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2.1: QSAR and its development 

In 1868 Crum-Brown and Fraser formulated relationship between the physiological 

activity of alkaloids with its chemical structure [1]. In the same year Richardson also 

expressed the idea that the chemical structure of a substance as a function of solubility. In 

1893, Richet suggested that their toxicities of organic compounds were inversely related 

to their water solubilities [3]. Overton and Meyer correlated partition coefficients of a 

group of organic compounds with their anesthetic potencies and concluded that narcotic 

activity is dependent on the lipophilicity (olive oiVwater partition coefficients) of the 

molecules [ 4-5]. Louis Hammett correlated electronic properties of organic acids and 

bases with their dissociation constants and reactivity. He postulated electronic sigma-rho 

constants and established the linear free-energy relationship (LFER) principle [ 6, 7]. In 

1939 Ferguson correlated depressant action with the relative saturation of volatile 

compounds in their vehicle and gave a thermodynamic generalization to the toxicity [8]. 

Bruce, Kharasch, and Winzler were constructed a group contribution to biological activity 

values in a series of thyroid hormone analogs. This study may be considered as a first 

Free Wilson-type analysis [9]. Zahradnik constructed an equation similar to the Hanunett 

equation, which was used for three decades to describe the reactivity of organic 

compounds in a quantitative manner [10-12]. 

The extensive work of Bell and Roblin (1942) established the importance of ionization of 

a series of sulfanilamides with their antibacterial activities [13]. 

The theoretical QSAR approaches developed at the end of 1940s. In this approach 

biological activities and physico-chemical properties correlated to theoretical numerical 

indexes derived from the molecular structure. The first topological index based on the 

graph theory was developed by Wiener. The Wiener index [14] and the Platt number [15] 
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used as a topological descriptor in 1947 to constructed a QSAR model. The elementary 

work of Taft in 1950s was developed a relationships between physico-chemi?al properties 

and solute solvent interaction energies, based on steric, polar, and resonance parameters 

for substituent groups in congeneric compounds [ 16]. 

In 1962 Hansen constructed relationship between the toxicities of substituted benzoic 

acids and the electronic cr constants of their substituents, which is the first real Hammett 

type relationship [17]. 

The extensive work of Hansch the QSAR approach began to assume its modem look in 

1960s. The definition of Hansch model led to the explosion of QSAR analysis and is 

known as Hansch analysis. Prof. Corwin Hansch proposed the use of linear multiple 

regressions in order to predict the biological response of compounds yet to be synthesized 

[18~21]. In this approach, each chemical structure is represented by several parameters 

which explain hydrophobicity, steric and electronic properties and is generally formalized 

into the following equation. 

log~= a(hydrophobic parameter)+ b(electronic parameter)+ c(steric parameter)+ 

constant (1) 

Where C represents the molar concentration producing the biological effect; a, b and c are 

the regression coefficients. Hansch et al analyzed the anti adrenergic activities of meta 

and para substituted N, N-dimethyl-a-bromo-phenethylamines [22]. Hansch proposed 

equation 2. 

1 
log;;= 1.22rr + 1.59cr + 7.82 (2) 

n = 22; r = 0.918; s = 0.238 
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Where 1t is the hydrophobic substituent bonding constant [23], cr represents the 

Hammett's substituent constant for electronic effects; n is the number of compounds; r is 

the correlation coefficient, and s is the standard error of the estimate. Hansch's 

methodology has been basically applied to examine different biological data such as 

affinity data, inhibition constant, pharrnacokinetic parameters and applied in the frame 

work of diverse therapeutics areas such as antibacterial, anticancer and antimalarial drugs. 

At the same time, besides the Hansch approach, Free and Wilson developed a 

methodology of additive substituent contributions to biological activities. The Free

Wilson approach (1964) is a structure activity-based methodology because it incorporates 

the contributions made by various structural fragments to the overall biological activity 

[24]. It is represented by following equation. 

(3) 

BA is the biological activity, u is the average contribution of the parent molecule, and ai 

is the contribution of each structural feature; xi denotes the presence Xi = 1 or absence Xi 

= 0 of a particular structural fragment. The inhibitory activity of a series of heterocyclic 

compounds against K. pneumonia has been studied by Free-Wilson type analysis [25]. 

Other applications of the Free-Wilson approach also applied on the antimycobacterial 

activity of 4-alkyl- thiobenzanilides, the antibacterial activity of fluoronapthyridines, and 

the benzodiazepine receptor-binding ability of some non-benzodiapzepine compounds 

such as 3-X-imidazo- [1, 2-b] pyridazines, 2-phenylimidazo [1, 2-a] pyridines, 2-

(alkoxycarbony) imidazo [2, 1 p] benzothiazoles and 2-arylquinolones [26,27]. 

In 1971, Fujita and Ban simplified the Free-Wilson equation estimating the activity for 

the series of non substituted compound and derived an equation that used the logarithm of 
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activity, which brought the activity parameter in line with other free energy related terms 

[28]. 

(4) 

In equation 8, u is the calculated biological activity value of the unsubstituted Parent 

compound of a particular series. Gi denotes the biological activity contribution of the 

substituents, whereas Xi is the presence (Xi = 1) or absence (Xi = 0) of a particular 

structural fragment structure. This method has the advantage of being independent of the 

possible problems associated with the calculation of molecular descriptors. 

In 1970s, the used of quantum-chemical descriptors in QSAR modeling [29], although 

they actually were conceived several years before to encode information about important 

properties of molecules in the framework of quantum-chemistry. The valuable work of 

Balaban [30], Randic [31], Kier and Hall [32]led to developed of the QSAR approaches 

based on topological indexes. Since the mid-1980s, leading to the development of the 3D

QSAR based on the geometrical aspects of molecular structures. Geometrical descriptors 

were obtained from the 3D spatial coordinates of a molecule, such as shadow indexes 

[33], charged partial surface area descriptors [34], WHIM descriptors [35], gravitational 

indexes [36], EVA descriptors [37], 3D-MoRSE descriptors [38], and GETAWAY 

descriptors [39]. 

In 1976, Kubinyi examined the transport of drugs via aqueous and lipoidal compartment 

systems and further refined the parabolic equation of Hansch to develop an advanced 

bilinear (non-linear) QSAR model [ 40]. 

Log 1/C =a log P- b log (p P+ 1) + k (5) 

46 



Connectivity indices based on hydrogen suppressed molecular structures are rich in 

information on branching, 3-atom fragments, the degree of substitution, proximity of 

substituents and length, and hetero atom of substituted rings [ 41-42]. 

The Variations on this activity-based approach was extended by Klopman et al. and 

Enslein et al. Topological methods were used to construct the relation between molecular 

structure and physical/biological activity, [ 43-44]. 

In the early 1980s, Hans Konemann and Gilman Veith was developed multi-class-based, 

hydrophobic dependent models for industrial organic chemicals that must share credit for 

the revival ofQSAR [ 45-46]. 

In 1980, Dietrich et al. was constructed a quantitative structure-activity relationship for 

the inhibition of purified E. coli dihydrofolate reductase by 23 5-(substituted benzyl) -2,4-

diaminopyrimidines and Comparison of the QSAR for E. coli enzyme inhibition with that 

previously obtained for bovine enzyme offers the first general explanation for greater 

selectivity of the important antibacterial agent trimethoprim [ 47]. 

A quantitative structure-activity relationship was formulated by Hansch for the binding of 

a set of substituted benzene sulfonamides to human carbonic anhydrase. Qualitative 

aspects of the QSAR are correlated with a color stereo molecular graphics model of the 

enzyme-inhibitor complex which was constructed from the X-ray crystallographic 

coordinates of the enzyme [ 48]. 

An analysis of the inhibition constants of pyrazoles, phenylacetarnides, 

formylbenzylamines, and acetamides acting on liver alcohol dehydrogenase (ADH) yields 

quantitative structure-activity relationships (QSAR) having a linear dependency on 

octanol-water partition coefficients (log P). Authors are suggesting that complete 
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desolation of the substituents on binding to the enzyme. Study of a molecular graphics 

model of ADH constructed from the X-ray crystallographic coordinates shows that the 

substituents are surrounded in a long hydrophobic channel which is so narrow that water 

of solvation must be removed from them in the binding process [ 49]. 

Morgenstern et a!. Study the hydrolysis of a set of 28 X-phenyl Hippocrates and derived a 

quantitative structure-activity relationship. Using the x-ray crystallographic coordinates 

for chymotrypsin and computer graphics, a model was constructed which is used to 

understand the quantitative structure activity relationship. They found that when polar 

substituents have the option of binding to hydrophobic space or remaining in the aqueous 

phase [50]. 

In 1979, Cramer and Milne was proposed a new approach to describe molecular 

properties by aligning molecule in space and by mapping their molecular field to a 3D 

grid [51]. Vectors were extracted from these fields by principal component analysis and 

correlated with the biological activities. Later this approach was further developed as the 

DYLOMMS (dynamic lattice-oriented molecular modeling system) method (Kubinyi et 

a!.) [52]. Svante Wold (1986) was proposed the use of partial least squares (PLS) analysis 

to correlate the field values with the biological activities. This method is more suitable 

than principal component analysis [52-55]. 

Cramer in 1988, proposed a new approach in the field of QSAR of three-dimensional 

molecular parameters and the method was called comparative molecular field analysis 

(CoMFA), which was later developed as 3D-QSAR [56]. The method is still under active 

development and has found many successful applications. The conformers, stereo isomers 

or enantiomers of chemical compounds in 3D-QSAR models allowed the comparison 

molecular structures thereby setting up a representative structural group known as the 

' 
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pharmacophore [57,58]. Other 3D-QSAR approaches have been developed, such as 

Comparative Molecular Similarity Indices Analysis (CoMSIA) [58, 59] or Self 

Organizing Molecular Field Analysis (SomFA) [60], some of which incorporate 

comparisons of.different sets of molecular descriptors. 

Thomas et. a!. describe a three-dimensional molecular modeling program using 

comparative molecular field analysis to derive quantitative structure-activity relationship 

fitting pharmacological potencies and binding affinities of cannabinoids. The analysis has 

established to precisely fit the pharmacological activity of cannabinoid analogs, with 

cross-validated r values of greater than 0.3 and final analysis r values of greater than 

0.88. Additionally, this study has further characterized the steri-c and electrostatic 

properties that account for the variations in their potency. This method can be utilized for 

designing cannabinoid agonists and it is capable of predicting the activity of unknown 

and thereby to facilitate rational drug design [ 61]. 

Waller et a!. constructed a staiistically significant QSAR model using lipophilic and 

dipole moment characteristics of the molecules as physical descriptor variables in the 

regression equation. Comparative molecular field analysis (CoMFA) was employed as a 

three-dimensional QSAR technique to explore changes in the steric and electrostatic 

fields of the molecules that can account for differences in biological activity values. A 

highly predictive model was achieved. These modeling techniques represent the 

evolutionary process by which structure-activity methods were employed for the 

development of more potent inhibitors of astrocytic chloride transport [ 62]. 

Hansch et a!. developed comparative QSAR (C-QSAR), incorporated in the C-QSAR 

program (1997) [63]. 
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Hologram QSAR (HQSAR) was developed by Heritage and Lowis in 1997. In this model 

the structures are converted into all possible fragments, which are assigned specific 

integers, and then hashed into a fingerprint to form the molecular hologram. The bin 

occupancies of these holograms are used as the QSAR descriptors, encoding the chemical 

and topological information of molecules [ 64-65] 

Cho et a!. developed Inverse QSAR, which try to find values for the molecular 

descriptors that possess a desired activity/property value. In other words, it consists of 

finding the optimum sets of descriptor values best matching a target activity and then 

generating a focused library of candidate structures from the solution set of descriptor 

values [66]. 

In 1999, Labute developed Binary QSAR to handle binary activity measurements from 

high-throughput screening, and molecular descriptor vectors as input. A probability 

distribution for actives and inactives is then determined based on Bayes' Theorem [67]. 

A three-dimensional quantitative structure-activity relationships (3D QSAR) method, 

Comparative Molecular Field Analysis (CoMFA), was applied to a set of 75 

dipyridodiazepinone (nevirapine) derivatives active against wild-type (WT) and mutant

type (Y181C) HIV-1 reverse transcriptase. All dipyridodiazepinone derivatives, divided 

into a training set of 53 derivatives and a test set of 22 derivatives, were constructed. 

CoMFA models give the satisfactory predictive ability regarding WT and Y181C 

inhibitions, with r2 cv = 0.624 and 0. 726, respectively. The results obtained provide 

information for a better understanding of the inhibitor-receptor interactions of 

dipyridodiazepinone analogs [68]. 

Zefirov et a!. constructed a QSAR model using solvation index and obtained a very good 

one-parameter regression. They are generated the structures of the whole possible set of 
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small sulfides (C2-C6) and the statistics were recognized by real prediction using an 

external test set of sulfides. The variants of extended prediction with extrapolated data 

and QSAR using an expanded training set were also performed, and all these data also 

revealed the preference of the solvation index [69]. 

Golbraikhet. a!. used two-dimensional (2D) molecular descriptors and k nearest neighbors 

(kNN) QSAR method for the analysis of several datasets. No correlation between the 

values of q2 for the training set and predictive ability for the test set was found for any of 

the d.atasets. They assumed that the high value ofLOO q2 appears to be the necessary but 

not the sufficient condition for the model to have a high predictive power. They also 

argued that this is the general property of QSAR models developed using LOO cross

validation and formulate a set of criteria for evaluation of predictive ability of QSAR 

models [70]. 

A novel and effective method for drug design and screening was developed by Liu et a!. 

They used to develop quantitation and classification models which can be used as a 

potential screening mechanism for a novel series of 5-diarylimidazoles inhibitors of 

COX-2 and calculated constitutional, topological, geometrical, electrostatic, and 

quantum-chemical features. Quantitative modelling results in a nonlinear, seven-

. descriptor model based on SVMs with root mean-square errors of 0.107 and 0.136 for 

training and prediction sets, respectively. The accuracy for training and test sets is 91.2% 

and 88.2%, respectively [71]. 

Basak et a!. Used different classes of graph theoretic indices, e.g., topostructural indices, 

topochemical indices, geometrical (3D) indices and, quantum chemical descriptors, for 

the development of predictive models for vapor based on a structurally diverse set of 469 

chemicals. Initially, a set of 379 molecular descriptors was calculated. Comparatively, 
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three linear regression methodologies were used to develop hierarchical QSAR 

(HiQSAR) models, namely ridge regression (RR), principal components regression 

(PCR), and partial least squares (PLS) regression. The results indicate that, in general, RR 

outperforms PCR and PLS, and that the easily calculated topological descriptors are 

sufficient for the prediction of vapor pressure based on this large, diverse set of chemicals 

[72]. 

A linear quantitative structure-activity relationship was developed for a series of para

substituted aromatic sulfonamides by using topological index methodologies [Melagraki 

et al.]. They were calculated large series of topological indices and the stepwise 

regression method was employed to derive the most significant model. A brilliant result 

was achieved using multi-parametric •regressions and the work is quite useful for 

modeling carbonic anhydrase inhibition [73]. 

Kuz'minet. al. was constructed a QASR using the 50% cytotoxic concentration (CC50) in 

HeLa cells, the 50% inhibitory concentration (IC50) against human rhinovirus 2 (HRV-

2), and the selectivity index (SI = CC50/IC50) of [(biphenyloxy) propyl] isoxazole 

derivatives. Statistic characteristics for partial least-squares models are quite satisfactory 

(R2 = 0.838 - 0.918; Q2 = 0.695 - 0.87) for prediction of CC50, IC50, and Sl values. 

Models are permitting the virtual screening and molecular design of new compounds with 

strong anti-HRV-2 activity [74]. 

A quantitative structure activity relationship ~QSAR) analysis has been performed on a 

data set of 42 aryl alkenyl amides/imines as bacterial efflux pump inhibitor using several 

types of descriptors including topological, spatial, thermodynamic, information content 

and E-state indices. Statistically significant model (?=0.87) was obtained with the 

descriptors like radius of gyration and heat of formation, A log P atom types and solvent 
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accessible charged surface area playing an important role in determining the activity of 

the compounds against bacterial efflux pump. The model was also tested successfully for 

external validation criteria. The model able to predict the activity of new compounds but 

also explained the important regions in the molecules in a quantitative manner [75]. 

A method in its embryonic stage of development uses both graph bond distances and 

Euclidean distances between atoms to calculate E-state values for each atom in a 

molecule that is sensitive to conformational structure. Recently, these electrotopological 

indices that encode significant structured information on the topological state of atoms 

and fragments as well as their valence electron content have been applied to biological 

and toxicity data [76]. 

2.2: Future Prospects 

Quantitative structure activity relationship (QSAR) one of the most popular theoretical method for 

modeling the manner in which chemical structure of a compound correlate with the biological 

activity and physical, chemical and technological properties. Using this approach we can now 

estimate biological activities and physical or chemical properties of series of newly designed 

compounds before making the fmal conclusion on whether or not to synthesize. Such predictions 

are based on several structural features, or molecular descriptors of compounds. The variations in 

biological activity with molecular structures are essential concepts for development of QSAR 

models and also the importance of proper building and validation of models. QSAR is a promising 

method that facilitates the drug discovery Process. QSAR can also be used in industries apart 

from drug design such as food industry, [30-agro chemicals, fme chemical industry, and material 

design. The selection of descriptors in QSAR studies is one of the major challenges. Also biggest 

challenges in QSAR studies using three-dimensional descriptors are to generate the bioactive 

conformation of the molecules. Ligand-based methods, including traditional quantitative structure 
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activity relationships (QSARs) and modem 3D-QSAR techniques are based entirely on 

experimental structure activity relationships for receptor ligands. 

Because docking used in 3D-QSAR gives a static snapshot of the dynamic ligand binding process 

and several studies have suggested using molecular dynamics simulations. Molecular dynamics 

simulations of substrate molecules the motional properties and also understand the structural 

variations of such multibody complexes under physiological conditions. Therefore MD 

simulations were carried out with eJ>plicit solvent of the binding poses of the identified biological 

hits. They _are helped in evaluating the stability of the binding site interactions of protein and 

ligand (drug molecule) and also identify perturbations in the interaction profiles that would not be 

possible through docking studies. 

The increasing resistance of harmful microorganisms to conventional antibiotics has 

created demand for new antimicrobial agents. Computational approaches such as 

chemoinformatics and bioinformatics are accelerating the process of antimicrobial drug 

discovery and design of new potent antimicrobial drugs by a rational basis for the 

selection of chemical structure. 

Now Genomics, molecular simulation and dynamics, molecular docking, 

structural/functional class prediction, and quantitative structure-activity relationships 

(QSARs) have all benefited from the genomic and proteomic databases and have thus 

become standard tools in the develop novel products for treating infections. The major 

parts of the research has been focused on the design of new antimicrobial drugs, motional 

properties of protein, binding cavity of drug and interactions between drug and its 

substrate (protein). Therefore these lead to the development of new potent drugs. 
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