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Abstract 

Prostate Cancer (PC) is a dangerous and deadliest type of cancer it is the main reason of male death 

globally. The development of new and stronger anti-prostate cancer composites is a constant 

requirement.  It can also be associated with alterations in AR functions. Indeed, androgen blockade 

by drugs that prevent the production of androgens and/or block the action of the AR inhibits prostate 

cancer growth. For its treatment, a very effective drug is used named as Bicalutamide. This drug is 

used to block the androgen action. It works by preventing testosterone from binding to the androgen 

receptors in prostate cancer cells. As a means to improve the effectiveness of the Bicalutamide drug, 

and in order to exploit the well-established potential of the fluorine atom in enhancing the 

pharmacological properties and drug-like physicochemical characteristics of candidate compounds, 

a wide array of diverse new structures has been designed and synthesized, through the introduction 

of fluoro-, trifluoromethyl- and trifluoromethoxy groups in diverse positions of both aromatic rings 

of the parent scaffolds. We have employed 2D and 3D QSAR approaches to identify the best 

descriptor to design better active compounds. In the 2D QSAR method, different types of descriptors 

existed from which some were eliminated due to their same or zero value. Overall 192 descriptors 

from which 142 were eliminated and 50 were used for further analysis. In LNCAP and VCaP cell 

lines, the correlation coefficient (R2) values 0.99 were after pruning. In 3D QSAR, The generated 

model against the 22Rv1 cell line (by CoMFA and CoMSIA) gave the best results. The q2 value for 

CoMFA is 0.365 and for CoMSIA is 0.430 against the 22Rv1 cell line. We conclude that 2D QSAR 

in LNCaP and VCaP had better results compared to other cell lines whereas in 3D QSAR, dataset 

compounds yielded better results against the 22Rv1 cell line. 

 

Keywords: Prostate Cancer, Bicalutamide Drug, QSAR, Androgen Receptor, Inhibition, Cancer Cell 
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Introduction 

Prostate Cancer is a serious threat to mankind and generally occurs in men aged 50 years or older and 

is the most widely recognized cancer that influences men other than skin disease. Prostate cancer is 

the second normal male prostate cancer [1]. It is the second driving reason for disease-related passing 

in men at around 35000 every year in Europe. The lifetime danger making up clinical disease and 

prostate tumor-related passing is 30%, 10% and 3% separately [2]. Testosterone hardship can cause 

interceded tumor cells to pass by apoptosis and a target reaction of 30-40% can be seen in a virgin 

illness. Androgen receptors stay vital in the advancement of prostate malignancy. The movement of 

prostate disease is additionally incorporated with expanded development factor generation and an 

adjusted reaction to development factors by prostate tumor cells [3]. Androgen activity including the 

amalgamation of testosterone, its vehicle to target tissues, and changed over from 5 alpha reductase 

to the dynamic 5 alpha dihydrotestosterone (DHT). Androgen activity in prostate tumors, as in the 

ordinary prostate organ and other target organs, is interceded by the androgen receptor (AR), an 

activated transcription factor that is an individual from the steroid/thyroid hormone receptor 

superfamily. 

Bicalutamide is an anti-proliferative agent and is used to treat prostate cancer. This drug is purchased 

as casodex for the patients. It is normally utilized gathered with a gonadotropin-discharging hormone 

(GnRH) simple or careful expulsion of the testicles to treat prostate disease. Among the medications 

utilized for the treatment of PC, bicalutamiude specifically obstructs the activity of androgens while 

displaying fewer symptoms in examination with other AR antagonists. It works by 

blocking the androgenreceptor (AR), the biological target of the androgen sex hormones testoste 

rone and dihydrotestosterone (DHT) [4]. It does not decrease androgen levels. This medication can 

have some estrogen-like effects in men as well. Bicalutamide is well-absorbed. It is not affected by 

the food. The elimination half-life of the medication is around one week. It is thought to cross 

the blood-brain and affect both the body and brain of a person [5]. Due to its selectivity for the AR, 

casodex drug does not cooperate significantly with different steroid receptors and in this way, there’s 

no clinically applicable off-target hormonal movement such as progestogenic, glucocorticoid 

, estrogenic etc. 

A very sensitive human cell line is LNCaP. Cells of this cell line are generally utilized as a part of 

the field of oncology which is the investigation of growth. LNCaP cells are the androgen-delicate 

human prostate malignancy got from the left supraclavicular node. They are disciple epithelial cells 

developing in masses and also as single cells [5]. It developed an AI-PCa cell show that almost 

imitates clinical disease, LNCaP sublines have been made to give the most clinical tissue culture 

devices to date. LNCaP contains an anomalous androgen receptor framework with wide steroid-

restricting specificity. Progestagens, estradiol and a few antiandrogens resist androgens for the 

official to the androgen receptor in the cells to a higher degree than in other androgen delicate 

frameworks. Ideal development of LNCaP cells is seen after the growth of the synthetic androgen 

R1881 (0.1 nM). We have discovered that the androgen receptor in the LNCaP cells contains a solitary 

point transformation changing the feeling of codon 868 (Thr to Ala) in the ligand-restricting area. 

VCaP is an adherent, epithelial cell line with high Androgen receptor and Prostate-

specific expression. VCaP is the only prostate cancer cell model that expresses the Androgen 

receptor splice variant, AR-V7, and the TMPRSS2-ERG gene fusion [6]. Another important 

carcinoma epithelial cell line is 22Rv1 from a xenograft that was serially proliferated in mice after 

castration-induced relapse and backslide of the parental, androgen-subordinate CWR22 xenograft. 

The cell line communicates PSA (prostate-specific antigen). Growth is ineffectively invigorated by 

lysates and also by dihydrotestosterone which are immunoreactive with AR neutralizer [7.] It has 

been determined that administration of NFkappaB ligand RANKL promoted DU145 cell disruption 

in bone and as a result osteolytic lesions formed [8]. Soluble factors are also made by DU-145 cells 

that initiate pre-osteoblast precursors and increase RANKL expression, thus facilitating prostate 

cancer metastasis in bone. The differences in intracellular and extracellular protein expressions 

between human prostate cancer lines LNCap and DU145 were examined. The proteins of the two cell 

lines were extracted and condensed by using protein extraction kits. The intracellular and extracellular 
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proteins were quantitatively detected on a microplate reader by using the bicinchoninic acid (BCA) 

method. The proteins in cell culture fluid were qualitatively assayed by SELDI-TOF-MS. The results 

showed that the intracellular protein contents of LNCap cells were extremely higher than those of 

DU145 cells [9]. After serum-free culture, both intracellular and extracellular protein contents of 

LNCap and DU145 were decreased to some extent. The intracellular proteins were decreased by 5% 

in LNCap and by 36% in DU145 respectively, while the extracellular proteins were decreased by 

89% in LNCap and 96% in DU145 respectively. 

Talking about its treatment strategies, the Quantitative Structure-Movement Connections (QSAR) 

technique involves some statistical models that relate an arrangement of biological features from a 

progression of analogues with molecular properties, this is known as molecular descriptors. 

Examinations look to see how molecular properties beforehand recognized may impact some 

biological activities [10]. Both 2D and 3D QSAR studies have concentrated on the advancement of 

ideal QSAR models through factor determination. This suggests just a subset of accessible descriptors 

of chemical structures, which are the most important and statistically significant regarding connection 

with biological activity, is chosen. The ideal choice of factors was accomplished by various search 

and relationship techniques, for example, MLR, PLS examination and so on. All the more 

particularly, these strategies utilize either summed-up annealing, genetic algo, or evolutionary 

algorithms, as the stochastic optimization tool. It has been exhibited that these algos joined with 

different chemometric tools have viably enhanced the QSAR models contrasted with those without 

variable determination. In 3D QSAR the properties of molecules are calculated one by one by 

computer-aided programs.  

 

2. Materials and Methods 

There are different tools which are used for the 3D QSAR technique. 

 

2.1 ChemDraw 

ChemDraw is an editor tool for molecules or chemical structures. It takes chemical drawing to the 

next level through its features. We use this tool to form different chemical structures through different 

formulas. We can also clean up the structure. Other features include Chemical structure conversion 

and chemical name-to-structure conversion. Its different features accelerate the research even faster 

and enable new and growing areas of scientific research [11]. It can support different file formats like 

MOL, SDF SKC etc. 

 

2.2 PyMol 

PyMol is the open source software which is used to visualize different molecules. This molecular 

visualization system can form excellent 3D pictures of little particles and biological molecules, 

similar to proteins. As indicated by the creator, right around a fourth of every distributed picture of 

3D protein structures in the literature was made utilizing PyMol. This visualization software is widely 

used in structural biology. The Py part of PYmol stands for the programming language Python. In 

PyMOL, we have distinct molecule editing properties such as bond rotation other than that we have 

an intuitive molecular relaxation etc [12]. A similar protein structure also provides various modes 

like Standard cartoon, surface etc. Different features of this software help us a lot in distinct fields of 

biology in structural biology, we can easily visualise our 3D structure in a better way and check its 

mutation if any. 

 

2.3 Maestro Software 

Maestro is an exceptionally helpful software in the field of bioinformatics that incorporates different 

actions like displaying structures, and imagining the consequences of computations on these 

structures. It stands for Maestro stands for Managed Automation Environment for Simulation, Test, 

and Real-time Operations. It is the graphical UI (GUI) for all the computational projects like LigPrep 

(that is for the preparation of ligands), Field-based QSAR, and so on. This software consists of various 

features like we can form the structure of different molecules and then handling or operating that 
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structure for assembling or organizing. It can also store all the information of these structures and 

visualizing the consequences of results on these structures. 

The principle Maestro work process includes performing activities on the showed structures, to 

change the impression and content of the structures. Sometimes we only need to change just a piece 

of structure and maybe visualize only that part. So for this, maestro allows us to just select particular 

residues or atoms from the structure on which we want to work. In Maestro, we are continually 

working on a project and in this project, we gathered different chemical structures and all their 

information. In the project, we have specified an entry to each molecule or structure and its related 

data. The structures and information are sorted out into sections and each entry contains different 

properties of molecules [13]. All the projects are shown in the project table where all the entries are 

displayed and its related data is given. We can import the structures or data in formats like SYBYL 

mol2, mdl SD, sdf etc. 

Furthermore, Maestro adds two properties to the structures on import: the full path to the file from 

which the structures were imported (Source Path), and the file name without the path (Source File). 

By using this Project Table, we can continue our work and proceed through MOE. Molecular docking 

is also done in maestro which was used by us for the preparation of receptor-based models. Protein 

can be prepared in it and the water molecules are removed for the more pure form. Ligands were 

prepared in it as well.  

 

2.4 Molecular Operating Environment Tool 

The MOE tool helps us in the analysis of different molecules and also we can calculate distinct 

molecular features. QSAR's graphical interface is a door into the QSAR framework and enables the 

user to choose which descriptors to ascertain. The interface filters MOE and consequently recognizes 

QSAR modules. Through MOE, users can rapidly and effectively construct descriptors and include 

them in the framework; the inherent descriptor's source code is circulated with QSAR and is utilized 

as a template. When the computation of our descriptors is done then we further move towards the 

MOE QSAR model building step where we evaluate our model. After that, we do the model 

refinement where some more descriptors are calculated. The well-known technique named SAR 

(Structure-activity relationship) is essential in drug designing. QSAR methodology shows that our 

structure is associated with its biological activity and that as an outcome model can be demonstrated 

as a function of computational physiochemical properties. Then that model could be utilized for the 

prediction of its activity [14]. In the graphical interface of QSAR, we calculate the descriptors of all 

our molecules. There are different types of descriptors like 2D or 3D. Now after calculating these 

descriptors, we gathered them in a Molecular Database of the MOE system and we can view it by 

using Database Viewer in MOE. 

 

2.5 Sanjeev’s Lab Tool 

Sanjeev’s Calculator is used to convert the IC50 values of the derivatives into pIC50 values in 

micromolar units. IC50 represents the concentration at which a substance exerts half of its maximal 

inhibitory effect. This value is typically used to characterize an antagonist of a biological process (ex. 

phosphorylation). In pharmacology, it is an important measure of potency for a given agent. 

Traditionally, this value is expressed as a molar concentration. 

 

                                                        pIC50= -logIC50 

 

2.6 2D Molecular Descriptors 

2D sub-atomic descriptors are considered to be arithmetic properties that are computed from 

association portrayal of particles for example components, formal bonds and charges, but not the 

nuclear directions. 2D descriptors, in this way, are not subject to the compliance of particles and are 

almost appropriate for extensive database anticipates 
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2.6.1 Physical Properties 

The accompanying physical properties can be figured from the association table with no reliance on 

the compliance of a particle: 

 

Table2.1: Physical Properties Descriptors 

 

2.6.2 Subdivided Surface Areas 

The Subdivided Surface Areas are descriptors in light of an available van der Waals surface region 

estimation for every particle, vi alongside some other nuclear property, pi. The vi is figured utilizing 

an association table estimation. Every descriptor in an arrangement is characterized to be the total of 

the vi over all iotas, I with the end goal that pi is in a predefined extent (a, b].  

 

Table2.2: Surface Areas Descriptors 

Code Description 

SlogP_VSA0 It is the sum of vi where Li <= -0.4. 

SlogP_VSA1 Its sum of vi where Li is in (-0.4,-0.2]. 

SlogP_VSA2 It is the sum of vi where Li is in (-0.2,0]. 

SlogP_VSA3 It is the sum of vi where Li is in (0,0.1]. 

SlogP_VSA4 Its sum of vi where Li is in (0.1,0.15]. 

SlogP_VSA5 Its sum of vi where Li is in (0.15,0.20]. 

SlogP_VSA6 It is the sum of vi where Li is in (0.20,0.25]. 

SlogP_VSA7 It is the sum of vi where  Li is in (0.25,0.30]. 

SlogP_VSA8 It is the sum of vi where Li is in (0.30,0.40]. 

SlogP_VSA9 It is the sum of vi where Li > 0.40. 

SMR_VSA0 It is the sum of vi where Ri is in [0,0.11]. 

SMR_VSA1 It is the sum of vi where Ri is in (0.11,0.26]. 

Code Description 

Apol The sum of the atomic polarizabilities (including implicit hydrogens) with polarizabilities. 

Bpol The sum of the absolute value of the difference between atomic polarizabilities of all bonded 

atoms in the molecule (including implicit hydrogens) with polarizabilities. 

FCharge The total charge of the molecule  

Mr It’s Molecular refractivity. It is calculated from an 11-descriptor linear model with r2 = 0.997, 

RMSE = 0.168. 

SMR Molecular refractivity which includes implicit hydrogen. This is the atomic contribution 

model. The model was skilled in about 7000 structures. Results may vary from mr descriptor. 

Weight The molecular weight includes implicit hydrogens with atomic weights. 

logP(o/w) It is a Log of the octanol/water partition. It is calculated from a linear type atom model 

with r2 = 0.931, and RMSE=0.393 on almost 1,847 molecules. 

SlogP It is a Log of the octanol/water partition coefficient. It is the property that is the atomic 

contribution model which calculates the logP of a given structure. 

vdw_vol It's van der Waals volume that is calculated using the connection table approximation. 

Density Its molecular mass density.  

vdw_area It is an area of van der Waals surface that is calculated using a connection table approximation. 
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SMR_VSA2 It is the sum of vi where Ri is in (0.26,0.35]. 

SMR_VSA3 It is the sum of vi where Ri is in (0.35,0.39]. 

SMR_VSA4 It is the sum of vi where Ri is in (0.39,0.44]. 

SMR_VSA5 It is the sum of vi where Ri is in (0.44,0.485]. 

SMR_VSA6 It is the sum of vi where Ri is in (0.485,0.56]. 

SMR_VSA7 It is the sum of vi where Ri > 0.56. 

 

2.6.3 Particle Counts and Bond Counts 

The atom check and bond count descriptors are elements of the tallies of molecules and bonds 

(subdivided by different criteria). 

 

Table 2.3: Particle Counts and Bond Counts Descriptors 

Code Description 

a_aro No. of aromatic atoms. 

a_count No. of atoms which includes implicit hydrogens. It is calculated as the sum of (1 + hi) above all 

non-trivial atomss i. 

a_heavy No. r of heavy atoms. 

a_ICM It is atom information content. It is the entropy of element distribution in a molecule. Let nibe the 

no. of existences of atomic no. i in the molecule. Let pi = ni / n where n is the sum of ni. The value 

of a_ICM is negative of the sum of pi log pi. 

a_IC Its total atom information content.  

a_Nh No. of hydrogen atoms. It is calculated as the sum of hi above all non-trivial atoms plus no. of 

non-trivial hydrogen atoms. 

a_Nb No. of boron atoms.  

a_Nc No. of carbon atoms. 

a_Nn No. of nitrogen atoms.  

a_No No. of oxygen atoms. 

a_Nf No. of fluorine atoms. 

a_Np No. of phosphorus atoms. 

a_Ns No. of sulfur atoms. 

a_nCl No. of chlorine atoms. 

a_nBr No. of bromine atoms. 

a_Ni No. of iodine atoms. 

b_1rotN No. of rotatable single bonds. A bond is rotatable if it’s not in the ring and also the atom of the 

bond is where (di+hi) < 2. 

b_1rotR It's a fraction of rotatable single bonds. Here b_1rotN is divided by the b_count. 

b_ar No. of aromatic bonds. 

b_count No. of bonds. It is calculated as the sum of (di/2 + hi) above all non-trivial atoms ‘i’. 

b_double No. of double bonds.  

b_heavy No. of bonds among heavy atoms 

b_rotN No. of rotatable bonds. A bond is rotatable if it is not in a ring, and also the atom of the bond is 

where (di+hi) < 2. 
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b_rotR It's b_rotN divided by the b_count. 

b_single No. of single bonds. Aromatic bonds here are not measured to be single bonds. 

b_triple No. of triple bonds. Aromatic bonds here are not measured to be triple bonds. 

VAdjMa Vertex adjacency information. 1 + log2 m where m is the no. of heavy-heavy bonds. If m is zero, 

then zero is given back. 

VAdjEq Vertex adjacency information. -(1-f)log2(1-f) - f log2 f where f = (n2 - m) / n2, n is the no. of 

heavy atoms and m is the no. of heavy-heavy bonds. 

 

2.6.4 Kier and Hall connectivity 

Table 2.4: Kier and Hall connectivity descriptors 

Code Description 

chi0 Its atomic connectivity index. It is calculated as the sum of 1/sqrt(di) above all heavy 

atoms i with di > 0. 

chi0_C Carbon connectivity index. It is calculated as the sum of 1/sqrt(di) above all carbon 

atoms i with di > 0. 

chi1 It is calculated as the sum of 1/sqrt(didj) above all bonds among heavy atoms i & jwhere i < j. 

chi1_C Carbon connectivity index (order 1). This is calculated as the sum of 1/sqrt(didj) over all bonds 

between carbon atoms i and j where i < j. 

chi0v Atomic valence connectivity index (order 0).  This is calculated as the sum of 1/sqrt(vi) overall 

heavy atoms i with vi > 0. 

chi0v_C Its carbon valence connectivity index. It is calculated as the sum of 1/sqrt(vi) above all carbon 

atoms i. 

chi1v It is the atomic valence connectivity index. 

chi1v_C It is carbon valence connectivity.  

Kier1 It is the first kappa shape index which is (n-1)2 / m2  

Kier2 It is the second kappa shape index which is  (n-1)2 / m2  

Kier3 It is the third kappa shape index which is (n-1) (n-3)2 / p32 for odd.  

(n-3) (n-2)2 / p32 for even n. 

KierA1 Its first alpha improved shape index.  

KierA2 Its second alpha improved shape index. 

KierA3 Its third alpha improved shape index. 

KierFlex Its Kier molecular flexibility index is (KierA1*KierA2 / n ). 

Zagreb It is the sum of di2above all heavy atoms. 

 

2.6.5 Adjacency and Distance Matrix Descriptors 

Following are adjacency matrices of heavy atoms. 

 

Table 2.2: Adjacency and Distance Matrix Descriptors 

Code Description 

BalabanJ It is Balaban's connectivity topological index. 

Diameter It is the largest value in the distance matrix. 

Petitjean  (Diameter - radius) divided by diameter. 

Radius If ri is the largest matrix entry in a row of distance matrix D. The radius is well-defined as the 

smallest of  ri  
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VDistEq If m is the sum of distance matrix entries at that time VdistEq is defined to be the sum of 

log2 m - pi log2 pi divided by m where pi is no. of distance matrix. 

VDistMa If m is the sum of the distance matrix entries at that time VDistMa is well-defined to be the sum of 

log2 m - Dij log2 Dij divided by m above all i & j. 

WeinerPath Wiener path no. 

WeinerPol Wiener polarity no. 

 

2.6.6 Pharmacophore Feature Descriptors 

The Pharmacophore type descriptors are considered as bits of a particle and allot a sort to every 

molecule utilizing a control-based framework. This means hydrogens are stifled among the figuring. 

The list of capabilities is Acceptor, Donor, Polar which is both Donor and Acceptor, Negative 

(corrosive), Positive (base), Hydrophobic and others as well. For instance, - COOH will be composed 

in its deprotonated shape paying little respect to how the structure is put away. 

 

Table 2.6: Pharmacophore Feature Descriptors 

Code Description 

a_acc No.of hydrogen bond acceptor atoms did not include acidic atoms but included atoms. 

a_acid No. of acidic atoms. 

a_base No. of basic atoms. 

a_don No. of hydrogen bond donor atoms where not include basic atoms but included atoms.  

a_hyd No. of hydrophobic atoms. 

vsa_acc The sum of VDW surface areas of clean hydrogen bond acceptors where not including acidic atoms 

& atoms that are together with hydrogen bond donors and acceptor. 

vsa_acid Sum of VDW surface areas, acidic atoms. 

vsa_base Sum of VDW surface areas, basic atoms. 

vsa_don Sum of VDW surface areas, pure hydrogen bond donors where not including basic atoms & atoms 

that are together hydrogen bond donors & acceptors. 

vsa_hyd Sum of VDW surface areas, hydrophobic atoms. 

vsa_other Sum of VDW surface areas, "other". 

vsa_pol Sum  of VDW surface areas, polar atoms 

 

2.6.7 Partial Charge Descriptors 

Descriptors that rely upon the halfway charge of every particle of a synthetic structure require count 

of those incomplete charges. The accompanying variations are PEOE and Q. The Partial Equalization 

of Orbital Electronegativities (PEOE) strategy for figuring nuclear incomplete charges is a technique 

in which charge is exchanged among fortified molecules until balance. To ensure meeting, the 

measure of charge exchanged at every emphasis is checked with an exponentially scale factor. Q are 

stored in database with each structure. In this no partial charge has been used for atomic partial 

charges. This will help to have a subtle source of error. For example, QSAR models having no novel 

structures. 

 

Table 2.7: Partial Charge Descriptors 

Code Description 

Q_PC+ 

PEOE_PC+ 

Total +ive partial charge 
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Q_PC- 

PEOE_PC- 

Total -ive partial charge. 

Q_RPC+ 

PEOE_RPC+ 

Relative +ive partial charge 

Q_PRC- 

PEOE_RPC- 

Relative -ive partial charge 

Q_VSA_POS 

PEOE_VSA_POS 

Total +ive van der Waals surface area. 

Q_VSA_NEG 

PEOE_VSA_NEG 

Total -ive van der Waals surface area.  

Q_VSA_PPOS 

PEOE_VSA_PPOS 

Total +ive polar van der Waals surface area.  

Q_VSA_PNEG 

PEOE_VSA_PNEG 

Total -ive polar van der Waals surface area. 

Q_VSA_HYD 

PEOE_VSA_HYD 

Total hydrophobic van-der-Waals surface area.  

Q_VSA_POL 

PEOE_VSA_POL 

Total polar van-der-Waals surface area.  

Q_VSA_FPOS 

PEOE_VSA_FPOS 

Fractional +ive van der Waals surface area.  

Q_VSA_FNEG 

PEOE_VSA_FNEG 

Fractional -ive van der Waals surface area.  

Q_VSA_FPPOS 

PEOE_VSA_FPPOS 

Fractional +ive polar van der Waals surface area.  

Q_VSA_FPNEG 

PEOE_VSA_FPNEG 

Fractional-ive polar van-der-Waals surface area.  

Q_VSA_FHYD 

PEOE_VSA_FHYD 

Fractional hydrophobic van-der-Waals surface area.  

Q_VSA_FPOL 

PEOE_VSA_FPOL 

Fractional polar van-der-Waals surface area.  

PEOE_VSA+6 The sum of vi such that qi is greater than 0.3. 

PEOE_VSA+5 The sum of vi such that qi is in the range (0.25-.30). 

PEOE_VSA+4 The sum of vi such that qi is in the range (0.20-0.25). 

PEOE_VSA+3 The sum of vi such that qi is in range (0.15-0.20). 

PEOE_VSA+2 The sum of vi such that qi is in the range (0.10-0.15) 

PEOE_VSA+1 The sum of vi such that qi is in the range (0.05-0.10) 

PEOE_VSA+0 The sum of vi such that qi is in the range (0.00-0.05) 

PEOE_VSA-0 The sum of vi such that qi is in the range (-0.05-0.00). 

PEOE_VSA-1 The sum of vi such that qi is in the range (-0.10-(-0.05)) 

PEOE_VSA-2 The sum of vi such that qi is in the range (-0.15-(-0.10)) 

PEOE_VSA-3 The sum of vi such that qi is in the range (-0.20-(-0.15)) 

PEOE_VSA-4 The sum of vi such that qi is in the range (-0.25-(-0.20)) 

PEOE_VSA-5 The sum of vi such that qi is in the range (-0.30-(-0.25)) 

PEOE_VSA-6 The sum of vi such that qi is less than -0.30. 
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2.7 Correlation Matrix 

MS Excel is usually used to make different spreadsheets or databases. So, here we also used Excel to 

open our databases that we already created in MOE Tool and do the data analysis of all the cell lines 

separately through a correlation matrix. We also use the Maestro tool to open these databases as a 

spreadsheet in Excel in CSV or XML format. 

 

Table 2.8: Some eliminated Descriptors 
DESCRIPTION NAME PROPERTY 

Apol 

 

Sum of polarizabilities The sum of the atomic polarizabilities (including implicit 

hydrogens) with polarizabilities taken from [CRC 1994] 

A_aac A number of hydrogen bond acceptors hydrogen bond acceptor. 

A_don Number of hydrogen bond donor atoms No. of hydrogen bond donor atoms where not include basic atoms 

but included atoms that are both hydrogen bond donors &acceptors. 

A_donace   

A_heavy Number of heavy atoms No. of heavy atoms. 

B_ar Number of aromatic bonds No. of aromatic bonds 

A_hyd Number of hydrophobic bonds No. of hydrophobic bonds 

B_count Number of bonds No. of bonds including implicit hydrogens.  

B_heavy Number of heavy bonds No. of bonds between heavy atoms 

B_rotR Fraction of rotatable bonds B_rotN divided by heavy 

B_single Number of single bonds Including implicit hydrogen’s). This is calculated as the sum of (di/2 

+ h) over all non-trivial atoms i. 

Q_PC+ Total positive partial charge The sum of positive q1.Q_PC+ is identical to PC+ which has been 

retained for compatibility 

Q_PC- Total negative partial charge The sum of positive q1.Q_PC- is identical to PC- which has been 

retained for compatibility 

Q_VSA_FHYD Fractional hydrophobic vdw surface 

area 

The sum of vi where |qi| is <= to 0.2 divided by the total surface 

area.  

Q_VSA_HYD Total hydrophobic vdw surface area The sum of vi where  |qi| <= to 0.2 divided by the total surface area.  

Q_VSA_PNEG Total polar negative vdw surface area The sum of vi such that qi is less than -0.2 divided by the total 

surface area.  

Q_VSA_PPOS Total polar positive vdw surface area The sum of the vi is such that qi > 0.2 divided by the total surface 

area.  

Vsa_acc VDW acceptor surface area (A**2) The sum of VDW surface areas of uncontaminated hydrogen bond 

acceptors  

Vsa_acid VDW donor surface area (A**2) The sum of VDW surface areas of uncontaminated hydrogen bond 

acceptors where not include basic atoms & atoms that are both 

hydrogen atom donors & acceptors. 

Vsa_don VDW hydrophobe surface area (A**2) Sum of V-D-W surface areas of hydrophobic atoms. 

Vsa_hyd VDW other surface area (A**2) Approximation to sum of V-D-W surface area of atoms.  

Vsa_other VDW polar surface area (A**2) Approximation to the sum of V-D-W surface areas of polar atoms 

which are the atoms that are together hydrogen bond acceptor and 

donor. 

Vsa_pol No. of aromatic bonds No. of aromatic compounds 

 

2.8 SYBYL 

For 3DQSAR, SYBYL software is the better option to be used. The SYBYL provides a complete 

drug and molecular design environment with comprehensive tools for molecular modeling. It includes 

small molecule and macromolecular modeling and simulation also which leads to identification and 

optimization. With the SYBYL we can perform multi-criteria drug design and predict safety issues 

and/or off-target pharmacology. It is ligand-based or structure-based virtual screening. We can also 

design a chemical library in it. Most importantly, we perform lead optimization using a variety of 

QSAR methods such as CoMFA.  

 

3. Results 

3.1 Sketching Structures 

We have in total 85 derivatives of the bicalutamide drug on which we are working. First of all, we 

made all 85 structures through chemdraw which is an editor tool for molecules. These 85 structures 

are the derivative of bicalutamide an antiproliferative agent used to treat prostate disease. Our all 
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structures are characterized by the position or the nearness of the trifluoromethyl group, as its 

presence or absence can affect the activity of the biological molecules. By improving the 

pharmacological properties and medication-like physiochemical attributes of these compounds, we 

can enhance their antiproliferative activity. 

 

Table 3.1: Dataset of 85 Bicalutamide derivatives 
Index COMPOUND Ar(B ring) X R(A ring) Absolute IC50 (micromolar) 

22Rv1 DU-145 LNCaP VCaP 

1 3 (Bic.) 4-F-Ph SO2 4-CN,3 CF3 4.3 4.3 4.3 4.1 

2 22c 3-CF3-Ph S 4-CN,3 CF3 5.2 4.9 5.2 5.0 

3 22d 2-CF3-Ph S 4-CN,3 CF3 5.2 5.1 5.3 5.1 

4 22h 4-OCF3-Ph S 4-CN,3 CF3 4.3 4.1 4.3 4.3 

5 22o 4-CF3-2-Pyridine S 4-CN,3 CF3 4.2 4.0 4.0 4.0 

6 23b 4-CF3-Ph S 4-NO2, 3-CF3 4.7 4.6 4.5 4.6 

7 23c 3-CF3-Ph S 4-NO2, 3-CF3 5.2 5.0 5.1 5.0 

8 23d 2-CF3-Ph S 4-NO2, 3-CF3 5.3 5.1 5.3 5.3 

9 24a 4-F-Ph S 4-CN,2-CF3 4.5 4.3 4.5 4.3 

10 24c 3-CF3-Ph S 4-CN,2-CF3 4.8 4.6 4.9 4.6 

11 24d 2-CF3-Ph S 4-CN,2-CF3 4.9 4.7 4.9 4.7 

12 25a 4-F-Ph S 4-NO2, 2-CF3 4.7 4.5 4.9 4.6 

13 25b 4-CF3-Ph S 4-NO2, 2-CF3 4.8 4.7 5.0 4.7 

14 25c 3-CF3-Ph S 4-NO2, 2-CF3 4.9 4.8 4.9 4.7 

15 25d 2-CF3-Ph S 4-NO2, 2-CF3 4.9 4.7 4.9 4.8 

16 25f 3,4-F-Ph S 4-NO2, 2-CF3 4.0 4 4.0 4.0 

17 25g 2,4-F-Ph S 4-NO2, 2-CF3 4.8 4.6 4.9 4.7 

18 25h 4-OCF3-Ph S 4-NO2, 2-CF3 4.2 4.1 4 4.0 

19 25i 3-OCF3-Ph S 4-NO2, 2-CF3 4.8 4.6 5.0 4.7 

20 25l 2-OCF3-Ph S 4-NO2, 2-CF3 5.3 5.1 5.4 5.2 

21 25o 4-CF3-2-Pyridine S 4-NO2, 2-CF3 4.8 4.7 5.2 4.7 

22 25p 5-CF3-2-Pyridine S 4-NO2, 2-CF3 4.9 4.8 5.2 4.7 

23 26c 3-CF3-Ph S 4-CF3 4.7 4.5 4.6 4.7 

24 26d 2-CF3-Ph S 4-CF3 5.2 5.0 5.1 5.2 

25 26i 3-OCF3-Ph S 4-CF3 4.7 4.5 4.8 4.7 

26 27b 4-CF3-Ph O 4-CN, 3-CF3 5.1 4.7 5.1 5.0 

27 27c 3-CF3-Ph O 4-CN, 3-CF3 5.2 4.9 5.0 5.0 

28 27d 2-CF3-Ph O 4-CN, 3-CF3 4.9 4.7 5.0 4.7 

29 27f 3,4-F-Ph O 4-CN, 3-CF3 4.4 4.3 4.7 4.5 

30 27g 2,4-F-Ph O 4-CN, 3-CF3 4.4 4.3 4.4 4.4 

31 27i 3-OCF3-Ph O 4-CN, 3-CF3 5.0 4.7 5.0 5.0 

32 27o 4-CF3-2-Pyridine O 4-CN, 3-CF3 4 4 4 4 

33 28b 4-CF3-Ph O 4-NO2, 3-CF3 4.7 4.5 4.7 4.9 

34 28c 3-CF3-Ph O 4-NO2, 3-CF3 5.0 4.9 5.0 4.9 

35 28d 2-CF3-Ph O 4-NO2, 3-CF3 4.6 4.4 4.6 4.5 

36 28e 4-CN-Ph O 4-NO2, 3-CF3 4.5 4.4 4.7 4.5 

37 28f 3,4-F-Ph O 4-NO2, 3-CF3 4.7 4.6 4.8 4.7 

38 28g 2,4-F-Ph O 4-NO2, 3-CF3 4.6 4.6 4.9 4.6 

39 28h 4-OCF3-Ph O 4-NO2, 3-CF3 5.1 4.9 4.7 4.7 

40 28i 3-OCF3-Ph O 4-NO2, 3-CF3 5.0 4.8 5.0 5.0 

41 28l 2-OCF3-Ph O 4-NO2, 3-CF3 5.1 5.0 5.15 5.0 

42 28m 4-CN,2-CF3-Ph O 4-NO2, 3-CF3 5.2 5.1 5.2 5.0 

43 28n 4-CN,3-F-Ph O 4-NO2, 3-CF3 4.9 4.7 5.1 4.9 

44 28o 4-CF3-2-Pyridine O 4-NO2, 3-CF3 4.4 4 4.4 4 

45 29b 4-CF3-Ph O 4-CN, 2-CF3 4.5 4.4 4.5 4.6 

46 29c 3-CF3-Ph O 4-CN, 2-CF3 4.7 4.4 4.8 4.6 

47 29d 2-CF3-Ph O 4-CN, 2-CF3 4.7 4.4 4.8 4.6 

48 29e 4-CN-Ph O 4-CN, 2-CF3 4.3 4 4.4 4.2 

49 29f 3,4-F-Ph O 4-CN, 2-CF3 4.4 4.3 4.4 4.3 

50 29g 2,4-F-Ph O 4-CN, 2-CF3 4.2 4.0 4,5 4.2 

51 29h 4-OCF3-Ph O 4-CN, 2-CF3 4.5 4.4 4.5 4.6 

52 29i 3-OCF3Ph O 4-CN, 2-CF3 4.5 4.4 4.1 4.2 

53 29l 2-OCF3-Ph O 4-CN, 2-CF3 4.7 4.5 4.4 4.3 

54 29m 4-CN,2-CF3-Ph O 4-CN, 2-CF3 4.7 4.5 5.0 4.7 

55 29n 4-CN,3-F-Ph O 4-CN, 2-CF3 4.3 4.1 4.1 4.1 

56 29o 4-CF3-2-Pyridine O 4-CN, 2-CF3 4 4 4 4 

57 30b 4-CF3-Ph O 4-NO2, 2-CF3 4.7 4.6 4.8 4.7 
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58 30c 3-CF3-Ph O 4-NO2, 2-CF3 4.8 4.7 4.8 4.7 

59 31c 3-CF3-Ph O 4-CF3 4.5 4.5 4.7 4.7 

60 31d 2-CF3-Ph O 4-CF3 5.1 4.5 5.1 4.9 

61 31i 3-OCF3-Ph O 4-CF3 4.8 4.5 5.6 5.3 

62 32b 4-CF3-Ph SO2 4-CN, 3-CF3 4.6 4.4 4.6 4.5 

63 32c 3-CF3-Ph SO2 4-CN, 3-CF3 4.6 4.4 4.8 4.4 

64 32d 2-CF3-Ph SO2 4-CN, 3-CF3 4.3 4.2 4.3 4.2 

65 32h 4-OCF3-Ph SO2 4-CN, 3-CF3 4.7 4.5 4.4 4.4 

66 32o 4-CF3-2-Pyridine SO2 4-CN, 3-CF3 4 4 4 4 

67 33b 4-CF3-Ph SO2 4NO2, 3-CF3 4.7 4.6 4.7 4.5 

68 33c 3-CF3-Ph SO2 4NO2, 3-CF3 4.7 4.5 4.7 4.5 

69 33d 2-CF3-Ph SO2 4NO2, 3-CF3 4.7 4.4 4.5 4.5 

70 34a 4-F-Ph SO2 4-CN, 2-CF3 4.1 4 4.0 4.1 

71 34b 4-CF3-Ph SO2 4-CN, 2-CF3 4.5 4.3 4.4 4.3 

72 34c 3-CF3-Ph SO2 4-CN, 2-CF3 4.4 4.3 4.4 4.3 

73 34d 2-CF3-Ph SO2 4-CN, 2-CF3 4.0 4 4.1 4 

74 35a 4-F-Ph SO2 4-NO2, 2-CF3 4.3 4.2 4.4 4.2 

75 35b 4-CF3-Ph SO2 4-NO2, 2-CF3 4.5 4.3 4.5 4.3 

76 35c 3-CF3-Ph SO2 4-NO2, 2-CF3 4.7 4.4 4.7 4.4 

77 35d 2-CF3-Ph SO2 4-NO2, 2-CF3 4.5 4.3 4.6 4.4 

78 35f 3,4-F-Ph SO2 4-NO2, 2-CF3 4.4 4.3 4.7 4.4 

79 35g 2,4-F-Ph SO2 4-NO2, 2-CF3 4.5 4.3 4.7 4.2 

80 35h 4-OCF3-Ph SO2 4-NO2, 2-CF3 4 4 4 4 

81 35i 3-OCF3-Ph SO2 4-NO2, 2-CF3 4.7 4.5 4.9 4.6 

82 35l 2-OCF3-Ph SO2 4-NO2, 2-CF3 4.5 4.4 4.7 4.2 

83 35o 4-CF3-2-Pyridine SO2 4-NO2, 2-CF3 4 4 4 4 

84 35p 5-CF3-2-Pyridine SO2 4-NO2, 2-CF3 4.3 4.2 4.3 4.2 

85 52 2-CF3-Ph S 4-NO2, 3-CF3 5.8 5.8 6.1 5.5 

 

3.2 W741L Mutation 

Through PyMOL we superimposed the two structures wild type and mutated type of bicalutamide 

drug and enzalutamide drug and checked where the W741L mutation occur. The Green Structure is 

1z95 is the Androgen Receptor LBD (Ligand-binding Domain) of bicalutamide and the Pink Structure 

is 3v49 is the Structure of Enzalutamide arlbd with activator peptide and sarm inhibitor 1. 

 

 
Figure 3.1: Superimposition of 1z95 (bicalutamide) and 3v49 (enzalutamide) drug 

In the W741L mutation, the tryptophan is mutated with leucine in 741 position. The highlighted 

yellow portion is W (Tryptophan) and the red portion is L (Leucine). 

 
Figure 3.2: Close Visualization of W741L 
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3.3 Structure Minimization 

By using Maestro software, we form the structure of different molecules and then operate that 

structure for assembling or organizing and do the structure minimization by adding hydrogens. We 

also store all the information of these structures and visualizing the consequences of results on these 

structures. 

 

3.4 Database Construction 

After that, we form 4 databases of four human cell lines i.e.: 22Rv1, DU-145, LNCaP and VCaP of 

Prostate Cancer on MOE Software. In these databases, we first change the IC50 (Inhibition Constant) 

values of all the cell lines into pIC50 which is a negative log of IC50 in the micromolar unit. After 

converting the IC50 values, we calculated the 2D descriptors of all the cell lines separately. We also 

calculate the RMSE and R2 values of all the descriptors before pruning. Now we open these databases 

in MS Excel in CSV or xlsx format and perform data analysis. In MS Excel, we eliminate all the 

descriptors containing zero values and form the correlation matrix in Excel. 

 

3.5 Pruning of Descriptors 

Now we set a threshold value that is 0.8 and eliminate all those values which are greater than 0.8 

because these values show the highest correlation. That means the two descriptors having the highest 

correlation values are strongly dependent upon each other and we want all independent values. So 

this step of eliminating the descriptors based on threshold value is called Pruning. Now we form a 

correlation matrix of all the cell lines i.e.: 4 in MS Excel.  

 

 
Figure 3.3: Correlation Matrix of LNCaP cell line 
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3.6 Calculating the RMSE and R2 Value Before and After Pruning 

After Pruning, we again calculate the RMSE or R2 value of all the cell lines in MOE Software and 

then compare the values before and after pruning. 

 

Table 3.2: RMSE and R2 value of four cell lines 
Cell Lines RMSE R2 

22Rv1 Before Pruning 25.8132 0.567917 

After Pruning 0.292571 0.647506 

DU-145 Before Pruning 26.9971 0.527709 

After Pruning 0.352569 0.545097 

LNCaP Before Pruning 0.00284395 0.9999 

After Pruning 0.054005 0.9984 

VCaP Before Pruning 0.00284395 0.9999 

After Pruning 0.00213235 0.9999 

 

RMSE value is a root-mean-square error (RMSE) (or sometimes root-mean-squared error) and is a 

frequently used measure of the differences between values (sample and population values) predicted 

by a model or an estimator and the values observed and R2 is a correlation coefficient or cross-

validation coefficient of our model. Here are the results of RMSE and R2 values before and after 

pruning of different descriptors. The RMSE value of the first two cell lines that is 22Rv1 and DU-

145 decreases after pruning and the R2 value increases after pruning whereas the RMSE value of the 

other two cell lines that is LNCaP and VCaP increases and the R2 value remains the same. 

 

3.7 3D QSAR 

3.7.1 Training and Test Set 

Several reported methods were present to divide the compounds into test and training sets for further 

processing e.g., Random selection, Hierarchical clustering, Kennard stone algorithm etc. The nth 

selection method also known as the Activity Sorting Method is used for dividing the compounds into 

test sets and training datasets. First of all, we divide our 85 derivatives into training and test sets. 66 

derivatives in the training set and 19 derivatives in the test set. After that, we changed the format from 

.sdf to .mol and put all the derivatives in MOE for energy minimization. 

 

3.7.2 Energy Minimization 

Now as indicated by some computational model, the inter-atomic force of each atom is calculated. 

The position on PES (potential energy surface) is a stationary point and the net force is adequately 

near zero. All the obtained structures are needed to minimize its physical significance and to stabilize. 

After energy minimization, these structures are optimized and are useful in many experimental 

investigations in the field of bioinformatics. OMEGA and MOE both are for energy minimization 

separately.  

 

3.7.2.1 MOE 

MOE tool can be used for the energy minimization of all the derivatives. After this step, the format 

should be changed from mol to mol2 to support the SYBYL software for further investigations. After 

the changing of the format, the following steps are done for 3DQSAR. 

 

3.7.2.2 Omega 

Omega was used using the Linux operating system. All the derivatives were converted to mol2 format 

and the energy was minimized using commands for the test and training test when combined. 

 

3.7.3 Constructing databases after minimization 

After the minimization of all the derivatives, in Sybyl software, the spreadsheet was created having 

all derivatives and a database named db-prostate. Sybyl software has been noted to be suitable for 

this QSAR technique and for creating a database in it. 
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3.7.4 Template structure 

The derivative having the highest PIC50 and with the lowest IC50 value here, it has been noted that 

the derivative named 52 has these properties. This has been selected as a common substructure.  It 

has the following common structure shown in the figure in sybyl. 

 

3.7.5 Ligand-Based Model 

To develop a 3D QSAR model another step is alignment, probably the most crucial requirement for 

3D QSAR study. There are different methods of compound alignment such as Structure based and 

Ligand based. In this study, substructure-based molecular studies are used. Before alignment, a 

database of our compounds (test and training) was made. Alignment is done based on the lowest 

energy conformation or the “bioactive conformation”. Alignment of the database of test and training 

set compounds was done based on the common substructure shown and the template compound. All 

the compounds were fitted to the template molecule which is 52. Template compound is selected 

based on the highest activity which in in this study is molecule 52 exhibiting greater pIC50.  

 

3.7.6 Alignment of database 

In this, we aligned our database and selected the derivative having the highest PIC50 and the lowest 

IC50 value. The aligned database has been named align-db-popstarate. We opened and aligned all 

other structures in that template and then created the aligned database based on the common 

substructure. 

 

 
Fig 3.4: Common Substructure of all derivatives 

 

 
Fig 3.5: Ligand Based Alignment of Datasets minimized with Omega Tool 
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3.7.7 Assigning Charges 

Alignment of inhibitors was done based on the lowest energy conformation for ligand-based model 

generation. After database alignment, the next step is model building. For designing ligand-based 

models different types of charges such as Gasteiger Huckle, Gasteiger Marsilli, MMFF94 Partial 

Charges and Pullman charges were assigned to select the model with the best and most accurate 

results because different charges yield different results for developed models. Certain parameters 

which were used to generate a ligand-based and receptor-based model are as follows: “N =optimal 

number of components; q 2 (LOO) = Standard cross-validated correlation coefficient; r 2 

(NoV)=determination coefficient; SEE = non-cross-validated standard error; F = Fischer’s F-value; 

pred r 2 =Predictive r 2; S = steric, E = electrostatic, H = hydrophobic field; D= donor ; A= acceptor; 

r 2 bs = r 2 obtained after bootstrapping for 100 runs; SDbs = bootstrapping standard deviation; r 2 

CV(mean) = mean r 2 of crossvalidation in 10 groups”. The next step after charge assignment and 

molecular alignment is model generation. 

 

3.7.8 Model Generation 

3.7.8.1 CoMFA and CoMSIA  

This is the last step of model generation. Our model is generated by  CoMFA and CoMSIA. Now if 

we talk about CoMFA which is Comparative Molecular Field Analysis, we calculated two interaction 

values in CoMFA which are steric and electrostatic. Steric Interaction is calculated based on Lennard-

Jones potential whereas electrostatic interaction is calculated based on Coulombic potential. In 

SYBYL software, the grid spacing is generated automatically for the calculation of CoMFA fields. 

Now the next one is CoMSIA which is Comparative molecular similarity index analysis, here we not 

only calculate the values of steric and electrostatic fields but also computed the values of some other 

force fields which are hydrophobic, hydrogen-bond donor and hydrogen-bond acceptor fields. All 

numerical calculations were executed in a similar way as for CoMFA analysis. CoMSIA does not 

need any strict cutoffs due to which many important data points may be eliminated and has a more 

natural display of contour maps. CoMSIA models also remain unchanged when the orientation of 

molecules is altered and are resistant to small changes in regions. This is the reason why CoMSIA 

models are believed to be superior to CoMFA models. 

 

3.7.8.2 PLS and Predictive r 2 

The PLS analysis that is Partial Least Squares is also known as regression analysis. This is very 

helpful for analyzing the QSAR model. Here the pIC50 values and CoMFA and CoMSIA descriptors 

were utilized as independent variables. 

 

This methodology gives highly stable, precise and analytical models for descriptors. To select the 

model which probably has the maximum predictive values, we have performed the cross-validation 

analysis. The non-cross-validated analysis is performed when the optimum number of components is 

determined. The predicted values of the PRESS, F-value (Fischer’s Test Value), r 2 cross-validated 

and standard error of estimate values were calculated by SYBYL The predictive power of the 3D 

QSAR models, built based on the training set is observed by our 19 test set compounds. The predicted 

activities of the test set through CoMFA and CoMSIA models are obtained by the command called 

Predict. The bootstrapping analysis is also performed for 10 runs to evaluate the effectiveness of the 

derived models. Predictive r 2 value helps to express the ability of two models (CoMFA and CoMSIA 

models). The cross-validated value is somehow equal to the predictive r2 value. It is based on the test 

set molecules. The predictive r 2 value is defined as: 

 

r2pred=
(𝑆𝐷−𝑃𝑅𝐸𝑆𝑆)

𝑆𝐷
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In this equation, PRESS is the sum of the square deviation between the predicted and observed 

activities of the test molecules and the sum of the square deviation between the mean activity of the 

training set and the biological activities of the test set is shown by SD. 

 

3.7.8.3 External and Internal Validation of 3D QSAR Models 

A model is being evaluated either by external validation or internal validation. The most frequently 

used statistical measures which are used to evaluate the importance of the developed model are as 

follows: The minimum suggested values for a significant QSAR model are:- 

 

r2: (coefficient of determination)    > 0.7 

q2: (leave one out, cross-validated)  > 0.5 

r2 (no validation)  > 0.5 

Predictive r2: (r2 for external test set)   > 0.5 

SEE: (standard error of estimate)   smaller is better 

F-test: (F-test for statistical significance of the model)   higher is better 

 

3.7.8.3.1 Partial least squares analysis 

Internal validation is done by the PLS method which is used to associate the inhibitory pIC50 values 

as dependent variables to the CoMFA and CoMSIA descriptor fields as independent variables.  

 

3.7.8.3.2 Leave One Out 

The value of standard q 2 was obtained by using the leave-one-out (LOO) method in which the 

resultant model is built by removing one compound and this new model is then used for predicting 

the activity of the excluded compound. The process is repetitive until all the compounds have been 

removed one by one from the complete dataset. 

 

3.7.8.3.3 Non-Cross Validation 

The optimal number of components, variance r2, standard error of estimate (S) and F ratio were 

obtained by a non-cross-validation analysis. The non-cross-validated analysis is also used to make 

predictions of the pIC50 values of the training set by the test set. 

 

3.7.8.3.4 Bootstrapping 

For internal validation of a generated 3D QSAR model, bootstrapping is also used. Here compounds 

are randomly chosen from the whole dataset and random sub-samples from the whole dataset are 

repetitively evaluated. The features of the samples that are not included are predicted from the 

randomly chosen compounds. The greater value of bootstrap validation tells that the model is robust. 

 

3.7.8.3.5 Cross-Validation 

Cross-validation is another method for internally evaluating a 3D QSAR model. It gives the value of 

r 2 which is generally less than the overall r2. It is also helpful in validating the predictive power of 

a model. Here the subsets of the whole dataset are repeatedly treated with regression. A molecule is 

removed only once per turn and predicted values of that removed molecule are being utilized to 

calculate the value of r2. 

 

3.7.8.4 External Validation 

For externally evaluating the 3D QSAR-developed model, the predictive ability of the model is 

determined by a test set consisting of 19 compounds. External validation is necessary because 

ambiguity is still there even if the results of internal validation are of high quality. Many authors also 

recommended that the predictive ability of the generated model be evaluated by relating the actual 

and predicted pIC50 values of the test set structures. External validation is done by the same method 

by aligning the test set compounds with the training dataset and then their inhibitory activities are 

predicted by the generated 3D QSAR model. A good external predictability value for predicted r2 
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should be > 0.6. Finally, the newly designed compounds were also tested and included in the 

predictive r2 calculations. 

  

Table 3.3: 3D QSAR model of LNCaPcell line results with MMFF94Charges 
MMFF94Charges LigandBased Model (LNCaP) 

85 Compounds 

Parameters COMFA COMSIA 

N 1 1 

q2(loo) 0.154 0.160 

r2(nov) 0.859 0.782 

SEE 0.126 0.157 

F 73.265 43.025 

Pred-r2   0.373 0.345 

Steric (S) 0.379 0.109 

Electrostatic (E) 0.621 0.348 

Hydrophobic (H) - 0.226 

Donor (D) - 0.137 

Acceptor (A) - 0.180 

r2bs 0.926 0.871 

SDbs 0.024 0.035 

r2cv 0.163 0.153 

 

Table 3.4: 3D QSAR model of DU-145cell line results with MMFF94Charges 
MMFF94Charges LigandBased Model (DU-145) 

85 Compounds 

Parameters COMFA COMSIA 

N 4 5 

q2(loo) 0.282 0.260 

r2(nov) 0.921 0.860 

SEE 0.076 0.102 

F 138.970 73.516 

Pred-r2 0.558 0.501 

Steric (S) 0.429 0.109 

Electrostatic (E) 0.571 0.352 

Hydrophobic (H) - 0.226 

Donor (D) - 0.157 

Acceptor (A) - 0.156 

r2bs 0.956 0.917 

SDbs 0.014 0.022 

r2cv 0.280 0. 268 
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Table 3.5: 3D QSAR model of VCaP cell line results with MMFF94Charges 
MMFF94Charges LigandBased Model (VCaP) 

85 Compounds 

Parameters COMFA COMSIA 

N 1 1 

q2(loo) 0.281 0.223 

r2(nov) 0.929 0.820 

SEE 0.085 0.158 

F 157.477 72.180 

Pred-r2 0.569 0.820 

Steric (S) 0.384 0.093 

Electrostatic (E) 0.616 0.349 

Hydrophobic (H) - 0.246 

Donor (D) - 0.120 

Acceptor (A) - 0.92 

r2bs 0.956 0.885 

SDbs 0.017 0.026 

r2cv 0.274 0.209 

 

Table 3.6: 3D QSAR model of 22Rv1 cell line results with MMFF94Charges 
MMFF94Charges Ligand-Based Model (22Rv1) 

85 Compounds 

Parameters COMFA COMSIA 

N 4 5 

q2(loo) 0.365 0.430 

r2(nov) 0.956 0.872 

SEE 0.062 0.105 

F 215.115 81.788 

Pred-r2 0.561 0.550 

Steric (S) 0.398 0.120 

Electrostatic (E) 0.602 0.358 

Hydrophobic (H) - 0.247 

Donor (D) - 0.121 

Acceptor (A) - 0.153 

r2bs 0.955 0.917 

SDbs 0.014 0.021 

r2cv 0.355 0.346 

 

Out of 85 derivatives 19 are in the test set i.e: 22h,22o,25f,25h,25l,26c,26i,27o,28e,28m,29e, 

29i,29o,32o,34d,35o,52,25p and 35h and remaining 66 are in the training set. By applying distinct 

charges, we check the outcomes of our model. The better model generated by CoMFA and CoMSIA 

was attained through MMFF94 Charges. Different parameters were used for the evaluation of our 3D 

QSAR model like Cross Validated Coefficient, Standard Error Estimate and F-Statistic Values. Our 

results of the CoMSIA and CoMFA models are based on Ligand Models. The ligand-based modelling 

of cell line 22Rv1 is the best among all the cell lines i.e.: DU-145, LNCaP and VCaP. The values of 

q2 (r2 cv)= 0.355 for the CoMFA model and q 2 (r 2 cv)= 0.346 for the CoMSIA model. 
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3.7.8.5.1CoMFA Model 

PLS analysis was done, and the result of the best cell line among all 4 is listed in Table 3.6. Our 

results show that the model generated by CoMFA has cross cross-validated value is 0.355 and a non-

cross-validated value is 0.956. The value of F is 215.115 and the value of the standard estimate error 

is 0.062. Now the steric field value is 0.349 whereas the electrostatic field value is 0.062. This is the 

result of our model generated by CoMFA through our 85 derivatives. 

 

3.7.8.5.2 CoMSIA Model  

Similar to the CoMFA model, PLS analysis for the CoMSIA model was also done for the training 

set. The results of the best cell line among all 4 are also listed in Table 3.6. Our results show that the 

model generated by CoMSIA has cross cross-validated value is 0.346 and a non-cross-validated value 

is 0.8725. The value of F is 81.788 and the value of standard estimate error is 0.105. Now the steric 

field value is 0.120 and the electrostatic field value is 0.358. Furthermore, In CoMSIA, we have some 

other fields also so the value of Hydrophobic is 0.247, the value of hydrogen bond donor is 0.121 and 

the value of hydrogen bond acceptor field is 0.153. All the fields for CoMFA and CoMSIA models 

add up to 1 separately. These results indicate that the CoMSIA and CoMFA models are reliable. The 

predicted inhibitory activities are also listed in Table 3.6. All the results demonstrate that the CoMSIA 

model is also fairly predictive. 

 

4. Discussions and conclusion 

Prostate cancer is the cause of men's death worldwide and it is most frequently spreading in Europe 

as well. It is mostly among 67-74 aged men. It depends on a number of factors and has different stages 

accordingly. Treatment can be surgery, chemotherapy or hormonal therapy as well. Prostrate cell 

growth is strongly dependent on androgens, which are present in males as a hormone. Stopping the 

androgen function or say that inhibiting it would be very beneficial for the patient to survive [15]. 

Anti-androgen drugs have been designed and more efficient drugs are still being designed to resolve 

this issue.  Flutamide, nilytamide, biaculamide, enzalutamide are all non-steroidal drugs which have 

been approved for the treatment of prostate cancer. The main issue with the androgen receptor here 

is a mutation, which causes the drug to function as an agonists [16]. Among the drugs, Bicalutamide 

and enzalutamide have been selectively used to block the androgen receptor. The most sensitive cell 

lines for prostate cancer to androgen hormones are 22RV1, DU145, LNCaP, and VCaP. The most 

sensitive of these four is LNCaP according to the research work [17]. We have used these four cell 

lines along with the inhibition values of Bicalutamide derivatives. 

Bicalutamide derivatives have been used computationally to build models to analyze the statistical 

values. Eighty-five derivatives have been derived with the QSAR technique through 2D-QSAR and 

3D-QSAR [18]. First, the 2D-QSAR database was made in which a total of 192 descriptors have been 

calculated in MOE software. After the calculation, many of the descriptors had the value 0 which was 

removed from the database and many of them had the same value which was also has been removed. 

The results before pruning and after pruning for cell line LNCaP and VCaP were not changed and 

were the same as 0.99 which was a good value. Most of the good results are better at 0.9 value for r2 

[19].  

The most critical step in the QSAR was energy minimization various software and outputs have been 

observed for it. It was done through MOE software and OMEGA on the Linux operating system 

through commands. The results with the minimization after in MOE showed value low value of q 

square through PLS (partial least square) in the software sybyl for which we had to minimize the 

energy in OMEGA as well. Again the values and PLS were done in which the value was no more 

than 0.3. The values with the minimization with MOE were still better than OMEGA. OMEGA 

energy minimization did not show any improvement and this might be the reason for OMEGA failure 

[20]. To make the value of q square, molecular docking studies were done using the maestro software.  

In molecular docking studies, the basic purpose of it is to predict the appropriate binding site of the 

ligand and bond all the derivatives [21] which with do the confirmation of the structure which might 

be the possibility to improve our model in sybyl software. The result for PLS and q square were still 
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not more than 0.36 for the 22RV1 cell line using MMFF charges. From this, we concluded that the 

minimization from different software and even molecular docking had no major effect on the model 

building of the 3DQSAR technique. MOE-minimized derivatives were used because they had better 

results than omega-minimized derivatives and from maestro as well. Using MOE minimized 

molecules, the 22RV1 cell line was predicted to be better than the other 3 cell lines i.e. DU145, 

LNCaP, VCaP.   

According to the research work of the European Journal of Medicinal Chemistry, Bicalutamide and 

enzalutamide have been proven to be better than other non-steroidal inhibition compounds for 

androgen receptors [22]. These 2D descriptors have given better results as compared with the 3D-

QSAR model. However, some of the results for androgen receptor inhibition had better results with 

the 3D-QSAR technique [23]. 

2D-QSAR (r2) results were mostly noted to be greater than 3D-QSAR (q2) [24, 25] which may be 

because of the descriptors defined in the software. In 2DQSAR, sub-divided surface area descriptors, 

pharmacophore descriptor features and adjacency and distance matrix etc are favorable descriptors 

for structures of derivatives due to which results have increased in r2 [26]. The values of descriptors 

which were zero or the same in the column were eliminated due to which the best results of 2D QSAR 

are obtained as compared to 3D QSAR. 
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