inhibition of rat C-6 glial cells in response to treatment 

with synthesized compounds at concentrations of 1 µM, 5 µM, 15 µM, 30 µM 

and 50 µM for time duration of 24 h. 

Table 6.2.1: Percent inhibition in cell survival by synthesized compounds at 24h 

Compound % Inhibition of cell proliferation a 24 h of 
treatment 

1µM 5µM 15µM 30 µM 50µM 

GR4 1 6 18 25 68 

GR4G 1 6 24 27 62 

GR5-b 5 12 29 75 90 

GR5-c 18 14 29 51 69 

GR5-d -3 5 28 67 79 

GR5-e -3 2 2 -12 -5 

GR5G-b -7 24 62 84 71 

GR5G-c 3 22 57 79 82 

 
a All readings are triplicates, repeated 2-3 times and expressed as mean ±S.D. 
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Figure 6.2.2: Percent inhibition of C-6 rat glial cells in response to treatment 

with synthesized compounds at concentrations of 1 µM, 5 µM, 15 µM and 50 

µM for time duration of 48 h. 

Table 6.2.2: Percent inhibition in cell survival by synthesized compounds at 48h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a All readings are triplicates, repeated 2-3 times and expressed as mean ±S.D. 

Compound % Inhibition of cel proliferation a 48 h of 
treatment 

1µM 5µM 15µM 30 µM 50µM 

GR4 -2 11 28 41 81 

GR4G -8 9 22 54 78 

GR5-b 4 13 52 88 93 

GR5-c 16 43 54 78 89 

GR5-d 2 16 39 86 89 

GR5-e 0.3 2 -6 -8 1 

GR5G-b -14. 35 75 91 83 

GR5G-c 9 52 72 89 89 
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Figure 6.2.3: Percent inhibition of rat C-6 glial cells in response to treatment 

with synthesized compounds at concentrations of 1 µM, 5 µM, 15 µM, 30 µM 

and 50 µM for time duration of 72 h 

Table 6.2.3: Percent inhibition in cell survival by synthesized compounds at 72h 

 

 

a All readings are triplicates, repeated 2-3 times and expressed as mean ±S.D. 

Compound % Inhibition of cell proliferation a 72 h of 
treatment 

1µM 5µM 15µM 30 µM 50µM 

GR4 12 35 61 76 83 

GR4G 1 16 54 74 83 

GR5-b 18 22 54 90 95 

GR5-c 26 44 61 88 92 

GR5-d 7 20 58 90 92 

GR5-e 9 12 27 12 26 

GR5G-b 21 51 88 93 89 

GR5G-c 10 57 77 92 93 
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Table: 6.2.4 IC50 of the compounds showing antiproliferative activity in C-6 cell 

line. 

Sr. No. Compounds IC50 µM 

24 h 48 h 72 h 

1 GR5G-b 13 3.86 3.80 

2 GR5G-c 16 6.58 4.72 

3 GR5-c 22 7.84 5.44 

4 GR5-b 21.5 15.83 7.78 

5 GR5-d 39.19 21.79 8.11 

 

6.2.2 Structure Activity Relationship (SAR) of Compounds for 

Antiproliferative activity:   

 

Figure 6.2.4: General structure of the tested compounds 

Substitution at A ring:  

The compounds with p-chloro substitution of ring A results in increased activity 

in comparison to compounds without any substitution at ring A. GR5G series 

showed more percentage inhibition of cell growth in C-6 cells as compared to 

GR5 series. (Figure 6.2.5a and 6.2.5b).  

                                                                            

Figure 6.2.5a: Comparison of antiproliferative activity of compounds with ring A 

substitution 



 

 

76 

 

 

Figure 6.2.5b: Comparison of antiproliferative activity of compounds with ring A 

substitution 

As we have observed from molecular modeling studies NH of pyrazoloquinazolo 

ring of GR5G-b is involved hydrogen bonding interactions with basic amino acid 

ARG 177 and ASN 229. Electron withdrawing group Cl makes the ring more 

electron deficient and renders the proton more acidic to form extra Hydrogen 

bonding interactions with guanidine moiety of basic ARG 177.  

 

Figure 6.2.5 c: 3D docked pose of GR5G-b in repair active site of APE1 

showing H-Bonding interaction of NH with ARG 177 

 

Substitution at B ring: 

Substitution of OH group: The substitution at ring B with OH group at para 

position results in increase in anti-proliferative activity as compared to 

substitution at meta position of B ring. 
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Substitution of methoxy group: Substitution of methoxy group at meta position 

of B ring results in increase in anti-proliferative activity as compared to 

substitution at para position as shown in figure 6.2.6.  

 

 

Figure 6.2.6: Comparison of antiproliferative activity of compounds with ring B 

substitution 

 

Substitution of CN group:  

The Substitution of CN group at para position at B ring leads to poor 

antiproliferative activity of the compound.  

 

A common trend followed by the compounds showed that negatively ionisable 

group at para position of B ring leads to more active compounds and 

electronegative group at para position of A ring leads to increase in anti-

proliferative activity. This almost fulfils our proposed rationale of linkage of one 

or more negatively ionisable groups at ends of the compounds. 

 

6.3 Intracellular ROS measurement by DCFDA Assay 

Rat C-6 glial cells were treated with the synthesized compounds GR4, GR4G, 

GR5-b, GR5-c, GR5-d, GR5-e and GR5G-c for the determination of ROS 

generated upon treatment of C-6 cells at different concentrations and time 

points by DCFDA assay. Fluorescence readings were read at the excitation 

wavelength of 478 nm and emission wavelength of 518 nm using BioTek 

Microplate Reader after 24 h, 48 h and 72 h(Dhiman & Garg, 2011). Vehicle 
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control reading was taken as 100% of ROS level and % increase in ROS 

production of the test compounds was compared with respect to it.  

It is observed that at low concentration (1µM) all the test compounds showed 

increase in ROS production with increase in treatment time from 24 h to 72 h 

upto 300% as compared to vehicle control. The same trend was also observed 

with 5 µM concentration of test compounds. But some compounds as GR5-b 

and GR5-c showed only 50% increase in ROS production after 72 h of 

treatment as compared to vehicle control. At concentration 15 µM all 

compounds showed decrease in ROS production; GR5-b showed 10% ROS 

levels after 72 h whereas GR5G-c also showed 4% of ROS levels after 72 h. 

Other compounds also showed decrease in their ROS levels upto 40% after 72 

h. At higher concentrations 30µM and 50 µM it was observed that compounds 

GR5-b, GR5G-c, GR5-c and GR5-d showed very low ROS levels. Overall it 

may be concluded that all the compounds showed significant antioxidant activity 

at 15 µM and above with marked decrease in ROS levels.  

Further from the antiproliferative assay MTT we have observed that both these 

compounds GR5G-c and GR5-b emerged as potent anticancer compounds with 

remarked percentage inhibition of glial C-6 cell lines. From these results we 

may conclude that in one way our compounds are inhibiting cancer cell growth 

by exhibiting their antioxidant activity. By another way we know that ROS and 

other environmental insults regulates expression of APE1 gene (Hsieh et al., 

2001; Pines et al., 2005; Ramana et al., 1998; Tell et al., 2009; Zaky et al., 

2008). Increase in ROS generation upregulates APE1 to repair the damaged 

DNA by acting on AP-sites. Our compounds are exhibiting antioxidant property 

and cause decrease in ROS level which further leads to decreased expression 

of APE1 thus checking the cancer cell survival. AP-sites created by adjuvant 

DNA damaging chemotherapy are then not repaired by APE1 and this leads to 

cell death. Thus we may conclude that synthesized compounds are exhibiting 

anticancer activity via APE1 inhibition. Further studies are required to support 

this hypothesis. 
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Figure 6.2.7: Percent increase in intracellular ROS levels in rat C-6 glial cells in 

response to treatment with synthesized compounds at various concentrations (1 

µM, 5 µM, 15 µM, 30 µM and 50 µM) for a time period of 24 h 

Table 6.2.5: Percentage increase in intracellular ROS by synthesized 

compounds at 24 h 

Compound % increase in ROS levels after 24 h treatment a  
 

1µM 5µM 15µM 30 µM 50µM 

GR4 101 70 141 70 136 

GR4G 81 133 136 105 50 

GR5-b 70 139 12 1 7 

GR5-c 73 77 32 14 11 

GR5-d 107 89 90 15 16 

GR5-e 94 157 56 174 43 

GR5G-c 96 155. 66 2 2 

a Values are means of two readings ±S.D. 
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Figure 6.2.8: Percent increase in intracellular ROS levels in rat C-6 glial cells in 

response to treatment with synthesized compounds at various concentrations (1 

µM, 5 µM, 15 µM, 30 µM and 50 µM) for a time period of 48 h 

Table 6.2.6: Percentage increase in ROS by synthesized compounds at 48 h 

Compound % increase in ROS level after 48 h treatmenta 
 

1µM 5µM 15µM 30 µM 50µM 

GR4 150 130 101 40 152 

GR4G 186 121 112 -197 75 

GR5-b 223 89 13 36 41 

GR5-c 177 95 48 13 15 

GR5-d 246 166 115 17 25 

GR5-e 286 142 31 158 87 

GR5G-c 303 220 30 1 8 

a Values are means of two readings ±S.D. 
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Figure 6.2.9: Percent increase in intracellular ROS levels in rat C-6 glial cells in 

response to treatment with synthesized compounds at various concentrations (1 

µM, 5 µM, 15 µM, 30 µM and 50 µM) a time period of 72 h. 

Table 6.2.7: Percent increase in ROS by synthesized compounds at 72 h. 

Compound % increase in ROS level after 72 h a 

1µM 5µM 15µM 30 µM 50µM 

GR4 116 116 41 62 62 

GR4G 135 85 41 24 15 

GR5-b 112 49 10 3 14 

GR5-c 152 48 23 4 15 

GR5-d 133 106 48 3 7 

GR5-e 124 108 38 98 52 

GR5G-c 132 81 4 4 6 

a Values are means of two readings ±S.D. 
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7 Conclusions 

Success in chemotherapy has not been attained completely yet and has 

remained a worried issue from years. Various reasons drive this failure, but the 

much talked about and hot topic is failure due to emergence of resistance to 

chemotherapeutic drugs due to various affecting reasons. One of the major 

reason here we have targeted is the resistance developed against DNA 

damaging chemotherapy due to over activation of DNA repair pathways which 

are part of normal physiology. APE1 is the key enzyme participating in the 

repair process of BER-pathway which is the major repair pathway responsible 

for 95% of the total DNA damage repair. Design and synthesis of APE1 

inhibitors using rational approach has been carried out in this research work 

fulfilling the pharmacophoric requirements of APE1 inhibitor. Molecular 

modelling studies revealed that designed compounds fit well into the repair 

active site of APE1. A total number of fourteen compounds have been designed 

and synthesized having pyrazolo-quinazolines as the core structure. The purity 

of all the compounds was determined by melting point, IR, NMR and Mass 

spectrometry. The anticancer potential of the 8 representative compounds was 

evaluated against rat C-6 glial cell line for different concentrations and time 

periods. The information on inhibitory potential of the compounds against cell 

line proliferation obtained from MTT assay helped us to formulate the structure 

activity relationship studies. GR5G-c, GR5-c and GR5G-b were found to be 

potent anticancer agents, others also exhibited significant anticancer activity. 

Further, intracellular ROS measurement was also carried out using florescence 

based DCFDA assay. Compounds showing good MTT results were also found 

to be potential antioxidants. From both of these results it is concluded that our 

compounds exhibit potential anticancer activity via APE1 inhibition. Molecular 

docking studies of GR5G-b into APE1 active site highlighted favourable binding 

interactions and poses of the inhibitors with APE1 recommending their possible 

mechanism of action. The active compounds may be taken further for lead 

optimisation and mechanistic interventions for their in vitro binding studies on 

APE1 in future.   
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A: Spectral Data of representative compounds.                

                   

Figure 1: 1H NMR spectra of GR5  

 

    

 

Figure 2: 13C NMR spectra of GR5 
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Figure 3: 1H NMR spectra of GR5-a2 

 

 

 

 

 

Figure 4: 13C NMR spectra of GR5-a2  
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Figure 5: Mass spectra of GR5-a2 

 

 

 

 

Figure 6: 1H NMR spectra of GR5-c 
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Figure 7: 13C spectra of GR5-c 
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Figure 8: Mass spectrum of GR5-c 

 

 

Figure 9: Mass spectrum of GR5G-b 
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Figure 10: 1H NMR spectra of GR5G- 

 

 

 

 

Figure 11: 13C spectra of GR5G-b 
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