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Abstract 

Drug discovery in general requires high costs and especially a very long time, which 

is around 11-16 years. This is because drug development must go through a 

complete series of research processes to obtain comprehensive data. However, in 

line with the community's need for the availability of quality drugs, having good 

efficacy and safety, the development of drug development technology using a 

computing system is carried out. This is in line with the development of science and 

collaboration between various disciplines. Approaches that can be used for 

computational drug discovery include Structure-Based Drug Design and Ligand 

Based Drug Design which are proven to accelerate and increase the possibility of 

finding new drugs. This article aims to provide an overview of several approaches 

to drug discovery development, especially the benefits of computational. The data 

were collected from 28 primary published journals and 28 supporting literatures. 

This article discusses the two computational methods, especially from the 

application aspect which is expected to be useful in the field of drug discovery and 

development to be more efficient in terms of time and cost. The traditional approach 

to new drug development takes about 11-16 years but using computational methods 

can shorten the drug discovery stage to 9-13 years. 
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1. Introduction 

The pharmaceutical industry and 

educational institutions consistently find 

and develop drugs for various diseases 

according to the needs of the community in 

improving their health. Drug discovery 

efforts have been started since 450 M when 

people have used plants and animals that 

are thought to have certain compounds that 

are efficacious in healing. At 2.5 M – 0.2M, 

humans have discovered the medicinal 

properties of natural products such as plants 

and animals. 5000 years ago, medical 

personnel were first recorded in Egyptian 

papyrus scrolls using natural products for 

treatment. In 1652, Nicholas Culpepper's 

Herbs was published. Then in 1800, 

synthetic organic chemical origins were 
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identified such as quinine, aspirin, and 

heroin. Furthermore, in 1900-1950, insulin, 

penicillin, and streptomycin were 

discovered. Continued in 1960-1970, 

discovered hormone receptors and 

recombinant DNA methods. In 1980, the 

first targeted drug discovery and high-

throughput screening were carried out. The 

discovery continued until 1990, there was a 

human genome project and in the 21st 

century, target-directed drug discovery is 

still often the method of choice for drug 

discovery [1]. This effort continues and 

traditionally drug discovery will go through 

a series of processes starting from the drug 

discovery stage which takes between 3-5 

years with research on extraction and 

collection of compounds, target 

identification, target validation, 

development of compound assays, and 

determination of potential compounds or 

compounds. known as lead compounds. 

The next stage is pre-clinical which takes 1-

2 years. At this stage the 250 selected 

compounds will be further tested in terms 

of in vitro and in vivo toxicity, the 

determination of ADMET to determination 

of pharmacokinetics/pharmacodynamics or 

known as PK/PD. The next stage is the 

clinical trial phase which consists of phase 

I, phase II, and phase III clinical trials of 5 

potential compounds which usually takes 

about 6-7 years. In the final stage, when a 

new drug compound has been determined, 

product registration will be carried out to 

obtain a distribution permit to be marketed. 

After being marketed, monitoring and 

evaluation of drugs are still carried out 

which is known as pharmacovigilance 

testing [2,3]. 

Efforts to find these drugs will 

generally take 11-16 years or even more 

than that. This is felt to be inefficient in 

terms of cost and time, whereas currently 

the medicines in question are very much 

needed by the community. With the 

development of science, a computational 

system for drug discovery was developed 

called SBDD and LBDD. This system 

combines the results of research that has 

been carried out on validated protein targets 

and existing drugs, then attempts to use that 

information to obtain compounds that are 

suitable for specific disease protein targets. 

These advances have reduced the time 

required for the initial drug screening 

period and hit to lead screening, so that time 

and cost efficiencies in drug discovery can 

be achieved [4].  

 

2. Method 

The method used in this article 

review is to search the internet through 

Google Scholar and the NCBI website (the 

selected category is PubMed) with the 

keywords "drug discovery process" drug 

discovery and structure-based discovery" 

"ligand-based drug discovery". The sources 

used as references are national and 

international journals and articles that 

discuss keywords. The exclusion criteria 

are articles that are not in accordance with 

the topic of discussion, published more than 

20 years, and lack of detailed information 

about drug discovery and development. The 

data were collected from 28 primary 

published journals and 28 supporting 

literatures.
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Figure 1. Flow Chart or Selection of Articles 

 

3.          Discussion 

3.1        Drug Discovery 

Drug discovery is the process of identifying 

a molecule as a potential drug candidate. 

The aim of this is to obtain one or more 

candidate molecules that have biological 

activity on a target that is relevant to disease 

and safe for use/testing on humans as drugs. 

It takes more than one drug candidate 

compound because not all compounds can 

meet the test criteria which are usually due 

to safety, kinetics, potency, and other 

factors. Drug discovery differs from drug 

development which is a drug development 

process carried out with preclinical and 

clinical testing stages to evaluate the 

activity and safety of a compound in which 

a compound molecule must have 

pharmacokinetic properties that allow a 

consistent relationship between the drug 

dose given, exposure, and binding drug at 

the desired therapeutic target. The purpose 

of this drug development is to get FDA 

approval so that the drug can be marketed 

[5,6].
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Figure 2. Drug Discovery & Development Timeline 

 

The drug discovery process is a 

challenge for the pharmaceutical industry 

due to the time-consuming and high-cost 

process. In general, the research and 

development process take about 3-5 years, 

preclinical testing takes about 1-2 years, 

clinical trials take about 6-7 years and the 

review and approval process takes about 1-

2 years as shown in Figure 2. 

 

Initial processes in the early stages 

of drug discovery are target identification, 

target validation, hit and lead identification, 

and lead optimization. 

a. Target Identification 

The first step in drug discovery 

is to identify potential drug targets and 

their role in treating a disease. A target 

is generally a single molecule, such as 

a gene or protein involved in a 

particular disease. Identification of the 

target begins with isolating the 

function of the possible therapeutic 

target and characterizing the molecule. 
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Targets that are considered ideal are 

targets that are efficacious, safe, and 

meet clinical and commercial 

requirements. The methods used for 

target identification can be based on 

the principles of molecular biology, 

biochemistry, genetics, biophysics, or 

other disciplines [7,8,9]. Approaches 

used to target identification include 

phenotypic screening, genetic 

approaches such as expression cloning 

techniques, in silico or chemical 

proteomic-based approaches, and 

genetic association studies [10,11]. 

 

b. Target Validation 

Once a drug target has been 

identified, a rigorous evaluation needs 

to be carried out to demonstrate that 

the target will have the desired 

therapeutic effect. In the drug 

discovery process, the main obstacle is 

at this stage [12]. In general, target 

validation is carried out by genetic 

manipulation of the target gene (in 

vitro) which involves knocking down 

genes (shRNA, siRNA, miRNA), 

knocking out genes (CRISPR), and 

knocking genes (transfection of 

viruses from mutant genes) using 

antibodies that will interact with the 

target with high affinity and block 

further interactions and using genomic 

chemistry which is a chemical 

approach to genome-coding proteins 

[13]. 

 

c. Hit and Lead Identification 

In drug discovery, the 

identification of the 'hit' molecule is 

the starting point for the hit-to-lead 

process. The ‘hit-to-lead’ phase is 

usually a follow-up to high-throughput 

(HTS) screening. A 'hit' molecule can 

be identified by one or more of several 

technology-based approaches such as 

high throughput biochemical and 

cellular assays, natural product testing, 

structure-based design, peptides and 

peptidomimetics, chemogenomics, 

virtual bycatch, and literature and 

patent-based innovations [14]. The 

'lead' compound requires structural 

activity relationships as well as the 

determination of synthetic feasibility 

and preliminary evidence of in vivo 

activity and target involvement. To 

reduce the number of compounds that 

fail in the drug development process, 

drug performance assessments are 

often carried out. This assessment is 

important to do to convert 'lead' 

compounds into drugs. For a 

compound to be considered a drug, a 

compound must have the potential to 

bind to a specific target and have a 

good pharmacokinetic profile [15]. 

 

d. Lead Optimization 

Optimization of 'lead' 

compounds is a process to improve the 

chemical structure of a drug candidate 

after the initial lead compound has 

been identified to improve its 

characteristics as a drug candidate. 

This process involves a series of 

iterative syntheses and 

characterizations of potential drugs to 

build a representation of how chemical 

structure and activity relate in terms of 

interactions with targets and their 

metabolism. Lead compounds were 

evaluated by various aspects, including 

selectivity and binding mechanism 

during the optimization of lead 

compounds. The purpose of this 

optimization is to maintain the 

beneficial properties while at the same 
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time correcting deficiencies in the 

structure of the 'lead' compound. In 

addition, it is necessary to evaluate the 

pharmacokinetic parameters, 

pharmacodynamics, and toxicological 

properties [16]. 

 

3.2  Preclinical Test 

Preclinical testing is a drug 

development process that evaluates the 

safety and efficacy of drugs in animal 

species to conclude prospective results in 

humans. To carry out this test, approval 

from the relevant regulatory authority is 

required. Where regulatory authorities must 

ensure that trials are carried out safely and 

ethically and are only carried out for drugs 

that are confirmed to be safe and effective. 

Preclinical testing can be done in two ways, 

namely general pharmacology and 

toxicology. Pharmacology is concerned 

with the pharmacokinetic and 

pharmacodynamic parameters of drugs. 

Toxicological studies of drugs can be 

carried out by in-vitro and in-vivo assays 

[17,18]. 

 

3.3    Clinical Trials 

Clinical trials are tests on human 

volunteers to answer questions about the 

safety and efficacy of a new drug or 

method. Clinical trials follow a specific 

study protocol designed by the researcher 

or manufacturer. During clinical trials, 

researchers need to select patients with 

predetermined characteristics, determine 

the number of participants who take part in 

the study, duration of testing, administer 

treatment (dose and dosage form 

administration), make parameter 

assessments, and collect patient health data 

for some time specific for later analysis. 

The clinical trial consisted of 3 testing 

phases where phase 1 was carried out on 20-

80 volunteers to evaluate safety and dosage, 

phase 2 was carried out on 100-300 

volunteers to evaluate efficacy and side 

effects, and phase 3 was conducted on 300-

3000 volunteers to the monitoring of 

efficacy and adverse drug reactions [9,19]. 

 

3.4 Product Registration to Get  

          Marketing Permit from the Food  

          and Drug Supervisory   Agency 

The New Drug Application (NDA) 

aims to verify that a drug is safe and 

effective for use in the person being 

studied. It is necessary to include 

everything about the drug from preclinical 

data to phase 3 clinical trial data in the 

NDA. In addition, it is necessary to include 

labeling, security updates, patent 

information, and instructions for use. Once 

complete data is obtained for an NDA, it 

will take the FDA approximately 6-10 

months to decide to approve an NDA. If the 

FDA has declared that a drug is safe and 

effective for use, then the developer needs 

to increase the information about the drug 

by labeling it. Proper labeling determines 

the basis for approval and direction for drug 

use. Developers can choose to continue 

further development or not and if the 

developer objected to the FDA's decision, 

an appeal could be made [20,21]. 

 

3.5   Approach Method with Computing 

The computational approach method is 

a computer-aided drug design technique 

and is usually used for drug discovery such 

as Structure-Based Drug Design and 

Ligand Based Drug Design. Where 

structure-based drug design consists of 

structure-based virtual screening, 

molecular docking, de novo drug design, 

molecular dynamics, and pharmacophore 

modeling. Meanwhile, ligand-based drug 

design consists of QSAR, pharmacophore 
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modeling, and ligand-based virtual 

screening. 

 

3.5.1 Structure-Based Drug Design 

   Structure-Based Drug Design 

(SBDD) is a more specific, efficient, and 

fast approach to leading compound 

discovery and optimization. SBDD refers to 

the systematic use of structured data such as 

target macromolecules (receptors) which 

are usually obtained experimentally or 

through computational modeling. The aim 

is to understand and design ligands in such 

a way that they have high receptor binding 

affinity. Drug targets are generally key 

molecules involved in the metabolism or 

cell signaling pathways of certain cells that 

are known to have activity in certain 

diseases [14]. Current SBDD methods 

allow the design of ligands containing the 

features required for efficient modulation of 

target receptors [22,23]. Selective 

modulation of drug targets validated by 

high-affinity ligands interferes with certain 

cellular processes which in turn leads to the 

desired pharmacological and therapeutic 

effects [24]. 

SBDD uses the geometric shape/3D 

structure of the target protein sourced from 

the Protein Data Bank (GDP) and 

understands disease at the molecular level 

[25]. SBDD begins with knowing the 

structure of the target, then an in silico 

study is conducted to identify potential 

ligands followed by an evaluation of 

biological properties, such as potency, 

affinity, efficacy, and ADMET properties 

of a compound [26,27]. Molecular docking, 

structure-based virtual screening, and 

molecular dynamics are one of the most 

frequently used SBDD strategies due to 

their wide application in the analysis of a 

molecule such as binding energy, molecular 

interactions, and evaluation of 

conformational changes that occur during 

the docking process [28]. 

The software needed in SBDD includes 

AutoDock Vina to combine protein 

structure data obtained from PDB with 

ligand data. However, if the protein in 

question is not available, it can be made 

using the homology modeling method using 

the MODELLER or SWISS-MODEL 

program. Other software that is also needed 

is Discovery Studio, OpenEye, 

Schrödinger, and MOE. 

 

a. Structure-Based Virtual Screening 

The SBVS method relies on the 

structure of the target protein's active 

site which in the SBVS database the 

compound will be anchored to the 

target binding site [29, 25]. Along with 

the prediction of the binding mode, 

SBVS provides a rating of the tethered 

molecule which will be used as the sole 

criterion for selecting a potential 

molecule or can be combined with 

other evaluation methods. The selected 

compounds were then experimentally 

evaluated to determine their biological 

activity on the molecular targets under 

investigation [30]. 

Broadly speaking, the steps for SBVS 

are preparation of molecular targets, 

selection of compound database, 

molecular anchoring, and post-

docking analysis [31]. The 

conformational change resulting from 

the interaction with the ligand is an 

important matter that requires 

consideration in selecting the 

appropriate structure. The selected 

structure needs to be prepared to carry 

out the docking procedure properly by 

adding hydrogen atoms, removing 

water molecules, determining the 

correct protonation and 
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tautomerization status of the binding 

site residues, and calculating partial 

charges [32]. Next, the prepared 

database is installed at the target 

binding site. A potential ligand is when 

the energy of each molecule has a high 

score. Post docking analysis is usually 

carried out to decide which compound 

will be the lead compound [33]. 

 

b. Molecular Docking 

       Docking is a molecular interaction 

simulation technique. Molecular 

docking predicts conformational and 

ligand binding in the target active site 

with high accuracy and is the most 

frequently used technique in SBDD 

[34,35]. This method is applied to 

study molecular phenomena such as 

ligand binding and intermolecular 

interactions for the stability of a 

complex [36]. In addition, the docking 

algorithm predicts the binding energy 

and the ranking of the ligands through 

various assessments. There are two 

types of molecular docking, namely 

flexible-ligand search docking and 

flexible-protein docking [37]. 

 

c. Structure-Based Pharmacophore 

      The pharmacophore model of the target 

binding site encapsulates the steric and 

electronic requirements for optimal 

ligand-target interactions. The most 

common properties used to define a 

pharmacophore are hydrogen bond 

acceptor, hydrogen bond donor, basic 

group, acid group, partial charge, 

aliphatic hydrophobic group, and 

aromatic hydrophobic group. Besides 

being able to be used for virtual 

compound screening, pharmacophore 

models can be used by de novo design 

algorithms to guide the design of new 

compounds. Structure-based 

pharmacophore methods were 

developed based on the analysis of 

target binding sites or based on the 

structure of the target ligand complex 

[38,39]. 

 

d. Molecular Dynamics 

       The flexibility of the target binding site 

is an important aspect that is often 

overlooked in the consideration of 

molecular docking. Enzymes and 

receptors can undergo conformational 

changes during the molecule 

recognition process. In some cases 

these structural rearrangements are 

minor and the ligands fit at the binding 

site with little mobility or significant 

conformational changes in some 

proteins that may involve secondary 

and tertiary structural elements. This 

flexibility-related problem can be 

addressed using molecular dynamics 

techniques [40,41]. MD simulations 

can generate alternative 

conformational states corresponding to 

the ligand-induced structure. In the 

absence of a suitable crystallographic 

structure for the molecular target, MD 

can be applied to produce a good set of 

structures for docking [42]. MD can 

also be used to estimate the stability of 

the ligand-receptor complex proposed 

by molecular docking [43]. MD has the 

drawbacks of high computational costs 

for simulating large systems usually 

consisting of thousands of atoms when 

the ligand-receptor complex is being 

studied and the conformational 

changes that the receptor undergoes 

during molecular recognition exceed 

the available computational timescale 

capacities [44]. However, MD makes 

an important contribution to SBDD, 
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especially when combined with other 

methods such as molecular docking. 

 

e. De Novo Design 

       De novo drug design is a method of 

forming new chemical compounds 

starting from molecular units. The 

essence of this approach is to develop 

a chemical structure of a small 

molecule that binds to a target with 

good affinity [45]. Two methods can 

be used, namely ligand-based de novo 

and receptor-based de novo. The 

quality of the target protein structure 

and knowledge of the binding site are 

important to know if you want to use a 

receptor-based design because suitable 

small molecules are designed to 

incorporate fragments into the binding 

of the receptor. This can be done by 

crystallizing the ligand with the 

receptor [46]. The greatest challenge in 

the design of this de novo drug cannot 

be separated from its greatest 

advantages. By defining compounds 

that have never been seen before, it is 

necessary to attempt synthesis for 

acquisition before testing. This 

affected the de novo protocol where it 

was necessary to incorporate synthesis 

capability metrics into the assessment. 

This will increase the effort required 

such as costs, results, time, and also the 

required expertise. Thus, synthesizing 

capability becomes increasingly 

important when designing large 

numbers of compounds [47]. 

 

3.5.2 Ligand-Based Based Drug Design 

Ligand Based Drug Design (LBDD) 

is an approach if in some cases data 

relating to the 3D structure of a target 

protein are not available, then drug design 

can be based on a process that uses known 

ligands of the target protein as a starting 

point. QSAR and pharmacophore 

modeling are methods that are often used 

in the drug design process using the LBDD 

approach [48]. Using fingerprints of 

known ligand molecules, databases can be 

screened for similar molecular fingerprints 

[49]. The general structural features of the 

ligands can be found by pharmacophore 

modeling which can then be used for 

molecular screening [50]. To predict the 

activity of new molecules, models can be 

built with QSAR. While pharmacophore 

modeling only shows the activity of the 

active ligand, the relationship between the 

chemical/physical properties of the ligand 

and biological activity can be explored 

more fully using the QSAR model [51]. 

The software needed for LBDD includes 

AutoDock Vina, Schrödinger, LiSiCA, 

BioSolveIT, and many others. Consisting 

of 5 methods that can be done are QSAR, 

Ligand-Based Pharmacophore, 2D 

Similarity-Based Search, ADMET 

Prediction, and Scaffold Hopping. 

However, 3 of them that are commonly 

used are QSAR, Ligand-Based 

Pharmacophore, and 2D Similarity-Based 

Search. 

 

a. Ligand-Based Pharmacophore 

Among the ligand-based virtual 

screening techniques, the 

pharmacophore modeling approach is 

one of the best. This approach requires 

the introduction of a 3D pharmacophore 

preparation using a list of known active 

substances that should bind to the same 

active site or from the 3D coordinates of 

the protein active site. The advantage of 

using a pharmacophore is that it can be 

computationally visualized, 

superimposed onto a list of molecules, 
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and thus assist medicinal chemists in 

synthesizing new molecules [52,53]. 

 

b. QSAR 

QSAR describes the mathematical 

relationship between structural 

attributes and target response. The flow 

of drug discovery based on QSAR is 

started by collecting a group of active 

and inactive ligands, then creating a 

mathematical descriptor that describes 

the physicochemical and structural 

properties of a compound. A model was 

created to identify the relationship 

between descriptors and experimental 

activity and maximize predictive 

power. Finally, a model was applied to 

predict the activity of the test compound 

encoded with the same descriptor. The 

success of QSAR depends not only on 

the initial quality of the compound but 

also on the choice of the descriptor and 

the ability to generate suitable 

mathematical relationships. One of the 

important considerations regarding this 

method is the fact that all the resulting 

models will depend on the sampling 

space of compounds with known 

activity [54]. 

 

c. 2D Similarity-Based Search 

Goldman and Wipke presented a new 

approach to shape-based molecular 

similarity search [55]. This method is 

capable of locating different molecules 

by using a geometrically invariant 

molecular surface descriptor. This 

method uses a superimposition 

algorithm that uses this geometric 

invariance to recognize similar regions 

of the surface shape that exist in two 

molecules [56]. The calculation of the 

shape descriptor continues by 

considering initially all the 

conformations of the molecule to define 

the shape descriptor space; the chemical 

features in each feature lattice shape 

and location are then co-coded into a bit 

binary string descriptor. Identification 

of the most important bits for the 

activity leads to a model that can judge 

the library on the number of bits the 

ensemble matches. 

 

4.     Conclusion 

 

Several approaches including the 

traditional drug discovery process and 

modern computational approach are useful 

in finding novel drugs.  Nevertheless, 

Structure-Based Drug Design and Ligand-

Based Drug Design approaches that are 

computationally based are currently known 

as preferable alternatives in drug discovery 

because they are more efficient in terms of 

time and cost. This is considered very 

important since alternative drugs with 

several beneficial effects or alternatives to 

existing drugs are urgently required for the 

enhancement of human health. The 

traditional approach to new drug 

development takes about 11-16 years but 

using computational methods can shorten 

the drug discovery stage to 9-13 years. 

 

Acknowledgements 

 

The authors would like to thank the 

Pharmacy Study Program at the University 

of Padjadjaran which has provided 

assistance and support in writing this article 

review. 

 

References 

 

1. Pruss, R.M. Phenotypic Screening 

Strategies for Neurodegenerative 

Disease: A Pathway to Discover Novel 

Drug Candidates and Potential Disease 

Targets or Mechanism. CNS & 



 
 K.Elizabeth et al / Indo J Pharm 4 (2022) 242-254 
 

 

252 

 

 

Neurological Disorders – Drug Targets. 

2010; 9:693-700. 

2. Matthews, H., Hanison, J., Nirmalan, N. 

“Omics” – Informed Drug and 

Biomarker Discovery: Opportunities, 

Challenges, and Future Perspectives. 

Proteomes. 2016;4:28. 

3. Nofiarny, D. Pengenalan 

Farmakovigilans: Apa dan Mengapa 

Diperlukan?. MEDICINUS. 

2016;29(1). 

4. Berdigaliyev, N., Aljofan, M. An 

Overview of Drug Discovery and 

Development. Future Med. Chem. 

2020. 

5. Drews, J. Drug Discovery : A Historical 

Perspective. Science. 2000;287:1960-

1964. 

6. Shaffer, C.L. Defining 

Neuropharmacokinetic Parameters in 

CNS Drug Discovery to Determine 

Cross-Species Pharmacologic 

Exposure-Response Relationships. 

Annu. Rep. Med. Chem. 2010;45:55-

70. 

7. Lindsay, M.A. Target Discovery. 

Nature Reviews Drug Discovery. 

2003;2:831-838. 

8. Terstappen, G., Schlupen, C., 

Raggiaschi, R., Gaviraghi, G. Target 

Deconvolution Strategies in Drug 

Discovery. Nature Review Drug 

Discovery. 2007;6(11):891-903. 

9. Rao, V.S., Srinivas, K. Modern Drug 

Discovery Process : An In Silico 

Approach. Journal of Bioinformatics 

and Sequence Analysis. 2011;2(5):89-

94. 

10. Lee, J., Bogyo, M. Target 

Deconvolution Techniques in Modern 

Phenotypic Profiling. Curr. Opin. 

Chem. Biol. 2013;17(1):118-26. 

11. Lee, Y.H., Song, G.G. Vascular 
Endothelial Growth Factor Gene 

Polymorphisms and Psoriasis 

Susceptibility : A Meta-Analysis. 

2015;14(4):14396-40. 

12. Bleicher, K.H., Bohm, H.J., Muller, K., 

Alanine, A.I. Hit and Lead Generation : 

Beyond High-Throughput Screening. 

Nat. Rev. Drug Discov. 2003;2(5):369-

378. 

13. John, G.H., Martyn, N.B., Bristol-

Myers, S. High Throughput Screening 

for Lead Discovery. Wiley Press;2002. 

14. Suresh, K.P., Siddharth, M., Rao, V., 

Vadlamudi, S.V. Current Approaches 

in Drug Discovery. Pharma Times. 

2006;38(8). 

15. Patidar, A.K., Selvam, G., Jeyakandan, 

M., Mobiya, A.K., Bagherwal, A., 

Sanadya, G. et al. Lead Discovery and 

Lead Optimization : A Useful Strategy 

in Molecular Modification of Lead 

Compound in Analog Design. 

International Journal of Drug Design 

and Discovery. 2011;2(2):458-463. 

16. Huber, W. A New Strategy for 

Improved Secondary Screening and 

Lead Optimization Using High-

Resolution SPR Characterization of 

Compound-Target Interactions. J Mol. 

Recogn. 2005;18:273-281. 

17. Barile, F.A. Principles of Toxicological 

Testing. USA: CRC Press;2008. 

18. Faqi, A.S. A Comprehensive Guide to 

Toxicology in Preclinical Drug 

Development. Waltham: Elsevier; 

2013. 

19. Fitzpatrick, S. The Clinical Trial 

Protocol. Buckinghamshire: Institute of 

Clinical Research; 2005. 

20. FDA. New Drug Approval Reports 

[diunduh 13 Juni 2022]. Tersedia dari: 
http://www.fda.gov/cder/rdmt/default.htm. 

21. FDA. The FDA and The Drug 

Development Process : How The FDA 

Insures That Drugs are Safe and 

Effective. FDA;2002. 

22. Blaney, J. A Very Short History of 

Structure-Based Design : How Did We 

Get Here and Where Do We Need to 

Go?. J. Comput. Aided Mol. Des. 

2012;26:13-14. 



 
 K.Elizabeth et al / Indo J Pharm 4 (2022) 242-254 
 

 

253 

 

 

23. Mandal, S., Moudgil, M.N., Mandal, 

S.K. Rational Drug Design. Eur. J. 

Pharmacol. 2009;625:90-100. 

24. Urwyler, S. Allosteric Modulation of 

Family C G-Protein-Coupled Receptors 

: From Molecular Insights to 

Therapeutic Perspectives. Pharmacol. 

Rev. 2011;63:59-126. 

25. Lionta, E., Spyrou, G., Vassilatis, D.K., 

Cournia, Z. Structure-Based Virtual 

Screening for Drug Discovery : 

Principles, Applications and Recent 

Advances. Curr. Top. Med. Chem. 

2014;14:1923-1938. 

26. Fang, Y. Ligand-Receptor Interaction 

Platforms and Their Applications for 

Drug Discovery. Expert Opin. Drug 

Discov. 2012;7:969-988. 

27. Batool, M., Choi, S. Identification of 

Druggable Genome in Staphylococcus 

aureus Multidrug Resistant Strain. 

2017;270-273. 

28. Kalyaanamoorthy, S., Chen, Y.P. 

Structure-Based Drug Design to 

Augment Hit Discovery. Drug Discov. 

Today. 2011;16:831-839. 

29. Kar, S., Roy, K. How Far Can Virtual 

Screening Take Us in Drug Discovery?. 

Expert Opin. Drug Discov. 

2013;8(3):245-261. 

30. Gangwal, R.P., Damre, M.V., Das, 

N.R., Dhoke, G.V., Bhadauriya, A., 

Varikoti, R.A. et al. Structure Based 

Virtual Screening to Identify Selective 

Phosphodiesterase 4B Inhubutors. J. 

Mol. Graph. Model. 2015;57:89-98. 

31. Scior, T., Bender, A., Tresadern, G., 

Medina-Franco, J.L., Martinez-

Mayorga, K., Langer, T. et al. 

Recognizing Pitfalls in Virtual 

Screening : A Critical Review. J. Chem. 

Inf. Model. 2012;52:867-881. 

32. Jain, A.N., Nicholls, A. 
Recommendations for Evaluation of 

Computational Methods. J. Comput. 

Aided Mol. Des. 2008;22:133-139. 

33. Akdemir, A., Rucktooa, P., Jongejan, 

A., van Elk, R., Bertrand, S., Sixma, 

T.K. et al. Acethylcholine Binding 

Protein (AChBP) as Template for 

Hierarchical In Silico Screening 

Procedures to Identify Structurally 

Novel Ligands for The Nicotinic 

Receptors. Bioorganic Med. Chem. 

2011;19:6107-6119. 

34. Prada-Gracia, D., Huerta-Yepez, S., 

Moreno-Vargas, L.M. Application of 

Computational Methods for Anticancer 

Drug Discovery, Design, and 

Optimization. Bol. Med. Hosp. Infan. T 

Mex. 2016; 73:411-423. 

35. Meng, X.Y., Zhang, H.X., Mezei, M., 

Cui, M. Molecular Docking: A 

Powerful Approach for Structure-Based 

Drug Discovery. Curr. Comput. Aided 

Drug Des. 2011;7:146-157. 

36. Huang, S.Y., Zou, X. Advances and 

Challenges in Protein-Ligand Docking. 

Int. J. Mol. Sci. 2010;11:3016-3034. 

37. Sousa, S.F., Fernandes, P.A., Ramos, 

M.J. Protein-Ligand Docking: Current 

Status and Future Challenges. Proteins. 

2006;65:15-26. 

38. Yang, S.Y. Pharmacophore Modeling 

and Applications in Drug Discovery: 

Challenges and Recent Advances. Drug 

Discov Today. 2010;15:444-450. 

39. Wolber, G., Langer, T. LigandScout: 3-

D Pharmacophores Derived From 

Protein-Bound Ligands and Their Use 

as Virtual Screening Filters. J Chem Inf 

Model. 2005;45:160-169. 

40. Lin, J.H. Accommodating Protein 

Flexibility for Structure-Based Drug 

Design. Curr. Top. Med. Chem. 

2011;11:171-178. 

41. Salsbury, F.R., Jr. Molecular Dynamics 

Simulations of Protein Dynamics and 

Their Relevance to Drug Discovery. 

Curr. Opin. Pharmacol. 2010;10:738-

744. 
42. Harvey, M.J., de Fabritiis, G. High-

Throughput Molecular Dynamics: The 

Powerful New Tool for Drug 

Discovery. Drug Discov. Today. 

2012;17:1059-1062. 



 
 K.Elizabeth et al / Indo J Pharm 4 (2022) 242-254 
 

 

254 

 

 

43. Alonso, H., Bliznyuk, A.A., Gready, 

J.E. Combining Docking and Molecular 

Dynamic Simulations in Drug Design. 

Med. Res. Rev. 2006;26:531-568. 

44. Durrant, J.D., McCammon, J.A. 

Molecular Dynamics Simulations and 

Drug Discovery. BMC Biol. 2011;9. 

45. Hartenfeller, M., Schneider, G. De 

Novo Drug Design. Methods Mol. Biol. 

2011;672:299-323. 

46. Schneider, G., Fechner, U. Computer-

Based De Novo Design of Drug-Like 

Molecules. Nat. Rev. Drug Discov. 

2005;4:649-663. 

47. Vinkers, H.M., de Jonge, M.R., 

Daeyaert, F.F., Heeres, J., Koymans, 

L.M., van Lenthe, J.H. et al. Synopsis: 

Synthesize and Optimize System In 

Silico. J Med Chem. 2003;46:2765-

2773. 

48. Tintori, C., Manetti, F., Botta, M. 

Pharmacophoric Models and 3D QSAR 

Studies of The Adenosine Receptor 

Ligands. Curr. Top. Med. Chem. 

2010;10:1019-1035. 

49. Vogt, M., Bajorath, J. Predicting The 

Performance of Fingerprint Similarity 

Searching. Methods Mol. Biol. 

2011;672:159-173. 

50. Langer, T., Hoffmann, R.D. Virtual 

Screening: An Effective Tool for Lead 

Structure Discovery? Curr. Pharm. Des. 

2001;7:509-527. 

51. Scior, T., Medina-Franco, J.L., Do, 

Q.T., Martinex-Mayorga, K., Yunes 

Rojas, J.A., Bernard, P. How to 

Recognize and Workaround Pitfalls in 

QSAR Studies: A Critical Review. 

Curr. Med. Chem. 2009;16:4297-4313. 

52. Mason, J.S., Good, A.C., Martin, E.J. 3-

D Pharmacophores in Drug Discovery. 

Curr. Pharm. Des. 2001;7:567-597. 

53. Patel, Y., Gillet, V.J., Bravi, G., Leach, 

A. A Comparison of The 

Pharmacophore Identification 

Programs: Catalyst, DISCO and GASP. 

J. Comp. Aided Mol. Des. 2002;16:653-

681. 

54. Zhang, S. Computer-Aided Drug 

Discovery and Development. Methods 

Mol. Biol. 2011;716:23-38. 

55. Goldman, B.B., Wipke, W.T. Quadratic 

Shape Descriptors. I. Rapid 

Superimposition of Dissimilar 

Molecules Using Geometrically 

Invariant Surface Descriptors. J. Chem. 

Inf. Comput. Sci. 2000;40:644-658.\ 

56. Nikolova, N., Jaworska, J. Approaches 

to Measure Chemical Similarity. QSAR 

Comb. Sci. 2003;22:1006-1026.

 

 


