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Dear Readers,
It is with immense pleasure that I, on behalf of APTI Women’s Forum, welcome you all to the
latest issue of our Newsletter. With the advent of newer technologies at a rapid rate in the 21st
century and with the world experiencing one of the longest pandemics of our time, drug
delivery science has seen a surge due to its ever-increasing demand. Global scenario of
pharmaceutical industry has evolved since the start of the COVID-19 pandemic where
scientists from all allied fields were provoked to come together and work as a single unit to
come up with different diagnostic, prophylactic, and therapeutic strategies for its
management. One of the highly tried and tested strategies includes that of drug repurposing.
Drug discovery science has experienced an invaluable twist with the rise in the numerous drug
repurposing success stories. Citing the advantages offered by this approach with respect to
federal norms and inspection agencies, this route has been massively considered by
industries worldwide. Another interesting getaway from this strategy is that scientists have
also been able to work with failed/rejected compounds and turn them into success stories for
an altogether different application. Drug repurposing has been keenly tried for finding a
solution to the most difficult forms of rare and neglected infectious diseases. It’s a scheme
that can save a lot of financial as well as research and development resources, thereby
accelerating the formulation development while also improving the profit margin via
therapeutic breakthroughs.
Via this current issue, we wish to expand our readers’ perspectives towards this niche yet
highly potential arena of drug repurposing by highlighting the pathways and methods to
unravel unknown drug uses, including the most trending use of artificial intelligence. Some of
our authors will focus on the impact of drug repurposing in the ongoing COVID-19 pandemic
and the different approaches for fighting it. The articles will also touch upon the numerous
drug candidates, different pharmacological applications, as well as regulatory aspects of
repurposed drugs. We assure a thought provoking reading experience to all.
The editorial board would like to extend a vote of thanks to all the contributing authors for
spending their valuable time in making this newsletter enlightening. I thank the entire
editorial team for their efforts in conceptualizing this newsletter. I would like to acknowledge
Dr. Sreeranjini Pulakkat and Ms. Anjali Pandya for their assistance in editing and compilation
of the newsletter. I am hopeful that you all will take pleasure in reading this newsletter as
much as we enjoyed bringing it forth to you.
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Drug Repurposing: Introduction and
Approaches
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INTRODUCTION
There are always three pharmacological actions of every drug, i.e., the action which is desired,
unwanted side effects, and the action of drug which we do not know. Starting from target
identification to new drug application approval, there are total 11 stages until the marketing
approval of any new drug molecule. The whole process of marketing a drug with regulatory
approval takes 15 to 17 years [1]. The overall development of a new prescription drug including
all the regulatory charges crosses millions of dollars. Despite putting efforts for almost 2
decades, investment of billions and millions, using advanced technologies and having highly
structured portfolio management, there is a wide decline in number of new drug approvals every
decade [2]. Considering this scenario, it is high time to look for alternative ways by which we can
get cost effective, novel drug for diseases.
The method to detect a new indication of a drug which is already in use for another disease is
called drug repurposing. It can also be termed as drug repositioning, reprofiling, retaking or
therapeutic switching. It means finding of a totally new pharmacological action of drug other
than it is approved for. Zidovudine and sildenafil are best known examples of drug repurposing
[3]. From industrial point of view, there are many advantages of drug repurposing approach.
Initially, there is no cost of new chemical entity synthesis, no chances of research failure due to
safety concerns as these drugs have already been tested in preclinical and early clinical trials
and therefore get early approval [4]. The purpose of this article is to provide the readers an
overview about drug repurposing with various examples.
APPROACHES FOR DRUG REPURPOSING
Repurposing approaches involve an understanding of pharmacology of drugs prescribed for
other clinical symptoms. Drug repurposing is generally divided into three basic steps, first step is
to select the medicament based on generation of hypothesis, the next step is investigation of
drug molecular mechanism with help of pre-clinical models, and the last step is to evaluate drug
efficacy in Phase-II clinical trials. For hypothesis generation, there are two main approaches i.e.,
computational and experimental approaches [4]. Overview of various drug repurposing
approaches are indicated in Figure 1.
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Figure 1: Approaches for drug repurposing [4, 5]

Apart from above mentioned approaches, there are three different approaches for drug
repurposing for antimicrobial activity i.e., empirical screening, unconventional screening, and
methods to observe synergistic effect of drug with antimicrobial drugs [6].
REGULATORY PATHWAY
On an average it takes 15 to 17 years to get marketing approval of any new drug molecule with
complete preclinical studies, clinical trials, and with all regulatory process. In contrast,
approval of repurposed drug takes 3 to 10 years for marketing approval (figure 2).

Figure 2: Timeline for drug repurposing [7]

The Hatch Waxman Act provides the pathway for regulatory approval of repurposed drug by
filling the application under 505(b)(2). This application is termed as a hybrid application
between novel and generic as there is no need to perform all the tasks which are essential in
NDA submission and as the drug is for a different indication, it cannot be termed as generic. In
addition, under 505(b)(2), there is provision for extended patent period to innovator side (if
innovator finds novel indication of their drug) and also exclusivity ranging from 6 months to 5
years in marketing rights, which may or may not be run concurrently with patent period [8, 9].
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DRUG REPURPOSING FOR VARIOUS DISEASES
Till now drug repurposing has been applied for almost all the diseases. According to the World
Health Organization (WHO) fact sheet, cardiovascular diseases caused maximum number of
deaths since last two decades [10]. Moreover, Liebow et. al. reported that there is a
proportional relationship between diabetes and heart diseases and that patients having
diabetes are more prone to heart diseases in comparison to non-diabetic patients [11].
Therefore, we have included examples of drug repurposing for diabetes, cardiovascular
diseases, cancer, and the pandemic, COVID-19 in addition to few other important diseases.
Diabetes: Diabetes is a hyperglycaemic disorder which is characterized by glucose level of 7.0
mM or more in fasting state testing. Increase in glucose level do not pose very high risk but the
pathological conditions associated with diabetes like cardiovascular diseases, neuropathy and
retinopathy cause great risk to human life. Currently, there are two approaches to overcome
diabetes as shown in figure 3 [12], though all mentioned drugs have adverse effects ranging
from mild to severe. Therefore, to overcome this, there are various drugs investigated to be
repurposed as antidiabetic agents as listed in table 1.

Figure 3: Current Approaches for diabetes treatment [13]

Cardiovascular diseases: Cardiovascular diseases affect heart and related organs causing
hypertension, heart attack, coronary artery diseases, stroke, ischemic heart diseases,
arrythmia, and angina pectoris. Some pathological conditions like hyperlipidaemia also affect
heart functioning by concentrating lipids in blood vessels [14]. Currently, all the diseases have
various approved allopathic medicine or treatment but there is a need to take medicine for
long span with various aggrieving adverse events [15]. Thus, to overcome these adverse effects,
various drugs have been repurposed for cardiovascular diseases (Table 1).
Cancer: Cancer involves uncontrollable cell division of abnormal cells, which can travel to
other parts of the body causing disturbance in normal body functioning. There are various
types of cancers depending upon the organ in which it has originated, tissue affected, hormone
releasing gland affected, and many more [16]. From the food we eat to air we breathe to our
work exposure, many unknown substances can cause cancer. Current chemotherapy has
disadvantages like resistance, alopecia, relapse, and many more [17]. In the hope of finding
drugs with less adverse effects and high curing rate, various non chemotherapeutic drugs
(Table 1) have been tested for effect on cancer.
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SARS-CoV-2: Since last two years, we are facing the virus attack which is changing/mutating its
gene continuously killing lakhs of people around the world. New drug development ideally
takes one and half decade, thus it will be very helpful if we repurpose approved drugs against
COVID-19 [18]. Therefore, various cell line, animal and human studies were carried out to
observe the efficacy of already approved drugs against COVID-19 [19] as indicated in table 1.
Thus, it can be summarised from the above data that from various old diseases like diabetes
and hypertension to the most recent COVID-19, drug repurposing has been employed for
almost every pathological condition (including cancer). Drug repurposing can lead to new
heights in pharmaceutical industry with reduced time in research and development,
investment and decrease the need of preclinical and safety trials. The usage and approval of
repurposed drugs for new indications (as mentioned in table 2) open new avenues for
researchers and pharmaceutical industry.
Table 1: Repurposed drugs for diabetes, cardiovascular diseases, cancer and COVID-19 [19 - 32].
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Table 2: Repurposed drugs for various diseases [5 & 33]
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Background
Emergence of a myriad of new catastrophic diseases alongside existing unmet medical
conditions, scarcity of effective and operational therapeutic regimens to meet the evergrowing disease burden, augmented drug-resistance, short and long term adverse effects of
available therapeutic agents, and exorbitant treatment charges, immeasurably pressurise the
pharmaceutical industries to discover and develop drugs with therapeutic excellence and
tolerable safety profiles. On the other hand, traditional de novo drug discovery and
development processes are tedious, arduous, and expensive. They frequently encounter high
attrition rates in terms of unpromising efficacy and safety profiles. Novel drug repurposing
strategies offer a ray of hope to surmount the aforesaid shortcomings experienced with the
conventional drug discovery (1). The principles of drug repurposing are entrenched in polypharmacology concepts of a drug molecule, which unveil newer indications for the existing or
banned drugs depending on their multi target actions associated with multiple disorders. This
conspicuous approach untangles crucial genetic underpinnings and signalling pathways
associated with disease mechanisms, thereby, exposing various disease specific drug targets.
Subsequently, these drugs of interest will be mapped with identified targets to study ligandtarget interaction (2). The applications of multi-dimensional state-of-the-art drug repurposing
stratagems are encapsulated in this review.
Genomics - Discerning key differential gene expressions to uncover disease specific
targets
Genome, which contains a complete set of genetic information, is associated with various
developmental phases of an organism. Unearthing the minute details pertinent to differential
gene expressions using genomic acumens offer immense support for discovering novel
therapeutic targets for various disease conditions (3).

APTI Women's Forum Newsletter, Oct - Dec 2021 | 09

Leveraging gene expression data to disinter repurposable drugs against aging
Dönertaş et al., (4) retrieved 7 datasets from NCBI Gene Expression Omnibus (GEO), which
encompassed microarray expression profiles of 22 brain regions studied extensively across a
broad range of age groups i.e., 20-106 years, in order to derive aging signatures. Further
analysis of this data with regard to differential gene expression patterns revealed 100 up
regulated and 117 down regulated genes. Subsequently, RNA-seq data pertinent to 35
datasets analysed in 13 brain tissues corresponding to 120 individuals was retrieved from
GTEx (Genotype-Tissue Expression) consortium and analysed. This resulted in 1189 and 1352
up and down regulated genes, respectively. The aforementioned analyses were found to
share 50 up regulated and 48 down regulated genes in common. These age-related
alterations in gene expressions observed in microarray and GTEx aging signatures were
compiled and given as query inputs in Connectivity Map (CMap) database to retrieve drugperturbed expression profiles. This resulted in identification of 24 drugs, out of which seven
drugs were common in both microarray and GTEx results. This method captured the antiaging potential of resveratrol, levothyroxine sodium, LY‐294002, sirolimus, geldanamycin,
wortmannin, and trichostatin A drugs based on DrugAge database.
Proteomics exposes target proteins to disentangle new indications for existing drugs
Proteomics that describes the over-all protein content of an organism also investigates post
translational modifications alongside interactions transpiring between protein-protein and
protein-nucleic acid. These internal communications are involved in regulating crucial
functions of proteins. The information concerning the implication of a particular protein in
various pathways which can initiate numerous signalling cascades associated with disease
pathogenesis, drug action, and side effects of drugs offer valuable hints for successful drug
repurposing (5).
Personalized therapeutic regimen for Neovascular Inflammatory Vitreoretinopathy
(NIV) through proteomics
Gabriel Velez et al. (6) used a proteomic platform, Human Cytokine Quantibody Array 4000
(RayBio), to analyse liquid biopsies of 8 NIV cases and 4 controls in order to examine the
cytokine expression patterns. This revealed 61 and 3 up and down regulated proteins,
respectively. These differentially expressed genes were found to have strong associations
with mTOR and PI3K signalling pathways. This analysis also uncovered the normal expression
of TNF-α in all NIV eyes and upregulation of Vascular Endothelial Growth Factor (VEGF) in
progressive stages of NIV. This proteomic study disclosed the reason behind conventional
treatment failure encountered in NIV patients with infliximab, an anti-TNF-α agent. Moreover,
the study opened avenues for repurposing anti-VEGF agent, bevacizumab in advanced stages
of NIV in order to reduce vitreous haemorrhages which can evade the need for vitrectomy.
Additionally, this study highlighted the prominence of sequential activation and proliferation
of T cells in post-surgery NIV patients. This revelation led to the identification of Methotrexate
which decreased T-cell proliferation and ameliorated post-surgical inflammation in NIV.
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Transcriptomics derived RNA expression data to prognosticate repurposable drug targets
Transcriptomics, an intriguing branch of omics science, uses cutting edge techniques to
investigate the complete RNA transcripts available in a genome under specific circumstances. It
also captures transcriptional signatures ensued from functional and environmental aberrations
induced perturbed transcriptional programme. These transcriptional signatures expose the
association between genetic underpinnings, diseases pathways, pathological phenotypes and
mechanism of drug action and adverse actions. Thus, this approach offers remarkable
insinuations for drug repurposing (7).
Transcriptome based repurposing of atorvastatin against chemoresistant mesenchymal
lung cancer
Soon-Ki Hong et al. (8) methodically retrieved and analysed the transcriptomic signatures
pertinent to treatment resistant cancer and then compared these signatures with drug
responsive datasets in order to unveil potential repurposable drug candidates for
chemoresistant lung cancer. Analysis of the 886 cancer cell lines treated with drug from Cancer
Therapeutics Response Portal led to the identification of Epithelial-Mesenchymal Transition
(EMT) as common mechanism involved in resistance among 32 chemotherapeutic drugs in
mesenchymal lung cancer cell line - A549TD. Later, spearman correlation analysis revealed
significant upregulation of ITGB3 and CTGF amid the EMT genes. Querying the CMap database
with the above genes accentuated the repurposable property of Atorvastatin against resistant
mesenchymal lung cancer. Pretreatment with atorvastatin sensitized the resistant A549TD cell
lines to doxorubicin.
Epigenomics bestows post translational modification data for drug repurposing
Epigenomics hoards information on methylation of DNA, histone modifications, non-coding
RNA associated gene silencing etc. It appraises the integral alterations in gene expression
without involving changes in DNA sequence, and subsequent phenotypic changes. Currently in
drug repurposing research, this strategy discloses the art of mapping phenotypic alterations
with genotypic modifications (9).
Methylation status based drug repurposing technique for Acute Myeloid Leukemia (AML)
Brown et al. (10) analysed the hyper and hypo DNA methylation patterns in two GEO datasets
pertaining to AML using GEO2R. Significant CpGs were mapped to the nearest genes and were
recognised to be augmented in pathways related to Wnt signalling. Later, drug candidates were
retrieved from Comparative Toxicogenomics Database and Drugbank and compound-gene
interactions were established. This study revealed significant interactions of panobinostat,
alitretinoin, progesterone, and cytarabine, with the genes identified through datasets.
Amongst the identified 4 drugs, cytarabine is approved by FDA for the treatment of AML and the
other drugs are currently under investigational phase.
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Metabolomics: Banking oncellular metabolites to unearth potential drug repurposing
candidates
Metabolomics dynamically delineates molecular metabolites obtained from samples such as
plasma, saliva, blood, tissues, and isolated cells. The concentrations of metabolites are
significantly influenced by disease conditions, therapeutic interventions, environmental
factors, perturbed enzyme kinetics, and genetic aberrations. Data pertinent to an individuals’
metabolic profile aids in early detection of diseases and offers suggestions for framing
personalized therapeutic regimen (11). This latest omics branch is currently being explored for
developing drug repurposing hypothesis.
Exploration of metabolic networks to unravel Hepatocellular Carcinoma (HCC) drug
targets
Gholamreza Bidkhori et al. (12) integrated Genome-scale Metabolic models (GEMs), metabolite
networks, transcriptomics, and protein expressions in order to design a novel algorithm for
ranking HCC specific repurposable drugs. Further, antimetabolites displaying similar structures
with endogenous metabolites involved in inhibition of cell growth were retrieved.
Subsequently, the genes responsible for respective metabolic reactions were identified by
carrying out in silico gene silencing. The developed algorithm was used to analyse the
transcriptomic data of HCC patients, which resulted in identification of 74 anticancer
metabolites, and 3 gene targets (PRKACA, PGS1, and CRLS1) that prevent cell growth. The
identified gene targets were validated in HepG2 and Hep3B liver cancer cell lines. The
antimetabolites captured by the developed algorithm displayed agreement with FDA approved
cancer drugs such as fluorouracil, gemcitabine, clofarabine, tioguanine, cladribine, raltitrexed,
floxuridine, and azacitidine.
Data on side effects reveals drug repurposing hints
Drug molecules exhibit interactions with on-targets and off-targets resulting in anticipated
therapeutic activity and unintended reactions, respectively. Exploring the off-target actions of
drugs elucidates the mechanism of adverse reactions alongside revealing other potential
therapeutic mechanisms. Off late, side effect data is thoroughly investigated for designing
promising drug repositioning strategies based on the concept that drugs with similar side
effect profile may share similar therapeutic targets as well (13).
Anticancer potential of digoxin revealed through side effect data mining
Satoshi Yokoyama et al., (14) unearthed the anti-cancer potential of digoxin by extracting
information from two adverse event databases i.e. FDA Adverse Event Reporting System
(FAERS) and Japan Medical Data Center (JMDC). Around 3,00,541 and 52,828 digoxin related
claims were retrieved from FAERS and JMDC, respectively. Inverse signalling approach revealed
the association of digoxin with melanoma, gastric, haematological, prostate, colorectal, breast,
pancreatic, ovarian, and bladder malignancies. Exploration of gene expression relevant to
digoxin and aforementioned cancer types through Basespace Correlation Engine database
revealed 197 up and 71 down regulated pathways involved in gene regulation, apoptosis, and
cell cycle checkpoints.
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Drug repurposing concepts concealed in Electronic Health Records (EHR)
EHR amasses huge electronic data encompassing patients’ medical history inclusive of
demographic details, phenotype characteristics, family history, and past medical data with
current diagnosis. Besides furnishing patient related information, EHR facilitates drug
discovery or repurposing projects, wherein, the unstructured information enclosed in EHRs can
be appraised to mine medical concepts (15).
EHR reveals the potential of metformin to reduce cancer related mortality
Xu H et al. (16) amassed 2.2 and 7.4 million EHRs of Vanderbilt University Medical Center
(VUMC) and Mayo Clinic to explore the impact of metformin on improving survival in cancer.
The gathered documents were then classified based on: (i) documents with metformin as
prime medication, (ii) T2DM records with medication other than metformin, (iii) T2DM
documents with only insulin, and (iv) non-T2DM documents. Unstructured medical
prescriptions were analysed through MedEx. Kaplan-Meier plots and cox regression analyses
were leveraged to study metformin’s impact on cancer survival. The analysis displayed
negative association of metformin with mortality in colorectal, prostate, breast, and lung
cancers; alongside improved survival rates in breast cancer patients.
Conclusion
Massive data generated through advanced biomedical research can be translated into
operational knowledge by integrating multi-omics with space-age artificial intelligence and
machine learning techniques. This enhances precision in data analysis, thereby, aids in
discovering novel therapeutic agents or repurposable potential of existing drugs to accomplish
successful translational research.
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Drug discovery has always been an area with an extremely high attrition rate and the
estimated cost for running such programs are approximately $1-3 billion (1, 2). Despite these
expensive efforts, most new chemical entities tend to fail in clinical trials owing to poor
efficacy or safety profiles in human volunteers. To reduce discovery costs and risks, drug
repurposing strategies have shown several merits. Repurposing means identifying another
use, similarly, in drug development, we identify another indication for an approved drug or a
drug candidate in the late stages of clinical trials (3), aiding to bypass the phase 1 and/or 2a
clinical trials.Furthermore, identifying new targets for old drugs is not the sole objective for
repurposing, it also considers aspects like a relevance to the disease, side-effect tolerability
and the intellectual property position. This strategy of repurposing has plentiful advantages, a
few are illustrated in Figure 1.
Artificial intelligence (AI) methods have shown great promises to aid drug discovery including
the realms of drug repurposing. Several pharmacodynamic and pharmacokinetic parameters
need to be understood to repurpose drugs suitably. Computationally, this would mean a
multidimensional optimisation problem, which state-of-the-art AI algorithms are equipped to
handle efficiently. However, relative to the traditional drug discovery methods, AI methods
are in their infancy and a lot of developments are currently underway. Nevertheless,
Alphafold’s success in solving a 5-decade old structural biology problem has silenced many of
the sceptics of AI technologies. This article will introduce some aspects of AI techniques used
for drug repurposing in the context of COVID-19.
Strategies for Drug Repurposing
Repurposing of drugs plays a crucial role in the identification of drugs for rare and complex
diseases where therapeutic options available are little to none. COVID-19 exemplifies one such
scenario that demanded expedited drug discovery with limited pathological details available
in early 2020. Traditionally, repurposed drugs were largely the results of random screening or
serendipity based on uncommon pharmacological observations. Such uncommon or
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unexpected observations are motivations to identify plausible protein targets involved, that the drugs
may modulate. These observations are then subject to computational binding affinity calculations to
identify drug-protein complexes with good binding affinity enough to elicit a therapeutic response.
Table 1 enlists a few drugs that were successfully repurposed that are in clinical use.

Figure 1: Illustration of few common advantages of drug repurposing.

Table 1: Success stories of drug repurposing
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The primary questions that arise before repurposing are whether to modulate the same target
(on-target), albeit, at a different physiological site or another target (off-target effects) and how
to gauge whether an off-target effect can be modulated favourably for another therapeutic
indication. The strategies in drug repurposing are shown in Figure 2, it may broadly be
classified into two major categories – experimental approach and computational approach.
Usually, both methods are used synergistically for successful repurposing (4,5).

Figure 2: Various approaches that are employed for drug repurposing.

Challenges in drug repurposing
Patent considerations: This is extremely crucial as any pharmaceutical industry’s investment in
research will largely be motivated by the return on their investments as profits. Therefore,
repurposing of drugs protected by patents may pose legal disputes between the companies
involved. There have been incidences of national legislation that prevent a patent for a second
or further medical use. Also, off-label and non-registered uses are common practices that make
innovation and novelty tough to prove as much of this information exists in the public domain
(6).
Data and compound availability: Traditionally, pharmaceutical companies provide very little
information in the public domain about their drug discovery programs. Moreover, the data
from all the failed projects are seldom published, and hence, inaccessible to academic
researchers. This poses significant challenges to seek relevant data that would be necessary for
drug repurposing (6).
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Artificial intelligence in drug repurposing
As mentioned previously, drug repurposing is a multi-dimensional optimization problem; more
simply put, we need to identify similar patterns in the input data to classify drugs in various
categories. Machine learning algorithms such as neural networks are efficient enough to learn
from the data provided and categorize the data into clusters that show similar patterns. The
learning is called “supervised” when the input data carry labels of categories, and it is called
“unsupervised” when the input data does not carry any labels of categories. In the former case,
the AI algorithm establishes the relationship between the input data label and the
physicochemical data as descriptors. In the latter case, the AI algorithm tries to find patterns in
the data and clusters similar data points together which are then called classes. For drug
repurposing, the data labels for training the AI algorithms are already available and can be
curated from the Anatomical Therapeutic Chemical (ATC) Classification System. An important
advantage is that AI algorithms are abundant and in rapid development, and any existing or
new algorithms can be applied to repurposing without much modification. Figure 3 illustrates a
general flow of the working of any AI algorithm; the crux of these calculations is the learning
methods used for machine learning that depend on the data available and level predictions
required.

Figure 3: Workflow for developing prediction models using Machine Learning

Artificial intelligence in COVID-19
The COVID-19 outbreak that wreaked havoc in every nook and corner of the globe, served as a
good test of how AI technologies can come with treatment options. A drug discovery project
from scratch was out of the question as the situation was worsening by the day. Few anecdotal
successful stories of using traditional anti-infective agents showed some promise for drug
repurposing to identify potential agents for treating COVID-19. Furthermore, WHO
recommended clinical trials to investigate the potential effect of anti-viral drugs such as
remdesivir, favipiravir, oseltamivir and ritonavir on COVID-19 (7). To understand how the SARSCOV-2 virus infects the human cell, Krogan’s group (8) developed protein interaction maps
from the virus grown on human cell lines. They found 332 high-confidence protein-protein
interactions between 26 viral proteins and human proteins.
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Based on this data, they narrowed down to 69 drug candidates that modulated human proteins
to disrupt viral protein interaction leading to symptoms or disease state. From experimental
assays for antiviral activities, they found that zotatifin, an anticancer molecule under clinical
trials (NCT04092673), was found to inhibit the mRNA translation in the virus. Furthermore,
haloperidol, a typical antipsychotic drug, was found to block sigma-1 and sigma-2 receptor
regulators which are also responsible for mRNA translation. From these observations, zotatifin
has progressed to phase 2b and is being evaluated for efficacy against COVID-19. Following
such a protein interaction-based screening, Cheng’s group (9) reported repurposing attempts
by evaluating about 2000 FDA approved or experimental drugs. They narrowed it down to 135
drugs that had shown promising results, amongst which Mesalazine (an approved drug for
inflammatory bowel disease), sirolimus (an approved immunosuppressive drug), and equilin
(an approved agonist of the estrogen receptor for menopausal symptoms) had appeared as top
predictions.
BenevolentAI is a company with a powerful computational facility much of them employing
Artificial intelligence for their predictive and exploratory research. In response to the COVID-19,
they reported that baricitinib, used to treat rheumatoid arthritis, could be a potential antiviral
agent along with its anti-inflammatory action. Baricitinib has been approved for emergency
use in the US, Japan, and India to treat hospitalised patients and was found to reduce deaths
by 38%. This repurposing employed AI technologies to search and find patterns in literature for
pharmacological observations that were not commonly reported (10).
Concluding Remarks
Several such success stories employed AI technologies to predict alternate uses of approved
drugs with unprecedented success rates. These success rates are only possible with an
enormous amount of high-quality experimental data. In this age of Big Data, such information
can be gathered from several sources from hospital reports made available in an anonymised
manner or collected by various health-related apps available on our smartphones. As more and
more data become available to researchers, the success rate and prediction accuracy from AI
technologies will be more reliable, robust, and more importantly, will be proven in clinical
settings.
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Introduction
Drug Repurposing (DR) is the development and identification (accidental or fortunate) of
some side effects of the existing, marketed, FDA approved drug molecule for the purpose of
new pharmacotherapy. The process of drug discovery of new therapeutic molecule(s) is a time
consuming, tedious, extremely expensive, and risky process. These limitations may be
overcome by adopting the feasible strategy of DR for new disease therapeutics (1). The
additional benefits of DR are the availability of pharmacokinetic and safety profiles of the
existing molecules that can be repurposed for meeting the urgent and unmet medical needs
arising due to existing and emerging diseases of the future. The strategy of DR is based on the
principle that various diseases share overlapping molecular pathways and different drugs
may have multiple targets. The benefits of DR are depicted in the Fig 1.
Approach for drug repurposing (DR)
Repurposing of the drug is conducted mainly by two ways. The first method is the in silico
screening approaches of already marketed drugs against any specific pathological
condition/disease by in vitro and in vivo investigations, and the second stretegy is the clinical
trials of specific indication. The other methods are available in the literature (2). The ultimate
benefit of the DR is the huge growth of the drug market. In the year 2015, the global
repurposed drug market was of $24.4 billion and it is reported to have crossed $31.3 billion by
2020, reflecting the yearly growth of 5.1 % over the duration of five year (3,4).
Approval of new chemical entity (NCEs) for ocular applications
Several drugs have been approved under repurposing for ocular applications, and include
anti-infective drugs, anti-inflammatory drugs, anti-glaucoma drugs, dorzolamide, loteprednol
etabonate, and the prostaglandins (latanoprost, bimatoprost, and travoprost). The other class
of therapeutic agents includes anti- Vasoactive Endothelial Growth Factor (VEGF) (5).
Cyclosporine has been employed as a systemic therapy in the treatment of various eye
ailments.
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Figure 1: Comparative depiction of drug repurposing and new drug development

Loteprednol etabonate 1% (Inveltys®) was approved in 2018 by the FDA for the post-surgical
inflammation and pain. Inveltys® is prescribed for twice-daily treatment of post-operative
inflammation and pain following ocular surgery. This molecule (Lotemax®) was originally
approved by the FDA in 1998. A different formulation of this molecule was recently approved
for the treatment of dry eye (Eyesuvis®, 0.25%, four-times daily), which also used the 505(b) (2)
route (5). Additionally, most of the drugs were administered topically on precorneal surface,
cul-de sac of the eye, and the distribution of the drug was within the safety limit therefore
repurposing of the drugs for other ocular diseases may be a versatile alternative to treat
diverse types of the disorders. In this context, propranolol, a beta-blocker used in cardiac
disorders (like tremors, angina, high blood pressure, tachycardia, among other conditions),
after the repurposing is approved for the treatment of retinal haemangioblastomas (6,7). The
systemic administration of cetrizine was used for allergic conditions and management of nasal
and ocular conditions. Now studies demonstrate that topical application exhibited better
therapeutic efficacy as compared to systemic application of cetrizine and have been widely
prescribed for the treatment of ocular allergic conditions in adult as well as in pediatric
patients. For the treatment of post-surgical inflammation only steroids and NSAIDs have been
the drugs of choice. Another repurposed drug for ocular application is fluticasone for the
effective treatment of post-surgical inflammation as it is a better and potent steroid as
compared to conventional drugs. Various other approved re-purposed drugs for ocular
application are listed in the Tables 1 and 2.
In this context, recently Joshi et al., 2020 repurposed Iloperidone, an antipsychotic drug for the
treatment of hypertension and intra ocular pressure (8). In the clinical studies, they found
orthostatic hypotension as the side effect of the drug.
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The antihypertensive activity at an administered drug dose of 0.03 mg/kg and 0.1 mg/kg, i.p
was assessed in DOCA-salt induced hypertension model in experimental animals. The result
showed considerable lowering of B.P. (38.96 ± 1.1%) in normotensive experimental rat as
compared to DOCA-salt induced B.P. (29.04 ± 1.45% and 31.43 ± 1.21%) systolic in 0.03 mg/Kg
and 0.1 mg/Kg treated rats, respectively. The drug Iloperidone restricted the increase of
systolic B.P with adrenaline. Additionally, the IOP significantly lowered by 36.66 ± 3.15% in
rabbits after 1 h administration of 0.1% Iloperidone. These results clearly indicated antihypertensive activity of Iloperidone in rats and IOP lowering activity in rabbits (8).
Table 1. Some of the repurposed drugs for ophthalmic use
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Table 2: Some approved repurposed ocular drugs

Conclusion
DR approach has been increasingly employed to recognize potential therapies for various
diseases. This strategy of reusing drugs already available for the treatment of various
conditions beyond their original indication has found applications in ocular disease as well.
Ophthalmology has always gained immensely from the application of drugs originally
developed for other indications. This redefining of the potentiality of the drug offers
advantages in terms of the wide scope for the investigation of new therapeutics in less time
frame, cost effectiveness, and low risk for failures, which are pertinent issues in health
emergency conditions. Various steps have been utilized including in vitro, in silico, and in vivo
investigations for the successful outcomes.
A point to be taken into account is that these repurposed drugs may prove to be clinically
ineffective on individual use, but on careful evaluation of the combination, may have clinically
significant manifestations, as was observed with human immunodeficiency virus (HIV) in the
1990s (9). DR is a new hope for drug discovery and development of some meaningful
therapeutic agents, especially for ophthalmic preparations which embody a huge reservoir of
potential candidates for drug reprofiling.
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1. Introduction
Despite the recent breakthroughs in managing viral pathogens, the majority of viral infections
lack specific treatment therapy. The urge for active treatment approaches to battle former,
emerging-re-emerging, and new-fangled viruses aren't complying with antiviral drugs (1), (2). In
recent years, the process of drug repurposing blended with ingenious strategies for molecule
validation and selection of correct animal models enormously contributed to the recognition of
the newest antiviral targets for therapeutic purposes (3). In the present paper, we discuss the
significance of drug repurposing to tackle these deadly viral infections and study the potential
aspects of popular drug discovery strategy.
Drug repurposing is a vast industry with a hopeful future as it is one of the foremost functional
sections of pharmacology. The drug repurposing for coronavirus-2 treatment assured that this
is one of the most beneficial and time-saving techniques to cure impactful health hazards as
bad as an epidemic or outburst (4). Drug repurposing is also known as drug repositioning. It is
a well-organized alternative methodology to the traditional drug discovery process.
Discovering new chemical entities by the de-novo drug design process of drug discovery is a
tedious, laborious, and extravagant venture. All of these can be replaced by utilizing combined
efforts of computational and experimental approaches to find new uses of molecules based on
rationale, using experience and knowledge associated with factors of the formulation.
Therefore, it has been considered as a modern approach where the prevailing, already tested
medicines are redirected to develop treatment therapies for both neglected and infectious
diseases. Thus, drug repurposing is a newer systematic and considerably less expensive
strategy (5). DeCoST (drug repurposing from control system theory) framework is one of the
primary methods in drug repositioning. It is based on using pharmaceutical and biological
understanding, and reinforces a connectional database of diseases, genes, and drugs to build a
disease-specific mathematical model (6). The DeCoST framework distinguishes between FDA
(Food and Drug Association) withdrawn drugs and approved drugs resulting in the formation of
the muse.
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2. Significance of drug repurposing
Several advantages of drug repurposing have been reported such as; i) the concept uses the
details of existing drugs to find out their newer applications for other infections; ii) the toxicity
factor decreased to a greater extent; iii) the failure rate decreases remarkably as the molecule
is pre-tested and found safe in humans; iv) the time required for pre-clinical and clinical trials is
comparatively less due to the previously established structure-activity relationship and
feasibility of formulation; v) the rapid development and availability of potent drug formulation,
especially at the time of outbursts or pandemic conditions (Figure 1). This approach has gained
attention and proven stellar for the invention of treatment therapies for highly deadly viruses
such as severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) and human
immunodeficiency virus (HIV). Currently, several investigations are under progress based on
the drug repurposing approach for finding out therapy for viral infections (7).

Figure 1. Advantages of drug repurposing

3. Drug repurposing for viral infections
The current Covid-19 pandemic situation impacted the healthcare management system across
the world. Thus, there is a need for newer strategies to tackle these viral infections. Drug
repurposing for viral infections can be achieved by various approaches such as screening
bioactive small-molecule collection, in-silico process, data mining, and computational
methods with transcriptomic databases. Thus, the molecular pathways or biological activity of
the virus can be attacked by drugs. Drug repurposing is a relentless and new way to understand
virus biology and drug candidates primarily utilized for other indications. Several molecules
were repurposed for the treatment of viral infections (Table 1). Now drug repurposing is
facilitated by pathogen target bioinformatics resources, public data screening, structural
biological resources, and compound groups. Three different scenarios of medicine repurposing
are discussed below (8).
a. Same target and new virus
It is used when an antiviral agent acts on the specific cellular function of the virus and exhibits
antiviral activity against more than one virus.
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The antiviral action depends on structural homology, the viral replication pathway, and
targeting enzymes of a virus. For example, favipiravir used for the treatment of influenza virus
and sofosbuvir used in hepatitis C virus (HCV) treatment demonstrated repositioning power
against Ebola virus (EBOV) and Zika virus (ZIKV) (9).
b. Same target and new indication
This was utilized when a drug targeted a pathogenic process related to a viral infection. The
approved drug was applied for brand new indications. For example, the anticancer drug
imatinib inhibited cellular Abelson murine leukemia virus (ABL) kinase and was additionally
found active against coronavirus (10).
c. New target & new indication
In this condition, the approved drug mechanism of action act on a new molecular target, which
is essential for viral replication. The inhibition of these molecular targets affects viral
replication process resulting in antiviral activity. For example, antimicrobial drugs
itraconazole, nitazoxanide, and teicoplanin also exhibit activity in virus-infected cells (8).
4. Drug repurposing for ribonucleic acid (RNA) virus infections
4.1. Human immunodeficiency virus (HIV)
HIV belongs to a class of Lentivirus. It infects human causing acquired immunodeficiency
syndrome (AIDS), resulting in immune system failure and permits deadly opportunistic
infections. HIV fuels its replication by boosting processes within the cells and energy
production when it infects immune cells called cluster of differentiation-4 (CD4) T cells. Various
drugs were repurposed for HIV such as zidovudine, digoxin, and derivatives, sunitinib,
mycophenolic acid, chloroquine, etc. Metformin is an anti-diabetic molecule that can suppress
HIV replication inside cells. Another molecule, lumefantrine recommended for malaria
treatment was repurposed for HIV treatment based on docking studies. There is underlying
relevance of repurposing clinically‑approved drugs for the suppression of mucosal HIV‑1
replication (11).
4.2. Coronavirus
Severe acute respiratory syndrome (SARS), middle east respiratory syndrome (MERS), and
severe acute respiratory syndrome (SARS-COV-2) belong to the class of zoonotic coronaviruses.
They are primarily responsible for mild and acute respiratory disorders, affecting the
gastrointestinal tract and neurological areas in humans. The transmission rate of these viruses
was found very high and causing high mortality or morbidity rate that is raising concern in the
human population. Currently, we are evidencing a pandemic situation caused by a coronavirus.
Molecules repurposed for coronaviruses are favipiravir, nitazoxanide, doxycycline, etc. For
instance, hydroxychloroquine and chloroquine act on angiotensin-converting enzyme-2, inhibit
viral entry inside the cell (12).The coronavirus uses the ABL tyrosine kinase oncogene pathway
to enter the cell. Imatinib is an approved anticancer drug that act on ABL kinase inhibitor and
can block the virus fusion with the endosomal membrane. Thus, imatinib is recently
repurposed for Covid-19 treatment. Table 1 discloses other molecules which have been
repurposed, for treatment of Covid-19 infection.
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4.3. Influenza Virus
Influenza virus is a highly human pathogenic virus causing common viral infections which
could even be deadly in high-risk groups. This flu usually attacks the respiratory tract of
children, adults, and pregnant women who undergo this chronic disease and weaken their
immune systems. The trio-drug combination of clarithromycin (antibiotic), naproxen (targets
influenza nucleoprotein), and oseltamivir showed efficacy towards severe influenza.
The in-silico study showed that drugs like nalidixic acid and dorzolamide were effective against
influenza because they act on viral neuraminidase. Nitazoxanide, which could be a safe drug
for treating giardiasis and cryptosporidiosis, is currently being repositioned for influenza
treatment. The readers interested in details are directed to refer a review article written by
Pizzorno et al. (13).
4.4. ZIKA Virus (ZIKV)
ZIKV is spread by a mosquito bite of an infected Aedes species. No or mild symptoms last for
several days and weeks. In severe cases, it can cause paralysis, neurological disorders, and
congenital damages. Since the virus is capable of human transmission via sexual contact,
mother to child, blood transfusion, and laboratory and healthcare exposure, possibility of
pandemics is high. Molecules such as mycophenolic acid (an immunosuppressant drug),
daptomycin (antibiotic) were were found to be inhibitors of ZIKV (14).
The FDA-approved molecules such as niclosamide (anti-helminthic) and azithromycin
(antibiotic) found to be inhibitors of ZIKV. Also, their effective concentrations lie in achievable
ranges within humankind in clinical trials. The structure-based in-silico screening revealed that
molecules viz. novobiocin, niclosamide, temoporfin, and nanchangmycin are novel inhibitors
of the ZIKV (14).
4.5. Ebola Virus (EBOV)
EBOV is responsible for several outbreaks. This virus was proven highly mortal (90%) due to
intense organ failure and severe bleeding. Furthermore, the transmission rate is very high from
human to human and from bloody fluids such as blood. No specific treatment therapy was
available for this virus. Favipiravir inhibits influenza viral RNA-polymerase. It has been
repurposed for the treatment of EBOV and found efficacious (15).
5. Drug repurposing for deoxyribonucleic acid (DNA) virus infections
In addition, drug repurposing has been exploited for new antivirals against DNA viruses that
will remain dormant, lifelong infections with high morbidity rates, and deadly for large
populations (8). Many drug repurposing experiments were conducted to investigate the right
therapy for the human cytomegalovirus (HCMV). Several drugs can alter host proteins such as
cardiac glycosides, emetine & nitazoxanide (antiparasitic), kinase inhibitors, and manidipine
(antihypertensive drug). Another study took place for drug repurposing research to identify
inhibitors of the hepatitis B virus (HBV). The RNA transcription and DNA synthesis were
modulated by Ca++ channel blockers, antifungal terbinafine, and dopamine receptors. A recent
cure was found for treating the human papillomavirus by drug prepositioning lopinavir &
ritonavir initially used as HIV protease inhibitors (8).
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Table 1. List of some marketed drugs repurposed for virus infections

6. Conclusion
In the current era of precision medicine, it is of utmost importance to outline disease
mechanisms with drug repurposing techniques like animal model approaches,
computational approaches, and mixed approaches. In addition, drug repurposing avoids
off-target side-effects, support development of targeted pathways, and aids in elucidating
the mechanism of action or treatment process. As a result, drug repurposing can be utilized
to find new treatment actions considering the heterogeneity and patient complexity of an
individual while diminishing the effect of toxicity and imperfection in the algorithm of the
mechanism of action. Thus, the fact is that drug repurposing needs to be comprehensively
exploited and enlarged to make for a smooth and high success rate of repurposed drugs.
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Abstract:
Drug discovery has traditionally relied on a de novo design approach, which is costly and
requires many years of drug development before it reaches the market. Orphan diseases, which
have low demand and thus low profit margins for drug developers, are not always considered
in the development of new drugs. Drug repositioning has recently gained recognition as an
alternative approach that investigates new avenues for pre-existing commercially approved or
rejected drugs to treat diseases other than those for which they were intended. Because the
original drug's efficacy and safety have already been well established and approved by
regulatory authorities, drug repositioning results in lower overall development costs and risk
assessments. The most significant advantage of drug repositioning is that it revitalises novel,
rare, orphan, and resistant diseases such as Cushing's syndrome, HIV infection, and pandemic
outbreaks such as COVID-19. Existing drugs for COVID-19 treatment, such as
hydroxychloroquine, remdesivir, ivermectin, and baricitinib have shown promising results. This
can be critical in resolving outbreaks in life-threatening situations. This article looks at past
drug repositioning successes, current technological advancements in the field, drug
repositioning for personalized medicine, and ongoing research on newly emerging drugs under
consideration for COVID-19 treatment.
Introduction:
Drug repurposing (also known as drug repositioning) is an appealing form of drug discovery
because it involves recycling old drugs to treat new diseases, rescuing shelved drugs, and
extending patent lives. When preclinical safety studies have already been completed,
repurposing can aid in the discovery of new therapies for diseases at a lower cost and in less
time. It can be useful in the “therapeutic stratification procedure” for patients suffering from
rare, complex, or chronic diseases with few or no marketed treatment options. To date, the
most notable repurposed drugs have been discovered through chance, specific
pharmacological insights, or the use of experimental screening platforms (1). The discovery
and approval of a drug necessitate a lengthy gestation period. The development of a new drug
costs more than a billion dollars and takes 10–15 years, with a success rate of only 2.01%. This
causes a lag in pharmaceutical research productivity, resulting in a persistent gap between
therapeutic needs and available treatments.
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Drug repurposing is primarily based on two concepts. One is that a single drug interacts with
multiple targets, allowing for the identification of new target sites of action for the known
compound (2). The other one suggests that targets associated with a disease are frequently
relevant to a variety of biological processes of pathogenesis (3), which allows for the
designation of a new indication for the known target. In theory, a drug that targets these
common elements could be beneficial for a wide range of disorders.
COVID-19 drug repurposing strategies
Developing a vaccine for any disease, including COVID-19, takes time, and even if the process is
sped up, it will take 18–20 months to bring it to market as a ready-to-use product. There is no
specific treatment available for the new severe acute respiratory syndrome coronavirus 2
(SARS-CoV2). As a result, the search for effective COVID-19 therapeutic agents is critical and
urgent. The drug repurposing workflow differs from that of traditional drug development. In
drug repurposing, there are fewer steps and parameters to follow: compound identification,
compound acquisition, development, and post-market safety monitoring by the Food and Drug
Administration (FDA). COVID-19 computational drug repositioning methods can be broadly
classified as (i) network-based models, (ii) structure-based methods, or (iii) machine/deep
learning methods (figure 1).

Figure 1: Work flow in traditional drug development and drug repurposing approaches

Various approaches to repurposing
In general, three approaches to drug repositioning are commonly used: computational
approach, biological experimental approach, and mixed approach. Standardized formats are
now available for gene expression, drug-target interactions, protein networks, electronic
health records, clinical trial reports, and drug adverse event reports. The availability of a
repository of knowledge and omics data in pharmaceutical research has resulted in the
emergence of some computational methods in the field of drug repositioning that are novel
and exciting (4). These computational methods can perform high-level integration of all
knowledge and data, assisting in the understanding of new signaling pathways and generating
novel insights into drug mechanisms, side effects, and interactions, thereby accelerating drug
discovery.
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Network-based approach
Network-based approaches are critical and widely used in drug repositioning because of their
ability to integrate multiple data sources (5). Because of advances in high-throughput
technology and bioinformatics methods, networks can now be used to model molecular
interactions in biological systems. In these models, network nodes represent drugs, diseases,
or gene products, while edges represent interactions or relationships between nodes.
The resulting pattern could help structure guided pharmaceutical and diagnostic research by
identifying new biological targets. Previous research indicates that drug–target networks,
drug–drug networks, drug–disease networks, and protein interaction networks can be used to
identify new drug discovery or repositioning opportunities. The network-based methodology
combines a system pharmacology based network medicine platform that quantifies the
interaction between the virus–host interactome and drug targets in the human protein–protein
interaction network (6).
SARS-CoV2 primarily infects the alveolar cells and spreads throughout the respiratory tract.
SARS-CoV and SARS-CoV-2 use angiotensin-converting enzyme 2 (ACE2) as a receptor, as
opposed to the Middle East respiratory syndrome coronavirus (MERS-CoV), which uses
dipeptidyl peptidase 4 (DPP4) as a receptor to enter the cell. Spike protein aids the virus'
attachment, fusion, and entry, thus making it an appealing target for the development of
antibodies, entry inhibitors, and vaccines (7).
Clinical trials against SARS-CoV and MERS-CoV have used antiviral agents such as ritonavir,
lopinavir, ribavirin, and interferons, but clinical data is still limited (8). With no effective agents
against SARS-CoV2 and a public-health emergency, the WHO has identified some promising
therapies, including a combination of two HIV drugs (lopinavir and ritonavir), anti-malarial
drugs (chloroquine and hydroxychloroquine), and an experimental antiviral compound
remdesivir.
Drugs that have been repurposed to act on virus-related targets such as the RNA genome
The replication of SARS-CoV2 is directly dependent on the key enzyme, RNA-dependent RNA
polymerase (RDRP). It is worth noting that potential drug targets protease and polymerase for
SARS-CoV-2 and SARS-CoV are highly conserved with 96 and 97 percent overall identity,
respectively. As a result, blockers developed against SARS may be promising therapeutic
candidates for binding protease or polymerase sites against SARS-CoV2 (GISAID, 2020) (9).
Remdesivir
Remdesivir is regarded as a potential drug candidate for repurposing against the COVID-19
based on current knowledge of its use in SARS-CoV-2 infection. Remdesivir (GS-5734) is a
nucleoside analogue developed by Gilead Sciences Inc., a biopharmaceutical company based
in the United States, to combat Ebola viruses. Though the drug was ineffective against Ebola,
preliminary results from in-vitro and in-vivo preclinical studies, as well as case reports, indicate
that it is effective against SARS-CoV-2. Remdesivir was recently shown to inhibit viral infection
in Vero E6 cells at low concentrations (EC50 = 0.77 M) with a high selectivity index (SI > 129.87)
(10). The EC90 (1.76 M) value was also low enough to be achieved in non-human primate
models.
APTI Women's Forum Newsletter, Oct - Dec 2021 | 32

Favipiravir
This drug was approved for use against SARS-CoV-2 infected patients in China on February
15th, 2020, according to information obtained by Dong and colleagues from a Chinese news
channel, because it significantly reduced the illness of SARS-CoV2 infected patients. Favipiravir
(6-fluoro-3-hydroxy-2-pyrazinecarboxamide, T-705, also known as AVIGAN) was developed by
Toyama Chemical Co., Ltd. and has been approved in Japan for influenza since 2014. The RDRP
enzyme is effectively inhibited by the drug (11). In Vero E6 cells, this drug had an EC50 of 61.88
M and a selectivity index of more than 6.46 against SARS-CoV2 (12).
Ribavirin
Ribavirin is a guanosine analogue that has been approved for the treatment of hepatitis C virus
in combination and respiratory syncytial virus in monotherapy. The efficacy of this drug has
been studied in patients with SARS and MERS (13). It has a very high EC50 of 109.50 M in Vero
cells and a selectivity index greater than 3.65 against SARS-CoV2. The host enzyme inosine
monophosphate dehydrogenase (IMPDH), which regulates intracellular guanosine
triphosphate (GTP) pools, is inhibited by ribavirin monophosphate. The exhaustion of the
intracellular GTP pool inhibits the viral RDRP enzyme indirectly (14). It also disrupts its mRNA
capping. Ribavirin at a dose rate of 500 mg 2–3 times a day administered intravenously with
other drugs such as lopinavir/ritonavir or interferon (IFN)- for no more than 10 days made
SARS-CoV-2 infected patients more resistant to respiratory distress syndrome and subsequent
death.
Lopinavir-ritonavir combination
This drug combination was developed by Abbott Laboratories in the United States and is
marketed under the brand name Kaletra (15). The FDA approved this drug as an anti-retroviral
for the treatment of HIV patients in the year 2000. Lopinavir is rapidly degraded by host
proteases in the human body, so it is given in combination with ritonavir (another protease
inhibitor), which helps lopinavir remain active for a longer period of time by inhibiting the
cytochrome P450 metabolising enzyme (16).
Future Perspective and conclusion
COVID-19 is a pandemic with no currently available treatment, including vaccines and drugs.
However, a number of FDA-approved drugs for the treatment of other diseases could be used in
the COVID-19 trial and considered repurposed drugs. These medications include antivirals,
antimalarials, ACEIs, ARBs, statins, and monoclonal antibodies. Remdesivir, favipiravir,
ribavirin, lopinavir-ritonavir combination, arbidol and tocilizumab have been shown to be
beneficial in various clinical studies conducted on a compassionate basis to save the lives of
COVID-19 patients. As a result, these drugs may be used to treat this deadly disease in the
future. However, the use of chloroquine and hydroxychloroquine has produced contentious
results in various trials, prompting WHO to halt their SOLIDARITY trials. Chloroquine and
hydroxychloroquine will require a large number of research studies in the future before they
can be used in COVID-19 patients. Furthermore, ACEIs and ARBs may be effective in treating
this infection. Some drugs, such as ivermectin and auranofin, are in the early stages of
development for use against COVID-19, and these agents may one day be used as therapeutic
agents.
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The primary technique for identifying potential therapeutic agents for COVID-19 patients would
be molecular docking, and the screened agents would then be tested for their efficacy in invitro and in-vivo studies.
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Introduction to drug repurposing:
The historically inadvertent, constrained or serendipitous research effort is now being replaced
by high‐throughput, systematic and rational pursuit of newer therapeutic applications for
existing drugs and drugs in development or as a drug‐retrieve strategy (1). Drug repurposing
(DR) is synonymously known as drug reprofiling or drug repositioning which is an indication of
expansion which involves authorizing newer therapeutic application for already known drugs
including failed, discontinued, investigational and already marketed FDA approved drugs (2).
As the data involving drug safety, efficacy, route of administration, bioavailability, formulation,
PK-PD profile, associated adverse effects and toxicological data are well known, the process of
evaluation of such drug candidates promote drug repurposing and the drug gets rapid entry in
to the clinical market for new therapeutic application (3).
Repurposing is an outstanding alternative over the de novo (traditional) drug development
method, which is comparatively lengthy, involves high capital investment, risk of failure in to
the market. Drug repositioning reduces capital investment, time required for drug
development and enhanced risk of failure. Traditional drug development is associated with
~45% failure rate corresponding to toxicity and safety issues. In contrast, DR afford reduced risk
of failure (due to existing safety data of drug) with 5 to 7 years of saving in an average drug
development time (4, 4). DR is not an uncomplicated process, rather it is multistep associated
with higher rewards and lower risks, established safety in comparison to traditional drug
development (De Novo method), which involves identification of new drug entity (Fig1) (6).
The coronavirus disease 2019 (COVID-19) pandemic is a deadly contagious disease; presently
there is no any available line of treatment for this pandemic. Thus, the only alternative method
left was identification and screening of older drugs which can be used for the treatment of new
virus severe acute respiratory syndrome coronavirus 2 (SARS-CoV2). Up to March 2020, the
COVID-19 had spread across numerous continents, which makes World Health Organization to
re-classify it as a pandemic.
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By May 2021, approximately there are more than three million deaths worldwide attributed to
COVID-19 (7). Considering the cost and time required to come up with newer therapies,
exploring the already known antiviral and other categories of drugs for SARS-CoV2 is costeffective.

Fig. 1 Comparison of traditional and drug repurposing methods of drug discovery

The coronavirus disease 2019 (COVID-19) pandemic is a deadly contagious disease; presently
there is no any available line of treatment for this pandemic. Thus, the only alternative method
left was identification and screening of older drugs which can be used for the treatment of new
virus severe acute respiratory syndrome coronavirus 2 (SARS-CoV2). Up to March 2020, the
COVID-19 had spread across numerous continents, which makes World Health Organization to
re-classify it as a pandemic. By May 2021, approximately there are more than three million
deaths worldwide attributed to COVID-19 (7). Considering the cost and time required to come
up with newer therapies, exploring the already known antiviral and other categories of drugs
for SARS-CoV2 is cost-effective.
Opportunities and challenges:
The higher and faster rates morbidity and mortality due to COVID-19 pandemic has led to
repositioning of existing drugs, in spite of the primary evidence base being of variable quality.
In regulatory and scientific settings, drug repositioning has many implications, especially when
it is going to happen during health emergency like COVID 19 pandemic (8). Pharmaceutical
industries have many opportunities for repurposing of existing drugs for which already
established safety and efficacy data is sufficiently available. However, pursuing of this may not
be much profitable economically but it may involve other forms of benefit or importance, such
as resultant social awareness or perception of pharmaceutical companies and corporate social
responsibility. Social responsibility implicit in maintaining the balance between welfare of
society and economic growth. Thus, one of the main aims in drug repurposing is to eliminate
the financial barriers (9).
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Different approaches are in use for DR and among all, computational learning approach
resulted significantly enhanced performance of drug repositioning. However, application of
experimental methods such as cell-based assays, target-based screening, preclinical and
clinical testing’s furnish direct evidenced knowledge of relations between disease and drugs,
thus this method is considered more validated and acceptable. Recently, mixed approach has
come in to existence with combination of both computational and experimental approach to
identify new target for older drugs that provides sensible and comprehensive exploration of all
possibilities for drug repurposing opportunities with due considerations of existing databases
as well as technological advances. Further, this approach led to more effective and rapid
repositioning of drugs for newer diseases like COVID 19 which is need of the hour (10,11). Also,
capital investment in R&D for drug repositioning is less as compared to traditional drug
discovery. From the market perspective, there is a huge demand for all new and older drugs
which are proved to be useful in treating COVID19, so there is a large potential market to
explore with economic impacts. With arrival of technologies like proteomics, metabolomics,
genomics, transcriptomics etc., there is a huge opportunity for pharmaceutical industries to
discover drugs by DR for COVID-19 pandemic with collaborative and integrated effort of all
mentioned approaches in low capital investment.
Nevertheless, opportunities arrive often with many challenges in the field of drug
repositioning. The major challenge is identification new target for existing drugs. Other
challenges may include complex process of DR involving different aspects such as, various DR
approaches, technology, capital investment, patent issues, and market demand (12,13).
But in an emergency situation like COVID-19 pandemic, regulatory agencies have pledged to
speed up all regulations and everyone is collaborating via ICMRA (International Coalition of
Medicines Regulatory Authorities) as its website accommodates all updated details on running
COVID-19 clinical trials of drugs and vaccines under development (8). Regulatory decisions are
taken on the basis of benefit-risk balance and in such a quickly spreading pandemic there are
two issues of importance are top priority (urgency) of clinical needs and speed of drug
approvals. Repurposed drugs for COVID-19 pandemic are appearing in the market after
completion one or more clinical trials. Due to medical emergency and higher death rates of
COVID-19 disease, benefit of the drug enhances during the estimation of benefit-risk balance.
Thus, with a minimal evidence, all major agencies have speeded their process of approvals.
Drug repurposing for COVID-19 pandemic
To track the various drugs which have been seriously considered for repositioning in COVID-19
treatment, the government site-clinicaltrials.gov (May 14-2021), which is a repository for all
ongoing and completed clinical trials, was referred. Some of the completed studies are
included in the following Table 1 irrespective of whether the drugs were expected to treat,
prevent or used as supplementary for COVID-19. For each drug being considered as a treatment
in a clinical trial, hypothesis of trial and phase of trial completed is mentioned in the Table 1.
The mechanism of action and previous application of drugs were identified either in trial
description or through a literature search.
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Table 1. List of some drugs that completed their respective phase of clinical trial for repurposing in COVID-19.
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Some other repositioned drugs currently under clinical trials in COVID-19 are also discussed
here. Colchicine, a famous anti-inflammatory drug used for treating gout is presently under
clinical trial to treat COVID-19 patients. It is proved effective in preventing CSS-induced
pneumonia in COVID-19.A well-known drug chloroquine (antimalarial) is proved to be efficient
in preventing pneumonia of COVID-19 worldwide. Other anti-viral drug favipiravir is in phase 3
clinical trial in India. A fixed dose combination of drugs lopinavir and ritonavir are also being
studied against COVID-19 in various countries. This combination of drugs is also under
investigation with oseltamivir (flu drug) to treat infections of COVID-19 (14, 15).
Another interesting formulation under study is evaluation of the efficacy of the APT™
(Advanced Penetration Technology™) T3X compared to placebo to decrease COVID-19
contamination rate in humans. This is the topical formulation of APT™ Tetracycline 3%
formulation (APT ™ T3X), is a FDA registered, Non-Prescription product. This formulation is
used in an off-label manner as an intranasal application for prevention of COVID-19 and other
viruses. The APT™ T3X as a topical application will penetrate through and into the mucus layer
and deeper. This barrier of coverage will provide a mitigation effect to decrease the viral load of
exposure and infection. The efficacy of APT™ T3X is due to disrupting the lipid envelope in
seconds, hence neutralizing the virus.
Conclusion
Many drugs are presently being studied as potential prepositioning candidates in clinical trials,
but till now only remdesivir has been approved for the treatment of COVID-19. Though
repurposing of drugs reduces time, effort and capital investment, the pharmaceutical
companies are facing many challenges like capital investment, urgency of beneficial results to
meet clinical emergency worldwide, regulatory aspects and chances of failure. As many of the
clinical trials are completed or at the end of their study, there is good hope for early
repurposing of many drugs for prevention and treatment of COVID-19.
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Abstract
Coronavirus disease 2019 (COVID-19) is a fatal disease and there is no medicine available to
cure it yet. Because of the decreased production records and overall costs, drug repurposing
has shown to be a promising strategy. The method of using investigated or existing medicines
to treat emerging and challenging deadly infectious diseases is known as drug repurposing.
Because of their past clinical applications, most of the drugs considered for repurposing in the
treatment of COVID-19 are readily available, and its dosage and toxicity in patients are very well
comprehended. This may be tested more speedily in clinical trials of phase II and phase III. The
efficacy of repurposing presently used drugs against the Severe Acute Respiratory Syndrome
Coronavirus 2, their targets, and modes of action, will be the subject of this review. Some drugs
show inhibitory action against this deadly infectious disease, for example, chloroquine and
hydroxychloroquine, arbidol, darunavir, favipiravir, ritonavir, lopinavir, doxycycline ribavirin,
remdesivir, darunavir, etc. The mode of action of these drugs focus on virus-related target for
example genome of RNA, polypeptide packaging, and pathways of absorption or angiotensinconverting enzyme-2 receptors.
Keywords: Drug repurposing, COVID-19.

Introduction
The coronavirus was discovered in 1965, later on in 2012, the activity of MERS-CoV increased.
After few years on 31 December 2019, in Hubei, China, COVID-19 was reported, and fast humanto-human transmission affected the global population (1-3). Coronaviruses are large viruses
with a single-stranded long RNA polymer and proteins protruding from their surface that look
like spikes (4). These spikes bind to target cells via unique receptors, the viral membrane then
undergoes massive reforms that allow it to integrate with the cell membrane. Once the viral
genes reach the host cell, a significant number of viruses are produced (5,6). Cough, fever,
shortness of breath are common symptoms of COVID-19 and it is difficult for people to
distinguish between COVID-19 and signs of common cold or flu (7).
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Developing a vaccine for any disease takes a lot of time; even for the launching of COVID-19
vaccine, it took almost 18–20 months. Until this time, there is no known cure for this disease
and drug repurposing is a perfect approach to enhance the search of a medicine that can treat
or prevent COVID-19 (8). COVID-19 poses unique problems to healthcare providers in terms of
selecting suitable therapeutics/pharmacological drugs in a clinical setting with limited time for
new drug development (9). Repurposing of drugs is often referred as repositioning, reprofiling,
retasking, or drug rescue. It is estimated that 75% of currently available medicines may be
repurposed to treat a variety of diseases. It is a method for identifying new indication for the
existing drug that is both reliable and cost-effective (10).
Different drug repurposing approaches
The workflow for drug repurposing differs from that of conventional drug production. In drug
repurposing, following steps are involved: compound detection, compound acquirement,
production, and FDA post-market safety monitoring (11). Approaches of drug repositioning are
classified into three types: (i) Computational approaches, (ii) mixed approaches, and (iii)
biological experimental approaches. Computational drug repurposing approaches are further
categorized into 3 parts: (a) models based on network, (b) structure-based approaches, and (c)
artificial intelligence approaches (12). Network-based methods are categorised into: (a)
clustering approaches dependent on network and (b) propagation approaches dependent on
networks. The identification of proteins in SARS-CoV-2 virus, and discovering relationships
between drug-disease or drugs and their targets could lead to the development of novel
treatments (13). Structure-based approaches were used to identify small chemical compounds
capable of binding to target at the macromolecular level, allowing researchers to determine
how a drug interacts with its complementary biological species in the hope of finding new
applications for available drugs (14). Networks dependent on artificial intelligence tend to be
less important at the moment because they need more data to operate. Rapid advancements
in computer-assisted technology, such as artificial-intelligence based machine learning, will aid
in the production of drugs for a wide range of diseases (15). Table 1 lists the various drugs
studied for treating COVID-19.
Conclusion
Drug repurposing has gained prominence in recent months as a result of a variety of benefits,
including the ability to minimize the number of clinical trials, the ability to prolong the shelf life
of a previously used drug by discovering a new clinical objective, and the invention of
previously unknown connections between a disease that appear to be unrelated. In recent
months, the need for drugs to fight the deadly disease COVID-19 has pushed forward this type
of study. COVID-19 pandemic has no known cure or treatment; however, there are a range of
FDA-approved drugs for other diseases, which can be repurposed for use in the trials against
SARS-CoV-2.These drugs include antivirals, antimalarials, Angiotensin converting enzyme
inhibitors (ACEIs), Angiotensin II receptor blockers (ARBS), statins, and monoclonal antibodies.
Before being approved for use in infected persons, some antimalarial drugs such as
hydroxychloroquine and chloroquine will need to undergo a significant number of clinical
trials. Further, as a supportive treatment for this SARS-CoV-2, ACEIs may be used. Several
clinical trials aimed at saving the life of COVID-19 infected persons showed promise for
tocilizumab, ivermectin, lopinavir, doxycycline, auranofin, remdesivir, ribavirin, arbidol,
ritonavir, and favipiravir as a possible drug therapy in the future.
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Table 1: List of drugs that can be used to treat COVID-19
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Introduction
Drug repurposing involves using an existing drug for a medical condition that’s different from
what it was originally developed to treat. It has now become a significant part of the
pharmaceutical industry. There are several drugs that have been or are currently being
repurposed for novel indications. The drug repositioning/recycling approach has actively and
effectively been adopted by drug discovery researchers and the pharmaceutical industry. The
development of new therapies is an arduous, time consuming, and costly task. Furthermore,
the development of many compounds runs into issues related to safety. Drug repurposing,
where drugs with established safety in humans are tested and developed for efficacy in a
disease other than the one for which they were developed, is gaining traction because of its
potential to overcome an initial bottleneck in the drug development process(1).
In today’s scenario, a drug is mostly repurposed for a new molecular target or for the same
target in a different disease and few pharmacokinetic hurdles may need to be overcome for this
to be translated to the clinic. Drug repurposing is a strategy for generating additional value
from an existing drug by targeting diseases other than that for which it was originally
intended(2). For example, teicoplanin (antibiotic used in the prevention and treatment of
bacterial infections caused by methicillin-resistant Staphylococcus aureus, MRSA and
Enterococcus faecalis), oritavancin (treatment of acute bacterial skin infections), dalbavancin
(lipoglycopeptide antibiotics), and momensin (polyether antibiotic) are approved antibiotics
that have shown to inhibit corona and other viruses in the laboratory. The value of drug
repurposing is to speed up the traditional process of drug discovery by identifying a novel
clinical use for drugs that have already proven to be safe and effective in humans and are
approved for other indications. The rationale of drug repurposing lies in the fact that the same
molecular pathways may be involved in different diseases. One of the key drivers for the
repositioning of drugs is the serendipitous discovery of pharmacological activity on new
targets, which would then suggest a new possible indication of use(3). The drug sildenafil
initially conceived for the treatment of angina and hypertension is currently used for the
treatment of erectile dysfunction. Similarly, amantadine, an antiviral which was originally
indicated for influenza is now used to treat Parkinson’s disease. The National Centre for
Advancing Translational Sciences (NCATS, a component of National Institute of Health (NIH) in
the United States of America (USA), launched a program “Discovery of New Therapeutic Uses
for Existing Molecules” in May 2012.

APTI Women's Forum Newsletter, Oct - Dec 2021 | 44

This program focused on identification of new therapeutic indications and treatment options for the
compounds that have been already marketed or the New Chemical Entities (NCE) that are in the
loop of drug development pathway and offer financial support (4).

Figure 1. Stages in the drug
discovery and drug repurposing

Figure 2. Potential drug
repurposing strategies
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Advantages of repurposing drugs
The drug repurposing approach is much beneficial than the identification of new drugs for
diseases. The older molecules have already been tested in humans and comprehensive
information is available on their pharmacology, dose, toxicity, formulation and mode of
administration. The numerous advantages of drug repurposing over conventional drug
discovery approaches include:
Considerably cuts in research and development (R&D) costs.
Reduces the drug development timeline, as various existing compounds have already
demonstrated safety in humans and does not require Phase 1 clinical trials.
Potential for reuse despite evidence of adverse effects and failed efficacy in some
indications.
Drug Repurposing - Regulatory Perspective:
Repurposing officially falls into a number of categories, bearing in mind that physicians in most
countries have the right to use drugs outside the existing approved label and frequently do.
However, “off-label” use is often frowned upon by regulatory drug agencies and scientific
societies, as the effectiveness and safety of drugs for off-label indications may not be
established. In most cases, to have a new indication approved, substantial investment is
required (5). A patent is essential for the sponsor of the development program to ensure return
on investment with sales. Patents based on “product” or “composition-of-matter” not only give
the patentee the right to exclude others from making and selling the drug for the same purpose
as the patentee but also block the marketing of any new use that another party discovers. The
patent process also runs alongside extensions of exclusivity built into some regulatory
processes. In contrast, so-called “use” patents protect a selected therapeutic use.
Repurposed drugs fall into four categories based on those described by the Discovering New
Therapeutic Uses for Existing Molecules initiative of NIH through the NCATS
(https://ncats.nih.gov/ntu): 1) Therapeutic assets (of any modality) with remaining patent life
but never approved for human use; 2) Therapeutics with remaining patent life that are
currently approved for one or more indication(s) but have potential use in others; 3)
Therapeutic assets with no patent life that are not currently marketed because they were either
never approved or were withdrawn; 4) Therapeutics with no patent life currently manufactured
by generic companies, approved for certain indications, and available by prescription from
healthcare providers(6). Some drug compounds have been approved for both common and
rare diseases as shown in Table 1.
Drug Candidates for Repurposing in COVID-19 Infection
There is great interest in drug repurposing to accelerate the identification of drugs that can
cure or prevent COVID-19. (7). A look at some of the drugs that are being repurposed are as
follows:
1. HIV : Lopinavir/ ritonavir is a combination medicine for HIV/AIDS. It was used against SARS
and MERS, two other coronaviruses. ICMR has allowed its uses for COVID-19. Only those with
acute symptoms like severe respiratory distress, and the elderly with co- morbidities need this
drug.
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Table 1: Drug compounds approved for both common and rare diseases

2. Skin Disorder: Biocon’s psoriasis drug Itolizumab, an anti-inflammatory drug, has been
permitted for use in moderate to severe COVID-19 cases. It’s being trialed in Mumbai and Delhi.
3. Leprosy: Anti-leprosy drugs have been repurposed as an immune-modulator against severe
blood infection. For eg., Cadilla’s Sepsivac, clinical trials for which are underway in PGIMER
Chandigarh, AIIMS Delhi and Bhopal.
4. Alcohol Dependence: Disulfiram is used to treat alcoholism by producing unpleasant
reactions, like nausea, in the presence of alcohol. It was used for SARS and MERS as it helps
induce immune responses. Its efficacy against COVID-19 is yet to be confirmed.
5. Diarrhoea: As more patients report gastrointestinal symptoms, antidiarrhoeal drug
Loperamide which reduces the number of bowel movements, is under consideration.
6. Arthritis: Tocilizumab,an immuno- modulator used to treat arthritis, can prevent extreme
inflammation in critically ill COVID-19 patients. Clinical trials under way in India.
To identify drugs being seriously considered for repurposing, a repository for clinical trials, was
searched for all registered clinical trials concerning COVID-19 in 2020. Studies aiming to
evaluate drug safety were excluded, as were all studies concerning vaccines. Studies were
included irrespectively of whether they were planned, ongoing or completed and also
irrespectively of whether the drugs were intended to prevent or treat COVID-19. For each drug
being considered as a treatment in a clinical trial, the mechanism of action was identified
through a literature search. Overall, drugs currently being tested for repositioning in COVID-19
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can be distinguished based on their mechanism of action as given below (8).
I) The drugs potentially able to inhibit one or more steps of the corona virus lifecycle
II) The drugs potentially able to counteract the effects of SARS-CoV-2 infection, such as the
amplified immune response and the massive cytokine release, which both lead to severe
complications such as coagulopathy and acute respiratory distress syndrome (ARDS).
As per the first point, the drugs potentially inhibiting the endocytosis, e.g., the antimalarials
chloroquine, hydroxychloroquine, amodiaquine, artemisinin and artesunate baricitinib,
chlorpromazine, niclosamide, imatinib and amiodarone and the antimalarials have been
therefore proposed to inhibit the entry of SARS-CoV-2 in the host cells. The main proposed
mechanisms for the inhibition of endocytosis include (i) the inhibition of endocytic proteins
(e.g., clathrins, adaptor-associated protein kinase 1 and dynamin); and (ii) the accumulation in
acid vesicles and therefore, the inhibition of viral entry when the endocytosis is pH dependent.
As the second step in SARS-CoV-2 lifecycle is the replication of viral RNA from an RNA template,
catalyzed by the RNA-dependent RNA polymerase (RdRp), drugs able to inhibit this enzyme,
such as the antiviral drugs favipiravir, galidesivir, tenofovir, sofosbuvir and clevudine, and
antivirals inhibiting the replication of RNA, e.g., remdesivir, emtricitabine have been proposed
as candidates for repurposing in COVID-19 (Table 2) (9, 10). Other antiviral drugs acting on the
viral replication stage such as oseltamivir and daclatasvir have been proposed for repurposing
for COVID-19 treatment, along with other drugs like the immune suppressant sirolimus (11).
Table 2: Drugs with repurposing potential against COVID-19 (12,13)

Repurposing oncology drugs
The high morbidity and mortality of cancer requires innovative therapeutics. The drug
repurposing plays a great role in oncology drugs (14). Most of the oncology drugs are originally
developed for a particular cancer. However, they can then be clinically investigated in other
similar tumor types, producing versatile drugs. Cancer appears appropriate for repurposing
drugs as a single mechanism or biomarker is frequently linked to a broad range of tumor types.
One prominent cancer immunotherapy is Merck’s “KEYTRUDA Pembrolizumab”, which was first
approved for advanced melanoma. Today, it is approved for 14 cancer types, including lung
cancer and lymphoma. The company is constantly evaluating Keytruda for more cancers, such
as triple-negative breast cancer. Notably, Keytruda is a programmed cell death-1 (PD-1)
inhibitor that acts by blocking the PD-1 receptor and its interaction with ligands helps to
activate a T-cell mediated immune response against tumor cells. Due to its similar PD-1-based
mechanism of action (MOA), Bristol-Myers Squibb’s (BMS) Nivolumab (Opdivo) is currently
approved for 10 cancer types and the company is continuing to investigate the drug’s efficacy
for other indications.
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Novartis’ drug Arzerra (ofatumumab), a monoclonal antibody that targets the CD20 protein,
was initially developed to treat chronic lymphocytic leukemia (CLL). However, clinical studies
are currently going on to determine its effectiveness as a treatment for adult patients with
relapsing forms of multiple sclerosis (MS)(15).
Conclusion
Although drug repurposing has the potential to decrease the time usually required for a drug to
reach the market, this process still associated with many challenges, whether from a regulatory
or a scientific perspective. Close collaboration between various stakeholders is needed to
leverage and critically evaluate existing evidence and strategically plan the generation of new
pre-clinical, clinical and observational evidence to investigate the efficacy/effectiveness and
safety of drug for potential repurposing. One of the main objectives of such a collaboration
should be to avoid duplication of studies and plan studies in such a way that the outcomes
evaluated can be compared. Pre-clinical, clinical and observational research all generate
complementary information which is necessary in building the case for drug repurposing. This
article provides a summary of the most recent progress made in this emerging field,
highlighting the old drug and new uses strategy for the construction of next generation drugs.
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Fun & frolic
Solve the MCQs
1. Marbling is a defect in
a) Film coating
b) Sugar coating
c) Microencapsulation
d) None of the above

6. BCG vaccine is to be given to newborn child
a) Immediately after birth
b) Within 48 hrs
c) Within 7 days
d) Within 6 months

2. CDSCO works under ministry of
a) Health and family welfare
b) Human resources
c) Chemical and fertilizers
d) Commerce

7. A technique of using very small metal particles coated
with desired DNA in the gene transfer is called
a) Microinjection
b) Biolistic
c) Liposome mediated
d) Electroporation

3. All the following antiepileptic drugs acting via Na+
channel, except
a) Vigabatrin
b) Phenytoin
c) Valproate
d) Lamotrigine
4. Dettol comes under
a) Schedule N
b) Schedule O
c) Schedule Q
d) Schedule P

8. Evaluation of colour in tablets is done by
a) Reflectance spectrophotometer
b) Tristimulus colorimeter
c) Microreflectance photometer
d) All of the above

Answers on Page 51

5. The usual limit for heavy metal as IP is
a) 10ppm
b) 20ppm
c) 30ppm
d) 40ppm

UNSCRAMBLE from Page 51
1. ICNECIHTAN - TECHNICIAN
2. CARTASMIHP - PHARMACIST
3. OUYLFRMRA - FORMULARY
4. VIAISTNM - VITAMINS
5. NOUIPMNDCGO - COMPOUNDING
6. CTO - OTC
7. RYTPEHA - THERAPY
8. NEEGRCI - GENERIC
9. SEID TFECFSE - SIDE EFFECTS
10. RITESPNPRCOI - PRESCRIPTION

11. YCICEFAF - EFFICACY
12. INNESPIGSD - DISPENSING
13. CLILNIAC - CLINICAL
14. CRYHPTEEOMAH - CHEMOTHERAPY
15. AITIIBCTON - ANTIBIOTIC
16. ESPAITC EIQEUHTCN - ASEPTIC TECHNIQUE
17. ASIRAOEIBTNVB - ABBREVIATIONS
18. DEIIACTNOM - MEDICATION
19. IUCOANTDE - EDUCATION
20. TCROICAN - NARCOTIC

APTI Women's Forum Newsletter, Oct - Dec 2021 | 50

Fun & frolic
UNSCRAMBLE
1.ICNECIHTAN______________________________________________________________
2.CARTASMIHP_____________________________________________________________
3.OUYLFRMRA______________________________________________________________
4.VIAISTNM________________________________________________________________
5.NOUIPMNDCGO___________________________________________________________
6.CTO_____________________________________________________________________
7.RYTPEHA_________________________________________________________________
8.NEEGRCI_________________________________________________________________
9.SEIDTFECFSE_____________________________________________________________

11.YCICEFAF________________________________________________________________
12.INNESPIGSD_____________________________________________________________
13.CLILNIAC________________________________________________________________
14.CRYHPTEEOMAH__________________________________________________________
15.AITIIBCTON______________________________________________________________
16. ESPAITC-EIQEUHTCN_______________________________________________________
17.ASIRAOEIBTNVB__________________________________________________________
18.DEIIACTNOM_____________________________________________________________
19.IUCOANTDE______________________________________________________________
20.TCROICAN_______________________________________________________________

Guess the word
from Page 52

AMOXICILLIN
METHANOL
ACETONITRILE
ERLOTINIB
COCAINE
ATROPINE

ESMOLOL
ATENOLOL
EBASTINE
PARECOXIB
NEFOPAM
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Answers on Page 50

10.RITESPNPRCOI___________________________________________________________

Fun & frolic
Guess the word

Answers on Page 51

Solve the MCQs
from page 50

Answer Key
1. b) Sugar coating
2. a) Health and family welfare
3. a) Vigabatrin
4. b) Schedule O
5. b) 20ppm
6. d) Within 6 months
7. b) Biolistic
8. b) Tristimulus colorimeter
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Industry Roundup
Sep 22, 2021: Glenmark Pharmaceuticals Ltd received final approval by the USFDA for 1%
Clindamycin Phosphate Foam, the generic version of Evoclin®1 Foam, of Mylan
Pharmaceuticals Inc. According to IQVIATM sales data for the 12 months period up till July
2021, the Evoclin® Foam market achieved annual sales of approximately $12.0 million.
Sep 22, 2021: Pfizer and BioNTech expand collaboration with U.S. to provide 500 million
additional COVID-19 vaccine doses at not-for-profit price for donation to poorest countries.
Sep 20, 2021: Pfizer plans to seek FDA nod for COVID-19 vaccine shot in kids of age 5 to 11 after
positive results.
Sep 18, 2021: Zydus Cadila gets US-FDA nod to sell new generation anti-depressant
Vortioxetine in the strengths of 5 mg, 10 mg, 20 mg in US market. The drug was first approved
around seven years ago, and was developed by Denmark-based pharmaceuticals maker
Lundbeck in the late 2000s.
Sep 16, 2021: Biocon Biologics to offer 15% stake to Serum Institute Life Sciences. Under the
alliance, BBL will get committed access to 100 million doses of vaccines annually for 15 years
and also the commercialization rights of the SILS vaccine portfolio for global markets.
Sep 15, 2021: Glenmark concludes study on COVID-19 drug Favipiravir. Results showed no new
safety signals or concerns with the use of Favipiravir, and already-known side effects like
weakness, gastritis, diarrhoea, vomiting, etc. were found to be mild in nature. The time for
fever resolution was 4 days, while the time for the clinical cure was 7 days.
Sep 8, 2021: Sun Pharma forays into nutrition bar segment with the launch of Revital NXT.
Revital NXT bar, powered with Natural Ginseng - the same core ingredient that fuels Revital H,
is claimed to help to stay active and ace life's demands on the go.
Sep 6, 2021: Zydus Cadila gets US FDA nod for diabetes medication. On October 31, 2020,
Zydus had filed a new drug application (NDA) with the US FDA seeking approval to market
Sitagliptin base 25 mg, 50 mg and 100 mg tablets.
Sep 6, 2021: Hetero gets Drug Controller General of India (DCGI) approval for restricted use and
Emergency Use Authorisation (EUA) of generic version of Tocilizumab for treatment of COVID19.
Sep 5, 2021: Dr Reddy’s entered into a definitive agreement with Citius Pharmaceuticals Inc.,
for the sale of all its rights of investigational anti-cancer agent E7777 (denileukin diftitox) and
certain related assets. The Hyderabad-based pharma player had acquired the exclusive global
rights (excluding Japan and Asia) to E7777 from Eisai Co. Ltd. in March 2016.
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Sep 2, 2021: Granules India gets license from DRDO to manufacture and market COVID-19 drug
2-DG. Developed by DRDO, 2-DG has been granted permission by DCGI for emergency use as
adjunct therapy in moderate to severe COVID-19 patients.
Sep 2, 2021: Dr Reddy's launches a new cancer drug in Canada, Lenalidomide, an affordable
medicine for Canada's Multiple Myeloma and Myelodysplastic Syndrome (MDS) patient
population.
Aug 29, 2021: Dr Reddy's, Zydus Pharma recall products in US market. As per the report by the
US FDA, Zydus Pharmaceuticals (USA) Inc., is recalling 2,880 bottles of Carvedilol tablets (USP
25 mg), in the US due to "presence of foreign tablets/ capsules”.
Aug 27, 2021: Aurobindo Pharma gets US FDA nod for cancer treatment injection. Aurobindo
Pharma’s joint venture firm Eugia Pharma Specialties has received approval from the US health
regulator for Cyclophosphamide injection.
Aug 6, 2021: The team led by researchers from the University of Birmingham in the UK found
that fenofibrate and its active form fenofibric acid can significantly reduce SARS-COV-2
infection that causes COVID-19 in human cells in the laboratory.
Aug 4, 2021: Alkem Laboratories launches Ibuprofen, Famotidine tablets used to relieve the
symptoms of rheumatoid arthritis and osteoarthritis, in the US market.
Jul 30, 2021: Sun Pharma Q1 results report consolidated PAT of Rs 1,444 crore and 28 percent
increase in revenues in the quarter, which was sharply above analysts’ expectations.
Jul 30, 2021: Lupin acquires Australia's Southern Cross Pharma. As a part of the transaction,
Lupin's Australia subsidiary Generic Health will gain access to over 60 registered products
having sales of over $22 million.
Jul 29, 2021: Roche’s oral therapy 'Evrysdi' to provide cost-effective alternative against fatal
genetic disorder SMA in India.
Jul 20, 2021: Costs of raw material for drugs rise by up to 140%. API prices of certain drugs for
fever and pain relief drugs like paracetamol, life-saving antibiotic like Meropenem (also used
for COVID-19), and anti-diabetic like metformin, have more than doubled to as high as 139%,
127% and 124%, respectively.
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Awards & Achievement
Ms. Anjali Sharma

Assistant Professor, Guru Gobind Singh College of Pharmacy, Yamunanagar

awarded a Design Patent on the TLC plate spreader on 28/05/2021

Prof. Vandana Patravale

Professor of Pharmaceutics, Institute of Chemical Technology, Mumbai

was granted a patent for “Novel targeted lipid bioconjugates and delivery system
thereof (Indian Patent No. 356157 on 19/01/2021. She was also granted a patent
titled “Stable atovaquone nanoparticles with increased bioavailability and
pharmaceutical composition of the same (Indian Patent No. 365195) on 23/04/2021.
Another patent for “Point-of-care diagnostic test for rapid detection of brucellosis”
(Indian Patent No.368559) was received on 04/06/2021. Prof. Patravale was
inducted as an Independent Director on the Board of Directors of Sahajanand
Medical Technologies Pvt. Ltd. in July 2021. She was recently conferred with Abdul
Kalam Technology Innovation National Fellowship from Indian National Academy
of Engineering.

Khushboo Ranka of the Faculty of Pharmacy, Bhupal Nobles'
University did her Doctor of Philosophy (Ph.D.) degree on
"Design and Characterization of Gelusier Beads of AntiHypertensive Drugs for Floating Drug Delivery System" under
the guidance of Dr. Kamal Singh Rathore, HoD,
Pharmaceutics, BN College of Pharmacy, Udaipur. Khushboo
has presented her research at national and international
levels and published papers in reputed journals.
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LOTUS LOGO STORY
As a lotus is able to emerge from muddy waters un-spoilt and pure it is considered to represent
a wise and spiritually enlightened quality in a person; it is representative of woman who carries
out her tasks with little concern for any reward and with a full liberation from attachment.
Lotus-woman in the modern sense of women’s qualities: she is superbly intelligent, highly
educated, and totally committed to individualism. She is politically astute and works
incessantly for a better and more humane society. She is exquisite in her taste for music, art
and culture, abounds in social graces and performs brilliantly in communication.
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