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Review Article

2-Deoxy-D-Glucose: A Ray of Hope in COVID Pandemic
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Department of Pharmacology, NEIGRIHMS, Shillong, Meghalaya, India

Coronavirus disease-19 (COVID-19) pandemic caused by severe acute respiratory syndrome coronavirus 2 is a respiratory tract infection
that has already made a huge negative impact in global health situation. Transmission mainly occurs through droplets, and the virus is highly
contagious. Mainly symptomatic treatments are given at present with some drugs for serious patients with unproven efficacy and safety. In
this context, Institute of Nuclear Medicine and Allied Sciences, a research laboratory of Defence Research and Development Organization in
collaboration with Dr. Reddy’s Laboratories, Hyderabad, has introduced a new medicine named 2-Deoxy-d-glucose (2-DG) (which has been
previously tried in cancer) for the treatment of seriously ill COVID patients with a target to reduce the oxygen demand. Clinical trials showed
evidence that 2-DG effectively reduces oxygen requirement in seriously ill patients, and real-time polymerase chain reaction conversion is also
faster. Recently, 2-DG is approved for the use in critically ill patients by the Drug Controller General of India in May 2021. The introduction
of 2-DG brings a new hope in reducing the mortality in COVID patients.
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INTRODUCTION new infections as well as assessment of antibody for any
previous infection.”? Regarding the treatment of COVID-19
currently, there are no specific antiviral drugs and various
treatment options are attempted globally. As an added treatment
of COVID-19 2-Deoxy-d-glucose (2-DG) has recently been
approved by the Drug Controller General of India (DCGI)
recently. This mini review is being attempted to provide some
clinicopharmacological information regarding this newly
introduced drug.

The whole world has been affected by the coronavirus
disease-19 (COVID-19) pandemic caused by severe acute
respiratory syndrome coronavirus 2 (SARS CoV-2), a dreaded
virus in coronaviridae virus family.!" Initially reported as an
epidemic beginning in Wuhan province, China, on February
2020, turned into a pandemic as declared by the World
Health Organization (WHO) in March 11, 2020. Like other
coronavirus, it is also a respiratory tract virus, for example,
SARS, MERS, etc. Initial discovery was also made in human
tracheal cell culture, way back in 1965.B! The transmission PROBLEM STATEMENT AND PATHOGENESIS OF
mainly occurs through the droplets from human to human,  GQVID-19

and recently few data are showing it to spread through aerosol
formation as well.! As the virus is very highly contagious
and because of present day’s ease in travel, the infection
spreads very quickly over the whole world. Moreover, most
of the infected people are either asymptomatic or symptoms

As per the WHO update on global coronavirus cases on
August 3, 2021, over 4 million new cases have been detected
with 64,000 new deaths globally during the previous 1 week.

are very mild to notice, but they are capable of spreading Address for corresponde‘nce: Dhriti Kumar Bramhma,
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throat, headache, and fatiguel® and are the reasons why the
infection is tough to detect clinically. Only rapid antigen test
or real-time polymerase chain reaction (RT-PCR) can identify
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However, death rate has been declined, while increase in new
cases pose a challenge. The world already faced the devastating
impact of COVID pandemic in the 1% wave and in the current
2" wave, the problem continues. The problem is more serious
in South-east Asia where daily new patients are increasing
rapidly with weekly around 22,000 deaths.®! Death mainly
occurs due to the development of hypoxia, acute respiratory
distress, and widespread tissue damage leading to multiorgan
failure due to cytokine storm.! This virus mainly affects
the respiratory system by entering through ACE 2 receptor,
resulting in acute lung injury and pulmonary edema.l'” The
clinical features range from asymptomatic to milder cases
showing fever, sore throat, anosmia, mild gastrointestinal
symptoms whereas serious cases present with respiratory
insufficiency as decreased oxygen saturation.!''! Hence, therein
lies the importance to find a proper treatment protocol for
COVID-19 infection.

TREATMENTS AVAILABLE

Since the beginning of COVID-19 pandemic, scientists in
various countries are conducting research to modulate the
treatment protocol for the pandemic. Initially, treatment
modalities were limited to symptomatic treatment and break
the contamination chain. Later on various studies reveal
drugs which are capable to mitigate the severity. Drugs such
as doxycycline and Ivermectin showed promising results in
clinical trials.['?! Later on, specific antiviral drugs such as
Remdesivir, lopinavir/ritonavir, and furthermore, casirivimab
and imdevimab; an antibody cocktail, bamlenivimab and
etesevimab combination, corticosteroids, tocilizumab came out
into effect and were recommended by different drug regulatory
authorities.['¥)y Now most recently DCGI recommended 2-DG
as a new drug for the treatment against COVID-19.014

2-Deoxy-D-Grucose FACTS

2-DG is a glucose molecule which has the 2-OH group
replaced by hydrogen, which prevents it from glycolysis.
Acting as an analog of mannose causes competitive
inhibition of 2— deoxyglucose~ 6— PO, on glucose— 6— PO,
at phosphoisomerase level, resulting in primary block in
glucose catabolism.['>) Hence, those cells with higher rate of
glucose usage gets affected more by 2-DG-induced metabolic
inhibition. That’s why 2-DG has been extensively tried
in cancer therapy trials alone and also with fenofibrate (a
hypolipidemic drug).l' It has been also tried in temporal lobe
epilepsy where it was seen to reduce kindling of neuronal
cells.l'12-DG also binds irreversibly to viral endoribonuclease
and main protease 3CL-pro in a spontaneous manner, and the
binding is stronger compared to other antiviral drugs, such as
lopinavir. This results in inhibition of viral capsid formation
and improper replication.!' In various dose escalation studies,
it has been observed that the drug is well tolerated at a dose of
63 mg/kg/day; however, QT prolongation which is an adverse
event, is seen in around 66% of patients.''”’ Now 2-DG is
approved for COVID by DCGL.!"

2-Deoxy-D-Grucose IN COVID

Metabolic alterations in COVID infection have been
demonstrated in various studies. Studies suggest that there is
increase glycolytic activity and glucose reserve in immune
cells, like monocytes infected with SARS CoV-2, contrary to the
infection with influenza A or respiratory syncytial virus (RSV).2%
Hence, glycolysis acts as a good source of carbon as well as ATP,
required to maintain the metabolic reaction in these cells.!
Moreover, glucose plays an important role in SARS CoV-2
replication of human infected cells as shown in various studies.
The two most common mechanisms of glucose metabolism
include glycolysis and glycosylation.?? It has also been reported
that the expression of inflammatory genes is glucose dependent
and this is blocked by 2-DG-mediated inhibition of glucose
metabolism.?” On the basis of this phenomenon, Institute of
Nuclear Medicine and Allied Sciences, a research laboratory
of Defence Research and Development Organization (DRDO)
in collaboration with Dr. Reddy’s Laboratories (DRLs),
Hyderabad, conducted a clinical trial on 2-DG to establish its
activity against COVID-19 infection. Phase II trial was approved
in May, 2020 (CTRI/2020/06/025664) which was conducted
during May-Oct, 2020 on 110 COVID patients. Phase III trial
was conducted at 27 COVID hospital across multiple cities in
India from December 2020 to March 2021 in 220 patients, which
showed significantly higher proportion of patients improving
symptomatically and oxygen support has been weaned off, in
42% in 2 DG group compared to 31% in standard of care arm.
Similar trends were seen in patients aged 65 years and above.
Furthermore, there is higher RT-PCR conversion rate in 2-DG
arm. Finally, DCGI has approved 2-DG as COVID therapy in
May 8,2021. It has been approved for emergency use in COVID
patients requiring higher O, support.!'*

SumMMARY

COVID-19 has become pandemic since late 2019 worldwide
and 167 million people globally and 26 million people infected
in India. DRDO has initiated clinical trial with a previously
known drug 2-DG in COVID patients which shows promising
result in phase III clinical trial. The drug got its approval
for COVID treatment by DCGI in May 8, 2021.0" There is
a possibility of its availability in early June as declared by
DRL™! and to be marketed in sachet. However, more safety
data are required to establish its safety.**! However, 2-DG
has indeed brought a light of hope in reducing mortality in
seriously ill COVID patients.
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