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Abstract
Currently, there are no treatment options available for the deadly contagious disease, coronavirus disease 2019 (COVID-
19). Drug repurposing is a process of identifying new uses for approved or investigational drugs and it is considered as a 
very effective strategy for drug discovery as it involves less time and cost to find a therapeutic agent in comparison to the de 
novo drug discovery process. The present review will focus on the repurposing efficacy of the currently used drugs against 
COVID-19 and their mechanisms of action, pharmacokinetics, dosing, safety, and their future perspective. Relevant articles 
with experimental studies conducted in-silico, in-vitro, in-vivo, clinical trials in humans, case reports, and news archives were 
selected for the review. Number of drugs such as remdesivir, favipiravir, ribavirin, lopinavir, ritonavir, darunavir, arbidol, 
chloroquine, hydroxychloroquine, tocilizumab and interferons have shown inhibitory effects against the SARS-CoV2 in-
vitro as well as in clinical conditions. These drugs either act through virus-related targets such as RNA genome, polypeptide 
packing and uptake pathways or target host-related pathways involving angiotensin-converting enzyme-2 (ACE2) receptors 
and inflammatory pathways. Using the basic knowledge of viral pathogenesis and pharmacodynamics of drugs as well as 
using computational tools, many drugs are currently in pipeline to be repurposed. In the current scenario, repositioning of 
the drugs could be considered the new avenue for the treatment of COVID-19.
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Introduction

Drug repurposing is the process to identify the new indica-
tions for existing drugs and considered as an efficient and 
economical approach [1]. It is also known as reposition-
ing, re-profiling, re-tasking and rescue of drugs [2]. It has 
been considered that 75% of known drugs could be reposi-
tioned for various diseases [1]. Outbreaks of novel emerging 
infections such as coronavirus disease 2019 (COVID-19) 
have unique challenges in front of the health professionals 
to select appropriate therapeutics/pharmacological treat-
ments in the clinical setup with very little time available 

for the new drug discovery [3]. Further, development of 
a vaccine for any disease including COVID-19 takes time 
and even if the process is put on accelerated mode it would 
take 18–20 months to introduce it as ready-to-use product. 
Currently, no specific treatment is available against the 
new virus severe acute respiratory syndrome coronavirus 2 
(SARS-CoV2). Hence, the search for effective therapeutic 
agents to tackle COVID-19 is vital and urgent. The discov-
ery and licensed use of a drug come with a long-gestation 
period. The cost of the new drug development process 
amounts to more than a billion dollars extending for a period 
of 10–15 years [4] with the success rate of only 2.01% [5]. 
This creates a lag in the productivity of pharmaceutical 
research to develop a new drug which results in a persistent 
gap between therapeutic needs and available treatments [6]. 
Considering the time and cost required for coming up with 
new therapies, probing the existing antiviral and other drugs 
against SARS-CoV2 is cost-effective. In recent times, repur-
posing of available drugs for the management of several dis-
ease conditions is increasingly becoming a popular strategy 
as it uses de-risked compounds with known preclinical, 
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pharmacokinetic, pharmacodynamic profiles which can 
directly enter phase III or IV clinical trial making the drug 
development process potentially a low-cost and relatively 
rapid [7]. Therefore, reassessing the efficacy of licensed 
and experimental drugs has become go to choice of World 
Health Organization (WHO) and other health agencies to 
treat emerging health problems.

Drug repurposing follows mainly two concepts. One is 
that a single drug interacts with multiple targets, which 
paves the way for searching new target sites of action for 
the known compound [8, 9]. The other concept is that targets 
associated with a disease are often relevant to a number of 
biological processes of pathogenesis [6, 10] which paves the 
way for designation of a new indication for the known target. 
Notionally, a drug that acts on these common elements can, 
in principle, be useful for several disorders.

Different repurposing approaches

Broadly, there are three kinds of approaches which 
are widely used in drug repositioning: computational 
approaches, biological experimental approaches, and mixed 
approaches. Data such as gene expression, drug-target 
interactions, protein networks, electronic health records, 
clinical trial reports, and drug adverse event reports has 
become accessible in standardized forms. The repository 
of knowledge and omics data available in pharmaceutical 
research leads to the rise of some computational methods 
which are novel and exciting in the field of drug reposi-
tioning. These computational methods are capable to make 
a high-level integration of all the knowledge and data and 
help in understanding the new signaling pathways and gen-
erate novel insights into drug mechanisms, side effects, and 
interactions which further speed up drug discovery. A recent 
study presented integrative network-based systems pharma-
cology, methodology which quantifies the interplay between 
the coronavirus–human cell interactome and drug targets 
in the human protein–protein interaction network which 
help in rapid identification of repurposable drugs against 
SARS-CoV2. A study using this kind of approach was able 
to identify 30 potential repurposable drugs against COVID-
19 [11, 12].

The SARS-CoV2 mainly spreads through the respiratory 
tract [13] and affects alveolar cells. Unlike, Middle East 
respiratory syndrome coronavirus (MERS-CoV) which 
employs dipeptidyl peptidase 4 (DPP4) [14], SARS-CoV 
and SARS-CoV2 adopt angiotensin-converting enzyme 2 
(ACE2) as receptor for entering the cell. Attachment, fusion 
and entry of the virus are aided by spike protein which makes 
it an interesting target for the development of antibodies, 
entry inhibitors and vaccines [15]. Anti-viral agents includ-
ing ritonavir, lopinavir, ribavirin, interferons have been used 

against SARS-CoV and MERS-CoV clinically, however, 
clinical data is still limited [16]. Currently, with the lack of 
effective agents against SARS-CoV2 as well as public-health 
emergency, WHO has identified some therapies which doc-
tors and researchers believe are the most promising, such as 
a combination of two HIV drugs (lopinavir and ritonavir), 
anti-malarial drugs (chloroquine and hydroxychloroquine), 
and an experimental antiviral compound remdesivir. Fur-
ther, many available drugs with the intention of repurposing 
against COVID-19 have been subjected to clinical trials [17] 
(Table 1). However, the search for other agents cannot pause 
while waiting for the results because the demand for new 
effective agents is huge.

COVID‑19 pandemic

Human population of the twenty-first century is suffering 
a large-scale epidemic of highly pathogenic coronaviruses 
such as severe acute respiratory syndrome coronavirus 
(SARS-CoV) in 2002–03 [18], Middle East respiratory syn-
drome coronavirus (MERS-CoV) in 2012 [19] and severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV2) 
in 2019–20. Coronaviruses are pleomorphic, enveloped, 
positive sense, 27–32 kb large RNA viruses with typical 
crown-shape glycoprotein spikes (peplomers) that cause 
respiratory and enteric diseases in humans and other ani-
mals [20]. Very high recombination rates lead to constant 
transcription errors and RNA-dependent RNA polymerase 
(RDRP) jumps in coronaviruses [21] give them a chance 
to develop into diverse zoonotic pathogens such as SARS-
CoV2. SARS-CoV2 is a positive-sense single-stranded RNA 
virus classified as a strain of the species SARS-CoV, (genus 
beta-coronavirus; subgenus sarbecoronavirus; subfamily 
orthocoronavirinae; family coronaviridae) which earlier in 
2002–03 caused an outbreak of SARS in Guangdong, China 
[22]. Overall genome sequence of SARS-CoV2 showed 
79.5% similarity with SARS-CoV and interestingly, 96.2% 
similarity with bat coronavirus RaTG13, suggesting its ori-
gin from a bat virus [23, 24]. Though not certain, yet it is 
suspected that the introduction of this new coronavirus to 
humans might have been facilitated by an intermediate host, 
the pangolins [25].

As per WHO report, a case of pneumonia of unknown 
causative pathology from Wuhan city of China was first time 
reported to the WHO Country Office on 31 December 2019. 
The outbreak of the coronavirus-associated acute respira-
tory disease throughout the world was named as COVID-
19 and it was classified as 2019-nCoV (SARS-CoV2) [26]. 
The classification and naming of the virus were done by 
the Coronaviridae Study Group of the International Com-
mittee on Taxonomy of Viruses. Novel coronavirus genome 
sequencing by China was publicly available on the Global 
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Initiative on Sharing All Influenza Data (GISAID) platform 
on 12 January 2020. First case of novel coronavirus outside 
of China was reported in Thailand on 13th January 2020 
(WHO). The novel coronavirus outbreak was declared as 
Public Health Emergency of International Concern on 30 
January 2020 (WHO). This disease has been given name as 
COVID-19 by the WHO on 11th February 2020. As on 11th 
March 2020, COVID-19 was recognized as a pandemic by 
the WHO and there have been around 18,354,342 cases and 
696,147 deaths reported due to COVID-19 upto 5th August 
2020. Till date as per WHO, there is no treatment avail-
able for the control of COVID-19. In the current scenario 
of lacking efficient and specific treatments for SARS-CoV2 
infections and the urgent need to restrain the pandemic, drug 
re-tasking appears to be the most suitable tool to find out the 
best therapeutic option for COVID-19 [27].

The mechanisms of infection by the SARS-CoV2 are not 
clear yet, however, it is genetically similar to SARS-CoV 
and other coronaviruses [28]. Hence the common mode 
of pathogenicity is being explored for targets of treatment. 
The therapeutic targets depending on the common mode of 
pathogenicity can be classified as virus-related targets and 
host-related targets.

Repurposed drugs that act 
through virus‑related targets such as RNA 
genome

Replication of SARS-CoV2 depends directly on the key 
enzyme RDRP. It is interesting to note that potential drug 
targets protease and polymerase for SARS-CoV2 and SARS-
CoV are highly conserved with 96% and 97% overall iden-
tity. Therefore, blockers developed against the SARS may 
act as good therapeutic candidates to bind protease or poly-
merase sites against SARS-CoV2 (GISAID, 2020) (Fig. 1).

Remdesivir

On the basis of current knowledge about the use of rem-
desivir in SARS-CoV2 infection, remdesivir is considered 
as the potential drug candidate for repurposing against the 
COVID-19. Remdesivir (GS-5734) is a nucleoside analog 
originally developed against Ebola viruses by Gilead Sci-
ences Inc, a USA based Biopharmaceutical Company 
(Table 2). Though the drug failed to show effect against 
Ebola, the preliminary results from in-vitro and in-vivo 
preclinical studies as well as case reports indicate its effi-
cacy against SARS-CoV2. Recently, in Vero E6 cells, 
remdesivir has been shown to block the viral infection at 
low concentration  (EC50 = 0.77 μM) with high selectivity 
index (SI > 129.87). The  EC90 value (1.76 µM) was also low 
enough to be achieved in non-human primate models [29]. 

It also efficiently inhibited SARS-CoV2 infection in human 
liver cancer Huh-7 cells [23]. In Rhesus macaques, the drug 
showed therapeutic and prophylactic efficacy against both 
SARS and MERS coronaviruses, indicating its potential 
against diverse coronaviruses including SARS-CoV2 [30]. 
Similarly, in a Ces1c-knockout mouse model of SARS-CoV 
infection, remdesivir in both prophylactic and therapeutic 
use significantly reduced lung viral titers, though the sur-
vival and lung pathology were not improved [31]. Treatment 
with intravenous remdesivir on day 7 of hospital admission, 
clearly improved the clinical condition from the next day in 
a 35-year-old COVID-19 patient in Washington, USA [32]. 
In Italy, remdesivir has been used (200 mg every 12 h as a 
loading dose followed 100 mg every 12 h for 10 days thor-
ough intravenous route) with other supportive therapy in 
the clinical management of COVID-19 patients presented 
with a range of modified early warning score (MEWS) from 
less than 3 to more than 4 [33]. In a recent report, clinical 
improvement in 36 of 53 patients (68%) of severe COVID-
19 patients has been observed with the compassionate-use 
of remdesivir in a cohort study [34]. According to another 
study remdesivir was superior over the placebo in shorten-
ing the time to recovery in adult patients hospitalized with 
COVID-19. In the trial that was conducted at 60 sites and 
13 subsites in different parts of the world, mortality rate was 
7.1% with remdesivir and 11.9% with placebo by 14 days in 
1059 patients in which 538 were in remdesivir group and 
521 were in the placebo group [35]. Another trial, however, 
suggests differently, that remdesivir has no such statisti-
cally significant clinical benefits, although, patients who 
were administered with remdesivir showed a faster clini-
cal improvement in numerical terms, with symptom dura-
tion of 10 days or less in a study of 237 patients in which 
158 patients received remdesivir and 79 (one withdrew) 
were on placebo in a randomised, double-blind, placebo-
controlled, multicentre trial at ten hospitals in Hubei, China 
[36]. Another clinical trial done with remdesivir in severe 
COVID-19 patients without mechanical ventilation support 
indicated no significant difference between 5-day and 10-day 
course of remdesivir therapy, however, by day 14, a clinical 
improvement was noticed in 64% of patients in the 5-day 
group and in 54% in the 10-day group at 2 points or more on 
the ordinal scale out of 7-point ordinal scale [37].

Being a nucleotide (adenosine) analog, remdesivir gets 
incorporated into the replicating genome of the virus after 
being converted into its triphosphate form. The triphosphate 
forms compete with adenosine triphosphate (ATP) to act as 
a substrate of RDRP and have been found to cause signifi-
cantly efficient incorporation as compared to ATP. Remdesi-
vir adds three more nucleotides before terminating the grow-
ing RNA chain [38]. The extra three nucleotides may protect 
the inhibitor from removal by the viral 3′–5′ exonuclease 
activity [39], contributing to the lack of acquiring resistance.
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The pharmacokinetics, metabolism and distribution 
of remdesivir have been studied in non-human primates, 
previously. In rhesus monkeys, 10 mg/kg dose yields a 
half life (t1/2) of 0.39 h with fast systemic elimination. 
The active metabolite of remdesivir, 1′-cyano-substi-
tuted adenine C-nucleoside ribose analogue (Nuc) then 
appears which produces antiviral activity [40]. However, 
the drug is parenterally administered through intravenous 
route and is not expected to be given to mildly infected 
patients, though potent action is expected in mild infec-
tion. It is under clinical trial in China and USA against 
COVID-19 by 15th of April, 2020 (NCT04252664 and 
NCT04257656). However, seven clinical trials are 

underway on remdesivir to evaluate its efficacy on SARS-
CoV2 infection (https ://www.gilea d.com/purpo se/advan 
cing-globa l-healt h/covid -19/remde sivir -clini cal-trial 
s). The results of NCT04257656 clinical trial showed 
that intravenous remdesivir was adequately tolerated by 
COVID-19 patients [36]. In the third trial (NCT04292899) 
with the severely infected COVID-19 patients, with the 
use of remdesivir, common adverse effects were observed 
such as nausea, acute respiratory failure, increased ala-
nine aminotransferase (ALT) and constipation [37]. In all 
these studies ramdesivir was administered intravenously 
as 200 mg SID on day 1 and followed by 100 mg SID for 
the subsequent period.

Fig. 1  Therapeutic targets of the currently considered drugs for repur-
posing against COVID-19. 1. Coronaviruses suppress the antiviral 
immunity, hence maintaining an antiviral state with interferons. 2. 
Virus enters the cell by fusion of the viral spike proteins with cel-
lular ACE2 receptor, followed by ACE2 downregulation. Angiotensin 
receptor blockers (ARBs), Angiotensin-converting enzyme inhibi-
tors (ACEIs) and statins increase ACE2 expression, hence may have 
efficacy in this condition. 3. Fusion is followed by endocytosis of the 
virus, where low endosomal pH helps in lysis of the viral structural 
proteins. Disruption of this acidic environment by diprotic bases like 
chloroquine and hydroxychloroquine may produce an antiviral effect. 

4, 5. Release of nucleic acid (NA) into the cytoplasm and transla-
tion of the viral proteins using host ribosomes, 6. Proteolysis by viral 
main protease enzyme makes functional proteins e.g. RNA depend-
ent RNA polymerase (RDRP). Thus, inhibition of the main protease 
enzyme by inhibitors like lopinavir, ritonavir and darunavir, may 
have efficacy against the virus. 7. RDRP is essential for replication 
and transcription of the virus. RDRP inhibitors, remdesivir, favipira-
vir, ribavirin and arbidol may be effective against coronaviruses. 7, 
8. Subsequent translation and proteolysis into structural proteins fol-
lowed by packaging makes intact virions, which get exocytosed (9) 
from the cell

https://www.gilead.com/purpose/advancing-global-health/covid-19/remdesivir-clinical-trials
https://www.gilead.com/purpose/advancing-global-health/covid-19/remdesivir-clinical-trials
https://www.gilead.com/purpose/advancing-global-health/covid-19/remdesivir-clinical-trials
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Favipiravir

As per the information obtained from the Chinese news 
channel by Dong and Co-workers, this drug got an approval 

against the SARS-CoV2 infected patients in China on 15th 
February, 2020 since it had drastically attenuated the ill-
ness of the SARS-CoV2 infected patients [41]. Favipiravir 
(6-fluoro-3-hydroxy-2-pyrazinecarboxamide, T-705 also 

Table 2  Chemical structure of pharmacological agents reviewed
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marketed as AVIGAN) was developed by a Japanese firm, 
Toyama Chemical Co., Ltd. and has been approved in Japan 
for Influenza since 2014 (Table 2). The drug effectively 
inhibits the enzyme RDRP. In Vero E6 cells this drug showed 
an  EC50 of 61.88 µM and selectivity index of more than 6.46 
against SARS-CoV2 [29]. Though this concentration against 
SARS-CoV2 is very high, the drug may be tested in an ani-
mal model based on its performance against Ebola virus. 

Remarkably this drug had shown 100% efficacy against 
Ebola in a mice model although it had a very high  EC50 
in Vero cells [42]. Randomized trials are being conducted 
for this drug in combination with other drugs against coro-
naviruses (Favipiravir + interferon-α, ChiCTR2000029600, 
favipiravir + baloxavir, ChiCTR2000029544).

Favipiravir is a nucleoside precursor which inhibits the 
broad range of influenza virus strains, however, it shows 

Table 2  (continued)
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antiviral activity through its NTP form (converted into an 
active phosphoribosylated form, T-705 RTP) via direct inhi-
bition of the RDRP activity of influenza A virus polymer-
ase and it has also shown lethal mutations within the viral 
genome [43]. Nevertheless, the exact mode of action, pre-
cise molecular mechanism and its interaction between the 
nucleotide and the viral polymerase could be investigated in 
the SARS-CoV2 infection.

Favipiravir exerts its antiviral action in a dose-dependent 
manner [44]. Its oral bioavailability is close to 100% and has 
a short half life of 2–5.5 h [45, 46]. In Humans, the plasma 

protein binding of favipiravir is 54%. Favipiravir undergoes 
metabolism in the liver mainly by aldehyde oxidase (AO) 
and partially by xanthine oxidase (XO) and the inactive 
oxidative metabolite (T-705 M1) is excreted by kidneys. 
A study reported that in Pichindé arenavirus infection the 
kinetics of absorption, elimination and time to maximum 
drug concentration is altered. The T-705 M1 levels were 
higher in the infected animals [47]. Further, favipiravir con-
centration may be increased by drugs those undergo metabo-
lism through AO such as raloxifene, tamoxifen, estradiol, 
cimetidine, felodipine, amlodipine, verapamil, propafenone, 

Table 2  (continued)
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amitriptyline, zaleplon, citalopram, sulindac and famciclo-
vir. Concomitant administration of acetaminophen and favi-
piravir showed increased area under curve (AUC) of former 
drug possibly due to inhibition of the sulfate transferase by 
the latter drug [46].

The drug did not show any toxicity at the oral dose of 
500 mg/kg/day for 10 days in guinea pigs [48]. This can 
be converted to 108 mg/kg of human equivalent dose [49] 
which is far greater than the dose prescribed for COVID-19 
on first day i.e. 53 mg/kg/day (1600 mg BID on the first 
day) (https ://www.clini caltr ialsa rena.com/comme nt/influ 
enza-favip iravi r-covid -19/). However, use of this drug may 
be approved with the availability of more number of clini-
cal results.

Ribavirin

Ribavirin, a broad-spectrum antiviral drug, is a guanosine 
analog approved for treating hepatitis C virus in combina-
tion, and respiratory syncytial virus as monotherapy. Effect 
of this drug has been assessed in patients with SARS [50] 
and MERS [51] (Table 2). Against SARS-CoV2, it has very 
high  EC50 of 109.50 μM and selectivity index more than 3.65 
in Vero cells. Ribavirin in its monophosphate form inhib-
its host inosine monophosphate dehydrogenase (IMPDH) 
enzyme that controls intracellular guanosine triphosphate 

(GTP) pools [52]. Exhaustion of intracellular GTP pool 
indirectly inhibits viral RDRP enzyme. It also interferes 
with mRNA capping. Ribavirin at a dose rate of 500 mg 
2–3  times/day in combination with other drugs such as 
lopinavir/ritonavir or interferon (IFN)-α through intrave-
nous route for not more than 10 days made the SARS-CoV2 
infected patients more resistant to respiratory distress syn-
drome as well as death [41].

The oral bioavailability of ribavirin is 52%, which is due 
to modest first-pass metabolism in liver [53]. Estimated half-
life is 3.7 h [54]. Ribavirin-induced hemolytic anemia is a 
most commonly reported adverse effect and frequently it 
requires dose reduction [55]. Further, close monitoring of 
renal impairment in terms of creatinine clearance during 
therapy is required. Old age, decreased renal function, low 
body weight and female gender are other risk factors to be 
considered during ribavirin therapy [56, 57].

Animal studies have shown teratogenic potential of 
ribavirin. Therefore, exposure during pregnancy should be 
avoided. Other less common yet pertinent adverse effects 
are bronchospasm and pulmonary edema on inhalation [43, 
57]. Neutropenia, thrombocytopenia, skin rashes, anorexia 
and depression are some minor adverse effects of ribavirin 
that need to be monitored in the sensitive patients [58]. In a 
recent clinical trial with combinations of ribavirin + inter-
feron-alpha, lopinavir/ritonavir + interferon-alpha and 

Table 2  (continued)

https://www.clinicaltrialsarena.com/comment/influenza-favipiravir-covid-19/
https://www.clinicaltrialsarena.com/comment/influenza-favipiravir-covid-19/
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ribavirin + lopinavir/ritonavir + interferon-alpha in patients 
with mild to moderate COVID-19 showed that ribavirin 
plus lopinavir/ritonavir combination showed a significant 
increase in gastrointestinal adverse effects [59].

Repurposed drugs acting 
through polypeptide packing

The viral RNAs get translated into polypeptide chains which 
get cleaved into functional proteins before packing into viri-
ons. The viral main proteases are responsible for the cleav-
age of these polypeptide chains [60]. SARS-CoV2 protease 
has 96% overall similarity with SARS-CoV [61]. Protease 
inhibitors used in HIV-1 therapy are shown to be effective 
against SARS-CoV [62]. In-silico and in-vitro approaches 
have been used to validate the inhibition of SARS-CoV2 
protease by HIV-1 protease inhibitors [63, 64]. Numerous 
protease inhibitors are approved by FDA for use in HIV 
therapy. The agents available from this class include saqui-
navir, amprenavir, indinavir, nelfinavir, ritonavir, and lopina-
vir. Few of them are being considered against SARS-CoV2 
(Fig. 1).

Lopinavir‑ritonavir combination

This drug combination is available under brand name Kale-
tra and was developed by Abbott Laboratories, USA. This 
drug was approved by FDA in the year 2000 as an anti-retro-
viral for the treatment of HIV patients. Lopinavir is rapidly 
degraded in the human body by the host proteases, hence is 
given with ritonavir (another protease inhibitor) at a lower 
dose, which helps lopinavir remain active for a longer time 
by inhibiting the metabolizing enzyme cytochrome P450 
[65] (Table 2).

Coronavirus main proteases are cysteine proteases 
whereas HIV main proteases are aspartic proteases. Nonspe-
cific protease inhibition by protease inhibitors used in HIV 
therapy has been found effective against SARS-CoV. Lopi-
navir has comparable binding energies against the SARS-
CoV2 and HIV-1 proteases [66]. In SARS-CoV2 patients 
treated with lopinavir-ritonavir, a significant virus clearance 
has been achieved [67, 68]. A 47-year old patient, who failed 
to respond to methylprednisolone and interferon therapy, got 
quick improvement with additional lopinavir and ritonavir 
tablets therapy [69]. In 36 paediatric patients between the 
age of 0–16 years with confirmed COVID-19 from three 
hospitals in Zhejiang, China, use of lopinavir-ritonavir 
(syrup twice a day) along with interferon α to 14 patients 
(6 patients needed oxygen inhalation but not sure whether it 
included lopinavir-ritonavir group) showed a mean of hos-
pital stay time of 14 days and all were cured [70]. Based on 
these initial successful reports, SARS-CoV2 main protease 

has been docked for 1. 3 billion protease inhibitor com-
pounds [71]. Also, lopinavir-ritonavir has been included in 
SOLIDARITY trial (NCT04330690).

However, in a recent clinical trial with 199 severely ill 
patients with confirmed SARS-CoV2 infections, lopinavir-
ritonavir treatment did not improve the time to clinical 
improvement and mortality rate beyond standard care and 
further, some patients also showed adverse drug effects 
such as gastrointestinal disturbances [72]. In a study on four 
COVID-19 patients treated with Western (lopinavir 400 mg/
ritonavir in a ratio of 400 mg to 100 mg for q12 h through 
oral route), arbidol (0.2 g, three times in a day through oral 
route), and Chinese traditional medicine Shufeng Jiedu cap-
sule (SFJDC, 2.08 g, three times in a day through oral route) 
combination for 6–15 days, it has been observed that out of 
the two mild and two severe SARS-CoV2-infected pneu-
monic patients, three patients showed significant improve-
ment in pneumonia associated symptoms and the remain-
ing patient with severe pneumonia has also shown signs of 
improvement till the date of reporting [73].

Most HIV protease inhibitors show poor bioavailability. 
They are extensively metabolized by microsomal CYP3A4 
enzymes. Other agents that induce or inhibit these metabo-
lizing enzymes influence their effectiveness. Side effects 
associated with the use of protease inhibitors include diar-
rhea, vomiting, diabetes, hypertriglyceridemia, and hyper-
cholesterolemia. It also could cause severe hepatic damage 
[74]. Therefore, a lot of clinical and experimental study 
regarding the use of lopinavir-ritonavir is required to reach 
a conclusive statement.

The most common adverse effect of ritonavir/lopinavir 
is diarrhea and gastrointestinal disturbance. Elevated liver 
enzymes, dyslipidemia, asthenia, headache and skin rashes 
are some minor side effects [75–77]. Ritonavir/lopinavir co-
administration causes mild hepatotoxicity (elevated alanine 
aminotransferase, ALT) [78]. However, sole use of ritona-
vir at a higher dose (600 mg/BID) may increase the risk of 
severe hepatotoxicity [79]. A rarely observed adverse effect 
with ritonavir is retinal pigment epitheliopathy. The risk fac-
tors for the retinopathy are high dose and hepatic impairment 
[80].

Darunavir

Darunavir is a second-generation non-peptide protease 
inhibitor effective against HIV-1. It has a distinct chemical 
structure that enhances binding affinity and reduces disso-
ciation rate, making it more potent than the other protease 
inhibitors [81] (Table 2). Using computational drug design 
methods, darunavir was identified as one of the promising 
hits for inhibition of chymotrypsin-like protease of SARS-
CoV2 [82]. Results of a structural analysis showed no bind-
ing of darunavir to SARS-CoV2 protease (https ://www.eacso 

https://www.eacsociety.org/home/covid-19-and-hiv.html
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ciety .org/home/covid -19-and-hiv.html). Anyhow, recently in 
Shanghai, in-silico and an enzyme activity test based drug 
screening revealed 30 agents with potential antiviral activ-
ity against SARS-CoV2 including darunavir (https ://www.
simm.ac.cn/xwzx/kydt/20200 1/t2020 0125_54944 17.html). 
Interestingly, therapeutic doses of darunavir are reported 
to be too low to cause cytotoxic effects, affording a wide 
margin of safety [81]. In an in-vitro study, darunavir at 300 
micromolar concentration was found to inhibit SARS-CoV2 
virus replication by 280 times in comparison to the untreated 
group (https ://www.sd.china news.com/2/2020/0205/70145 
.html). Further, darunavir has been used (600 mg tablet 
every 12 h) along with other anti-viral drugs and supportive 
therapy in the clinical management of COVID-19 patients 
presented with a range of MEWS from less than 3 to more 
than 4 in Italy [33].

Darunavir is rapidly absorbed after oral administration 
and has a terminal elimination half-life of 15 h. Approxi-
mately 95% of the drug is plasma protein bound and metabo-
lized exclusively by CYP3A4. Therefore, co-administration 
of small doses of ritonavir (CYP3A4 inhibitor) increases 
the bioavailability of darunavir. Combination therapy with 
other CYP3A4 inhibitors (e.g. statins) with darunavir/rito-
navir requires caution or is even contraindicated [83, 84].

A recent study correlated the daurnavir use with increased 
risk of myocardial infarction in HIV patients and concludes 
that cardiovascular disease (CVD) risk increases with 
darunavir exposure. Therefore, it may be used cautiously 
in patients with underlying cardiac diseases [85]. Before, 
regular use of this drug, more pharmacological profile may 
further be investigated during the use in COVID-19 patients.

Repurposed drugs acting through host 
targets such as antiviral immunity

The pattern recognition receptors in immune cells recognize 
the viral pathogen-associated molecular pattern (PAMPs) to 
stimulate antiviral interferon responses in the host [86]. The 
secreted interferons activate hundreds of interferon-stimu-
lated genes which encode proteins with profound effects 
against the virus (Fig. 1).

Interferons (pegylated IFNα‑2a and pegylated 
IFNα‑2b)

The interferons (IFNs) are antiviral molecules classified into 
type I (IFNα, IFNβ, IFNω, and IFNτ) and type II (IFNγ). 
IFNα plays a critical role in innate immunity against viral 
infection which prompts its use in the treatment of many 
clinical viral infections. The recombinant IFNα is interferon 
alfacon-1. The pegylated types are pegylated IFNα-2a and 
pegylated IFNα-2b [87]. Pegylated interferon alfa-2b acts to 

target B cells through host interferon receptor, IFNAR1 sig-
nalling and enhances immune response against viral infec-
tions [88]. Recombinant human IFNα-2b has been shown 
to possess wide antiviral spectrum, low toxicity and high 
therapeutic index in vitro. Quantitative reverse transcriptase-
polymerase chain reaction (RT-PCR) results revealed anti-
viral effect of recombinant human IFNα-2b on respiratory 
viruses such as influenza B virus, parainfluenza virus, res-
piratory syncytial virus and coronavirus which was stronger 
in comparison to the effect of ribavirin [89]. In another 
study, IFNα-2b administered by nasal spray reduced posi-
tive rates of immunoglobulin M (IgM) antibody against all 
four respiratory viruses (parainfluenza virus, influenza B, 
adenovirus and respiratory syncytial virus) possibly suggest-
ing the lower virus titre due to IFNα-2b [90]. In the rhesus 
macaque, IFNα-2b with ribavirin showed very good effect 
against beta-coronavirus emerged in Saudi [91], however, 
was unsatisfactory in humans [92]. In China, intranasal 
IFNα (5 × 106 U) twice a day in combination with ribavi-
rin is one of the guidelines for the treatment of COVID-19 
patients [41, 93]. It was further showed that the infection 
rate of SARS-CoV2 was decreased by IFNα-2b sprays [94]. 
IFNα-2b has demonstrated potent anti-viral activities against 
respiratory viruses and may serve for the prevention and 
treatment of SARS-CoV2 as well. Nevertheless, thorough 
evaluation in appropriately designed randomized trials is 
recommended before forging on.

PEG-IFNα-2b is a linear 12 kDa molecule and suscep-
tible to hydrolysis. It is absorbed quickly and distributed 
widely. After administration PEG-IFNα-2b gets hydrolysed 
and the free IFNα-2b circulates in the body. Most of the 
free IFNα-2b excreted solely through kidneys. Therefore, 
it requires dose adjustment in patients with renal impair-
ment. Further, the clearance of PEG-IFNα-2b decreases after 
repeated dosing. Therefore, it is administered according to 
body weight. Conversely, the PEG-IFNα -2a is a 40 kDA 
branched chain molecule which is absorbed more slowly 
and has poor tissue distribution. PEG-IFNα -2a has long 
half-life. Therefore, it is used at a fixed dose of 180 μg per 
week for the treatment of hepatitis C virus infection. PEG-
IFNα-2a is metabolized by both the kidneys and liver, there-
fore this drug does not require a major dose modification 
[95].

Number of adverse events was recorded with PEG-
IFNα therapy. Dizziness, headache, depression, fatigue, 
insomnia, alopecia, myalgia, arthralgia, pyrexia, anorexia 
are the most common constitutional symptoms observed 
with PEG-IFNα-2a and PEG-IFNα-2b therapy in various 
other diseases. Hematologic adverse events such as leuco-
poenia, thrombocytopenia and myelosuppression, thyroid 
disease, lung disease and retinopathy are the other adverse 
events recorded in the patients receiving PEG-IFNα-2a/
PEG-IFNα-2b [96–98]. Dose limiting, mild injection site 

https://www.eacsociety.org/home/covid-19-and-hiv.html
https://www.simm.ac.cn/xwzx/kydt/202001/t20200125_5494417.html
https://www.simm.ac.cn/xwzx/kydt/202001/t20200125_5494417.html
https://www.sd.chinanews.com/2/2020/0205/70145.html
https://www.sd.chinanews.com/2/2020/0205/70145.html
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reactions/inflammations were observed commonly in PEG-
IFNα -2b therapy [96]. Most of the adverse events are well 
tolerated and become less severe during the progression of 
therapy. The neuropsychiatric adverse effects were observed 
in patients undergoing interferon-α therapy and may require 
timely medical interventions [99]. In the case of severe 
events, discontinuation and dose reduction will help to over-
come these adverse events [96].

Lopinavir‑ritonavir and interferon‑β combination

Lopinavir-ritonavir along with interferon beta is undergoing 
clinical trial (MIRACLE) against MERS in Saudi Arabia 
wherein a total of 76 patients have enrolled till Jan 2020 
[100]. Interferons are the antiviral weapons of the body 
and coronaviruses are known to reduce the host antiviral 
immunity by suppressing the production of interferons. So, 
replacement therapy with interferons or interferon inducers 
has the potential to reduce the viral load in the body. They 
augment the host response to the viral infection. Lopinavir-
Ritonavir-Interferon-β1b treatment improved the clinical 
findings and lowered the lung viral load in MERS-affected 
common marmosets [101]. Results of a recent clinical trial 
(NCT04276688) on COVID-19 patients showed the safety 
and efficacy of this combination. Adverse events like self-
limited nausea and diarrhoea were recorded in this study. 
However, there was no significant difference in the adverse 
effects between the combination group and ritonovir/lopina-
vir alone (control group) [102].

Repurposed drugs targeting the virus 
uptake pathways

The coronaviruses enter the cell by two ways, (1) endocyto-
sis, virus is taken up into the cell along with the endosomes, 
(2) fusion of the viral spike protein with the cell surface 
receptor ACE2 [103], the latter being the predominant path-
way of virus entry [104]. Blockade of entry pathways may 
be effective targets for treatment (Fig. 1).

Chloroquine and hydroxychloroquine

Chloroquine, primarily known for its anti-plasmodium 
actions, has antiviral activity as well. This drug originally 
derived from Cinchona plant is now largely a synthetic drug 
(4-amino quinoline) discovered by Bayer Laboratories. 
Chloroquine and its analogs are potent inhibitors of most 
coronaviruses [105] (Table 2).

Chloroquine and hydroxychloroquine are weak diprotic 
bases. These drugs take a similar pathway like the virus and 
concentrate in the endosomes increasing the pH of the endo-
somal fluid. The acidic pH of the endosomes is necessary 

for the optimal activity of viral enzymes responsible for 
proteolysis and post-translational modification of nascent 
proteins. Disruption of acidic pH thus blocks the replica-
tion and lifecycle of the virus [106]. In addition, the drug is 
known to interfere with the glycosylation of the host recep-
tor for the virus, ACE2. Faulty terminal glycosylation may 
affect the binding and subsequent entry of the virus into 
host cells [107].

Cell culture studies in African green monkey Vero E6 
cells indicate significantly higher potency for chloroquine 
compared to hydroxychloroquine [108]. Chloroquine has 
 EC90 value of 6.90 μM against the SARS-CoV2 in Vero E6 
cells, which can be clinically achievable after administration 
of 500 mg as shown in rheumatoid arthritis patients [109]. 
A safe dosage of 6–6.5 mg/kg per day of hydroxychloro-
quine could yield serum levels of 1.4–1.5 μM in humans 
[110]. It is speculated that with a safe dosage, hydroxychlo-
roquine could achieve concentration in the above tissues to 
inhibit SARS-CoV2 infection. Hydroxychloroquine phos-
phate (400 mg tablet every 12 h as a loading dose followed 
200 mg tablet every 12 h for 10 days) or chloroquine phos-
phate (250 mg of two tablet every 12 h for 10 days) along 
with other anti-viral drugs and supportive therapy have been 
used in the clinical management of COVID-19 patients pre-
sented with a range of MEWS from less than 3 to more than 
4 in Italy [33]. Chloroquine and hydroxychloroquine have 
been considered for SOLIDARITY trial (NCT04330690). 
Hydroxychloroquine has shown side effects such as pro-
longed QT interval and heart failure, though controversy 
exists. Recently, WHO stopped hydroxychloroquine arm of 
the Solidarity Trial to find an effective COVID-19 treatment. 
This recommendation was developed on the basis of data 
obtained from Solidarity trial (including the French Dis-
covery trial data and UK’s Recovery trial data). These trials 
showed that hydroxychloroquine did not result in the reduc-
tion of mortality of COVID-19 patients who were hospital-
ized when compared with standard care (briefed on 17 June 
2020 by WHO).

Use of chloroquine for SARS-CoV2 asks for a high dose 
but an overdose of chloroquine has been reported to cause 
poisoning and death [111]. In comparison, hydroxychlo-
roquine is safer with 40% less toxicity in animals [112]. 
Oral absorption of chloroquine and hydroxychloroquine in 
humans is efficient. Both the drugs distribute similarly in 
different tissues with high concentrations in the liver, kidney, 
lungs and spleen [113].

Chloroquine is two to three times as toxic in animals as 
hydroxychloroquine [112]. The acute toxicity of chloroquine 
causes death due to cardiac and respiratory arrest [111]. 
Adverse effects of chloroquine/hydroxychloroquine ther-
apy at the therapeutic doses include retinopathy, myopathy, 
electrocardiographic changes, bleaching of hair, pruritus, 
headaches, dizziness and gastrointestinal upset [114–116]. 
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Hydroxychloroquine retinal toxicity in the patients is far 
more common in patients taking this drug for greater than 
5 years with the overall prevalence of 7.5% [117]. A study 
showed even with the recommended therapeutic dose of 
hydroxychloroquine produced bilateral maculopathy and it 
was attributed to the differential susceptibility of the retinal 
epithelium to hydroxychloroquine [118].

Hydroxychloroquine and chloroquine are orally well 
absorbed and show 70–80% oral bioavailability. Chlo-
roquine is 60% bound to plasma proteins and distributed 
extensively. Following administration, chloroquine is rapidly 
dealkylated to pharmacologically active desethylchloroquine 
and bisdesethylchloroquine. Metabolism of hydroxychloro-
quine is similar to chloroquine except for a third metabolite 
desethylhydroxychloroquine which is also produced dur-
ing metabolism. Both hydroxychloroquine and chloroquine 
have prolonged half-lives, between 40 and 50 days, and low 
blood clearance by kidneys and liver. For both chloroquine 
and hydroxychloroquine, approximately 40–60% is excreted 
as an unchanged or metabolized drug through the kidneys, 
8–25% is excreted in an unchanged or changed form in the 
feces, 5% is sloughed off through the skin, and 25–45% is 
stored long term in lean body tissues [119–122].

Hydroxychloroquine should be cautiously used in patients 
with known hepatic or renal dysfunction. The co-admin-
istered drugs with hydroxychloroquine excreted via liver/
kidney may interact with hydroxychloroquine and modu-
lates its pharmacokinetics and toxicity. Hydroxychloroquine 
has been reported to cause severe hypoglycaemia when co-
administered with oral hypoglycaemic drugs. There have 
been few reports of mild to severe hepatic failure in patients 
with hydroxychloroquine treatment [117]. Racial difference 
in toxicity has also been reported wherein the incidence of 
pericentral maculopathy was common in Asian (50%) than 
Caucasian (2%) patients [123]. Further, the use of chloro-
quine and hydroxychloroquine may be warranted in prophy-
laxis strategy as well as in COVID-19 patients with more 
number of clinical trials.

Arbidol

Arbidol, an indole-derivative, also known as umifenovir 
is a potent broad-spectrum antiviral agent. This drug has 
shown activity against a wide range of enveloped and non-
enveloped viruses [124] (Table 2). It is effective against 
numerous pathogenic respiratory viruses and relatively very 
safe for use [125, 126]. Arbidol is an approved therapeutic 
agent against influenza in Russia and China [127]. Arbidol 
and arbidol mesylate were reported to act directly on viral 
replication of SARS-CoV at an early stage in vitro [128, 
129]. The anti-viral mechanism of arbidol against influenza 
A and B involves viral fusion inhibition by hindering the 
hemagglutinin fusion machinery with the membrane, thus 

blocks virus entry into the cell [127]. Arbidol is one of the 
drugs in clinical trial phase 4 for pharmaceutical interven-
tions of COVID-19 and treatment of COVID-19 patients 
with arbidol leads to a reduction in the mortality rate and 
increase in the recovery rate [130, 131]. Arbidol treatment 
coupled with lopinavir/ritonavir reckoned to retard the 
development of pulmonary lesions concurrently reducing 
the respiratory and gastrointestinal COVID-19 viral load 
thus lowering the transmission [132]. Encouragingly, sea-
sonal prophylaxis with arbidol reduced influenza morbidity 
in patients with asthma and COPD during epidemic [133]. 
Four cases with mild to severe SARS-CoV2 pulmonary 
symptoms were subjected to antiviral therapy consisting of 
arbidol, lopinavir/ritonavir, and Shufeng Jiedu (traditional 
Chinese medicine) along with supportive care. Following 
medication, three patients showed a notable reduction in 
pneumonia-related manifestations and two of them were 
discharged after testing negative for SARS-CoV2 [73]. In 
COVID-19 patients, reduction in fever and cough; improve-
ment in chest computed tomography (CT) and clinical sta-
tus among the arbidol, lopinavir/ritonavir and control group 
remained statistically indifferent. However, arbidol was bet-
ter tolerated by patients whereas test subjects administered 
with lopinavir/ritonavir experienced adverse events during 
the follow-up period [134].

The half-life of arbidol is between 17 and 21 h and 40% of 
the total drug excreted unchanged in feces. Arbdiol conjuga-
tion with glucuronide and sulfonation is evident. The major 
Phase I enzyme involved in its metabolism was CYP3A4, 
therefore, a possible interaction with CYP3A4 inducers/
inhibitors may happen [135].

The drug has oral lethal dose (LD50s) of 340–400 mg/kg 
in mice, and > 3000 mg/kg in rats and guinea pigs. Intrave-
nous LD50s are 109 mg/kg in mice and 140 mg/kg in rats. In 
long term animal studies, it showed no adverse effects with 
10–50 times of human dose and no developmental toxicities 
were observed [127].

Angiotensin receptor blockers

It has been noticed that SARS-CoV2 binds the ACE2 
receptors similar to the SARS coronavirus [23]. COVID-
19 is associated with the acute respiratory distress syn-
drome (ARDS) and higher activity of ACE2 leads to 
attenuation in ARDS [136, 137]. ACE2 expression is 
downregulated in COVID-19 patients [138]. It is a gen-
eral observation throughout the world that aged persons 
affected with COVID-19 suffer from high mortality. Asso-
ciation between COVID-19 infection and the process of 
chronological aging has been understood with the presence 
of two host receptors CD26 and ACE2 which are associ-
ated with senescence. The major pathway of virus entry 
into the host in case of SARS-CoV and SARS-CoV2 is 
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through the target cell ACE2. Spike proteins of the virus 
attach to the cell surface ACE2 expressed in epithelial 
cells of the oral mucosa, lungs, intestine, blood vessels 
and kidney.

Angiotensin receptor blockers (ARBs) which inhibit the 
action of ACE, an isoform of ACE2, are known to increase 
the expression of ACE2 [139] (Fig. 1; Table 2). The patients 
with diabetes and cardiovascular diseases regularly take 
ACE inhibitors and ARBs. Hence, they remain under contin-
uous risk of SARS-CoV2 infection. However, experimental 
studies with ARDS indicate a higher level of ACE2 reduces 
the severity of the disease [137]. Increased ACE2/ACE ratio 
may improve the host response to viral infection by correct-
ing the endothelial dysfunction common to most viral infec-
tions [140]. Experimental and clinical studies are needed 
urgently on this aspect for repurposing of commonly used 
ARBs or ACE inhibitors (ACEIs). ARBs are well-tolerated 
drugs with minimal side effects in the population. However, 
a lot of patients from South America, Central America and 
Spain, had stopped or intended to interrupt their treatments 
with anti-hypertensive drugs like ACEIs such as enalapril or 
ARBs such as losartan fearing the risk of SARS-CoV2 infec-
tion [141]. However, another school of thought provided 
alternative suggestions about the use of renin–angioten-
sin–aldosterone system (RAAS) inhibitors. They suggested 
that though ACE2 expression may be enhanced with the 
use of RAAS inhibitors, sudden withdrawal of these drugs 
may be responsible for higher risk in patients of COVID-19 
already affected with cardiovascular illnesses. Therefore, the 
use of RAAS inhibitors should continue in patients with 
COVID-19 under continuous observation [138, 142]. Out 
of 42 COVID-19 patients taking antihypertensive drugs, 17 
patients who were treated with ACEIs/ARBs showed less 
mortality in comparison to patients taking drugs other than 
ACEIs/ARBs in Shenzhen Third People’s Hospital, China 
[143]. ACEIs and ARBs may improve the clinical condition 
of the COVID-19 patients in a clinical setting by maintain-
ing a low level of IL-6 level in peripheral blood and through 
increment in a cluster of differentiation CD3 and CD8 T cell 
counts in peripheral blood and decreased the peak viral load 
[143]. Contrary to the previous report, another retrospective 
study from the Union Hospital of Wuhan, China done on 112 
patients suggested that ACEI/ARBs medication has no dif-
ference in the critical group and general group and further, 
did not show any effect on the morbidity and mortality of 
COVID-19 patients associated with cardiovascular diseases 
[144]. It is reported that ACE inhibits the formation of Ang 
II in the presence of ACEIs; therefore, these prevent the neg-
ative effects induced due to AT1R as well as positive effects 
derived from the Ang II binding with AT2R and further, its 
transformation into Ang-(1–7) [145]. Therefore, it could be 
assumed that the use of ACEIs leads to the protective effects 
in the lung in COVID-19 patients.

Angiotensin receptor blockers are the most commonly 
used drugs for hypertension and related cardiac problems. 
In general, ACEIs and ARBs have few interactions with rito-
navir [146, 147]. Generally, ARBs are well tolerated and the 
frequency of adverse reactions is less than 2%. There are 
no specific considerations for use in patients with hepatic 
and renal impairment [148]. ARBs are structurally related 
to losartan (except eprosartan) but the individual members 
exhibit diverse pharmacokinetic properties. Their bioavail-
abilities vary from 13–60% and half-lives are between 2 and 
24 h. They are highly plasma protein bound (90–100%) and 
mostly metabolized and eliminated by the liver and, there-
fore, can be safely used in mild to moderate renal failure 
without any dose adjustment. However, losartan should be 
started with a lower dose in hepatic impairment and tel-
misartan should be avoided in case of renal impairment and 
congestive heart failure/digoxin therapy [149, 150].

Statins

Statins, the lipid-lowering drugs, have shown pleiotropic 
activity through anti-inflammatory and immunomodulatory 
properties to prevent acute lung injury in different experi-
mental and clinical conditions; therefore, it may be used as 
re-tasking drug for the COVID-19 patients [151] (Table 2). 
Statins are commonly taken for a lifetime to prevent coro-
nary artery diseases. Studies have reported that these drugs 
increase the ACE2 expression [152]. ACE2 cleaves Ang II, a 
peptide which promotes endothelial dysfunction and cardio-
vascular diseases, and produces Ang-(1–7) which counters 
the effects of Ang II [153]. Stimulation of ACE2/angioten-
sin-(1–7)/Mas and angiopoietin/Tie-2 signaling axes help 
restoring viral infection-induced endothelial dysfunction and 
maintain the homeostasis of the patients [154]. ACE2 activ-
ity has shown to be up-regulated with the use of ARBs and 
atorvastatin [152, 155] (Fig. 1). Statins being immunomodu-
latory have been hypothesized to work against MERS coro-
naviruses [156]. However, in animal models of SARS and 
MERS infections, reduced expression of the adapters, TIR-
domain-containing adapter-inducing interferon-β (TRIF) or 
Myeloid differentiation primary response protein (MYD) 88 
causes severe respiratory disease leading to death. Hence, 
the use of statins, which can further suppress MYD88 sign-
aling, may exacerbate the disease condition [157].

Fungus derived statins (lovastatin, pravastatin and simv-
astatin) have elimination half-lives of 1–3 h and other syn-
thetic compounds have elimination half-lives ranging from 
1 h for fluvastatin to 19 h for rosuvastatin. Bioavailability 
of statins varies from 5–80% and 6–30% of the absorbed 
statins. Majority of satins are metabolized by the liver and 
the biliary excretion is the predominant route of excretion. 
Pravastaitn and rosuvastatin are excreted mostly unchanged 
by liver and kidneys. All statins are extensively bound to 
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plasma proteins (> 90%) with the exception to pravastatin 
which is only 50% bound to plasma proteins [158].

Myopathy and rhabdomyolysis are the most frequent 
adverse effect of statins. Other common adverse effects 
include hepatotoxicity, peripheral neuropathy, cardiac tox-
icity, cognitive dysfunction, cataracts, diabetes mellitus and 
autoimmune necrotizing myopathy [159, 160]. Most of the 
statins are CYP3A4 substrates and the inhibitors of this 
enzyme may increase blood levels of statins and therefore 
associated with adverse effects [161]. Statins have poten-
tial interactions with the protease inhibitor drugs and they 
are contraindicated in combination therapy [162]. USFDA 
warns using atorvastatin, lovastain, rosuvsatin, pravstatin, 
simvastatin with antiviral protease inhibitor drugs (For list 
please see https ://www.fda.gov/drugs /drug-safet y-and-avail 
abili ty/fda-drug-safet y-commu nicat ion-inter actio ns-betwe 
en-certa in-hiv-or-hepat itis-c-drugs -and-chole stero l#dose). 
In this case dose reduction and therapeutic drug monitoring 
will reduce the occurrence of adverse effects.

Drugs acting on host proinflammatory 
cytokines

Tocilizumab

Tocilizumab is a drug used against rheumatoid arthritis as 
well as cytokine release syndrome/systemic inflammatory 
response syndrome. This drug was introduced in Japan in 
the year 2008 and subsequently in the European Union (trade 
name RoActemra) in the year 2009. Later in the year 2010, 
it was used in the USA (Actemra) and this drug is an anti-
human monoclonal antibody of the immunoglobulin G1k 
subclass [163]. This drug does not act on the virus but it 
acts to reduce the cytokine response of the host. Tocili-
zumab is a recombinant humanized monoclonal antibody 
which is responsible to bind the human IL-6 receptor and 
inhibiting its signal transduction pathway [164] (Fig. 1). 
A 60-year old man of Wuhan, China developed symptoms 
of chest tightness without fever and cough on 1st Febru-
ary 2020 and confirmed to be the first case of COVID-19 
with multiple myeloma. The case was successfully treated 
with humanized anti–IL-6 receptor antibody, tocilizumab. 
The patient was administered 8 mg/kg tocilizumab through 
IV route for one time from day 9 to day 12 upon hospital 
admission and a decrease in IL-6 level was recorded, how-
ever, a rebound phenomenon of IL-6 level was observed, 
may be due to the recovery of the normal T cells and the 
patient was cured on day 19. The patient, however, had also 
received other therapies like 200 mg dose of umifenovir 
(arbidol) tablets orally for three times daily as antiviral treat-
ment and 400 mg of moxifloxacin IV daily for three days 
[165]. However, in another 56 years old COVID-19 patient 

of end-stage renal disease (ESRD) in the USA treated with 
tocilizumab, hydroxychloroquine and broad spectrum anti-
biotics, the patient remained in critical condition through-
out the study period [166]. A 57 years old woman from 
Switzerland suffering from systemic sclerosis (SSc) was 
on tocilizumab treatment for arthritis and SSc-associated 
interstitial lung disease (SSc-ILD) @ 8 mg/kg body weight 
every 4 weeks intravenously. On the basis of observation 
it has been reported that tocilizumab treatment given for 
chronic autoimmune diseases may prevent the development 
of severe COVID-19 [167]. A case of 42 years old patient 
with a respiratory failure linked to COVID-19 from France 
showed a rapid favourable outcome after two infusions of 
the tocilizumab at a dose rate of 8 mg/kg through intrave-
nous route along with other therapy like lopinavir-ritonavir 
[168]. Tocilizumab treatment in 15 of the 20 patients showed 
improvement in terms of oxygen intake, lung lesion opac-
ity (in 19 patients), lymphocytes in peripheral blood (10 
patients), C-reactive protein (16 patients) and further, all 
patients were discharged on average 15.1 d after giving toci-
lizumab in a study conducted in China between 5 and 14 
February 2020 [169]. A study on 100 COVID-19 patients 
with severe pneumonia treated with tocilizumab and other 
supportive therapy from 9–20 March 2020 in Italy, the res-
piratory condition was improved or stabilized in 77 patients 
in 10 days. 61 of these 77 patients had shown clearing of 
diffuse bilateral opacities on chest X-ray and 15 were dis-
charged from the hospital; however, respiratory condition of 
23 patients was worse during the treatment and 20 died out 
of 23 patients [170]. In another clinical study, tocilizumab 
administration showed a reduction in serum IL-6 level in 10 
patients out of 15 patients, however, it could not decrease 
IL-6 level in four patients. Still, observations suggest that 
tocilizumab is a good treatment option in patients who have 
a risk of cytokine storms [171]. However, it is difficult to 
reach on a conclusion regarding the use of tocilizumab in 
COVID-19 patients with the limited number of clinical sam-
ple size.

The absolute bioavailability of tocilizumab following sub-
cutaneous administration was estimated to be 79.5% [172]. 
Tocilizumab is eliminated from the body in a concentration-
dependent manner. Therefore, its half-life is directly pro-
portional to its serum concentration. At higher serum con-
centration, it shows linear elimination and has the terminal 
half-life of 21.5 days (https ://www.acces sdata .fda.gov/drugs 
atfda _docs/label /2019/12527 6s127 ,12547 2s040 lbl.pdf).

The notable adverse effect of tocilizumab is liver toxicity. 
Steatosis, steatohepatitis and focal hepatocellular necrosis 
were seen in this drug-induced hepatotoxicity. Other com-
mon adverse reactions observed were skin and soft tissue 
infections, dyslipidemia, transient neutropenia, headache, 
nausea and flu-like symptoms. Therefore, a full assessment 
for liver injury and dose adjustment is required in patients 

https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-interactions-between-certain-hiv-or-hepatitis-c-drugs-and-cholesterol#dose
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-interactions-between-certain-hiv-or-hepatitis-c-drugs-and-cholesterol#dose
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-interactions-between-certain-hiv-or-hepatitis-c-drugs-and-cholesterol#dose
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125276s127,125472s040lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125276s127,125472s040lbl.pdf
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administered with tocilizumab [173, 174]. Tocilizumab also 
showed good efficacy in long term dosing for rheumatoid 
arthritis with similar adverse reactions and few malignancies 
also were reported [175].

Other probable potential re‑tasking agents 
for the treatment of COVID‑19

In a recent study, it has been demonstrated that an anti-
protozoal agent nitazoxanide has shown antiviral activity 
against a number of viruses which include human and ani-
mal coronaviruses. It is used orally and chemically, this drug 
is nitrothiazoly-salicylamide, a broad-spectrum anthelmin-
tic and antiviral prodrug which is metabolized to an active 
compound tizoxanide [176, 177] (Table 2). It had shown 
inhibitory potential against SARS-CoV2 at a low-concen-
tration with 50% effective concentration of 2.12 μM in Vero 
E6 cells. It has been observed that antiviral activity of this 
compound may be due to interference with host-regulated 
pathways which are involved in viral replication rather than 
virus-specific pathways [178, 179].

Nafamostat is an anticoagulant in nature and further, its 
activity was also evaluated in the Vero E6 cells infected with 
SARS-CoV2. This drug is a synthetic serine protease inhibi-
tor and inhibited the SARS-CoV2 at 50% effective concen-
tration of 22.50 μM in Vero E6 cells. Further, it is speculated 
that it may act through the inhibition of membrane fusion 
by reducing the release of cathepsin B. As this agent has 
previously shown potential against the MERS-CoV through 
prevention of membrane fusion, it could also be recom-
mended for further in-vivo evaluation against COVID-19 
[29] (Fig. 2; Table 2).

Ivermectin is a broad-spectrum anti-parasitic agent and 
has also shown efficacy against some viral infections. This 
drug is basically a macrolide endectocide macrocyclic lac-
tone derived from Streptomyces avermitilis with anthelmin-
tic activity (Table 2). Recently, this drug has been investi-
gated against SARS-CoV2 in in-vitro cell culture system in 
Australia. It reduced the viral RNA of SARS-CoV2 at two 
hours post infection in Vero-hSLAM cells with the addition 
of single dose and its reduction intensity was approximately 
5000-fold. This study hypothesized that ivermectin may act 
through inhibition of importin (IMP) α/β1-mediated nuclear 
import of viral proteins similar to other RNA viruses, how-
ever; further investigation is required to understand the pre-
cise mechanism of action in SARS-CoV2 [180]. It is also 
important to conduct the trials in in-vivo animal models 
and further, the pre-clinical trials in human beings are also 
required with fast pace if in-vivo models results have poten-
tial to mitigate the COVID-19 infection (Fig. 2).

Cepharanthine, a naturally occurring plant alkaloid, is an 
anti-inflammatory and anti-neoplastic and is approved for 
leukopenia treatment (Table 2). Cepharanthine showed the 
most potent inhibition of GX_P2V infection and decreased 
the viral RNA yield in the pangolin coronavirus GX_P2V 
workable model, therefore, this therapeutic agent may also 
be a potential candidate for repurposing against COVID-19 
[181]. Further, it has been speculated that this drug may 
target host cell pathways [181].

A gold-containing triethyl phosphine coated drug, 
auranofin, is used as therapy for the arthritis and approved 
from FDA for this treatment (Table 2). Previously, this 
drug has shown effects against viral, bacterial and parasitic 
infections. Recently, auranofin has shown inhibitory effect 
against viral RNA in Huh7 cells infected with SARS-CoV2 

Fig. 2  Overview of the drugs with potential for repurposing against COVID-19. The drugs being considered for primary therapy of COVID 
either acts on targets of the virus or on the targets of the host
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as well as a reduction in proinflammatory cytokines in 
an in-vitro study [182]. Endoplasmic reticulum (ER) 
stress and unfolded protein response (UPR) activation are 
responsible for the viral replication and pathogenesis in 
coronavirus infection [182, 183] and high levels of UPR 
activation has been recorded in the cells which have higher 
expression of SARS-COV spike protein [182, 184, 185]. 
Therefore, it is speculated that auranofin may act through 
the inhibition of redox enzymes such as thioredoxin reduc-
tase and induction of ER stress, however, its confirmatory 
investigation is required [182, 186].

Janus Kinase inhibitors have anti-inflammatory and 
antiviral effects and may have a purported advantage over 
other immunomodulatory strategies in COVID-19 [187]. 
JAK1/2 inhibitor ruxolitinib, baricitinib, JAK 1/3 inhibitor 
tofacitinib and pan-JAK inhibitor TD-0903 are presently 
under different phases of clinical trial and being investi-
gated for COVID-19 treatment (https ://www.pharm aceut 
ical-techn ology .com/comme nt/incyt e-eli-lilly -jak-inhib 
itor-covid -19/). A phase-I clinical study showed improve-
ment in COVID-19 inflammation score with clinical 
improvement by ruxolitinib. However, it has toxicity on 
the liver and hematopoietic system. But in this study with 
the short term dosage, it did not show any major adverse 
events [188]. Baricitinib is presently under phase-III clini-
cal trial (https ://www.clini caltr ialsa rena.com/news/lilly 
-baric itini b-covid -19-trial /). Initial studies showed the 
drug baricitinib corrected the immune dysregulation and 
improved clinical disease outcome with no serious adverse 
events [189, 190]. All the above drugs are under different 
phases of clinical trials and none have been approved for 
the treatment of COVID-19.

Dexamethasone is a corticosteroid and it has been used in 
some clinical trials. The preliminary results of RECOVERY 
trial conducted in 2104 patients showed dexamethasone @ 
6 mg once daily for up to 10 days showed improvement in 
recovery with 22.9% mortality in the dexamethasone group 
compared to the 25.7% mortality in the usual care group 
[191]. However, few concerns have been raised on RECOV-
ERY trial outcome in choosing the correct steroid and dose. 
In another study, methylprednisolone reduced the mortal-
ity rates in COVID-19 patients with ARDS. Further, the 
effect of dexamethasone in geriatric patients and effects on 
viral load are not mentioned in the RECOVERY trial [192]. 
Theoharides and Conti have also suggested restricting the 
use of dexamethasone during the initial phase of disease 
in severely ill patients for shorter period. Using this drug 
in recovery phase may lead to reduced viral clearance and 
nosocomial infections [193]. As it suppresses immunity and 
it may aggravate some latent infections whose occurrence 
is of no importance to the developed countries. Therefore, 
region-specific study is required before incorporating into 
COVID-19 therapy [194].

Molecular docking and computational 
modelling based approach to identify 
the therapeutic candidates for repurposing 
against COVID‑19

A chemotherapeutic fluoroquinolone antibiotic, pruliflox-
acin, with broad-spectrum activity, and some anti-HIV 
drugs such as tegobuvir, (a novel non-nucleoside inhibi-
tor of human coronavirus RNA replication), nelfinavir 
(a protease inhibitor which inhibits the cleavage of the 
polyprotein gag-pol) and bictegravir (HIV-1 integrase 
inhibitor) have protein binding sites of the proteases 
which have been shown using the high throughput screen-
ing as molecular docking with bioinformatics analysis and 
would be considered the potential candidates for re-tasking 
against COVID-19 in future [195] and in-vitro and in-vivo 
animal models may provide a lead against this disease. 
According to another recent molecular docking study 
based on RDRP modelling and multiple sequence align-
ment (MSA) showed a binding capacity to RDRP against 
SARS-CoV2 by various antiviral agents such as sofosbuvir 
(FDA approved against Hepatitis C virus), ribavirin, rem-
desivir and IDX-184; (under clinical trial against Hepatitis 
C virus) [196]. Elbasvir, an antiviral drug, (approved for 
the treatment of hepatitis C) has shown predicted multiple 
binding sites at RDRP, papain-like proteinase and helicase 
of SARS-CoV2 using the docking simulations and compu-
tational modelling [197] (Fig. 2; Table 2).

In a recent review, it has been stated that azithromycin, 
quercetin, rapamycin and doxycycline may have senolytic 
activity and azithromycin and doxycycline are used to 
inhibit viral replication and IL-6 production, therefore, 
these therapeutic agents may be potential re-tasking agents 
against COVID-19 in future with proof of sufficient in-
vitro and in-vivo studies [198] (Fig. 2; Table 2).

Peptide (EK1), TDF, 3TC (RNA synthesis inhibitors), 
ShuFeng JieDu and Lianhuaqingwen capsules (Chinese 
traditional medicine) are screened using standard bioas-
says, chemical screening and genome and biophysical 
understanding of the targeted virus for being the poten-
tial drug candidates against SARS-CoV2 infection as 
described in a recent review. However, the efficacy and 
safety of these drugs for SARS-CoV2 still need to be fur-
ther confirmed by clinical experiments [93] (Fig. 2).

Future perspective and conclusion

COVID-19 is a pandemic and has no treatment till date 
including vaccine and drugs. However, there are number 
of available drugs with approval of FDA for treatment of 

https://www.pharmaceutical-technology.com/comment/incyte-eli-lilly-jak-inhibitor-covid-19/
https://www.pharmaceutical-technology.com/comment/incyte-eli-lilly-jak-inhibitor-covid-19/
https://www.pharmaceutical-technology.com/comment/incyte-eli-lilly-jak-inhibitor-covid-19/
https://www.clinicaltrialsarena.com/news/lilly-baricitinib-covid-19-trial/
https://www.clinicaltrialsarena.com/news/lilly-baricitinib-covid-19-trial/
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other diseases which could be used on the basis of the 
trial against COVID-19 and considered as the repurposed 
drugs. These are antivirals, antimalarials, ACEIs, ARBs, 
statins and monoclonal antibodies. It has been noticed 
that remdesivir, favipiravir, ribavirin, lopinavir-ritonavir 
combination, arbidol, tocilizumab have shown benefits 
in various clinical studies done on the basis of compas-
sionate use to save the life of COVID-19 patients; there-
fore, in future, these drugs could be the potential drug 
therapy against this deadly disease. However, the use of 
chloroquine and hydroxychloroquine has shown the con-
troversial results in the different trials, therefore, WHO 
also stopped their SOLIDARITY trials recently. In future, 
chloroquine and hydroxychloroquine require a large num-
ber of research studies to reach a conclusion for its use 
in COVID-19 patients. Further, ACEIs and ARBs could 
be the potential supportive therapy against this infection. 
Some drugs are in the early phase of investigation like 
ivermectin and auranofin to be used against the COVID-19 
and these agents could be potential therapeutic agents in 
future. Molecular docking would be the central technique 
to identify the probable therapeutic agents against COVID-
19 patients and the screened agents, thereby, could be veri-
fied for their effectiveness in in-vitro and in-vivo studies.
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