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COVID-19, a perilous disease caused by SARS-CoV-2, has brought a massive damage to humankind, and turned into a global catastrophe. It
was first reported in Wuhan, China in December 2019 and since then has been a constant source of worry for the scientists and the medical
world, due to the carnage it has caused globally. Extensive clinical studies are being carried to explore drug therapy and prophylaxis to
combat this pestilence. It is still an excessively big challenge for the scientists and pharmacological industry to develop potential drugs for
the treatment of this deadly virus. At present though no specific drug has been identified as a perfect cure for this zoonotic disease, medical
practitioners are using the therapy of repurposing of drugs for the treatment. Systemic research was carried out through e-resources to
identify drugs for the treatment of COVID-19. A recent proposal of 2-DG drug as a cure for COVID-19 has also been discussed in this review.
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INTRODUCTION

In December 2019, China reported an unusual respiratory
disease in the city of Wuhan which created havoc all around the
world and turned into a global catastrophe.! It was investigated
to be caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and was named as corona virus disease (COVID-
19) by WHO. This pneumonia related disease was discovered to
be originated from bats.? On 30" January 2020, it was announced
as a public health emergency of international concern and

*Dr Kalpa Mandal, Department of Chemistry, Dyal Singh College
(University of Delhi), Lodhi Road, New Delhi.

Tel: 9811112382

Email: kalpamandal@dsc.du.ac.in

Cite as: Chem. Biol. Lett., 2021, 8(3), 117-128.
URN:NBN:sciencein.cbl.2021.v8.277

© Scienceln Publishing ISSN: 2347-9825 http://pubs.thesciencein.org/cbl

Chemical Biology Letters

declared as a pandemic on 11 March 2020 by WHO. It is one of
the deadliest pandemics in the history of mankind with more than
191,148,056 confirmed cases and 4,109,303 deaths till
21.July.2021 (Figure 1 and 2).

From its origin in China, it spread all over the globe at an
exponential rate. After China, Europe became highly infected
with several cases in Spain and Italy. Very soon, every country
in the world became infected by this deadly disease.® With no
specific cure and solution for this disease, the entire world was in
great panic and threat.

Virologic studies and epidemiology suggests that transmission
of this disease occurs from symptomatic as well as asymptomatic
people* to others in close vicinity by respiratory droplets, or by
close contact with infected person® or by contacting contaminated
surfaces and objects. Patients with COVID-19 experience
symptoms that are similar to those of other common disorders.
Many patients with mild versions of the condition are told not to
go the hospital or get a tests done, since they can recuperate at
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home. A huge percentage of the population is asymptomatic.®
Infected people are very contagious and can spread the disease
even though they may be asymptomatic, which emphasises the
importance of isolating and testing frequently.” Symptoms of this
disease include fever, coughing, irritation in throat, loss of smell
or taste, sore throat, headache, body ache, congestion, nausea,
diarrhea, breathing problem, pneumonia, liver problem and heart
problems.® Respiratory failure owing to alveolar injury might
lead to the death of the patient® SARS-CoV-2 can also invade the
brain as its ribonucleic acid has been detected in the
cerebrospinal fluid (CSF) of COVID-19 patients. So, blood,
brain, and CSF becomes potentially infectious.’® It was also
observed that the RNA of this severe acute respiratory syndrome
corona virus 2 was detected in the blood donations.

Global Situation
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4,109,303

deaths

Figure 1. Graphical representation of COVID-19 cases till 21st July
2021 (source: World Health Organization)
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Figure 2. Region wise distribution of corona cases till 21 July 2021
(Source World Health Organization).

Initial step taken by government of various countries to
prevent transmission of this disease, was to impose ‘lockdown’
to prevent people from meeting each other. Though this helped
to some extent, but it could not be maintained for a long period
of time as day-to-day essentialities had to be procured from the
market. Many people working on daily wages started suffering
from hunger, anxiety, and jobless situation. An excessively big
challenge on the scientific community of the world was to
develop drug/ vaccine as a cure for this disease. But till a
breakthrough would come, medical practitioners took to
repurposing of drugs as a curative therapy for COVID-19. To
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prevent additional outbreaks and cure of infections, therapeutic
measures are being developed.’? At the same time, several
clinical trials and research are going worldwide to obtain perfect
treatment for COVID-19. One such international trial is
‘Solidarity’, launched by World Health Organization and its
partners, aimed to find an effective treatment for COVID-19. It
is spread over 30 countries with approximately 12000 patients in
500 hospitals. It emphasizes its study on the effect of various
drugs on COVID patients to know about three important
outcomes: duration of hospital stays, need for assisted ventilation
and mortality. The trial also compares the emerging treatments
with the standard of care to know its efficacy against this disease.

HISTORY

Coronaviruses are from the family Coronaviridae of the order
Nidovirales.®** They are divided into four genera: Alpha
coronavirus, Beta coronavirus, Gamma coronavirus, and Delta
coronavirus. While the alpha corona virus and beta coronavirus
attacks on mammals exclusively, the gamma and delta variants
have a wider range of host which includes bird species.'>' Bats
are thought to be reservoir hosts for its primogenitors in terms of
the origin of SARS CoV viruses.!” Though RaTG13 obtained
from Rhinolophus affinis bat is 96 percent similar to SARS-
CoV-2 in terms of overall identity, its spike differs in the RBD,
suggesting that it may not bind to human ACE27 efficiently®
Human corona viruses were first isolated in mid 1960s.%° There
are around seven corona viruses that can infect humans.?
Common are HCoV-NL63,%* HCoV-229E,%2 HCoV-0C43% and
HKU1.2% These mainly cause mild upper tract respiratory
infections but are more severe in infant and elderly people.?*%’
Other human corona viruses are MERS-CoV,?® SARS-CoV and
SARS-CoV-2 which also cause severe respiratory pathologies.?

STRUCTURE AND ENTRY MECHANISM OF SARS-CoV-2
VIRUS IN HOST CELL

Corona virus when viewed under electron microscope shows
spike proteins® on its surface that gives the look of a crown and
therefore, the name corona virus (Corona in Latin means Crown).
(Figure 3).
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Figure 3. Structure of corona virus. Reproduced from ref [31] with
permission.

Its average diameter varies from 80 nm to 120 nm* and
contains different kinds of glycoproteins attached directly to its
lipid bilayer surface. The Membrane protein (M), Spike protein
(S), and Envelope protein (E) are embedded on the surface of the
virus.® The Spike Proteins are in the form of large protrusions on
the surface which directs the entry of virus into the host cell. It
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has two subunits - S1 and S2. The S1 subunit forms head of the
spike and catalyse its attachment to the cell by its receptor
binding domain while its S 2 subunit instils fusion inside the cell.
In the active state of S protein, three S1 subunits are attached to
two S 2 subunits. The two subunits remain noncovalently linked
when present on the surface until they attack the host cell
membrane.®® Inside the virus is its genetic material- the single
positive stranded RNA genome which is encapsidated inside a
helical capsid formed by the nucleocapsid protein (N). The
genome size for coronaviruses ranges from 26.4 to 31.7
kilobases.*

The cell entry mechanism of SARS-CoV-2 has been
extensively studied. The spike protein attacks the host through
\the receptor binding domain of S1 subunit that recognizes a
specific receptor- Angiotensin converting enzyme receptor-2
(ACE-2) on the host cell and enters by endocytosis or its direct
fusion with the host cell.®> Once the virus enters the cell, the
release and uncoating of its genomic RNA takes place. The viral
genomic RNA contains open reading frames ORF1a and ORF1b
genes which produces two polyproteins ppla and pp1b% that
takes control over the host ribosome for its own translation.*”
ppla and pplb are involved in formation of replication
transcription complex. (Figure 4)
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Figure 4. The life cycle of SARS-CoV-2 in host cells. Reproduced
from ref [31] with permission.
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The RNA is translated to produce 16 non-structural proteins
(NSPs).*® NSPs provides favourable cellular conditions for viral
infection and viral mRNA synthesis.®® It thus hijacks the host
gene synthesis and regulates viral protein production.*® The main
replicase transcriptase protein is RNA-dependent RNA
Polymerase (RdRp). This produces the genome of viral RNA as
well as building blocks of the virus like capsids, spike proteins,
envelope protein and membrane protein. All these takes place in
endoplasmic reticulum-Golgi body intermediate compartment
(ERGIC), which then interacts with N-encapsidated protein to
produce newly genomic RNA. Virions are then finally secreted
from the infected cell by exocytosis.®
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In this review article we have discussed a few drugs with their
mechanism of action, clinical trials, and their outcomes, as WHO has
been releasing guidelines for the usage or discontinuation of drugs
for curing corona virus disease.

DRUG CANDIDATES- THERAPEUTIC POTENTIAL

Since the outbreak of this disease in December 2019 in
Wuhan, China, scientists, and researchers are trying hard for
development of therapeutic drugs for COVID-19. Heterocyclic
molecules are important part of drugs. Therefore drugs
containing different heterocyclic moieties are being repurposed
for treating COVID-19.%* Currently there is no specific drug for
treatment of this disease.*? In comparison to the de novo drug
discovery method, drug repurposing is a technique of identifying
new uses for licensed or investigational medications. It is
regarded a very effective strategy for drug discovery because it
takes less time and money to locate a therapeutic agent.“® As our
understanding of COVID-19 virology and clinical manifestations
improves, the number of possible pharmaceutical targets will
also grow.* It is estimated that 75% of currently available
medications can be repurposed to treat a variety of disorders.*
Presently the Medical practitioners have taken up the path of
repurposing of pre-existing drugs whose mechanism, dosage,
characteristics, cytotoxicity, and efficacy are known, for treating
patients suffering from corona virus. Some of the drugs under
various categories are discussed below.

ANTIMALARIAL
Chloroquine and Hydroxychloroquine
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Figure 5. Chemical structure of (a) Chloroquine and (b)
Hydroxychloroquine.

Chloroquine and hydroxychloroquine are aminoquinolines. In
Hydroxychloroquine, one of the N-ethyl groups is hydroxylated
at 2 positions. Both have been used since long against malaria.
Chloroquine was first approved by the FDA in 1949 for the
treatment of malaria. Chloroquine is also used for extraintestinal
amebiasis. Approved in 1955, hydroxychloroquine, is typically
favoured over chloroquine because it has less side effects.
Hydroxychloroquine is known for its anti-inflammatory
properties and has been used for malaria, systemic lupus
erythematosus and rheumatoid arthritis. Both chloroquine and
hydroxychloroquine have immunomodulatory effects. The FDA
originally approved this drug for emergency use in treatment of
COVID-19 patients.

The invitro studies of these drug have shown good results as
an antiviral agent. Studies have shown that chloroquine and its
more active derivative hydroxychloroquine acts by different
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mechanisms to prevent SARS-CoV-2 infection. Chloroquine
inhibits endocytosis* [Figure 6(a) &6(b)].
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Figure 6. (@) & (b). Schematic representation showing chloroquine
entering the cell and then into endosome and lysosome (containing
corona virus), increasing its pH and preventing endocytosis.

The corona virus attacks the host cell and enters endosome.
From the endosome it infuses into the lysosome from where it
spreads in the cell. Chloroquine hampers this process. Since
Chloroquine and hydroxychloroquine are alkaline, they increase
the endosomal and lysosomal pH (these are acidic) and decrease
their functioning and thus prevents endocytosis.

Chloroquine acts as zinc ionophore*” [Figure 7(a) & 7(b)].
Since Zinc ions are unable to pass through the plasma membrane
directly, this is facilitated by chloroquine. When corona virus
enters in the cell, it produces RNA dependent RNA polymerase
(RdRp) that is involved in viral multiplication . When zinc goes
inside the cell with the help of chloroquine, it attacks on RdRp
and prevents replication of viral RNA.*® Thus, an increase in
concentration of zinc, decreases the viral RNA.

Sialic acid is present on the surface of the host cell and found
close to ACE-2 receptor. Chloroquine binds with sialic acid and
gangliosides with great affinity*® (Figure 8). Studies showed that,
in the presence of CLQ [or its more active derivative,
hydroxychloroquine (CLQ-OH)], the viral S protein is no longer
able to bind gangliosides. The identification of this new
mechanism of action of CLQ and CLQ-OH supports the use of
these repositioned drugs to cure patients infected with SARS-
CoV-2.
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Figure 7. (a) Schematic representation of Zinc ions crossing plasma
membrane (b) Schematic representation of Zinc ions preventing
replication of viral RNA membrane with the help of chloroquine.
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Figure 8. Schematic representation showing binding of chloroquine
with sialic acid which prevents corona virus to bind to ACE2
receptor.

Clinical trials have shown mixed response for their use in
treating COVID-19. Initially, though it was thought to be an
extremely useful drug for corona virus but with further studies it
was shown that chloroquine and hydroxychloroquine have
limited effectiveness for curing COVID-19. Data shows that this
drug does not reduce the mortality rate nor provide much help in
improvement of recovery rate.* Therefore on 15" June 2020,
FDA declared that these drugs were not suitable for treatment of
COVID-19.

ANTIVIRAL DRUGS
Favipiravir

Favipiravir is a derivative of pyrazinecarboxamide and is used
against RNA viruses. It was introduced in Japan in 2014 for
therapeutic use against influenza virus.5! It exhibits promising
results against wide range of RNA viruses such as Ebola virus,
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lassa virus, Rhinovirus, Arenavirus, Bunyavirus, flavivirus,
MERS CoV and SARS CoV. Due to similarity of structure of
SARS-CoV with SARS-CoV 2, favipiravir was also used in
clinical trial for treatment of patients with COVID-19.%2

Favipiravir works as a prodrug that is converted to its active
form, favipiravir-ribofuranosyl-5'-triphosphate  (favipiravir-
RTP). Its mechanism involves selective inhibition of viral RNA-
dependent RNA polymerase.®

This antiviral drug targets RNA-dependent RNA polymerase
(RdRp) enzymes that are required for the transcription and
replication of viral genomes. Favipiravir (T-705), a guanine
analogue can effectively inhibit the RNA-dependent RNA
polymerase of RNA virus, prevent its multiplication, and hence
decreases the viral load (Figurel0).
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Figure 9. Chemical structure of Favipiravir
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Figure 10. Schematic representation of the activation mechanism of
favipiravirc. Reproduced from ref [>#] with permission.

A clinical trial was carried out in Zhongnan Hospital of Wuhan
University, China by Chen, and colleagues® to compare the
efficacy and safety of favipiravir and arbidol. A group of 120
patients (116 assessed) were given favipiravir and another group
of 120 patients (120 assessed) were given arbidol. The clinical
recovery rate of day 7 with moderate patients of COVID-19 was
found to be 51.6% in arbidol group and 61.20% in favipiravir
group. This suggested that in treatment of COVID-19, favipiravir
has significantly better result as observed from the viewpoint of
progression of disease and viral clearance.

Other research has also shown positive results for the
utlization of favipiravir for COVID-19. Since favipiravir is given
orally, it is easy to be given to mildly ill patients or asymptomatic
patients with COVID-19. However, more evidence and trials are
required for assessing different doses and durations for different
levels of severity of this disease.>®

Remdesivir

In 2009, an American biopharmaceutical company Gilead
Sciences, developed an antiviral drug Remdesivir to treat
Hepatitis C that also showed potent activity against Ebola and
MERS (Middle East Respiratory Syndrome).” Remdesivir (also
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known as GS 5734) has shown to have in vitro activity against
SARS -CoV-2 and other coronaviruses (SARS-CoV, MERS-
CoV).% During the corona virus outbreak, this drug was found to
be useful in treatment of COVID -19, but along with a
combination of vitamin supplements, steroids, oxygen therapy
and blood thinners at appropriate stages.

FDA approved the use of this drug for COVID-19 in October
2020, based on the analysis of three clinical trials of hospitalized
patients. It was a randomized, double-blind, placebo-controlled
clinical trial with remdesivir, to know about the duration of
recovery from COVID-19. It was observed that remdesivir was
better than placebo in reducing recovery time in adults who were
hospitalized and there is evidence of recovery with less infection
in lower respiratory tract.*

Remdesivir is a prodrug of an adenosine tri phosphate (ATP).
Inside the body, it metabolizes into its active form GS 441524
which is an adenosine analogue. The RNA dependent RNA
polymerase picks up GS 441524 and incorporates it in the viral
RNA strand.® It works by preventing viral exoribonuclease from
proofreading viral RNA-dependent RNA polymerase (RdRp),
causing viral RNA transcription to be prematurely terminated.
This strand then becomes defective and thus viral RNA synthesis,
and its multiplication stops. (Figure 12)

Figure 11. Chemical structure of Remdesivir

Second trial was a randomized open label multi-center clinical
trial on patients with moderate COVID-19 in which comparison
was made on treatment with remdesivir for 5 days and remdesivir
for 10 days with the standard of care treatment. The third
randomized trial included same treatment as the second trial but
with severe COVID-19 patients.5! Results showed that there was
no remarkable difference between the 5 days and 10 days course
of remdesivir.

According to results obtained from the open-label, randomized
SOLIDARITY trial, it was found that remdesivir did not improve
mechanical breathing requirements, clinical improvement time,
mortality, or other significant patient outcomes. The results were
of low or very low certainty and absence of sufficient data could
not justify the usage of remdesivir as sure cure for COVID-19.
Therefore, World Health Organization, on 20 November 2020,
suggested conditional usage against using remdesivir in
hospitalized COVID-19 patients. But that of the results from the
World Health Organization-sponsored SOLIDARITY trial states
that Remdesivir does not seem to defeat the clinical benefits of
COVID-19 in hospitalized patients.
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Figure 12. Schematic representation of activation mechanism of
Remdesivir and its role in terminating viral RNA transcription.
ANTIBIOTIC
Azithromycin

Azithromycin is a broad spectrum azalide antibiotic obtained

from erythromycin. It is from macrolide antibiotic class with
bactericidal and bacteriostatic properties.

Figure 13. Azithromycin

As a result of positive treatment outcomes in other viral
pneumonias, azithromycin gained importance. It has therefore
been adapted as repurposed drug and is given for treatment to
COVID-19 patients to prevent the secondary complications that
arises due to bacterial infection. It also possesses anti-
inflammatory properties that reduces exaggerated response due
to COVID-19. Studies have shown that azithromycin in
combination with hydroxychloroquine has given better results in
treating patients with COVID-19 (Figure 14).
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Figure 14. Showing better results in COVID-19 patients who have
been given Azithromycin in combination with hydroxychloroquine
than Hydroxychloroquine alone or SoC in COVID-19 patients.
Adapted from Ref [62] with permission.
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The combined drug treatment was given to a group of 6 PCR
positive patients for 5 days with the dosage of Azithromycin
500mg on day 1 followed by 250 mg per day for next 4 days and
for hydroxychloroquine 600mg per day for 10 days. The result

showed that by day 5 all the patients cleared virus. But in
another study with 11 patients, who were given this combination
in which 1 died, two were shifted to ICU, one developed heart
toxicity. 2 out of 10 cleared viruses in 6 days. A randomized
clinical trial was conducted in Brazil with 447 patients who were
given 500 mg Azithromycin as well as standard of care for 10
days including hydroxychloroquine or only standard of care. It
was observed that there was no remarkable improvement on
clinical outcome by using Azithromycin.%

ANTIHELMINTIC

lvermectin

Ivermectin is a broad-spectrum drug approved by FDA as
an anti-parasitic agent. It is also known to be useful against
various viruses® like HIV virus, Dengue virus, Influenza
virus, West Nile Virus, Pseudorabies virus etc
Since Ivermectin is known for its role in many biological
mechanisms, it can therefore be utilized in treating COVID-
19 along with other types of positive-sense single-stranded
RNA viruses.®®

Figure 15. Chemical structure of Ivermectin

The virus, using its spike protein enters the host cell through
ACE-2 receptor and in the cytoplasm, it releases its RNA. The
virus hijacks the hosts ribosomes to make its long polypeptide
chains. It produces a very important protein RdRp which helps in
its multiplication. Since the virus cannot enter the nucleus
directly, they use the special carrier molecules Importin o/
Importin B1 (IMP) a/B1 heterodimer to enter the nucleus through
nuclear pore complex® (Figure 16). Inside the nucleus the viral-
importin complex breaks apart and the viral protein can reduce
the host cell antiviral response which leads to enhancement of the
infection. The role of Ivermectin is that it works by binding to
importin heterodimer, the nuclear transport protein®” which is
responsible for nuclear import of viral protein such as integrase
protein (IN) and prevents viral protein from binding to importin
and the viral complex is unable to enter the nucleus and thus
causes reduction of antiviral response. That is, Ivermectin
prevents host and viral proteins from being imported into the
nucleus, which may prevent viral replication. Therefore,
Ivermectin's nuclear transport inhibitory activity could be
effective against SARS-CoV-2.
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Figure 16. Schematic representation of Ivermectin proposed
antiviral action on coronavirus. Adapted from ref [%8] with
permission.

In the in vitro studies conducted by Leon caly et al,% it was
found that a single treatment of ivermectin is able to effect 5000-
fold reduction of virus in 48 hours and decreases the viral load by
99.99%. Other in vitro studies have also revealed that ivermectin
was found to inhibit SARS-CoV-2 viral replication.®® To
determine the role of ivermectin in rapidity and viral clearance of
COVID-19 patients, a clinical trial (randomized, double blind,
placebo-controlled trial) was conducted in Dhaka, Bangladesh
with 72 hospitalized patients.”® They were divided into three
groups of 24 patients. One group was treated with ivermectin
only (12 mg daily, for 5 days). Another group was treated with
oral ivermectin along with antibiotic doxycycline (One dose of
12 mg ivermectin with 200 mg doxycycline on day 1, continued
for next 4 days with 100 mg every 12 hourly), and the third was
a placebo control group. No adverse drug interaction was
observed. In another trial of 18 randomized control treatment
with ivermectin, statistical data showed significant decrease in
clinical recovery time and mortality.” Study revealed that viral
clearance was faster in the patients treated with ivermectin alone
as compared to the placebo group. This study shows the use of
ivermectin to be good for COVID patients, but since it was for a
very small group of patients, more research and evidence would
be required to declare the usage of this drug.

CORTICOSTEROID
Dexamethasone

On 16 June 2020, the use of dexamethasone for COVID-19
patients suffering from severe respiratory symptoms was
recommended in a press release for Randomized Evaluation of
COVID-19 therapy (RECOVERY) trial. Randomly, 2104
patients’® were given dexamethasone 6mg once a day and were
compared to 4321 patients randomised with routine care. It was
observed that dexamethasone decreased the death rate by about
one-third in case of ventilated patients and by one fifth in rest of
the patients receiving oxygen. There was no benefit among those
patients who did not require respiratory support.
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Figure 17. Dexamethasone

Dexamethasone is a type of synthetic steroid hormone
produced in adrenal cortex. It belongs to glucocorticoid class of
corticosteroids. It is known for its anti-inflammatory property as
well as immunosuppressive impact and is therefore used in
various diseases including asthma, pneumonia, chronic
obstructive lung disease, different allergies (food allergy, drug
allergy), multiple sclerosis relapses, skin problems,
rheumatological diseases and many others. Also, its use has been
indicated in previous coronavirus disease such as MERS (Middle
East Respiratory Syndrome) and SARS (severe acute respiratory
syndrome).”®™ But there are very few clinical studies available,
indicating the usage of corticosteroids for treating the COVID-19
patients. Dexamethasone functions by inhibiting a pro-
inflammatory gene which encodes for cytokines, chemokines,
cell adhesion molecules as well as acute inflammatory response.
Steroids help to modulate the immune response to the infection
and try to bring it back to normal.

A clinical trial on 46 patients with severe COVID-19 disease
was carried out, with 26 of them receiving intravenous
methylprednisolone (Medrol) at a dose of 1-2 mg/kg/d for 5-7
days. The findings demonstrated a faster increase in oxygen
saturation, a higher degree of absorption of the focus in chest CT,
and lesser time to recover from hyperthermia.”® Despite this, a
study of 31 patients who received 11 doses of corticosteroids
found no significant changes between treated and untreated
patients.”®

Consequently, it was concluded that under mild symptoms,
glucocorticoids are not suitable for the treatment of COVID-19.”
This may be due to these suppressing the cytokine storm.” As of
now, according to WHO and the Centres for Disease Control and
Prevention (CDC), Glucocorticoids should not be used in
COVID-19 pneumonia unless there are certain concomitant
clinical disorders, such as worsening of chronic obstructive
pulmonary disease.™

ANTICOAGULANT
Heparin

COVID-19 has been reported with coagulatory activation,
with increased risk of DIC (disseminated intravascular
coagulation), DVC (Deep Venous Thrombosis) and PE
(Pulmonary Embolism) in severe phase.® Experts have therefore
recommended anticoagulants particularly heparin (low molecular
weight unfractionated heparin) for patients with severe COVID-
19. The thromboembolic symptoms therefore suggest the role of
coagulopathy in the patients of COVID-19.8! Clinical
observations show that utilising the anticoagulant drug heparin
reduces systemic symptoms induced by SARS-CoV-2
infection.®? Heparin is a sulfur-rich glycosaminoglycan which
has anticoagulant property. It also has immunomodulatory, anti-
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inflammatory as well as anti-viral property which may be useful
past the anti- coagulation.®
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Figure 18. Chemical structure of Heparin

Upon binding to antithrombin 111, it forms a complex heparin-
antithrombin 111, which inactivates thrombin and other clotting
factors.®* This stops polymerization of fibrinogen to fibrin and
hence prevents formation of clots.

The spike protein of corona virus attacks the endothelium of
blood vessels and damages it is causing inflammation. COVID-
19 leads to elevated fibrinogen, elevated D dimer, elevated C
reactive protein. These are all biomarkers for coagulation (a
condition in which abnormal lumps of thickened blood clots are
formed throughout the body, blocking small blood vessels)
leading to increased risk of DIC (disseminated intravascular
coagulation), DVC (Deep Venous Thrombosis) and PE
(Pulmonary Embolism) in severe phase.® In a small cohort study
with 44 patients, the use of heparin showed better coagulation
parameters and improved immunity with increased lymphocyte
counts as compared to control subjects.® A preprint article,
discussing the RAPID trial of 465 COVID affected people,
showed that patients with low molecular weight heparin had low
incidence of death.®” InTonji hospital, patients with severe
COVID-19 were analysed retrospectively. 99 patients were given
low molecular weight Heparin. Mortality was lower in heparin
users than in non-heparin users.

Mortality was lower in heparin users than in non-heparin
users.®® Though, a lot of studies support the role of heparin in
COVID-19, but it should be proved by clinical trials. Due to
limited evidence, the clinical treatment guidelines do not
recommend the use of heparin or other anticoagulatory drug for
COVID-19.

RECENT ADVANCEMENTS

2-DEOXY- D- GLUCOSE :

The DRDO (Defence research and development organization)
laboratory, Institute of nuclear medicine and allied Sciences
(INMAS) (India), in collaboration with Dr Reddy’s laboratories
(DRL), Hyderabad, has proposed a repurposed drug, 2-deoxy-D-
glucose indigenously developed to be used as an adjunct therapy
against COVID -19. The drug can prove to be a gamechanger and
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bring about a phenomenal change in the scientific world with its
fast action and high efficacy against COVID-19.

8CH,0OH

Figure 19. Chemical structue of 2-deoxy-D-glucose (2-DG)

This drug is a glucose analogue.® The oxygen at 2™ position
of the glucose ring is removed and hence the name 2- deoxy-D-
glucose® (Figure 19). Studies have proved that the infected cells
have greater number of glut receptors on their surface than the
normal cells. The drug is taken up more readily by the infected
cells and gets selectively accumulated there.%!

The 2-DG drug alters glycosylation of viral glycoprotein,
inhibits energy production and viral multiplication, and renders it
incapable of infecting human cells. It also reduces the
dependence on supplemental oxygen. This molecule is also
known for its therapeutic values as an anticancer agent®. This
drug can be broadly classified as an antiviral drug. Upon
accumulation in the infected cells, it chokes the glucose
metabolism and arrests energy production. Hence it inhibits
anabolic reactions required for viral multiplication and reduces
re-infectivity of newly formed SARS-CoV-2 virus.*® The action
of 2DG is shown in Figure 20.
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Figure 20. Accumulation of 2-DG in infected cells. Reproduced
from ref [°1] with permission.

In April 2020, the scientists of INMAS-DRDO & CCMB
(Centre for cellular and molecular biology), Hyderabad,
conducted the first phase of trials and found that this drug works
effectively against SARS-CoV-2. In May 2020, the second phase
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of trials was conducted on 110 patients. Phase 2a trials were
conducted in six hospitals and phase 2b (variable doses) were
conducted in eleven different hospitals across the country.
Between November 2020 to March 2021, the third stage trials
were carried out on 220 patients admitted in 27 different hospitals
across the country. The patients were treated with 90 mg/kg/day
along with standard of care against only standard of care (SoC).
On third day almost 50% patients came out of oxygen supplement
in comparison to 30% patients from SoC arm. A statistical
difference of 20% was observed. The DCGI (The Drugs
Controller General of India) granted permission for the use of 2-
DG drug for mild and severely affected COVID-19 patients. Data
from the third trial phase showed that the drug worked effectively
in bringing down the symptoms of the patients and helped them
in overcoming their dependence on supplemental Oxygen by day
3, indicating early relief from the disease. Now the prescribed
dosage of this drug includes a Sachet of 2.34g to be dissolved in
water and to be taken orally twice a day for a week and not more
than 10 days. As of now, this drug has been approved for
emergency use only. Due to lack of studies, on pregnant and
lactating mothers, 2-DG should not be given to them. The
advantage of this drug is that it is a generic medicine and can
easily be produced on large scale. But there are few questions to
ponder upon. Availability of few published data and the third
phase trial conducted by INMAS-DRDO & CCMB does not
mention about the benefits and side effects of this drug.

CONTROL TECHNIQUES

Various disinfection techniques are being considered at
personal as well as hospital levels to bring about a decrease in the
worldwide spread of SARS CoV-2.%4% The nano scale based
medicine® and materials have been on frontier of evaluation to
mitigration of this viral infection. Several studies have
established that the UVC light has long been used for inactivation
of airborne pathogens to prevent airborne transmission.®” The
short wavelength and high energy of UVC light has the great
power for microbial disinfection. SARS CoV-2 has a fragile
sensitive layer that is susceptible to heat and UV radiations. UVC
can therefore be effectively used to curb the transmissivity of the
highly infectious SARS CoV-2 virus.%% Experiments have
shown that bacteria become inactivated in far UVC light (207nm-
222nm). David Welch et al have tried to show that airborne
aerosolized viruses can be inactivated up to 95% even with the
minimal dose of 2mJ/cm? of 222 nm UVC light.1®° Studies have
also shown that 99.9 % of corona virus 229E and OC43 becomes
inactive by 1.7 mJ/cm? and 1.2 mJ/cm? low doses of UVC light,
respectively.1%* Analysis done by Fabrizio Nicastro et al suggests
that solar UV-B/A light will also play a vital role in deciding
strategies for the control of this pandemic.2%2 UVC light finds its
application in the sanitization of healthcare departments,
respirators, medical machines, and personal protective equipment
(PPE) as well. Apart from UV radiations, gaseous ozone has also
been studied as a source of disinfection for both air and surfaces
with varying volumes for small chambers to large rooms. The
dosage and contact time are vital in establishing protocol for
COVID 19.1%3
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CONCLUSION

The review is based on newly published articles and papers
on COVID-19. It suggests that the available data and clinical
trials are not sufficient to prescribe any treatment as a cure for
this disease. The scientific community and pharmacological
companies are working day and night to overcome the challenge
of curing this disease by prophylaxis strategies, repurposing of
drugs, and developing new potential drugs and vaccines. The
obstacle in developing a potent drug is the emergence of new
variants due to fast-mutating ability of the virus. In the past one
and half years, extensive studies have been carried out to
understand the growth, development, multiplication, and
transmission of this disease. DRDQO’s 2-DG drug can prove to be
a game changer for the treatment. But there are few questions to
ponder upon. Firstly, there is just one published data and no peer
reviewed articles of this drug on human trials. Secondly, the third
phase trials do not mention about the benefits and side effects of
the drug. Therefore, still a lot of research and clinical trials are
required to come up with a positive result. Though many efforts
are being put towards inoculating the populace, but still there is
an urgent need to develop potential therapeutics to effectively
combat the fast-mutating SARS-CoV-2 pathogenicity.
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