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ABSTRACT  

Developing a new drug from original idea to 

the launch of a finished product is a complex 

process which can take a number of years. The 

idea for a target can come from a variety of 

sources including academic and clinical 

research and from the commercial sector. It 

may take many years to build up a body of 

supporting evidence before selecting a target 

for a costly drug discovery program. Once a 

target has been chosen, the pharmaceutical 

company and more recently some academic 

centers have streamlined a number of 

processes to identify molecules which possess 

suitable characteristics including efficacy, 

pharmacokinetics and safety needs, which 

have to be optimized in parallel, to provide 

drug candidates and to make acceptable drugs. 

Recent advances in areas such as 

microfluidics-assisted chemical synthesis and 

biological testing, as well as artificial 

intelligence systems that improve a design 

hypothesis through feedback analysis are now 

providing a basis for the introduction of greater 

automation into aspects of drug design and 

development. This could potentially accelerate 

time frames for compound discovery and 

optimization and enable more effective 

searches of chemical space. However, such 

approaches also raise considerable conceptual, 

technical and organizational challenges, as 

well as skepticism about the current hype 

around them. This review will look at key 

preclinical stages of the drug discovery 

process, from initial target identification and 

validation, through assay development, high 

throughput screening, ‘HITS’ identification, 

lead optimization and finally the selection of a 

candidate molecule for clinical development.   

 

KEYWORDS: Drug discovery, Target 

identification, pharmacokinetics. 

 

 

INTRODUCTION:  
Definition of the term ‘DRUG’: Different class 

of people and profession defined drugs 

differently. To a layman: A drug is a chemical 

compound administered in order to treat or 

prevent an illness or disease. In this review, we 

shall be presenting the various definitions of 

the term to update the knowledge of readers. 

Listed below are some of the definitions: 

• To a pharmacist: A drug is a chemical 

substance that is used to treat, cure, prevent, 

or diagnose a disease or to promote well-

being. 

• To a chemist: A drug is a chemical substance, 

typically of known chemical structure, 

which, when administered to a living 

organism, produces a biological effect 

• To National Drug Law enforcement Agency 

(NDLEA): A drug is any substance that 

causes a change in an organism's physiology 

or psychology when consumed. 

• To Food and Drug Administration (FDA): A 

drug is a substance designed for use in and on 

the body for the diagnosis, cure, treatment, or 

prevention of disease. (Munos et al.,2010) 
 

For this discussion, we shall use the definition; 

a drug is any substance that causes a change in 

an organism's physiology or psychology when 

consumed. Drugs are typically distinguished 

from food and substances that provide 

nutritional support. Consumption of drugs can 

be via inhalation, injection, smoking, 

ingestion, absorption via a patch on the skin, or 

dissolution under the tongue (Anson et al., 

2009).  

In pharmacology, a drug is a chemical 

substance, typically of known structure, 

which, when administered to a living 

organism, produces a biological effect. A 

pharmaceutical drug, also called a medication 

or medicine, is a chemical substance used to 

treat, cure, prevent, or diagnose a disease or to 

promote well-being. Traditionally drugs were 

obtained through extraction from medicinal 
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plants, but more recently also by organic 

synthesis. Pharmaceutical drugs may be used 

for a limited duration, or on a regular basis for 

chronic disorders. (Warren et 

al.,2011).Pharmaceutical drugs are often 

classified into drug classes, groups of related 

drugs that have similar chemical structures, the 

same mechanism of action (binding to the 

same biological target); a related mode of 

action, or that are used to treat the same 

disease, (Munos et al.,2010). One major way 

of classifying drugs is the Bio pharmaceutics 

Classification System. This classifies drugs 

according to their solubility and permeability 

or absorption properties. (Mehta, 2016) 

Psychoactive drugs are chemical substances 

that affect the function of the central nervous 

system, altering perception, mood or 

consciousness. These drugs are divided into 

different groups like stimulants, depressants, 

antidepressants, anxiolytics, antipsychotics, 

and hallucinogens. These psychotropic drugs 

have been proven useful in treating wide range 

of medical conditions including mental 

disorders around the world. The most widely 

used drugs in the world include caffeine, 

nicotine and alcohol, which are also 

considered recreational drugs, since they are 

used for pleasure rather than medicinal 

purposes. Abuse of several psychoactive drugs 

can cause psychological or physical addiction. 

It's worth noting that all drugs can have 

potential side effects. Excessive use of 

stimulants can promote stimulant psychosis. 

Many recreational drugs are illicit and 

international treaties such as the Single 

Convention on Narcotic Drugs exist for the 

purpose of their prohibition. (Geoffrey et al., 

1998). 
 

1.1 WHY ARE NEW DRUGS NEEDED?  

New Drugs are needed for several 

reasons, some of which are; 

 Prevention of diseases. These are 

prophylactic drugs, used to guard against 

the occurrence of diseases, e.g. Fansidar, 

antimalarial prophylactic. 

 Treatment of diseases (old & new). 

Presently the search is on for HIV-Aids 

drug, as well as the Covid-19 pandemic 

that is ravaging humanity globally, there 

is a frantic search for vaccine and or drugs.  

 Improvement in the treatment of Old 

diseases (safer drugs). For older diseases 

like Cancer, malaria, diabetics, high blood 

pressure, (to mention but a few), the 

search for safer drugs is a continuous task. 

 To combat (fight) drug resistance. 

 Improvement of health care and general 

well-being. 

 Management of disease conditions. 

 And sometimes for recreation. (Paul et al., 

2010). 

 Drugs are designed based on different 

techniques, which includes:  

 TARGET-BASED DRUG DESIGN. 

 STRUCTURE-BASED DRUG DESIGN. 

 COMPUTER-AIDED DRUG DESIGN 

(CADD).  

In CADD, Molecular modeling and molecular 

dynamics simulations are being used as a guide 

to improve the potency and properties of new 

drug leads.  (Gareth, 2007). 

Drug discovery and development can broadly 

be divided into two different approaches: 

structure based drug discovery and target-

based discovery. In structure based drug 

discovery, a compound is identified by one of 

several methods and its biological profile is 

explored. In structured based drug design, if 

the compound displays desired pharmacology 

activity, it is refined and developed further; 

where as in target based strategy supposed 

drug target is identified first. The potential 

target could be a receptor thought to be 

involved in a disease process or a critical 

enzyme, or another biologically, important 

molecule in the diseases pathway. The 

genomics (genomics the study of the complete 

genetic information either DNA or RNA of an 

organism) revolution has been the main driver 

of the target-based strategy over the last 

decade. Target validation requires the 

confirmation that whether the particular target 

is involved in the disease or not. Such as ulcer 

which is caused by an excess acid in the 

stomach and it can be treated by using proton 

pump inhibitor and anti-acid. Also, blood 

pressure which occur when the heart muscle is 

stiff to pump the blood due to low electrolyte 

(K+). This can be treated by blood tinning and 

by taking drugs that contains much electrolyte 
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and also fruits and vegetables that contain 

potassium (K+). Though, blood tinning has 

disadvantages of excess bleeding and it also 

wears off when it expires. (Jinlong et al., 

2009). 

 

1.2 DRUG DISCOVERY AND 

DEVELOPMENT PROCESS. 

The drug discovery process began in the 

nineteenth century by John Langley in 1905 

when he proposed the theory of receptive 

substances. The first rational development of 

synthetic drugs was carried out by Paul Ehrlich 

(father of modern chemotherapy) and 

Sacachiro Hata who produced arsphenamine 

(Salvarsan) in 1910 by structure activity 

relationship from atoxyl previously used in the 

treatment of sleeping sickness 

(trypanosomiasis) and syphilis. (Heyse et al., 

2005). The following general steps are  

followed in the discovery of a new drug for a 

particular disease. The steps are; 

 Basic research into the disease process 

and its causes, such as it is presently 

going for the Covid-19 pandemic.  

 Assessment of the biochemical and 

biological processes of the disease 

and/or its causes. 

 Team decides where intervention is 

most likely to bring about the desired 

result. 

 Team decides the structure of a suitable 

lead compound. 

 Design of the synthetic pathway to 

produce the lead compound. 

 Initial biological and toxicological 

testing and synthesis of analogues. 

 Selection of the analogue with the 

optimum activity. 

 Phased Clinical trials. 

 Then MAA(Marketing Authorisation 

Application) 

      

  (Gareth, 2007). 
 

The Chart below summarizes the drug discovery cycle: 

Figure 1.0 (en.wikipedia.org. 22 June, 2015). 
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The activities involved in the discovery of a 

new, potent and viable drug for a particular 

disease, takes very long period as indicated in 

the timeline chart below: 

EXAMPLE OF DRUG DISCOVERY/DEVELOPMENT TIMELINE 

 

Figure 1.1 (Researchgate.net. 2018.) 

 

When new drugs are discovered, they are subjected to clinical trials and at different stages (Robert et 

al 2012). Below is a chart that summarizes the pre-clinical drug making processes. 
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1.3 ECONOMIC IMPORTANCE OF DRUG 

DISCOVERY 

 Classical drug discovery has largely been a 

process of trial and error, with a myriad of 

failures for every minor breakthrough and a 

significant period between discovery, 

development and launch. 

 Because of the increasingly competitive 

environment in which pharmaceutical 

companies operate, it is important to provide 

strong, transparent economic arguments for 

new products, especially if a premium price 

is sought. 

 Increases in expenditure on medicines that 

are higher than the level of increases in 

healthcare are generally a feature of all 

Western health systems. 

 

Health economics is becoming a much better 

understood case. more healthcare providers as 

well as those in the industry recognize that high 

quality, relevant health economic evaluations 

can add considerable value to the decision 

making process. As this has become more 

universally accepted, so has the use of health 

economic evaluation at all levels of product 

development. (Robert et al.2012). The full cost 

of bringing a new drug (i.e., new chemical 

entity) to market from discovery through clinical 

trials to approval is complex and controversial. 

Typically, companies spend tens to hundreds of 

millions of U.S. dollars. One element of the 

complexity is that the much-publicized final 

numbers often not only include the out-of-

pocket expenses for conducting a series of Phase 

I-III clinical trials, but also the capital costs of 

the long period (10 or more years) during which 

the company must cover out-of-pocket costs for 

preclinical drug discovery. Additionally, 

companies often do not report whether a given 

figure includes the capitalized cost or comprises 

only out-of-pocket expenses, or both. Another 

element of complexity is that all estimates are 

based on voluntary releases of otherwise 

confidential information which may not be 

easily independently verified. One 2010 study 

assessed both capitalized and out-of-pocket 

costs for bringing a single new drug to market as 

about US$1.8 billion and $870 million, 

respectively (Paul et al,..2010). 

In an analysis of the drug development costs for 

98 companies over a decade, the average cost 

per drug developed and approved by a single-

drug company was $350 million. But for 

companies that approved between eight and 13 

drugs over 10 years, the cost per drug went as 

high as $5.5 billion, due mainly to geographic 

expansion for marketing and ongoing costs for 

Phase IV trials and continuous monitoring for 

safety. 

Alternatives to conventional drug development 

have the objective for universities, governments, 

and the pharmaceutical industry to collaborate 

and optimize resources. 

In the fields of medicine, biotechnology and 

pharmacology, drug discovery is the process by 

which new candidate medications are 

discovered. Historically, drugs were discovered 

by identifying the active ingredient from 

traditional remedies or by serendipitous 

discovery, as with penicillin. (Dahlin et al 2014 

& Warren, 2011). 

 

1.4. CONCLUSION: Since 1990s, the drug 

discovery process has been revolutionized with 

the introduction of some newer techniques in 

molecular biology, bio techniques, genomics, 

and bioinformatics. Very high expectations from 

newer trends in drug discovery to its speed, cost, 

and greater success. High Throughput Screening 

(HTS) is a powerful technique which speedup 

the screening process. The wealth of potential 

drugs has two potential sources: either from the 

laboratory or rainforest. We hold that the future 

of drug discovery lies in neither of these options 

alone, rather it embodies both the rainforest and 

the laboratory. Combinatorial laboratory 

techniques (is a method where molecular 

constructions can be synthesized and tested for 

biological activity), though relatively a recent 

trend, is growing in efficiency with support from 

pharmaceutical companies. And as the 

combinatorial libraries grow, the ability to 

quickly synthesize derivatives of biologically 

active compound increases. But even with 

technology, there cannot be a substitution for the 

biodiversity that can be found within the 

boundaries of the rainforest. 

 

RECOMMENDATION 

Given the high attrition rates, substantial costs 

and slow pace of new drug discovery and 

development, repurposing of ‘old’ drugs to treat 

both common and rare diseases is increasingly 

becoming an attractive proposition because it 

involves the use of de-risked compounds, with 

potentially lower overall development costs and 

shorter development timelines. Thus, drugs 

repurposing and discovery is presented, the 

challenges faced by the repurposing community 
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is discussed and innovative ways by which these 

challenges can be addressed is recommended 

and it is helpful to realize the full potential of 

drug repurposing and discovery. 
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