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Summary 
 
Medicines are a fundamental part of human life in all societies and are a cardinal factor 
in improving human life span, infant survival, general health and enhanced abilities and 
capacities.  Evolving from empiricism, contemporary drug discovery and development 
is currently a highly scientific, complex and rapidly advancing discipline.  Drawing 
from fundamental basic research conducted in academic, government and 
pharmaceutical companies across the world, significant improvements in knowledge of 
human genetics, molecular mechanisms of disease and integrated biological systems 
functions allow for more rational discovery and design of drugs that are ever more safe, 
efficacious and innovative. 
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The scientific advances made since the 1950s, including deciphering the complete 
human genome as well as many other forms of life, have opened new horizons in 
designing and engineering superior medicines and diagnostic technologies that allow for 
more effective treatments of many diseases that were previously thought to be 
intractable.  No better examples can be illustrated than the progress made in the 
treatment of certain cancers by targeted therapies based on drugs that selectively 
eliminate cancer cells while sparing normal cells.  Likewise, genetically engineered 
biologicals, such as clot dissolving drugs and tumor necrosis factor (TNF) inhibitors, 
have redefined the therapies for acute myocardial infarctions and certain autoimmune 
disorders, such as rheumatoid arthritis, respectively.  Moreover, the detailed 
understanding of the human genetic “blue-print”, the expression patterns of genes and 
their translational products, will provide vast opportunities to discover and develop even 
more potent, efficacious and safe drugs that have the potential to treat, and possibly 
even cure, a number of devastating genetic disorders. 
 
The pharmaceutical industry is leading the way in “personalized medicine” which aims 
to provide more specific therapies to individual patients or limited populations of 
patients based on individual risks for disease or unique expression profiles of genes or 
proteins to allow for greater optimization in drug treatment with even greater degrees of 
safety.  The combined scientific and technological achievements that will likely occur as 
a result of greater collaboration between the pharmaceutical industry, health authorities, 
academia and government research institutes hold the promise for unprecedented 
advancements in the diagnosis and treatment of many diseases that have no current 
therapies, or alternatively will allow existing treatments to be more appropriately 
individualized to specific patients or patient sub-populations. 
 
1. Introduction 
 
Humans in all societies aspire to enjoy longevity, happiness and a disease-free life span. 
There are many determinants that impact this goal, such as individual genetics, 
environmental factors and choices made in lifestyle.  Diet no doubt plays a prominent 
role in our well-being and in some of the major diseases that can afflict certain 
populations.  As susceptibility to disease can relate to the foods we eat, so can some of 
the medicines that are used to treat human disease.  Indeed, some of the first medicines 
represented bioactive molecules that were derived from natural sources, which were 
often identified serendipitously.  Such natural products have been documented in 
ancient societies as products used to elicit personal excitations, sensations, hypnosis, 
physical and reproductive benefits. In fact, the deliberate exploration for therapies 
derived from natural products marked millennia long “empirical drug discovery”. 
 
Over the past 2 centuries science and technology transformed drug discovery into a 
highly complex scientific process.  The emergence of physics and chemistry as discrete 
scientific disciplines, which were applied to biological systems, has yielded knowledge 
of the discrete chemical composition of many biologically active natural products (e.g., 
morphine, digitalis, atropine) and a more detailed understanding of their physico-
chemical properties.  By natural extension, this has led to rational modification of 
numerous natural products that have led to new or improved semi-synthetic products 
and then to fully synthetic products that dominate drug therapy today.  Furthermore, 
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significant improvements in our understanding of the biological sciences have provided 
greater insights on organ structure, function and integrity from the macrostructures to 
the most discrete molecular formations.  This in turn has led to greater appreciation of 
the causes and diagnosis of disease, especially at the molecular level.  Today, we often 
know the site of drug action at the level of the receptor, enzyme, ion channel and 
structural components.  As a result, we are now able to design newer and more 
innovative drugs that can profoundly change the course of human disease. 
 
The parallel progression of physico-chemical knowledge of drugs and the greater 
understanding of biological systems has resulted in our ability to design small molecules 
and biologicals in a rational manner, to manipulate targeted molecules in biological 
systems to augment or suppress their actions.  These achievements are responsible for 
the “era of rational drug design” that has yielded hundreds of new medicines with major 
impacts on human health and wellbeing. 
 
Most notable among these new drugs are those that interact with discrete cell surface 
receptors (especially the G-Protein coupled receptors), which originate signaling 
pathways that govern discrete cellular functions and ultimately organ responses.  The 
advances made in mitigating devastating diseases such as schizophrenia, depression, 
heart failure and gastrointestinal disease, to name but a few, by drugs that modulate 
discrete receptors, have had a tremendous impact on human health and have provided 
significant societal benefit.  Likewise, understanding the physiology and biochemistry 
of ion channels ( +2 + + +Ca , Na , K , H , Cl− ) has yielded new drugs to treat cardiac 
arrhythmias, heart disease, hypertension and certain neurological disorders, while 
altering enzyme function has resulted in new medicines to treat diseases such as 
atherosclerosis, hypertension, hemophilia and devastating neurodegenerative diseases 
such as Alzheimer’s Disease. 
 
Although the emergence of the “era of rational drug design” has been enormously 
successful, and is still the main endeavor for future drug discovery in the 
pharmaceutical industry, a third era appears to be evolving, namely the “era of genomic 
based therapeutics”.  The genomic era of drug discovery is based on the complete 
elucidation of the genetic and genomic “blue print” of humans, and to some extent the 
understanding, albeit incomplete, of how this genetic blue print relates to human 
disease.  The genomic era of drug discovery provides for the first time the ability to 
discover and develop drugs that may modify the genetic or genomic blue print of an 
individual to result in a quantum improvement in our ability to discover new therapies 
for diseases with high, and currently unmet, medical need.  Gene transfer technology 
may eventually allow for the supplementation or replacement of defective genes on a 
permanent basis, the treatment of hemophilia by gene transfer of coagulation factors 
(e.g., actor IX) or treatment of the devastating neurological disease, Huntington’s 
Disease, through insertion of a normal gene. Likewise, engineered ribonucleic acids 
(RNAs) that have the capacity to silence aberrant transcriptional events (e.g., ribozymes 
or small interference RNAs) may lead to treatments, or even cures, for metabolic 
diseases (e.g., diabetes) or the macular degeneration of the retina that leads to blindness. 
 
Most exciting are efforts that may lead to de novo engineering of cellular, tissue and 
organ health that may emanate from the discovery of pleuripotential stem cells 
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(embryonic stem cells) that may be engineered to function in a variety of different 
phenotypes and delivered by design to replace damaged, failed or dysfunctional tissues 
and organs.  In fact, such re-engineered organs could potentially surpass the capabilities 
and capacities of original organs whose functions are bound by the individual’s inherent 
genetic microenvironment.  Most challenging, yet potentially feasible at a technical 
level at some point in time, may be therapies aimed to modify the very fundamental 
processes that are associated with ageing. 
 
Pharmaceutical companies, in collaboration with academia, government and health 
services, are poised at the onset of the 21st century to deliver previously 
incomprehensible therapeutic opportunities that will allow for unprecedented 
improvements in human life, treatment of disease improvements in wellbeing and even 
increases in life expectancy.  Most of us hope to live long enough to benefit from these 
advances.  
 
2. The Modern Drug Discovery Process 
 
The contemporary drug discovery and development process represents complex, 
diverse, highly regulated and intense team effort.  The discovery and development of 
innovative new medicines is a lengthy process that takes on average 10-15 years from 
conception of the idea to the availability of the drug to patients.  This process requires 
enormous investments of money and highly skilled human resources that need to be 
sustained over years, despite the fact that any individual drug discovery and 
development effort is far more likely to fail than succeed.  The high attrition rate that is 
characteristic of drug discovery and development results in part from the obscurities of 
disease mechanisms (etiology and progression) that underpin the resulting 
pathophysiology, as well as insufficient understanding of key fundamentals of human 
biology.  Drug discovery is driven by medical need, as well as the business forces that 
will provide for reward to compensate for the inordinate risk taken by pharmaceutical 
companies.  The medical need is relatively easy to understand and is derived simply 
from knowledge of the pathophysiology of diseases that currently afflict the population 
and the therapeutic voids that exist.  The business forces are not well understood by 
most, but stem from the fact that the financial investment to discover and develop a new 
drug is high, as are the risks, and in order to foster innovation, those pharmaceutical 
companies who take such risks need to be compensated sufficiently; not only to pay for 
costs expended, but also to allow for future investments in new research and 
technologies.  A full understanding of the realities of drug discovery and development is 
necessary to understand the processes involved in bringing new medicines to patients. 
 
The process of drug discovery in the pharmaceutical research and development (R&D) 
setting has several logical steps: 
 
2.1. Target Selection 
 
Target selection is typically where the drug discovery process begins.  This represents 
the set of activities that aim to identify a molecular target that is thought to be relevant 
to the disease pathology and which becomes subject for manipulation by rationally 
designed small molecules or genetically engineered biological (usually protein) agents. 
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The considerations involved in the selection of the most appropriate molecular target for 
new drug discovery is a highly complex process.  First, inasmuch as most human 
diseases are poorly understood at the molecular level, the selection process is fraught 
with significant uncertainties, and therefore risk.  Evidence on the potential role of a 
molecular target for drug discovery may, however, be deduced from one or more types 
of observations: 
 

 Inherent human genetic aberration that increases or decreases a specific 
molecular function. Such a situation may be exemplified by an abhorrent 
enzyme activity that occurs in a certain cancer and hence, such an enzyme could 
become the molecular target for a drug discovery effort directed to that cancer. 
Likewise, loss of gene function due to an inherited or spontaneous gene 
mutation, such as coagulation factors VIII or IX, that results in severe bleeding 
diathesis that is characteristic of hemophilia.  Such a defect could be corrected, 
and potentially cured, by replacement or correction of the specific genetic 
deficiency. 

 Artificially induced genetic manipulation in experimental animals.  An advance 
in the generation of genetically modified animals (primarily mice) allows one to 
achieve a better insight into the specific functions of genes and their products 
(proteins) through elimination (“knock-out”) of the gene in question. For 
example, deletion in mice of the gene that produces the enzyme aggrecanase, 
which breaks down important cartilage matrix, results in resistance to bone and 
cartilage erosion, a phenomenon that occurs in patients with the highly prevalent 
joint disease, osteoarthritis. By inference, targeting aggrecanase may result in a 
new therapy for the treatment of osteoarthritis, and possibly other disorders of 
joints and bone.  

 Differential expression patterns of newly discovered or known genes/proteins 
either in the human disease itself or in an animal model of human disease can 
yield extremely valuable information. The specific expression, or lack of 
expression, of a gene or protein in the cells or organs of human disease can 
provide strong evidence that such a gene or protein may be a relevant molecular 
target for initiation of a drug discovery effort.  Depending upon the 
specificity/selectivity of the gene expression, an assessment can often be made 
of the likelihood for development of more focused therapies with potentially 
greater safety, and could result in a “targeted therapy”. 

 Association analysis, using bioinformatics methodologies, of genes, proteins and 
pathways known to control important cellular events such as proliferation, 
differentiation, apoptosis and organ formation. Such “in silico” methods that can 
predict the function of genes and/or proteins from their primary amino acid 
sequences, 3-dimensional shapes, common structural motifs etc, can provide 
insights years before actual proof-of-concept is established experimentally in 
animal models.  

 The use of natural products or existing drugs as “pharmacological tools” to 
probe molecular pathways and identify discrete molecular interactions that 
underpin disease or pathophysiological states. 
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