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The term “drug repurposing” refers to the practice of identifying unmet medical needs and developing
innovative solutions using already available drugs. It's a useful strategy for identifying or developing new
medicinal molecules with untapped therapeutic potential. Some of the computational drugs repurposing
methods currently in use have been employed in the fight against the 2019 coronavirus illness
(COVID-19) pandemic. Many currently used medications are being repurposed, thanks to advances
in computational approaches and a fundamental understanding of viral etiology and pharmacological
pharmacodynamics. The objective of this work is to highlight the utilization of repurposed medicines
for COVID-19, bacterial infections and cancer therapy. The drug repurposing method is fast-growing
in both business and academia, since it focuses on the initial knowledge and investment that brought
the product to market in the first place. Recently, medication repositioning has been included in the
drug R&D plans of several pharmaceutical companies, aiming to create new therapies in response to
the identification of novel biological targets. In addition to being highly efficient, the drug repurposing
Kmethod also saves money and the pharmacological profiles are generally known. /
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ABBREVIATIONS

IND: Investigational new drug, NDA: New drug
application, NME: New molecular entity, vHTS: Virtual
high-throughputscreening, GIST: Gastrointestinal stromal
tumor, DR: Drug repurposing

INTRODUCTION

The worldwide coronavirus disease (COVID-19)
outbreak, which began in China, has given the drug
repositioning strategy a new sense of urgency. Finding
a new purpose for an existing medicine is known as
drug repurposing'. Alternative terms for therapeutic
switching include drug repositioning, drug re-tasking,
drug reprofiling, drug recycling, drug redirection and drug
repurposing. The process of introducing a brand-new
drug is complex, difficult, time-consuming, and financially

prohibitive2. Drug repositioning promises profit-sharing
with decreased risk since these repurposed medications
have recently been evaluated as safe inhumans, and have
passed all research trials. Nowadays, drug repurposing
has emerged as a promising approach in the drug
discovery process due to its high applicability and lower
expenses®'. As a result, analyzing the repurposing of
an existing medicine for a new therapeutic purpose is
quick and easy's. Pharmaceutical companies have shown
increasing interdisciplinary interest in finding new uses
for existing drugs. This method is effective, time-saving,
and cost-effective, which may maximize the success
rate. Some examples of repurposed drugs have been
depicted in Table I.

Traditional drug delivery Vs drug repurposing

The gold standard for drug discovery is the de novo
assessmentand selection of new molecular entities (NME),
which consists of five stages: discovery and preclinical,
safety assessment, clinical research, FDAreview, and FDA
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Table I: Examples of repurposed drugs'2615

Drug

Original
indication

New indication

Sildenafil

Hypertension/
angina

Erectile
dysfunction

Zidovudine

Cancer

HIV/AIDS

Cycloserine

Urinary tract
infection

Tuberculosis

Finasteride

Benign prostatic
hyperplasia

Hair loss

Tamoxifen

Breast cancer

Anti-bacterial
activity

Amantidine

Anti-viral

Parkinson’s
disease

Topiramate

Epilepsy

Obesity

Phentolamine

Hypertension

Impaired night
vision

Tadalafil

Inflammation and
CVS disease

Male erectile
dysfunction

Thalidomide

Sedative

Leprosy

post-market safety monitoring. This is laborious method
with a high potential for errors. Drug repositioning involves
simply four processes: compound discovery, compound
procurement, development, and FDA post-market quality
control. Traditional drug research and development is
a lengthy process that begins with the discovery of a
new treatment and ends with regulatory approval for its
commercial launch. It is important to develop modern
strategiesto reduce the time ittakes to manufacture adrug.
Recently, the COVID-19 outbreak has severely impacted
the entire healthcare system, leading the attention of
many scientists toward the repurposing approach as
well as herbal alternatives'®28. Drug repurposing has
become increasingly important in discovering new
therapeutic applications for medicines that are currently
on the market®. Repurposing is often accomplished
through accidental (unintentional fortunate observations)
or systematic methods. This article discusses several
methods for discovering new indications for FDA-approved
medicines. Drug repurposing has thus become a fruitful
approach to drug discovery, as it provides a novel way
to explore existing medicines for new applications, even
though it is highly challenging®.

The time required to produce a new medicine is
expected to be 10-17 years, while the time needed to
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Fig. 1: Traditional drug delivery Vs drug repurposing®

develop a new drug through drug repurposing (DR) is
estimatedtorange between 3and 12 years. A repurposed
medication does not require the initial 69 years typically
needed for the development of new drugs. Instead, it
bypasses the laboratory phase and proceeds directly to
clinical trials, which saves development time and money,
and reduces risk'3'%2, Fig. 1 illustrates the comparison
of processes in traditional drug discovery and drug
repurposing.

STRATEGIES
There are mainly two strategies:

A. On-target
B. Off-target

On-target and off-target DR are the two basic DR
techniques. On-target DR involves the use of a drug’s
known pharmacological effectin a different clinical setting.
Inthis method, the therapeutic molecule’s biological target
remains the same even when the ailment being treated
varies. The pharmacological mechanism is unknown in
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the off-target profile. On the other hand, novel therapeutic
indications are being addressed by medications and drug
candidates that act on new targets outside of their initial
scope. As a result, the objective and indicators are both
new’s.

APPROACHES

Various pharmacological and disease information
databases, like Drug Bank, ChemBank, OMIM, KEGG,
and PubMed, have emerged as a result of the rapid
development of biological microarray methods, and huge
genomic databases, such as MIPS, PDB, GEO, and
GenBank, have been established33-%,

The rapid development of a range of innovative
computing techniques was aided by this information and
data. Most present computational methods either combine
various sources of data on disease-drug relationships
that may be divided into distinct categories, or use the
gene expression response of cell lines following therapy
as their basis. Network-based techniques are commonly
utilized for drug repositioning thanks to their flexibility in
incorporating a wide variety of data sources®.

These techniques have been presented over several
decades and have been in a focus, in the last ten years.
DBSCAN, CLIQUE, STING, and OPTICS are among
the most popular network-based cluster methods®. The
experimental technique and the in silico approach are
two complementary but distinct methods®7-%,

Experiment-based approach

Using experimental assays, traditional medicines
may be screened for novel pharmacological indications, a
process called experiment-based method or activity-based
repositioning. Included are in vitro and/or in vivo disease
models based on protein targets and cells or organs;
target protein structural information is not necessary for
these models.

In silico based approach

In contrast, in silico repositioning performs virtual
screening of public databases of massive drug and
chemical libraries using computational biology and
bioinformatics / chemoinformatics technologies.
This strategy, which relies on the pharmacophoric
interaction between the therapeutic chemical and the
protein target, allows for the identification of putative
bioactive compounds. Moreover, extensive use of in
silico platforms for drug repurposing has been reported
for various disease conditions®*®'. Computational
and experimental approaches to drug repositioning
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can be broadly differentiated. These techniques are
sometimes coupled to make use of the advantages
of both computational approaches and experimental
screens. Data is critical in predicting novel indications
for current medications using systematic drug-target-
disease connection pairings, on which computational
techniques strongly depend®.

DRUG REPURPOSING APPROACH TO FIGHT
COVID-19

COVID-19, spread all over the world, pays critical
attention to save human beings through effective
treatments, which are urgently needed. The discovery of
new molecules may be time-consuming and cost-effective
compared to repurposed, available drugs. Several
approaches have been developedthat may encounterthe
complexity of new drug applications and drug discovery
processes®. Recently, a strategy for rapidly identifying
repurposable medicines against SARS-CoV-2 using
integrative network-based systems pharmacology has
been published. With this method, we can assess how
the human protein-protein interaction network connects to
therapeutic targets in the context of coronavirus infection.
Research employing this method identified 30 medicines
with untapped potential for other applications®'-2.

Remdesivir is being explored as a potential
repurposed medication option for COVID-19. Ina 14-day
study with 1059 patients (538 of whom received remdesivir
and 521 of whom received a placebo), the death rate
was 7.1% with remdesivir and 11.9% with a placebo.
The study was conducted across 60 primary locations
and 13 secondary ones worldwide. In a randomized,
double-blind, placebo-controlled experiment involving
237 patients, 158 received remdesivir, and 79 (one
withdrew) received a placebo. The duration of symptoms
was statistically significantly shorterand (10 days orless)
in patients receiving remdesivir compared to patients
receiving a placebo. In a different remdesivir clinical
study involving patients with severe COVID-19 who did
not require mechanical ventilation at any stage during
therapy, there was no statistically significant difference
between the 5-day and 10-day treatment regimens. On
day 14, 64% of patients in the 5-day group and 54% in
the 10-day group showed clinical improvements of two
points or more on a scale of 1 to 7. The medications
favipiravir, ribavirin, the lopinavir-ritonavir combination,
arbidol, andtocilizumab have shown assurance in clinical
trials conducted based on compassionate use to save
the lives of COVID-19 patients. Consequently, these
medications might represent viable pharmacological
therapies against this devastatingillnessin the future®-¢®,
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Fig. 2: Steps involved in drug repurposing's

METHODOLOGY

Based on the quantity and quality of pharmacological,
toxicological, and biological activity data, drug repurposing
techniques can be categorized into three classes, primarily
focusing on (i) drugs, (ii) targets, and (iii) treatments
and diseases. Drug-oriented research examines how
drugs function from various perspectives, including their
molecular structure, biological action, and potential for
harm. This approach relies on studiesin cells and animals
to identify chemicals with biological effects. It is based
on established principles of pharmacology and drug
development, where trials are conducted to determine the
biological effectiveness of pharmacological compounds
before identifying their biological targets. Large-scale
developmentsindrug repurposing with this drug-centered
profile, such as the discovery of sildenafil, have occured
by chance or as a result of clinical observations®.

A target-based technique involves drug screening
(HTS/HCS) with high throughput and/or high content
in vivo, as opposed to a particular protein molecule or
biomarker of interest. Thisis an example of in silicoor virtual
high-throughput screening (vHTS) of pharmaceuticals or
compounds from drug libraries or compound data sets. It
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includes methods like ligand-based screening ormolecular
docking, followed by in vitro testing. Compared to drug-
oriented research, this procedure has a significantly higher
success rate because most biological targets are direct
representations of disease pathways and mechanisms,
making it a valuable strategy in drug discovery®.

As data on the disease model accumulates, the
illness/therapy-oriented approach to drug repurposing
(DR) will become increasingly important. In this scenario,
disease-specific data from disciplines like proteomics
(disease-specific target proteins), genomics (disease-
specific genetic data), metabolomics (disease-specific
metabolic pathways/profile), and phenotypic data can
be utilized to guide DR. This includes adverse and side
effects, off-target mechanisms, pharmacological targets,
illness pathways, pathologic states, and more. Disease-
specific networks must be developed, genetic expression
mustbe recognized, essential targets mustbe considered,
and protein molecules involved in cellular and metabolic
processes must be identified.

Medication repositioning is presented alongside the
various methods and steps required. More than half of
the small medication molecules and biologics currently
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authorized by the FDA are the result of phenotypic
screening and target-based procedures using drugs.
Drug candidates can be discovered through phenotypic
screening procedures, but this method relies on random
observations to sift through large libraries of small
molecules.

Methodologies and steps involved in drug
repositioning

More than half of the small medication compounds
and biologics authorized by the FDA were discovered
using phenotypic screening or target-based approaches.
In phenotypic drug screening, therapeutic candidates
are identified from small molecule libraries based
on unexpected discoveries. Drugs are discovered
using target-based approaches because their target
molecules are already known. Fig. 2 illustrates the steps
involved in drug repurposing. Therapeutic or treatment-
based repositioning is analogous to disease-based
repositioning®®.

We provide a comprehensive breakdown of
the numerous approaches used in medication
repositioning, accompanied by concrete examples.
Various methodologies employed in drug repurposing
are depicted in Table II.

Table II: Various methodologies employed in drug
repurposing15,33,34,61,62,69

Drug Usual drug Repurposed to
treat
Nilotinib Leukemia Parkinson’s disease
Metformin Anti-diabetic Pancreatic cancer
stem cell
Aspirin Pain killer Heart attack
Ibuprofen Anti-inflammatory | Anti-microbial
Sildenafil Hypener_13|on Erectile dysfunction
and angina
Amantadine |Anti-viral Parkinson’s disease
Rheumatoid
Cyclosporine | arthritis and Transplant rejection
Psoriasis

The following is a concise description of the various
repositioning options:

Screening method

The reliance on serendipity through biological tests/
experimental screens targeted at specific disease models
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andtherapiesis a significantcomponent of blinded search
or screening procedures. These approaches tend to be
more flexible when it comes to screening a wide variety
of medications or conditions.

Target-based method

In vivo and in vitro high-throughput and/or high-
content screening (HTS/HCS) of drug molecules for a
protein target or a biomarker of interest are examples of
target-based methods. In contrast, target-independent
methods include in silico screening of compounds or
drugs from large ligand-based screening or molecular
docking. Compared to blinded search approaches, these
offer a better chance of uncovering potentially helpful
pharmaceuticals or drug leads. The entire screening
process can be completed in a shorter amount of time.

Knowledge-based methods

Utilized bioinformatics or chemoinformatics methods
to compile information such as drug profiles, target and
drug chemical structures, drug-target networks, and data
from clinical trials. Knowledge-based techniques are more
comprehensive in terms of information content compared
to blinded and target-based approaches. The ability to
make predictions based on available data also allows
for its application in forward planning, anticipating new
mechanisms, such as unidentified medication targets.

Signature-based method

This method utilizes gene profiles obtained from
disease omics data, with or without therapies, to identify
off-target effects or disease processes. One source for
obtaining genomics data is a publicly available database.
Adopting these methods has the potential advantage
of allowing researchers to investigate pharmaceutical
mechanisms of action that are yet to be discovered.
Signature-based strategies use computational tools to
examine pharmacological processes at the molecular
level, such as alterations in gene expression, as opposed
to the knowledge-based approach. Data from disease
omics are commonly used in pathway- or network-based
approaches.

Pathway- or network-based

Methods are developed using omics data on the
disease, existing signaling or metabolic pathways, and
protein interaction networks to recreate disease circuits
that are essential targets for repositioning medications.
The use of such methods has the potential to simplify
complex signaling networks by reducing the number of
proteins involved (or target molecules).
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Targeted mechanism-based method

Targeted mechanism-based techniques can
characterize the mechanisms of action of medications
about which little is known by integrating treatment omics
data with existing signaling circuit knowledge and protein
interaction networks. The benefit of these techniquesis that
they are used not only to decipher disease mechanisms
or medications but also to identify those directly related
to therapeutic therapies for certain diseases®"".

Challenges with repurposing of drugs

Despite its numerous advantages, the economic
viability of repurposed therapies is limited. Clinical trial
repurposing is expensive, as is demonstrating safety,
establishing efficacy, securing patent protection, and
achieving commercialization™. Despite benefits such
as lower costs and a shorter time to market, financial
support for medication repurposing initiatives has
been lacking”. Additionally, the FDA only grants a
three-year exclusivity period for a new application
of a previously used drugs for a range of purposes,
giving pharmaceutical firms limited time to recover
their investment and avoid a loss™. Drug repurposing
may have its roots in the medicalization of previously
unrecognized physiological diseases; sildenafil,
originally developed as an antihypertensive, is now
usedtotreat erectile dysfunction. A medication that has
previously failed due to toxicity issues, as per Ringel,
cannot be repurposed for a new indication”. He also
proposed that by having a thorough grasp of the iliness
target and mechanisms, market obstacles hindering
repurposing can be overcome. Some businesses have
attempted to provide a platform for creating disease
matrices and chemicals that can be used to treat
specific diseases’s.

Furthermore, not all repurposed medications are
effective. Bevacizumab, a kinase inhibitor that has
been repurposed to treat various types of cancer, was
unsuccessful in phase Il studies for gastric cancer”.
Clinical studies using the multikinase inhibitor sunitinib,
which had been authorized for the treatment of renal
carcinomas, pancreatic neuroendocrine tumors,
and gastrointestinal stromal tumors (GISTs), were
ineffective for these diseases’. Because the medicine
has previously been used for another purpose, there is
also the potential for it to have unwanted side effects
when applied to new situations. Rigorous clinical studies
are required before repurposed drugs can be used. To
effectively treat a new indication, clinical studies will
need to be conducted to determine the optimal dose
and delivery schedule.

12

INTELLECTUAL PROPERTY AND ECONOMIC
CONSIDERATIONS

Certain legal challenges may complicate the
process of patenting a new medical use and/or enforcing
patent rights, potentially reducing the incentives for drug
repurposing. For instance, in some countries, obtaining
a patent for a product intended for secondary or tertiary
medical applications can be challenging. However, most
major pharmaceutical markets do offer protection for
repurposed medicinal uses. Another consideration is
that many potential repurposed uses have either been
documentedin specialized literature or are currently being
employed off-labelin clinical practice. Despite the absence
of confirmed results from regulated clinical research, this
can impact both innovation and patent eligibility.

Pharmaceuticals that currently lack patents may
still have the opportunity to obtain one for a new use,
although enforcing it can be problematic if the new
indication involves readily available dosages and dosage
forms. While it is possible to reap some of the benefits
of repurposing by using the same strength that was
originally marketed, it is preferable if the new indication
requires an unmarketed strength (preferably lower than
those previously available) or an entirely new formulation.
Changing the medication molecule would mean departing
from the repurposing approach, making newer derivatives
an impractical alternative.

The need for pharmaceutical repurposing is
influenced by real factors that may affect the patenting
of new medical uses and the utilization of patent rights.
Firstly, in certain national laws, obtaining a patent for
a drug’s second or subsequent medical use can be
challenging, although this is not the case in most of the
world’s major pharmaceutical markets. Secondly, several
off-label, unregistered applications are currently in use in
clinical practice or have been documented in specialized
literature. The implications for novelty and patentability
are recognized, even though controlled clinical studies
have not yet been conducted to validate such usage.

A patent for a new medical use can be obtained
after the original patent has expired. However, if the new
indication involves a drug that is available on the market
in the appropriate dose and strength forms, it can pose
challenges. As a result, while using the same strengths
that were advertised for the original indication may yield
some therapeutic benefits, it would be ideal, if the new
indication called for either not-commercially available
strengths (preferably ones that were lower than those
that were previously available) or a special, innovative
formulation. Due to the fact that modifying the medication

INDIAN DRUGS 60 (11) NOVEMBER 2023




molecule would imply abandoning the repurposing
process, new derivatives cannot be considered.

Data and compound availability

Gradually, the drug developmentindustry isembracing
the open-source model. However, there are still barriers
to public access to certain critically important data, such
as clinical trials. Some data, like imaging data, can be
challenging to extract, combine, and manage due to its
non-standard format or complexity, even when access is
notanissue. Additionally, integrating diverse forms of data
has been demonstrated to be computationally intensive.

A significant hurdle to medication repurposing may
arise when a potential new indication falls outside the
scope of an organization, and the pharmaceutical company
is reluctant to disclose its chemical library for exploring
future uses of its compound collections. Even when a
major institution is open to crowdsourcing or collaborating
with smaller businesses, the underlying administrative
processes, particularly those related to who can sign
material transfer agreements and how compounds are
distributed, should be streamlined and made more flexible,
including boutique firms or academic groups.

Generic versions of active pharmaceutical compounds
may also face supply challenges at times, especially, if
the original chemical has been withdrawn from foreign
markets. In such situations, finding a reliable vendor can
be challenging’®®'.

CAN THE REPURPOSING SPACE BE
EXHAUSTED?

Although, there are undoubtedly many diseases
in need of improved therapeutic approaches or novel
treatments, the potential for medication repurposing
for specific diseases may be quickly exhausted due
to extensive drug repurposing efforts. Over the years,
numerous high-throughput screens have been conducted
in an attempt to identify repurposed medicines effective
against trypanosomiasis, such as Chagas disease.
Alongside these, several low-throughput screens, both
in silico and wet screens, have effectively targeted
specific therapeutic targets, and included experimental
confirmation of the results.

For example, one might question the necessity for
further phenotypic screening specifically focused on
Trypanosoma cruzi, a parasite that occurs naturally.
Similarly, one might wonder if the interest in medication
repurposing will decline over a time as successive
systematic screenings of known drugs are carried out”®-%,
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EXAMPLES OF REPURPOSING DRUGS
Aspirin

Acetylsalicylic acid is undoubtedly one of the oldest
examples of drug repurposing. Aspirin was initially
introduced as an analgesic by Bayer in 1899. Later, in
the 1980s, it was repurposed as an antidepressant, but
only atlow doses. Itis a drug that prevents platelets from
aggregating®. ltis still in widespread use today, primarily
asapreventive measure against heart attacks and strokes.
For his work, which earned himthe Nobel Prize in Medicine
in 1982, Dr. J. R. Vane’s research played a crucial role®’.
Dr.Lawrence Craven, a general practitioner at California’s
Glendale Memorial Hospital, observed that aspirin can
lead to increased bleeding when administered to patients
undergoing tonsillectomy as an analgesic. Thromboxin A2
is apotentactivator of plateletaggregation, and the enzyme
platelet cyclooxygenase 1 (COX-1) is responsible for its
production from the prostaglandin precursor leukotriene
B4. To prevent platelet aggregation, aspirin continuously
blocks the cyclooxygenase-1 enzyme.

Aspirin’s analgesic and anti-inflammatory effects
result from its ability to inhibit cyclooxygenase 2 (COX-
2), particularly vascular COX-2, an enzyme crucial in the
production of prostaglandins that cause pain and prevent
platelet aggregation. Aspirin exhibits limited selectivity
for COX-1 at low dosages (300 mg day™), and exerts
its antiplatelet aggregation effect, which is overridden at

O OH

Fig. 3: Structure of aspirin®

higherlevels due to concurrent COX-2 inhibition. Aspirin’s
anti-inflammatory benefits are attributed to COX-1’s
involvement in producing prostaglandins responsible for
cytoprotection. However, this is also the reason for the
drug’s adverse effects on the digestive system, which
are unrelated to the dosage. In the near future, aspirin
could assume a different role in cancer prevention.
Research indicates that taking aspirin daily for at least
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Table IlIl: Repurposed drugs for treating bacterial infections?1:9293.9

Drug Initial use

New use

Amlodipine Anti-hypertensive agents

Anti-bacterial, antileishmanial and
antitrypanosomial

Chlorpromazine

Dopamine antagonist to treat schizophrenia

Anti-amoebic, anti-bacterial agent

Ebselen
oxidative

Anti-atherosclerotic, anti-inflammatory and anti-

Anti-microbial activity

Dicyclomine Anti-spasmodic agent

Anti-bacterial agent

Phenothiazine prototype
methdilazine

Skin allergy

Anti-bacterial agent

Oxyfedrine hydrochloride
angina pectoris as vasodilators

Used in the treatment of cardiovascular disorder like

Anti-bacterial agent

Edaravone

Treatment of brainischemia and myocardial ischemia

Anti-bacterial agent

five years can reduce the risk of developing various types
of cancer, including colorectal cancer®®. The anticancer
action of aspirin is believed to result from its inhibition of
COX-2, which counteracts COX-2’s antiapoptotic effect
in cancer cells and promotes apoptotic cell death®®.
Fig. 3 demonstrates the structure of aspirin.

Thalidomide

In 1962, the World Health Organization (WHO) banned
thalidomide due to its serious teratogenic effects, which
resulted in the deaths of thousands of people worldwide
and continued to affect a second generation, largely due
toits use as an antiemetic for pregnant women. However,
in 1964, Dr. Jacob Sheskin of Jerusalem’s Hadassah
University demonstrated its exceptional effectiveness
against erythema nodosum leprosum, an autoimmune
complication of leprosy. In 1998, Celgene reclassified
thalidomide as an orphan drug for the treatment of leprosy
sequelae because of its ability to inhibit the production
of the proinflammatory cytokine tumor necrosis factor-
alpha (TNF-a)%®. Certainly, its use must be coupled with
strict contraceptive measures to ensure that pregnant
women and children are not exposed to the medication.
These case studies illustrate that a medication’s toxicity
profile does not necessarily need to be ideal for it to be
repurposed, especially if the new indication is for a rare
condition.

In the field of cancer, thalidomide has undergone a
similar repositioning process as aspirin. Research into
the mechanism of thalidomide’s teratogenicity led to the
discovery of the drug’s antiangiogenic activity, which
is responsible for the limb development abnormalities
observed after in utero exposure. Subsequently, it
underwent another repositioning, this time as a frontline
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Fig. 4: Structure of thalidomide®

therapy for multiple myeloma, following initial studies
suggesting its effectiveness in blocking or destroying
blood vessels that supply malignant tumors. Concerns
are widely shared, and in Europe, the prescription and
distribution of thalidomide are closely regulated. The
structure of thalidomide is depicted in Fig. 4.

Potential for repurposing medications in treating
bacterial infections

These days, bacterialinfections are one of the leading
causes of death worldwide, posing a significant security
risk for humanity as a whole. The emergence of drug-
resistant bacteria is a threat to public health due to the
overuse and improper use of antibiotics, as well as the
lack of new antibiotics®'. In the critical care unit, multidrug-
resistant bacterial infections can be a significant cause
of mortality and disability®2.

Bacterial multidrug resistance is caused by two
mechanisms:
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(i) The accumulation of many R plasmids within a single
cell, each of which encodes resistance to a different
drug class.

(i) Multidrug efflux pump activity, where a single pump
can expel a wide variety of drugs.

Examples of drug-resistant microbes include:

e Cephalosporin- and fluoroquinolone-resistant
E. coli

e Multidrug-resistant Klebsiella pneumoniae
e Antibiotic-resistant Staphylococcus aureus
¢ Penicillin-resistant Streptococcus pneumoniae

e Fluoroquinolone-resistant non-typhoidal
Salmonella

e Cephalosporin-resistant Neisseria gonorrhoeae

e MDR-TB, caused by Mycobacterium tuberculosis
that has developed resistance to at least one of
the three main drugs used to treat it: rifampin,
isoniazid, and fluoroquinolones®*.

New antibiotics are being developed, but
researchers are primarily focusing on those that meet
specific criteria:

(i) Giving greater attention to novel targets and
mechanisms, such as the cell-cell communication
between bacteria that up-regulates virulence.

(i) Exploring alternative antimicrobials, such as
bacteriophages.

(iii) The development of multidrug efflux pump blockers®
is one type of bacterial resistance inhibitor that has
been explored. The concept of “new applications
for existing pharmaceuticals” is a popular topic in
pharmaceutics, rivaling the development of newer
antibiotics in terms of interest. Clinical survey data
suggests thatapproximately 50% of already available
medications are being reconsidered for potential new
therapies®.

Here are a few examples of FDA-approved drugs
that have been modified to treat bacterial infections.
Repurposed drugs for treating bacterial infections are
shown in Table III.

Opportunities of repurposed drugs in cancer
treatment

Cancer has become a significant threat to the
community in recent years. Only 5-10% of cancer
cases are caused by genetic abnormalities, while the
remaining 90%-95% are attributed to environmental
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and lifestyle factors®”. Therapeutic options may include
surgery, chemotherapy, or radiation therapy. Examples
of unconventional therapiesinclude targeted radionuclide
therapies, targetedimmunotherapies, apoptosis regulation
therapies, anti-angiogenesis therapies, differentiation
therapies, transmission therapies, and nucleic acid-based
therapies. Additionally, a significant challenge nowadays
is the development of tumor resistance to anticancer
medicines®.

Since the 1990s, the number of FDA-approved
cancer treatments has decreased. Due to the shortage of
medications, a novelidea was developed: the repurposing
of FDA-approved non-cancer treatments®. Existing
non-cancer pharmaceuticals were examined for their
anticancer efficacy because only around 5% of novel
cancer treatments reach phase | clinical trials and are
regularly used for cancer therapy'®. Previous studies
have shown that treating cancer with a single medicine
is less successful than treating it with a combination of
drugs because cancer leads to more DNA alterations.
Therefore, preclinically and clinically tested drugs originally
intended for other conditions may be useful in treating
cancer through repurposing''. Some of the FDA-approved
cancer treatments are shown in Table IV.

However, there have been few reported cases
of effective medication repurposing for cancer
therapy. Therefore, there is a substantial need for the
repurposing of pharmaceuticals for cancer therapies,
providing researchers with ample opportunities to
investigate FDA-approved non-cancerdrugs for cancer
treatments™'.

Table IV: Repurposed drugs for treating cancer®-'%!

Drug Initial use New use
Cimetidine Gastric or Colorectal cancer
duodenal ulcer
Thalidomide Nausea Bone marrow cancer
Raloxifene Osteoporosis Breast cancer
Chloroquine | Anti-malarial | Suppress growth of
tumor cells
Aspirin Stroke Colorectal cancer
Mebendazole | Anti-helminthic Lung cancer
Metformin Diabetes Breast cancer
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CONCLUSION

Drug repositioning is a potential method gaining
attraction among governments and pharmaceutical firms
due toits critical role in reducing time, cost, and risk in the
development of medicines. The future of contemporary
medicine lies in drug repurposing. Proper strategies and
methodologies can aid in the revolutionization of drug
repositioning to meet/unmet customerdemands. Inrecent
months, there has been significant progress in this area
of study, driven by the urgent need for drugs to address
the COVID-19 outbreak. In the era of precision medicine,
the drug repositioning technique has been crucial for
understanding how drugs work by studying innovative
disease, metabolic, and signaling pathways, off-targets,
target-specific processes, as well as genomic expression
profiles for genetic illnesses.
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