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Abstract: In the present scenario when both simple and life-threatening infectious
diseases are increasingly becoming an attractive proposition, there is an urgent need
for new treatments against the causative agents like bacteria, fungi and viruses. The
aim of this review is to provide an overview of the various aspects of repurposing of a
drug in comparison to the traditional drug production system. It will give a general
view about the manufacturing process, present approaches, and opportunities used for
the traditional drug processing and for drug repurposing.
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INTRODUCTION

As we are witnessing the recent pandemic of dangerous microbial pathogens, and also aware of the fact
that despite the recent advances in antimicrobial treatments, most infections lack specific treatment.
Many of the recent therapeutic strategies failed to cope with the re-emergence and mutations in
microbes M. There is an urgent need to study these mutations thereby improving our knowledge of
disease and defence mechanisms in order to identify new therapeutic molecules using a pool of potential
pharmacological targets 21, and to repurpose the existing drugs. In such case, to a great extent, drug
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repurposing combined with some innovative approaches is proving to be an effective therapeutic
strategy as compared to the traditional system of drug production [,

2. MATERIALS AND METHODS

2.1. Traditional system of drug production: Plants have been the source of drugs for the treatment of
various diseases since time immemorial. The phytochemicals and secondary metabolites from plants
have been proved to contain various activities like antimicrobial, antioxidant, anti-inflammatory,
immunomodulatory potential and many more [,

2.2. Repurposing of a drug: Drug repositioning or drug reprofiling or re-tasking is the procedure of
reusing an already known, approved, discontinued, shelved or experimental drugs that have already
proven to be safe and effective in experimental animals and humans. It is also known as indication
expansion or indication shift or rescuing and therapeutic switching, as it involves change or shift of its
medical uses 1. Repurposing of a drug helps to increase the identification and classification of those
already existing drugs that have potential to cure or prevent viral infections. For instance, an antiviral
amantadine which was originally used to treat influenza was then repurposed to be used in treating
Parkinson’s disease . The principle of mechanism of drug repurposing lies in the fact that the same
molecular pathways may be involved in different diseases ["1.

2.3. Methodology for Traditional Plant derived drugs: The development of new plant derived
medicines is very time consuming and complex process. It takes approximately 12 years from selecting
a plant, drug extraction, discovery of a new drug to reaching the medical shop 8,

2.3.1. Survey and selection of plants: There are five major approaches for the selection of plants,
which are:

¢ Random approach: this is based only on observation based on morphological features
without having knowledge and experience about the selected plants. it involves collecting
all the available plants in a particular area.

e Taxonomic approach: this is based on the taxonomic features about a particular plant that
is to be studied. It involves the knowledge of specific genus or family and their possible
locations.

e Phytochemical or chemotaxonomic approach: this is based on the knowledge of bioactive
chemical type in order to treat a particular disease.

e Ethno-medical approach: this is based on the prior knowledge of a particular plant and its
medicinal use in different areas.

e Information-managed approach: this is based on information, about their usage and
activity of plants, collected from local areas after doing a detailed survey.

2.3.2. lIsolation, identification, and characterization of phytochemicals: it includes many
Phytochemical screening assays includes tests for carbohydrates, tests for proteins, tests for amino
acids, tests for steroid and triterpenoid, tests for glycosides, tests for flavonoids, tests for alkaloids,
tests for tannins and phenolic compounds [,

2.3.3. Extraction or bio-fractionation of plant materials collected: It is then isolated with
chromatographic separation, purification, and new phytoconstituents having good bioactivity are
characterized. The different chromatography techniques are thin layer chromatography (TLC),
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High performance thin layer chromatography (HPTLC), Column chromatography (CC), and High-
performance liquid chromatography (HPLC).

1.

Methods of detection of compounds or functional groups (chemical bonds) present in an
unknown mixture of plant extracts includes Mass spectrometry (MS), Fourier-transform
infrared spectroscopy (FTIR), Nuclear magnetic resonance spectroscopy (NMR), High-
throughput screening (HTS). This a specially designed technique and a standard method based
on identification through stored libraries ™4,

Designing of new analogues: newly isolated phytoconstituents are used as lead compounds
having improved therapeutic activity. This is followed by production of final drugs by R & D
with socioeconomic benefits, to be used by common people ™2,

2.4. Methodology for Drug Repurposing: When the economy doesn’t favour the development of
novel drugs and when there is an urgent need of an effective drug, drug repurposing is particularly an
attractive approach for rare and neglected conditions 31,

The major approaches followed in drug repurposing are:

1.

Approach based on clinical or experimental research gives a direct evidence of links between
drugs and diseases to be developed, that are reliable and credible. Some of them are target
screening approaches cell assay approaches, animal model approaches and clinical approaches.
High throughput phenotypic screening of drugs with in-vitro or in-vivo animal models for a
particular disease reflects the potential for clinical evaluation. The new targets have to be
identified by affinity chromatography and mass spectrometry just like the traditional
approaches of plant derived drugs 24,

Approach based on computational research involves the use of networking and digital libraries
like the retrospective clinical analysis of surveillance data. The novel targets can also be
identified by network analysis involving the known data of genes and proteins. Signature
matching in which a particular characteristic (transcriptome or structure of effect) of a drug is
to be compared with the same characteristic of another drug. Structure based Molecular docking
computational approach involving the binding site complementarity between a drug (ligand)
and a viral protein (therapeutic target). In precision medicine approach, in addition to
environment, and lifestyle for each individual, separate variability in genes is considered. The
treatment depends on variations in an individual’s genome, transcriptome, proteome, and
metabolome, or to specific types of a general condition. The systems medicine network control
analysis is used to design a combination of several drugs that work in a synergistic manner,
also called as multitarget therapeutics. The synergism has advantages of easier administration,
shorter duration of treatment, lower dose requirement and more protection against the
emergence of resistant parasites. High throughput cell-based screening methods, in-vivo and
ex-vivo bio-analytics, and database-driven bioinformatics approaches are another
computational approach 151,

Mixed approaches: to find out more effective ways of treatments in the present scenario of life-
threatening diseases, researchers have combined computational approaches and experimental
approaches to find new indications for drugs. This is called as mixed approaches, wherein the
result of computational methods was validated by biological experiments and clinical tests. It
offers more opportunities for developing repositioned drug effectively and rapidly €1,
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3. RESULT AND DISCUSSION

3.1. The pathway of repurposing drug: Identification and screening of repositioning drugs involves
about two years. For about 1-2 years, desired compound is identified from approved drug libraries.
Drugs or candidates or the lead compound chosen for repurposing includes the drugs in clinical
development that failed to deliver efficacy during clinical trials, or those with no major safety concerns,
or those that are being discontinued for commercial reasons, or those half-baked drugs from academic
institutions and public sector laboratories. These are called as the Pharmacophore whose features are
directly responsible for activity. The structural features are optimized in order to improve interactions
with the target. 1-6 years are spent in clinical trials where experimental models are used to determine
toxicity and efficacy of the drug. The effect of drug on humans and vice versa i.e., Pharmacodynamics
and Pharmacokinetics of the drug are determined. Next 1-2 years are involved in completing the
registration, patenting and marketing of the finally examined drug 7.

3.2. A comparative pathway of traditional drug development and drug repurposing has been
shown here in figure 1

TRADITIONAL DRUG
DISCOVERY
@% @ DRUG APPROVAL
TARGET BASED OR CLINICAL TRIALS OR g
ORGANISM BASED DEVELOPMENT %

PRECLINICAL STUDIES‘ FOR (FHASE LISl ‘ FDA APPROVAL FOR
NEW INDICATION
CLINICAL EVALUATION
MARKETING _[ REGISTRATION }
CLINICALLY SELECTION AND
APPROVED DRUG VALIDATION
* Insilico approach
+ Serendipitous discovery
« Experimental Approach
DRUG REPURPOSING

Figure 1: An overview of pathways followed by traditional drug development and drug repurposing

3.3. Advantages of drug repurposing over traditional drug development process: There have been
many disadvantages associated with the traditional drug discovery system. The discovery of novel drugs
based on plants is a time taking and a challenging task for designing new lead compounds 18, The
average cost of introducing one new traditional plant-based drug to the market in developed countries,
including the cost of failures, has been estimated to be near billions. It involves a detailed procedure
starting from survey for the selection of plants using the five approaches, to its phytochemical analysis,
characterization and pharmacological investigation [°l. Consequently, the current procedure of
traditional drug discovery is ill-equipped to fight against rapidly emerging and re-emerging infectious
diseases, such as mutated and drug-resistant strains of viruses, and other infectious microorganisms.
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Other drawbacks being the cost, time consumption, and risk-prone venture. Also, the productivity
problem, worldwide pressure on economy, competition from generics, and ever-increasing regulatory
challenges, has driven many drug companies to become more innovative in finding new uses for
existing drugs by relying on the more effective and advantageous drug repurposing system [2%.

4. CONCLUSION

In order to bring new and much effective drugs into the pharma market, drug repurposing of traditional
plant-based drugs has shown to offer faster and cheaper ways of treating both common and rare diseases.
Research and Development sectors also has found it far better, that can overcome all those
disadvantages associated with the traditional de novo drug synthesis. This scientific approach of finding
and discovering new and more potent drug compounds is an urgent need of present scenario of life-
threatening diseases.
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