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Abstract: In silico drug design is the study to identify, develop, analyze, optimize drugs or biologically cum pharmaceutically 

active compounds by using computerized software programs as well web servers. In silico drug design is commonly known as 

computer aided drug design or CADD in short. This technique shows a vital role in preclinical drug design and development. 

CADD can improve the speed of drug design.  

It reduces time as well as total cost of the experiments. Potent cum suitable molecules are prepared after performing in silico 

drug design including CADD.  

Various applications like confirmation generation, homology modeling, multiple sequence alignment, molecular docking study, 

generation of Pharmacophores, virtual screening, de novo drug design, QSAR (Quantitative structure activity relationships) 

study, molecular modeling, in silico ADMET (Absorption, distribution, metabolism, excretion and toxicity) prediction of CADD 

has been implemented to design newer molecules.   

The current study focuses on different strategies cum approaches through computer aided drug designing applied to find potent, 

efficient and safe molecules in the field of drug discovery. 

Keywords: CADD, drug design, molecular docking, Pharmacophores, virtual screening, de novo drug design, QSAR, molecular 

modeling. 

 

I. INTRODUCTION 

Drug design & discovery is a process to find newer active, potent and safe molecules.  In silico drug design is one of the processes 

under drug design through different computerized software and web servers [1]. It is very long process. It takes about many years to 

find newer molecules.  

It is extremely expensive methods. Drug design is very important now a day as because most of the drugs are resistant. They are not 

activated in body when they are administered due to resistance. So those kinds of drugs are inactivated. To prevent the resistance, 

drug design is very necessary parameters in Pharmaceutical field. Drug design generally starts from identification of target to 

validation of newer compounds. This designing process is usually having 5-6 main steps. Different steps include identification of 

target, validation of target, lead identification, lead optimization and then comes to find potent compounds after its ADMET 

prediction and trial [1-2].  

CADD is two types, one is structure based drug design, another one is ligand based drug design. Strategies like Homology 

modeling, confirmation generation of ligand and receptor, finding of active site of receptor, molecular docking, pharmacophore 

generation, QSAR modeling, ADMET prediction, statistical analysis have been used in this process [3-4]. Different types of 

software programs cum web servers like Chem sketch, Protein data bank  (PDB), Chem draw, UCSF Chimera, Rasmol, auto dock 

tools, Pharmagist, ZINC, E-dragon, Padel descriptors, ALOGPS, etc. are used to design and find newer molecules [5-6]. 

Applications of CADD can spread over a larger area to find different potential inhibitors against different diseases. Many newer 

diseases came to the world and no drug of choice is available to treat the diseases. Newer molecules can be designed easily through 

CADD.  
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II. STEPS OF DRUG DESIGN AND DISCOVERY [1-2, 7] 

 

 
Figure 1: Steps of drug design and discovery 

 

III. DIFFERENT APPROACHES OF CADD [1-5, 8] 

1) Bioinformatics including Homology modeling and prediction of active site of receptor 

2) Cheminformatics 

3) Molecular docking 

4) Pharmacophores generation 

5) Virtual screening 

6) De novo drug design 

7) QSAR  

8) Molecular modeling 

9) In silico ADMET prediction 

 

A. Bioinformatics 

Bioinformatics is the study to find and design receptor structure. It is the branch of science in which computer science, biological 

science and information technology merges in a single discipline [4, 7-9]. Different types of web servers like Protein data bank can 

be used to find the structure of receptors. Software programs and web servers like Modeller, Swiss prot, ClustalW, Rasmol, 

EMBOSS, ENTREZ, BLAST (Basic local alignment search tool), FASTA can be used to find unknown structures of receptors cum 

sequences [4, 9-10]. Homology modeling is the study to find the Crystallographic and complex structures of unknown receptor [4, 

11]. At first, sequence can be noted, then preliminary structure of unknown receptor has been developed and it can be validated 

through software programs. After finding of receptor structures, active site of receptors can be identified through ligplot. Ligplot is 

the receptor-ligand interaction. Different web servers are available in where ligplot can be done [4, 12-14]. From ligplot, X,Y and Z 

coordinates of receptors can be noted. Bioinformatics is one of the major step of computer aided drug designing as because the 

importance of receptors study in respect of finding newer molecules [4, 15].  

 
Figure 2: Bioinformatics (Structure of receptor) 
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B. Cheminformatics 

Cheminformatics is having its vital importance in CADD. Cheminformatics is the process to study the structure, properties of 

ligands. It is also called as chemical informatics. Without ligand structure, CADD study cannot be verified. Different types of 

software programs cum web servers can be used to find, draw and design newer molecules. By using Chem Sketch, Chem Draw, 

Marvin draw, Pubchem web server, Chemspider web server, etc [1-3, 16-20]. ligand structure can be prepared. Different properties 

of ligands can be checked by using different software programs. In QSAR, we can find the molecular descriptors of the ligand. The 

molecular descriptors are also called as physicochemical properties of the ligand. These physicochemical properties can also be 

checked through different servers like padel descriptors, ALOGPS, E-dragon web server, etc [1-3, 21].   

 
Figure 3: Cheminformatics (Structure of ligand) 

 

C. Molecular Docking 

It is the process of receptor-ligand interactions. Receptor is a macromolecules or bigger shape in size. These receptors are having 

too many interaction sites. These are basically protein in nature. The ligand is a small molecule as compared to receptor. The 

receptor has one binding pocket or site. Basically, this site is suitable for receptor-ligand interactions [1-4, 22]. This site is called as 

active site of receptor. The ligand is fitted to the active site of receptor. The theory or principles of docking is based on lock and key 

mechanism in where lock as receptor and key as ligand. The attachment of ligand to the active site of receptor can be done by strong 

intermolecular interactions like hydrogen bond formation, ionic bond creation, etc. So in words, molecular docking is the study to 

observe the attachment of ligand to the active site of receptor through intermolecular interactions [1, 23-26]. Intermolecular 

interactions can be calculated by measuring docking score or binding energy. Different types of software programs can be used for 

molecular docking. Auto dock tool is one of the software used to measure binding energy. It is also used for docking analysis like 

validation of docking. This tool can be used to generate huge numbers of poses of ligand (molecule) in the binding site (active site) 

of the targeted receptor and also used to find affinity for binding of each pose of ligand [27]. Different package software programs 

can be used to find docking score of each pose of ligand. This type of software is basically worked force field under molecular 

mechanics. Force field is the total energy of each pose of a ligand to the active site of receptor. The software like auto dock tools is 

basically having one input point and output point. At first the conformation of ligand and receptor can be prepared. In input, the 

ligand and receptor conformer can be given with active site coordinates of the targeted receptor [28]. After given input data, 

different program of the software can be run. In the output part of the software, the binding affinity cum energy can be auto 

calculated with respect of too many pose of ligand to the active site of the receptor [29]. Docking analysis can be done after finding 

output data containing binding energy. Docking analysis is the process to check or validate the correctness of the docking of ligand 

to the active site of receptor. Different types of docking are available now a day’s like Rigid binding, Flexible binding, Semi-

flexible docking, etc [28-30].  
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1) Rigid Docking: In rigid docking, the receptors and ligands are rigid in nature. They are not flexible. Different criteria’s for 

ligand like bond length, bond angles, torsion angles, etc are not modified during docking. In this type of docking the molecule 

or ligand cannot change or alter their spatial shape. Patch dock is an application for molecular docking [1-3, 31]. The principle 

of the application is based on size and shape of complementary. Through this application, at first molecular shape 

representations like convex, concave, flat surface patches, etc can be done. After that by implementing surface patch matching 

techniques, convex patches are matched with concave and flat patches. Next step is filtering based on the successful rate of 

binding of ligand to the active site of receptor. Therefore, the unacceptable docking is not accepted due to steric hindrance. The 

highest fitted ligands to the active site of receptors can be selected. Another one program is FRED (Fast rigid exhaustive 

docking) [1-5, 32].  

2) Flexible Docking: Flexible docking is the process in where input molecules are flexible or the receptors and ligands are flexible 

in nature. The receptors and ligands can flexibly interact with each other and they are able to form conformer. Strong 

intermolecular interactions created due to flexible attachment of both. Flex dock is one of the applications under flexible 

docking [1-4, 33]. 

3) Semi-Flexible Docking: In case of semi-flexible docking, the receptor is basically rigid or fixed and the ligand is flexible [1-3, 

34].  

 
Figure 4: Molecular docking of a ligand to the active site of targeted receptor 

 

Molecular docking is an important application of computer aided drug design. Newer lead molecules can be obtained by lead 

identification and optimization techniques.[by molecular docking] 

 

D. Pharmacophores Generation 

Pharmacophore is the features of molecules that are very important to show biological activity for molecules. Based on the 

molecular features, the molecules can provide the biological activity. The molecules shows the biological activity only for its 

pharmacophoric features. Various types of software programs, web servers like Pharmagist, Ligandscout, CATALYST, etc can give 

the pharmacophoric features of molecules [1-5, 22, 35]. Different types of pharmacophoric features are [1-5, 22, 36]: 

1) Hydrogen Bond Acceptor: This type of feature usually fit with sp or sp2 nitrogen atoms, sp or sp3 oxygen or sulphur atoms 

include lone pair and charge less than or equal to zero. 

2)  Hydrogen Bond Donor: This type of feature usually fit thiols, acetylenic hydrogens, non-acidic hydroxyls groups. 

3) Hydrophobic: This type of feature usually fit phenyl, cycloalkyl, isopropyl and methyl groups.  

4) Negative Ionisable: This type of feature usually fit Trifluoromethyl sulphonamide hydrogens, sulphonic acids, phosphonic 

acids, tetrazoles. 

5) Positive Ionisable:  This type of feature usually fit basic amines, basic secondary amidines. 

6) Ring Aromatic:  This type of feature usually fit 5 or 6 membered aromatic rings. 
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Figure 5: Pharmacophoric features of a molecule 

E. Virtual Screening 

Virtual screening is the screening process of larger database into smaller database. This technique is also called as VS in short. It is a 

searching tool by that way similar types of ligands bind to the active site of receptor can be identified from the tool. In this 

techniques, large set of libraries include molecules database can be identified based on pharmacophoric features, receptor-ligand 

interactions, etc [35-37]. The molecules are screened and filtered from larger set database of molecules. Screening can also be done 

by filtering different pharmacokinetic (Absorption, distribution, metabolism and excretion) and toxicity parameters. It is one of best 

approach for virtual screening technique. By this technique, maximum molecules are filtered. Different types of software programs, 

web servers like ZINC, ligandscout, etc can be used for virtual screening. Virtual screening is basically three types [35, 38].  

1) Ligand Based Virtual Screening: In this screening, pharmacophoric features of known molecule can be identified. Similar 

molecules based on size, shape, etc from the pharmacophoric features search through virtual screening tools and matched with 

known molecules to find best interaction in between receptor-ligand [35, 39]. 

2) Structure Based Virtual Screening: In this method, based on receptor-ligand interactions (docking score) screening can be done. 

The  goal of the method is to construct unknown protein structure (homology modelling) and find protein interaction sites. 

According to the concept, active molecules can be screen through virtual screening software programs cum web servers from 

large libraries of molecules. Through molecular dynamic simulations, virtual screening can also be possible [35, 40]. 

 
Figure 6: Virtual screening procedure (Pharmacophores based virtual screening) 

 

F. De Novo Drug Design 

De novo drug design is one of vital applications of CADD. This technique is used to find structures of new lead molecules for fitting 

into the binding site of receptor. Different types of docking software programs, web servers can be used for de novo drug design. 

There are two types of de novo drug design [1-3, 41]. 

1) Template Process: The template structure can be identified and modified through template method. This template structure 

should be fitted to the active site of the targeted receptor to develop binding affinity. This type of method basically starts from 

searching or identifying the database for suitable template structures. Software for an example like CAVEAT can be used to 

identify the template structure and fit this configuration to the active site of receptor to improve its binding energy [1-5, 42].  

2) Component Fragment Process: The binding site of receptor is having different atoms and groups. These atoms and groups can 

create intermolecular interactions like hydrogen bonding with a suitable molecule or ligand. Software program like LUDI can 

identify and select the fragments based on the size cum shape of binding site of targeted receptor. This program also fit these 

fragments to the binding site of receptor to check, improve and validate the binding affinity. In this method, all of the structures 

are rigid in nature and the intermolecular interactions like bonds can show degree of free rotation [1-3, 43]. 
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G. QSAR 

QSAR is Quantitative structure activity relationship. QSAR study is very important in CADD. The main aim or objective of QSAR 

is to find the molecular descriptors cum physiochemical properties of compounds and correlates the physiochemical parameters to 

the biological activity of compounds [1, 44]. This is a statistical method. Another one objective of QSAR is to improve potency and 

efficiency of compounds. QSAR study is used to validate the compounds [1-2, 45]. This study saves cost of practical experiments. 

QSAR supports green chemistry. Molecular descriptors are the basic features cum subparts of the compound structure. Through 

different software programs and web servers, molecular descriptors of compounds can be calculated. After calculating molecular 

descriptors of compounds, statistical and mathematical applications through graphical representations (physicochemical parameters 

vs biological activity) can be implemented to improve the efficiency cum potency of the compounds. If all the data of 

physicochemical parameters and biological activity of compounds are suitably explained or correlated through different statistical 

analysis then the aim cum objectives of QSAR study is successful [9, 46]. Molecular descriptors are divided into three divisions like 

biological properties, intrinsic properties and physicochemical properties. Examples of biological properties are LD50, IC50, MIC 

(Minimum inhibitory concentration), etc. Intrinsic properties are linked to the structure of compound. Intrinsic properties are 

molecular weight, molecular volume, surface area, etc. Physicochemical properties are divided into three subparts like partition 

parameters or hydrophobicity parameters, steric parameters and electronic parameters [22, 47]. Hydrophobicity parameters 

describes that how the compounds can quickly cross the cell membrane. These parameters improve the receptor-ligand 

intermolecular interactions. By changing different substituents of the compound, hydrophobicity of compounds can be changed [22, 

48].   

1) Partition Effects: Partition parameters or hydrophobicity parameters are partition coefficient, lipophilic substitution coefficient, 

distribution coefficient, etc. Partition coefficient (P) is defined as the ratio of unionized drugs between two liquid (n-octanol and 

water) phases.  

P = 
    

    
 

logP is defined as the logarithmic ratio of concentration of the unionized drug in two phases. Hydrophobic molecules prefer 

generally high partition coefficient value as because they can able to dissolve in n-octanol phase or layer. Hydrophilic molecules 

prefer generally low partition coefficient value as because they can able to dissolve in water or aqueous phase or layer. Distribution 

coefficient (D) is the ratio of concentration of unionized and ionized drugs in between aqueous medium and organic solvent [22, 

49]. 

2) Electronic Effects: Electronic parameters of different substituents of compounds are used to measure electron donating or 

electron withdrawing abilities of substituents. Electronic factors of substituent of a compound may create the affect on 

compound’s polarity or ionization. One example of electronic parameter is Hammett substituent constant. Hammett constant is 

the ability of electron donates or electron withdraws of a substituent of compound [1-3, 50]. This value can be calculated by 

determining dissociation of substituted benzoic acid and dissociation of parent benzoic acid (without substitution) [1-5, 51]. 

After that those values for substituted compound and parent compound can be compared. Benzoic acid is weak acid therefore it 

can dissociate or ionizes in water moderately. If the substituent of parent benzoic acid is having the ability to withdraw electron 

then entire aromatic ring with carboxylate anion after dissociation can be more stable. On the other hand, parent benzoic acid 

with substituents is having the capacity to donate electron then entire aromatic ring with carboxylate anion after dissociation 

can be less stable compared to previous one. Hammett substituent constant is not applicable for the substitution on ortho 

position as because in ortho position, the substitution can show the steric effect. This constant is suitable for the substation on 

meta and para position [2-5, 52].  

3) Steric Effects: Steric parameters or factors represent that how the size and shape of a drug can correlate with the binding affinity 

cum interaction to the active site of the receptor. Steric parameters are Taft’s steric factors, verloop steric factors, molar 

refractivity, etc [1-3, 53-54]. Steric factors are also related to the bulkiness of the compound. The bulky substituent of a 

compound generates strong intermolecular interactions in between the molecule and receptor. So the binding affinity can be 

increased. Taft’s steric factor can be measured by finding the hydrolysis rate of substituted aliphatic ester and comparing it with 

a standard parent ester in acidic conditions. Another one steric factor is verloop steric parameter. These parameters are bond 

angles, bond length, van der waal radii, etc. Basically, the steric parameters are calculated for the substituted compounds 

through computerized software program sterimol [1-3, 55-56]. Molar refractivity is one of the steric parameter. It is expressed 

by MR. Molar refractivity is the measurement of volume captured by atoms. MR is calculated by this equation [1-3, 57-58]: 
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MR = 
( )

( )
  X  

 

Where, n = Refractive index 

d = Density 

MW = Molecular weight 

 = Volume 

 

Therefore, the physiochemical properties of compound can be defined as the physical properties, chemical properties, and structural 

properties cum parameters.  

QSAR study is divided in several categories like 2D-QSAR (Hansch analysis, Free-wilson approach), 3D-QSAR (COMFA, 

COMSIA), etc. 

 

a) Hansch Analysis 

Hansch proposed that the biological activities of drugs are correlated with the combination of physicochemical properties or 

parameters of drugs. This incident can be explained through Hansch equation [1-3, 59-60]. 

log( ) = K1logP+K2σ+K3ES+K4 (If logP values are smaller in range) 

log( ) = -K1(logP)2+K2logP+K3σ+K4ES+K5 (If logP values are larger in range) 

 

Where, P= = Partition coefficient 

Es = Taft’s steric factor 

σ = Hammett substituent constant 

K1-K5 = Constant 

log( ) = biological activity 

Different types of physicochemical properties like partition coefficient, Hammett substituent constant, Taft’s steric factor, Verloop 

steric factor, Molar refractivity, etc can be measured by using different descriptors finding software programs like padel descriptors, 

ALOGPS, E-dragon, etc. Then the graphical plot of biological activity vs physicochemical properties of drug can be drawn and after 

that statistical analysis can be performed. If all the data are successfully correlates with each another then QSAR model is validated. 

If regression value is above 0.9 then the QSAR study is successfully completed. 

 

b) Free Wilson Approach 

In this method at first biological activity of parent molecule is identified. The substitution on parent molecule can be done. Then the 

biological activity of substituted compound can be calculated. The biological activity of parent molecule is compared with the 

activities of substituted analogues. This approach expressed by one equation [1, 61]: 

Activity = K1X1+K2X2+K3X3+.........+KnXn+Z 

Where, Xn = Indicator variable (value 1 or 0) 

Kn = The contribution that each substituent show the activity 

Z = Constant showing the overall average activity of all the structure 

This method is very critical for rationalizing the results cum data. This method cannot able to describe that why a substituent on the 

compound at a particular position is good, bad or best for showing the biological activity. 

 

c) 3D-QSAR (COMFA, COMSIA) 

In 3D-QSAR, different variables of electrostatic and steric interactions like hydrophobic, hydrogen bond acceptor, hydrogen bond 

donor, etc of molecules are identified through different descriptor generating software programs. Through PLS (Partial least square) 

statistical study is used to plot variables cum different molecular descriptors against biological activity to correlate the biological 

activity with molecular descriptor variables. CoMFA is comparative molecular field analysis and CoMSIA is comparative molecular 

similarity indices analysis. 3D-QSAR technique is most advanced technique as compared to 2D-QSAR [2-3, 62]. 
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H. Molecular Modeling 

Molecular modeling is the study of designing, representing, identifying, modifying, and generating the 3D-structures of compounds 

with its different physical and chemical properties. The objective of molecular modeling is to improve the biological activity of the 

compound through generating intermolecular interactions in between receptor and ligand. Different types of computerized tools are 

used to find the conformations of molecules by predicting vibrational conformations. Intermolecular interactions can be measured 

by finding total energy of the molecule. Total energy is basically the combinations of two types of interactions like bonded and non 

bonded interactions whereas bonded interactions include bond angle stretching, bond angle bending, rotation of torsion energy, bond 

angle, etc as well as non bonded interactions include van der waal, coulomb interactions, etc [48, 63]. Energy minimization is very 

important technique under molecular modeling. Sometimes unwanted intermolecular interactions can be present. Energy 

minimization is used to modify these interactions and calculate total energy of the molecule. There are two types of molecular 

modeling  such as molecular mechanics and quantum mechanics [64]. 

1) Molecular Mechanics: Molecular mechanics describes the number of atoms and how the study of atoms can influence the 

molecular behaviour. Molecular dynamic study is one of the important approach under the molecular mechanics study in where 

this study can be used to find the motion including kinetic energy of molecules.  

2) Quantum Mechanics: Quantum mechanics is used to generate quantized energy. The main goal of the study is to the find the 

behavioural characterization of electron and nuclei as well as orbitals of atoms. 

 

I. In silico ADMET Prediction 

This step is very important to check pharmacokinetic properties of drugs like ADME (Absorption, distribution, metabolism and 

excretion) and toxicity. This step is carried out after all of the important functions regarding drug design in CADD. Most of the 

compounds are screened through this technique. Several software programs like TOPKAT, DEREK, Multi CASE tool, etc can able 

to find the ADMET of drugs. This step is based on the Lipinski’s rule of filtration. Some of important parameters of the molecules 

associated with Lipinski’s rule can be checked through different software programs cum web servers. Lipinski’s rule was discovered 

by Christopher A. Lipinski. The rule explained that orally active drugs must main following criteria [65]: 

1) Hydrogen bond donor (HBD) in a compound is not greater than 5. 

2) Hydrogen bond acceptor (HBA) in a compound is not greater than 10. 

3) Molecular weight (MW) of a compound is less than 800 gms or 500 daltons. 

4) Partition coefficient (logP) of a compound is not more than 5. 

5) The range of polar surface area (PSA) of a compound is not more than 190 A2. 

6) Molar refractivity (MR) range of a compound is within 40-130. 

7) The number of total atoms in a compound is within 20-70. 

8) The number of total rotatable bonds in a compound is not more than 10. 

 

IV. CONCLUSION 

Computer aided drug design or CADD in short is very important approach under in silico drug design. CADD is divided in two 

types like ligand and structure based CADD. These two methods are very useful to find and design potent, efficient, active newer 

safe molecules. These methods save the time as well as cost of drug design process. Now a day’s different types of new diseases 

came in front of us. Besides, drug resistance is a huge problem for treating existing diseases as because too many drugs are resistant 

in human body. Due to this resistance, the existing drugs are not able to fight against the diseases. So it’s a challenge to design and 

validate newer molecules quickly to treat the diseases. Through in silico drug design include CADD, we can rapidly design, identify 

and validate newer potent safe molecules against the diseases. 

Conflict of Interest: Nil 
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