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should be absorbed into the bloodstream, must be non-toxic and can 
be metabolized efficiently and excreted properly from the body. In 
this phase, the drug candidate is cautiously examined so as to prepare 
it for testing in humans. After the pre-clinical testing is performed, 
clinical trials [10] are done on humans in 3 phases: Phase 1 is to 
perform initial testing on a small group of healthy human volunteers, 
phase 2 involves testing in a small group of patients and phase 3 
includes testing a large group of patients to see the effectiveness and 
safety of the drug candidate since healthy and ill people potentially 
have different metabolic profiles for the drugs. After passing through 
this phase, the potential drug candidate is sent for regulatory review 
and approval [11].

The discovery and development of a potential drug is an expensive 
and demanding task. However, delivering it to the patients is even 
more challenging due to various factors [12]. For example, during 
delivery of the drug to the patient, partial degradation of drug may 
happen before it reaches a desired target in the body, which will restrict 
or reduce the potency and therapeutic effects of the drug. Side effects 
occur due to the off-target interactions of the drug with other parts 
of the body. Moreover, the presence of blood-brain barrier, which 
impedes the drug delivery to the brain and spinal cord, also makes 
delivery of the drug extremely difficult in treating Central Nervous 
System-related diseases. Cellular defenses are imposed during the 
transportation of drugs to the targeted intracellular sites. Therefore 
the approach of delivering the drug in the body plays a crucial rolein 
diagnosing a disease.

Drug delivery: This process involves methods, formulations 
and technologies for proper administration of drug through various 
routes in the body to safely achieve its anticipated therapeutic effect. 
Drug delivery is usually concerned with the amount and duration 
of drug present in the human body, which may includeprecise site-
targeting within the body or it might involve in assisting systemic 
pharmacokinetics. 

The drug delivery process incorporates the drug’s chemical 
formulation, medical devices or drug-device combination products. 
The concept of drug delivery is deeply blended with dosage form 
and route of administration. Medications can be taken through 
multipleroutes such as non-invasive peroral (through the mouth), 
topical (skin), transmucosal (nasal, buccal/sublingual, vaginal, ocular 
and rectal), carrier-based, inhalation or intravenous injection routes. 
The drug delivery systems are engineered technologies for site-targeted 
delivery and/or controlled discharge of therapeutic agents [13]. 
Present-day efforts in the area of drug delivery include (1) the growth 
of site-targeted delivery, in which the drug is only active in the specific 
target area of the body and (2) constant release formulations, in which 
the drug is discharged over a period of time in a controlled manner 
from a formulation. Different kinds of constant release formulations 
exist that include liposomes, proliposomes, microspheres, gels, 
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treatment to patients is an intricate, costly and long-term process. 
This entire process from discovering and developing a potential drug 
candidate to its delivery into the human body takes an average of 10-
15 years and costs around $0.8 - 1.0 billion per drug [1,2]. It requires 
comprehensive knowledge about the root cause of the disease at 
molecular, cellular and genetic levels, identification of the ‘druggable’ 
target to which potential new drugs might be able to interact, 
validation of the target, discovery of the potential drug that can 
interact with the desired target, and testing of its safety and efficacy in 
humans. This is followed by the regulatory review and approval of the 
drug and subsequent provision to the patients. 

Drug discovery: In the drug discovery process, firstly, a good 
target (which may include, proteins, DNA and RNA) needs to 
be determined, which should have characteristic features, like 
effectiveness, safety, ability to meet clinical and commercial standards 
and, most importantly, be ‘druggable’[3]. This step is followed by 
target validation, which is a multi-functional process, involving 
various in-vitro and in-vivo validation assays, e.g., antisense 
technology based probes (RNAi) and alternatively, transgenic animal 
models as validation tool [4]. After the target has been validated, 
screening a library of compounds is performed to find the lead 
compound that may interact with the identified ‘druggable’ target 
and alter the pathological path. The lead compound can be identified 
through various methods, such as isolation from the natural products 
[5], high-throughput screening [6], NMR based screening [7], and de 
novo synthesis [8]. 

Drug development: Once the lead compound has been identified, 
further rigorous testing and optimization is performed on the lead 
compound, including pre-clinical research on microorganisms/
animals and clinical trials on humans to identify the ‘potential 
drug candidate’ which may be most effectual with respect to safety, 
toxicity, dosage, and efficacy. For the pre-clinical phase, the selected 
lead compounds are tested in cells of the microorganisms (in vitro) 
and in animals (in vivo) to elucidate their pharmacodynamic and 
pharmacokinetic (Absorption, Distribution, Metabolism, Excretion 
and Toxicity) properties [9]. The successful lead compound is 
expected to be distributed to the correct action site in the body, 
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prodrugs, cyclodextrins drug-loaded biodegradable microspheres 
(nanoparticles) and drug-polymer conjugates [14]. In order to 
accomplish efficient site-targeted delivery, the designed system must 
avoid the host’s defense mechanisms and circulate to its anticipated 
site of action [15]. There are also various other methods of drug 
delivery such as thin film drug delivery (it uses dissolving film or oral 
drug strip  to deliver  drugs), self-microemulsifying drug delivery 
system (uses a microemulsion for drug delivery, e.g.,c yclosporine), 
acoustic targeted drug delivery (involves ultrasound energy to increase 
the transference of drug into and/or across specific tissues), neural 
drug delivery systems, injectable biomaterials, and retrometabolic 
drug design. However, each method has its own advantages and 
disadvantages, and therefore each medication needs to be taken in its 
own specific manner. 

Discovering and developing better drugs, designing innovative 
delivery methods or improving current ones can only advance the 
usage of existing medications. However, this improvement will 
only be effective if the methods are developed to safely direct drugs 
through specific areas of the body, such as the stomach, where low pH 
can destroy a medication, or around an area where healthy bone and 
tissue might be adversely affected. Thus the field of drug discovery, 
development and delivery plays a very significant and critical role 
in social healthcare and therefore there is a dire need to consistently 
advance this field so as to provide better medication to the patients 
and increase their survival rate. 
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