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To the Editor 

The teaching of clinical pharmacology concepts to medical 
students can often be complex and challenging, resulting in 
inadequate preparation for clinical practice.1  The concepts 
of drug repurposing, the use of an existing drug for a new 
indication, are relatively new to medical school curricula. 
The recent attempts to manage the Covid 19 infection with 
an old drug, chloroquine,2 provides a unique learning oppor-
tunity to introduce these concepts to medical students. We 
hypothesized that the pandemic nature of the infection and 
the tremendous efforts to identify medications to treat this 
condition will render this topic more relevant to medical stu-
dents than learning from historical examples. We have pre-
viously used this approach in introducing the popular movie 
Awakenings to teaching study design and ethical issues with 
the use of L Dopa to treat chronic encephalitis, based on the 
true experience of Dr. Oliver Sacks in New York.3 The Awak-
ening module has been used by us since 1994 in several coun-
tries and medical schools including the National Institute of 
Child Health and Human Development summer institute in 
drug use in pregnancy. We present a learning module dedi-
cated to drug repurposing, involving students’ critical ap-
praisal of selected scientific papers, followed by presentation 
and group discussion. Each element of the module is intro-
duced here by the basic information the mentor is expected 
to cover: 

Covid 19 has been identified in late 2019 as the cause of 
the pandemic experienced in virtually every country world-
wide.4-5 The disease has caused the death of thousands of peo-
ple with China, Italy, the UK, the USA and South Korea lead-
ing in numbers. While a vaccine may prevent the infection, 
the process of developing vaccines typically takes years to ac-
complish.5 In the meantime, there is an urgent need to iden-
tify drugs that may exert antiviral activity against Covid 19. 
The development of new antivirals will depend on a deeper 
understanding of the molecular mechanisms of the virus. Be-
cause of the serious health risks of the Covid 19, most notably 
the acute respiratory distress syndrome, attempts to identify 

existing medications which may exert antiviral properties are 
warranted.6    

The first task in our module involves the students prepar-
ing and presenting an update on the Covid 19 pandemic and 
its management, followed by a group discussion and com-
ments by the mentor. Historically there have been dramatic 
examples of medications used for one condition being re-
purposed for new, unmet indications. For the purpose of this 
module we selected the anti- depressant drug bupropion 
(Wellbutrin) which was introduced for depression in the 
1980s,7  but which, during Phase 3 clinical trials, was shown 
to decrease the urge for smoking.7 This observation had led 
the manufacturer to study the antismoking effect of bu-
propion, and subsequently to the introduction of the first 
oral anti-smoking agent, under the trade name Zyban.8  

The cost of developing a new drug nearly doubles every 
nine years, and as of 2016, developing a new medication re-
quires more than 14 years and 2–3 billion dollars in cost.9   
Given this prohibitive cost, pharmaceutical companies have 
increased investments in drug repurposing, the process of 
applying known drugs to treat new diseases. It has been esti-
mated that drug repurposing cuts development time in half 
and significantly reduces costs.9 Other successful examples of 
repurposing include sildenafil,  aimed originally in 1989 for 
hypertension and angina, which was subsequently found to 
be an effective treatment for erectile dysfunction in 1998.10 

Repurposing efforts may also include re-examination of pre-
viously- failing drugs for novel treatments: For example, az-
idothymidine, originally designed as a chemotherapeutic 
agent, was repurposed in the 1980s as an anti-HIV drug.11  In 
the case of the present Covid 19 outbreak, the main ad-
vantage of chloroquine, if proven to be effective and safe, is 
the immediacy of its availability.  

In improving repurposing efforts, there are now increas-
ing numbers of studies using big data analytics and machine 
learning techniques to identify whether drugs presently given 
to patients for proven indications may exert other  
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therapeutic effects not previously thought of. For example, it 
has been recently shown, using novel algorithms based on 
over 2 millions electronic patient records, that statins and 
proton pump inhibitors decrease blood pressure inde-
pendently of typical antihypertensive drugs.12 Similarly, it has 
been documented that alpha 2 blockers exert a hypoglycemic 
effect, independent of the hypoglycemic effects of regular an-
tidiabetic drugs.13 

The second task involved students presenting the pub-
lished evidence leading to labeling bupropion as an antis-
moking agent, followed by group discussion .The identifica-
tion of repurposable agents against Covid 19 involves a 
screening process in which different in vitro concentrations 
of a given drug are examined for their ability to inhibit the 
viral replication in appropriate cell culture.14  The drugs se-
lected to be tested can be included based on preliminary clin-
ical evidence, theoretical mechanistic evidence, or no evi-
dence at all. For example, in searching for an agent that can 
down-regulate the cerebral production of the alpha-synu-
clein protein encoded by the alpha-synuclein gene in cases of 
Parkinson’s disease, Mittal  and colleagues screened 1000 
compounds without any hypothetical assumptions, discov-
ering and then proving clinically that beta mimetic agents in-
hibit such accumulation.15   

The third task in our module involved students present-
ing the experiments and dose-response results of chloro-
quine on Covid 19 virus replication, including the concen-
trations yielding 50% effective inhibition.14 Phase 1 studies 
aim at defining the safety of a molecule before it can be given 
to humans. Typically a small group of healthy volunteers re-
ceive the drug in escalating doses till an adverse event is en-
countered. Then the researchers go down to the second-
highest dose, and this level will be considered the highest 
dose to be given to humans.16 In the case of chloroquine, its 
safety profile has been well defined after 70 years of clinical 
use for malaria and immunological conditions such as lupus 
erythematosus.17 Hence this phase can be theoretically 
skipped in our case. However, it is possible that the effective 
anti- viral dose needs to be higher than for the indications it 
had been used for previously. In that case, the dose-response 
safety curve needs to be extended. 

Task 4 involved students discussing the published evi-
dence on chloroquine safety, based on dose and serum con-
centrations.17-18 Phase 2 studies are executed either in healthy 
volunteers or people with the disease in question.  One of the 
objectives of Phase 2 trial is to characterize the pharmacoki-
netics of the drug.16  This would indicate whether the levels 
produced in vivo are sufficient in achieving the concentra-
tions shown to be effective in vitro. 

Task 5 involved students discussing whether the identi-
fied Phase 2 studies allow achievement of safe concentrations 
of chloroquine for Covid 19 to move forward to Phase 3 stud-
ies. Phase 3 studies are the penultimate step toward proving 
efficacy and safety of a drug against placebo or against the 

standard of care therapy.16  A protocol has to succinctly de-
scribe the patient population, inclusion and exclusion crite-
ria, primary and secondary endpoints, the dose and mode of 
intervention, potential confounders and sample size. 

Task 6 involved students describing the outline of the 
protocol and all steps involved.19  The learning module pre-
sented here is intended to be an interactive experience where 
medical students are involved in learning, critical appraisal 
and group discussion. However, it can also be taught as a 
frontal lecture in cases where the interactive element cannot 
be achieved in a big class. In addition, we also hoped to create 
an opportunity for students to experience how to handle new 
scenarios of therapeutic challenges not previously encoun-
tered. Since the inception of this module, we have executed 
and tested it in two classes, with excellent engagement and 
evaluations by the learners. A substantial proportion of stu-
dents rated it as one of their best learning experiences. While 
there are increasing numbers of drugs with more than one 
proven indication, new approaches to identify re- purposable 
drugs will be part of tomorrow’s reality for today’s medical 
students. 
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