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Abstract: Pharmaceutical research and development is a difficult, high-risk, time-consuming, and potentially lucrative process. 

Pharmaceutical corporations invest millions of dollars to get a medicine to market. A novel medication demands technical competence, 

human resources, and a large capital commitment. It also requires stringent adherence to laws on testing and manufacturing standards 

before a new medicine may be used in the general public; in fact, some drugs fail to enter the market. All of these considerations 

simply raise the expense of researching and developing a novel chemical entity. Bioinformatics/Tools in the drug design process has 

a favorable impact on the whole process and may speed up different processes of drug design while lowering costs and total time. The 

current note focuses on bioinformatics' importance in the drug development and research method. 
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I. INTRODUCTION  

Drug discovery is the systematic process by which novel potential medications are identified. Pharmaceutical firms often 

adhere to known methods of drug discovery that rely on pharmacology and chemistry. However, they encounter several 

challenges in their quest to develop novel medications [1]. In the fiercely competitive pharmaceutical sector, the firm 

that obtains the first patent for a new chemical entity (NCE), which is a novel medication candidate for a certain therapy, 

receives all the benefits. Other rivals are left waiting for the expiry of patents in order to share in the rewards. In the 

present day, pharmaceutical corporations allocate significant resources towards strategies that have the potential to 

expedite any stage of the drug development process [2]. The growing need to produce a greater number of medications 

within a limited timeframe and with little risk has led to a significant surge in interest in bioinformatics [3]. Currently, 

there is a distinct and emerging area called computer assisted drug design (CADD) [4]. 

 

II. DRUG TARGET IDENTIFICATION 

A primary focus of contemporary bioinformatics methodologies is the anticipation and recognition of physiologically 

potent candidates [2], as well as the extraction and retention of associated data (Table 1). Drug development often occurs 

after the identification and thorough study of the specific drug target for which the medications are intended to work 

upon. The number of possible targets for the drug development process is growing at an exponential rate. The use of 

bioinformatics in mining and storing the human genome sequence has facilitated the determination and categorization of 

the nucleotide compositions of genes that encode target proteins. Additionally, it has enabled the identification of novel 

targets that have greater promise for the development of new medications [5, 6]. The human genome information is 

anticipated to have a significant impact in this field [7]. As more genes are discovered and the process of developing 

drugs becomes increasingly reliant on data, drug developers now have a greater range of options to choose from, which 

is a new and advantageous situation for them [8]. Bioinformatics enables the discovery and examination of an increasing 

number of biological therapeutic targets, hence projected to significantly expand the range of prospective medications in 

the development stages of pharmaceutical businesses [2, 3]. 

 

Table 1: Drug Target Database. 

S. No Database Information 

1 Drug bank Wishart, et al.[9] 

The Drug Bank database is a comprehensive resource that 

integrates specific information on drugs, including their chemical, 

pharmacological, and medicinal properties, with extensive data on 

drug targets, including their sequence, structure, and pathway 

information. It combines bioinformatics and chemoinformatics to 

provide a full understanding of drugs and their targets.  
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2 Therapeutic target DB Zhu, et al. [10] 

The Therapeutic Target Database (TTD) is a comprehensive drug 

database specifically created to offer detailed information on 

therapeutic protein and nucleic acid targets mentioned in scientific 

literature. It includes data on the associated disease conditions, 

pathway information, and the specific drugs or ligands that target 

each of these identified targets. 

3 STITCH Kuhn, et al. [11] 

STITCH, also known as 'search tool for interactions of chemicals', 

is a database that allows users to search for information regarding 

interactions. It incorporates data from many sources such as 

metabolic pathways, crystal structures, binding tests, and drug-

target relationships. Text mining and chemical structural similarity 

are used to forecast associations among compounds. Every 

suggested interaction may be tracked back to the primary data 

sources.  

4 Super Target Hecker, et al. [12] 

Super Target is a database that stores a central dataset of over 7,300 

relationships between drugs and targets. Out of these, around 4,900 

interactions have undergone a thorough human annotation process. 

Super Target offers tools for doing 2D drug screening and 

comparing sequences of the targets.  

 

III DRUG TARGET VALIDATION 

Bioinformatics offers methodologies and algorithms for forecasting novel drug targets and for organizing and overseeing 

existing drug target data. Once prospective therapeutic targets are identified, it is crucial to demonstrate a solid 

connection between a hypothetical target and the illness of interest [7]. The formation of such a crucial alliance offers 

validation for the process of developing pharmaceuticals. The process of target validation, which involves the assessment 

of potential therapeutic targets, is an important domain in which bioinformatics is making a substantial impact (Figure 

1). Drug target validation plays a crucial role in reducing the risk of failure throughout the clinical testing and approval 

stages [2]. 

IV COST REDUCTION 

Pharmaceutical businesses are very concerned about the present exorbitant expenses associated with medication research 

and development [13]. In addition to enhancing productivity, pharmaceutical firms also strive to mitigate the substantial 

failure rate in the drug development process, therefore boosting the number of pharmaceuticals that successfully reach 

the market [14]. The exorbitant expenses associated with different stages of clinical trials serve as constraints for the 

quantity of pharmaceuticals that may be created by pharmaceutical firms. Therefore, it is crucial to carefully choose the 

compounds with the highest likelihood of approval [15]. The expenses associated with the process of discovering and 

developing pharmaceuticals typically include the whole cost from the initial discovery phase to the approval phase. 

However, several studies have also taken into account the costs incurred by unsuccessful drug attempts and the costs 

involved in commercializing the treatments [13, 16]. The extended procedure, from discovery to final approval, incurs a 

corresponding cost [15, 17]. The progress in bioinformatics speeds up the process of discovering drugs, starting with 

identifying and validating drug targets (such as Docking), to developing assays, and conducting virtual-high-throughput 

screening (v HTS), all with the aim of finding new possible chemical compounds. Bioinformatics enhances target 

identification and validation methods, hence increasing the likelihood of successful drug candidates throughout the 

approval process and improving cost-effectiveness [3]. 
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Figure 1: The role of bioinformatics in different stages of drug discovery process. 

V PROMOTE NOVEL DRUG DEVELOPMENT 

The pharmaceutical business is concerned about some ancillary expenses [18]. The costs mentioned include expenses 

related to commercialization, legal disputes, medication recalls, and overall societal expenditures [17, 19, and 20]. The 

high commercialization costs for new pharmaceuticals, estimated to be over $250 million per authorized drug, mostly 

stem from the fact that most "new" drugs that get approval are effectively functional duplicates of drugs that already 

exist [16, 21]. The majority of counterfeit medications are being marketed to treat illnesses for which there are already 

existing treatments. Therefore, there is a need for an interface that can capture the interest of both doctors and patients 

who already have access to comparable medication [22]. Bioinformatics serves as an effective interface, offering 

pharmaceutical firms new methods and possibilities to effectively identify prospective therapeutic targets and create 

innovative medications [2]. Commercialization costs of medications are anticipated to decrease dramatically if they are 

not marketed in competition with previously established alternatives [23]. 

VI BARRIERS TO BIOINFORMATICS PROGRESS IN DRUG DESIGN PROCESS 

The use of bioinformatics did not result in any significant improvements in the process of drug discovery and 

development. The reason for this might be attributed to the fact that the field of bioinformatics is relatively recent and 

has gained significant recognition only after the partial completion of the Human Genome Project [24]. Thus far, 

bioinformatics has not had a significant influence, as previously anticipated, on the cost of pharmaceuticals. The 

pharmaceutical business is seeing an ongoing increase in expenses and the removal of pharmaceuticals from the market 

even after they have been licensed and made available for sale. This is due to many recorded instances of adverse drug 

responses [25]. Multiple pharmaceutical businesses are now encountering hurdles in medication research and 

development. The issues include a wide spectrum, including the exorbitant expenses associated with drug research, the 

protracted and hazardous nature of clinical trials and approval procedures, occasional removal of previously sanctioned 

products from the market, and the innovation gap arising from the relentless pursuit of blockbuster pharmaceuticals [1, 

12, 13]. The field of bioinformatics was expected to significantly enhance the discovery of pharmacological targets [6]. 

The persistence of these unresolved issues, despite substantial expenditures in bioinformatics, suggests the existence of 

a more severe underlying problem [26, 27]. 

VII CONCLUSION 

Drug design is a very intricate, costly, and complicated procedure. Bioinformatics offers significant assistance in 

addressing the challenges of cost and time constraints in numerous ways. Bioinformatics offers a diverse array of drug-

related databases and tools that may be used for numerous objectives pertaining to the process of drug creation and 

development. Bioinformatics is now in its developing phase and while it is encountering certain obstacles, it has 

significant promise to aid in the drug development process in the not-too-distant future. 



 Turkish Journal of Computer and Mathematics Education   Vol.11 No.1(2020),138-141 

1166 
 

  
  

  
  

Research Article     

REFERENCES 

1. Iskar M, Zeller G, Zhao XM, van Noort V, Bork P (2012) Drug discovery in the age of systems biology: the 

rise of computational approaches for data integration. Curr Opin Biotechnol 23(4): 609-616. 

2. Whittaker P (2003) What is the relevance of bioinformatics to pharmacology? Trends Pharmacol Sci 24(8): 

434-439. 

3. Ortega SS, Cara LC, Salvador MK (2012) In silico pharmacology for a multidisciplinary drug discovery process. 

Drug Metabol Drug Interact 27(4): 199-207. 

4. Speck Planche A, Cordeiro MN (2012) Computer aided drug design, synthesis and evaluation of new anti-

cancer drugs. Curr Top Med Chem 12(24): 2703 2704.  

5. Chen YP, Chen F (2008) Identifying targets for drug discovery using bioinformatics. Expert Opin Ther Targets 

12(4):383-389.  

6. Katara P, Grover A, Kuntal H, Sharma V (2011) In silico prediction of drug targets in vibrio cholerae. 

Protoplasma 248(4): 799-804.  

7. Yamanishi Y, Kotera M, Kanehisa M, Goto S (2010) Drug-target interaction prediction from chemical, genomic 

and pharmacological data in an integrated framework. Bioinformatics 26(12): 246-254.  

8. Loh M, Soong R (2011) Challenges and pitfalls in the introduction of pharmacogenetics for cancer. Ann Acad 

Med Singap 40(8): 369-374.  

9. Wishart DS, Knox C, Guo AC, Cheng D, Shrivastava S, et al. (2008) DrugBank: a knowledgebase for drugs, 

drug actions and drug targets. Nucleic Acids Res 36: 901-906.  

10. Zhu F, Shi Z, Qin C, Tao L, Liu X, et al. (2012) Therapeutic target database update 2012: a resource for 

facilitating target-oriented drug discovery. Nucleic Acids Res 40: 1128-1136.  

11. Kuhn M, Szklarczyk D, Franceschini A, Campillos M, von Mering C, et al. (2010) STITCH 2: an interaction 

network database for small molecules and proteins. Nucleic Acids Res 38: 552-556.  

12. Hecker N, Ahmed J, von Eichborn J, Dunkel M, Macha K, et al. (2012) Super target goes quantitative: update 

on drug-target interactions. Nucleic Acids Res 40: 1113-1117.  

13. Adams CP, Brantner VV (2010) Spending on new drug development. Health Econ 19(2): 130-141. 14. Tsaioun 

K, Bottlaender M, Mabondzo A (2009) Alzheimer’s Drug Discovery Foundation ADDME avoiding drug 

development mistakes early: central nervous system drug discovery perspective. BMC Neurol 9: S1.  

14. Tamimi NA, Ellis P (2009) Drug development: from concept to marketing! Nephron Clin Pract. 113(3): 125-

131.  

15. Gilbert J, Henske P, Singh A (2003) Rebuilding Big Pharma’s Business Model. In vivo Business and Medicine 

Report 21: 10.  

16. Klein DB, Tabarrok A (2003) The drug discovery, development and approval process.  

17. Collier R (2009) Rapidly rising clinical trial costs worry researchers. CMAJ 180(3): 277-278.  

18. Liang BA, Mackey T (2011) Direct-to-consumer advertising with interactive internet media: global regulation 

and public health issues. JAMA 305(8): 824-825.  

19. Rawlins MD (2004) Cutting the cost of drug development? Nat Rev Drug Discov 3(4): 360-364.  

20. Dickson M, Gagnon JP (2004) Key factors in the rising cost of new drug discovery and development. Nat Rev 

Drug Discov 3(4): 417-429.  

21. Meyers S, Baker A (2001) Drug discovery: an operating model for a new era. Nat Biotechnol. 19(8): 727-730.  

22. Simoens S (2011) Pricing and reimbursement of orphan drugs: the need for more transparency. Orphanet J Rare 

Dis 6: 42.  

23. Lindpaintner K (2002) The impact of pharmacogenetics and pharmacogenomics on drug discovery. Nat Rev 

Drug Discov 1(6): 463-469. 

24. Shin J (2012) Clinical pharmacogenomics of warfarin and clopidogrel. J Pharm Pract 25(4): 428-438. 

25. Dhaliwal B, Chen YW (2009) Computational resources for protein modelling and drug discovery applications. 

Infect Disord Drug Targ 9(5): 557-562.  

26. Du QS, Huang RB (2012) Recent progress in computational approaches to studying the M2 proton channel and 

its implication to drug design against influenza viruses. Curr Protein Pept Sci 13(2): 205 210. 

 


