
Dr. E. Tamil Jothiet al / 

 

 

  
IJPCR |Volume 

 
Review article                                                                                                 Clinical research

 

A review on: Repurposed use of 2

 

Abishek.R
1
, ArumugaVignesh. M

 
1
Department of Pharmacy Practice, 

Viruthunagar Dt., Tamil Nadu, India.
2
Deparment of Pharmacology,

Viruthunagar Dt., Tamil Nadu, India.
*
Address for correspondence: Dr. E. Tamil Jothi

Email id:tamilcologist@gmail.com 

 

ABSTRACT 

2-Deoxy-D-Glucose with its long run history as a trialling anti

management of moderate to severe corona positive patients in India. So far 218 clinical trials are going on in 

oncology using this drug as intervention or

D-Glucose is also being used as a radiotracer. Glucose is the source of energy for all cells in human body. As an 

anti-glycolytic agent, 2-Deoxy-D-Glucose put the high glucose utilizing neopl

to autophagy. It can also destroy high glucose demanding healthy cell like neurons is also a matter of concern. 

The same anti-glycolytic property is responsible for halting the pathogenesis of Severe Acute Respiratory 

Syndrome Corona Virus-2.It is noteworthy that the drug can also reduce oxygen dependence in active corona 

patients. This review collectively examines the anti

epitomises the pharmacodynamic potential of t

conducted so far using this drug as an intervention in both oncology and virology and shedding light towards 

the adverse effects of this drug are also important objectives.
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INTRODUCTION 
 

Severe acute respiratory syndrome corona virus

2 has emerged as one of the greatest health crisis 

since 2019.
1
 First case of COVID-19 was identified 

in Wuhan, China in the month of December 2019. 

Later it has spread to 220 countries across the 

world as of April 2021
1
. At present India has been 

recording more than 300,000 cases per day.

control the ravaging widespread of the disease, 
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Glucose with its long run history as a trialling anti-cancer agent has now approved for the 

management of moderate to severe corona positive patients in India. So far 218 clinical trials are going on in 

oncology using this drug as intervention or else as adjunct. 2-Fluro-Deoxy-D-Glucose an analogue of 2

Glucose is also being used as a radiotracer. Glucose is the source of energy for all cells in human body. As an 

Glucose put the high glucose utilizing neoplastic cells at starvation and leads 

to autophagy. It can also destroy high glucose demanding healthy cell like neurons is also a matter of concern. 

glycolytic property is responsible for halting the pathogenesis of Severe Acute Respiratory 

It is noteworthy that the drug can also reduce oxygen dependence in active corona 

patients. This review collectively examines the anti-cancer and anti-viral nature of 2

epitomises the pharmacodynamic potential of the drug in both oncology and virology. Listing out clinical trials 

conducted so far using this drug as an intervention in both oncology and virology and shedding light towards 

the adverse effects of this drug are also important objectives. 

D-Glucose, SARS-CoV-2, Cancer, Clinical trials, Adverse effects.

Severe acute respiratory syndrome corona virus-

2 has emerged as one of the greatest health crisis 

19 was identified 

in Wuhan, China in the month of December 2019. 

Later it has spread to 220 countries across the 

. At present India has been 

recording more than 300,000 cases per day.
2
To 

spread of the disease, 

government of India is taking many proactive 

measures. As a ray of hope in the abatement of 

COVID-19, Drug Controller General of India gave 

approval for the emergency use of 2

glucose as an adjunct therapy for moderately and 

severely infected corona patients. The drug was 

developed by Defence Research and Development 

Organization, in collaboration with Dr. Reddy’s 

laboratories and approved on May

a glucose analogue. Before the repurposed approval 
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for COVID-19, 2-DG has been trailed in targeting 

cancer cells across the world. It has an activity of 

bringing cell death by inhibiting glycolysis.
3
 

Results also show that there is an increased uptake 

of 2-DG by cancer cells and hence it can also be 

used as a cancer cell marker.
4
 Hence 2-DG disrupts 

glucose metabolism and protein glycosylation it 

also can be a good candidate against microbial 

infection.
5
 This review exemplifies the role of 2-

deoxy-D-glucose as a promising candidate for 

targeting neoplastic cells and also as a new 

candidate for tackling ongoing and unprecedented 

COVID-19 pandemic. 

 

STRUCTURE OF 2-DG: 

 

 
 

Figure.1 compares the structure of glucose and 2-Deoxy-D-Glucose.
 

 

Comparing the structure of glucose and 2-DG, 

2-DG differs from glucose at the second carbon. 

Hydroxyl group of second carbon in glucose is 

replaced with hydrogen atomin2-DG to prevent 

glycolisation.
6
The hydrogen atom at second 

position of 2-DG can be replaced with fluorine 

atom to form 2-Fluro-2-Deoxy-D-Glucose to 

further ramp up its anti-glycolytic activity.
7
As an 

anti-glycolytic agent, 2-DG also plays a key role in 

abolishing viral replication and cytokine response 

by placing glycolysis as a key upstream event 

during SARS-CoV-2 pathogenesis.
8
 As India gave 

nod for emergency use of 2-DG for COVID-19, 

official statements clarified that the drug will be 

available in sachets as powder to be dissolved in 

water likely within a month for public use. The 

structure of glucose and 2-DG is given in figure 1. 

 

MECHANISM OF ACTION IN CANCER 
Even though it’s mechanism of action on cancer 

cells is not fully explained, it is hypothesised that 

the action of 2-DG is related to glycolysis 

inhibition.
9
Along with 2-DG inhibition of  lipolysis 

also used in the treatment of cancer.
10

 In some 

clinical studies combined use of 2-DG and 

metformin produces significant cell death 

associated with decrease in cellular Adenosine Tri 

Phosphate and prolonged activation of Adenosine 

Mono phosphate activated Protein Kinase.
11

 In 

some studies it is found that the toxicity of 2-DG in 

cancer cells is due to the activity of 

enzymes AKR1B1 and/or AKR1B10 which is most 

often found in cancer cells.
12

 The results of that 

studies shows that 2-DG destroys cancer cells in 

the process of being reduced by AKR1Bs, depletes 

their cofactor NADPH and leads to the destruction 

of glutathione and leads to cell death.
12

 In the 

findings of some other studies 2-DG also stimulates 

the thioredoxin interacting protein (TNXIP) a 

tumour suppressor protein and it reduces cellular 

glucose uptake.
13

 In another study, combination of 

mitochondria-targeted drugs such Mito-CP and 

Mito-Q with 2-DG synergises to decrease cellular 

ATP in two cell lines.
14

 

Of all the studies, the mechanism of 2-DG is 

well explained in animal models and clinical trials. 

2-DG is a glucose analogue and it is 

phosphorylated to 2-DG-P by hexokinase which 

cannot be metabolised furthermore but it is trapped 

inside the cell inhibits hexokinase, the rate limiting 

step of glycolysis. After inhibiting glycolysis, 2-

DG interferes in various processes. At first process 

it stimulates energy stress by depleting intracellular 

ATP. Then it affects anabolic processes by 

reducing the production of glycolytic intermediates 

which are the precursors of nucleotides, lipids and 

proteins. At last it leads to NADPH deficiency and 

disrupts the antioxidant defences of cancer cells.
15

 

 

MECHANISM OF ACTION IN COVID 
Certain studies show that 2-DG has action 

against Saccharomyces cerevisiae.
16

It shows 

inhibitory action against the growth of 

microorganism and tumour cells.
17

 Cells have the 
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ability to respond to changes in the nutrient supply 

in order to maintain optimal cell growth and 

survival. To achieve this adaptation, cell-signalling 

dictates alteration in the transcriptome and 

proteome.
18

 The addition of 2-DG to the cells 

causes a glucose-starvation like response in the 

cells, which inhibits the growth and reducing 

viability even though glucose is present 

abundantly.
19

 In another study 2-DG reportedly 

inhibits cell-wall polysaccharide biosynthesis and 

glycoprotein biosynthesis.
20

 This causes cells to 

become osmotically fragile.
21

 Another study shows 

that 2-DG attenuates inflammatory response in 

bacterial endothalmitis and cultured innate immune 

cells by inhibiting ERK signalling.
22

 Another study 

shows 2-DG has increased viral penetration against 

herpes simplex virus.
23

 The production of 

infectious herpes simplex virus was reduced to 94-

98% when treated with 2-DG.
24

 In another 

experimental study using chick embryo and yeast 

cells, 2-DG shows antiviral effect by inhibiting 

glycosylation of viral glycoproteins.
25

 

Result of a study shows that, 2-DG inhibit 

glucose flux and oligomycin to inhibit ATP 

synthetase.
26

The same study shows the safety of 2-

DG in SARS-CoV-2 treatment. It completely 

blocks viral replication in CoV-2 infected 

monocytes, and it also controls the CoV-2 induced 

increased of ACE2 and IL-1bexpression.
27

 The 

study also shows the treatment with 2-DG inhibits 

CoV-2 induced TNF-α, IL-6, and IFN- α. 

 

 
 

Figure.2 schematically represents the metabolism modulator action of 2-Deoxy-D-Glucose 

 

Similarly results of another study shows that, 2-

DG blocks SARS-CoV-2 replication in a colon 

epithelial carcinoma cell line.
28

 This study shows 

that 2-DG abolishes viral replication and cytokine 

storm by compromising high energy demand and 

inhibiting glycolysis during SARS-CoV-2 

pathogenesis.  Yet another study warrants the use 

of 2-DG in combination with low dose radiation 

therapy (below 2Gy) to protect SARS-CoV-2 

sensitive tissues and organs to reduce mortality and 

morbidity associated with COVID-19.
29

Recent in-

silico study suggests that the chemical structural 

nature of 2-DG fits well into protease 3CLpro and 

also to NSP15 endoribonuclease, leading to the 

prevention in the binding of SARS-CoV-2 

receptors to the host cells.
30

 Further 2-Fluro-

Deoxy-D-Glucose, an analog of 2-DG can be used 

as a radiotracer in the diagnosis of COVID-19 

pneumonia which can minimize the radiation 

exposure risk of CT scan that is said to be 

equivalent to 300 X-rays.
31,32

 The schematic 

representation of metabolism modulator action of 

2-Deoxy-D-Glucose is given in figure 2.  

 

DISCUSSION 
 

CLINICAL TRIALS WITH 2-DG FOR 

CANCER TREATMENT 
 2-Deoxy-D-Glucose is not approved for the 

treatment of cancer till now. But it has been 

involved in clinical trials of various types of 

cancer. So far 218 trials are going on at various 

phases. Initial trials were conducted using 

intravenous form of 2-DG in leukaemia and 

pancreatic tumour patients.
33

 Later it was 

discontinued due to adverse effects at high doses. 

BK Mohantiet al evaluated the toxicity and 

tolerance of 2-DG combined with large fraction (5 

Gy) radiotherapy in postsurgical patients with 

supratentorial glioma.
34

 Feasibility of administering 

the treatment (2DG + 5 Gy) is revealed by the 

excellent tolerance noticed in all 20 patients. 
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Further, the clinical examinations and magnetic 

resonance imaging also confirmed the absence of 

any brain parenchymal damage. A phase I clinical 

trial conducted by Mark Stein et al demonstrated 

the efficacy of 2-DG on FluroDeoxy Glucose – 

Positron Emission Tomography as an autophagic 

resistance marker in castrate resistant prostate 

cancer patients.
35

 This study also put forth the dose 

of 2-DG as 45mg/kg for phase II trials. Another 

clinical trial conducted by L.E. Raezet al in twelve 

patients with various solid tumours revealed the 

safety of 2-DG.
36

 In this study 2-DG is given alone 

and in combination with weekly docetaxel 

also. During Phase I/II clinical trials the 

combination of 2-DG+radiotherapy(γ-radiation) at 

an oral dose of 200 mg/kg body weight (BW), it 

was well tolerated in cerebral glioma 

patient.
37

According to the clinical studies at the 

higher 2-DG doses were undertaken to examine the 

tolerance and safety of the combined treatment in 

glioblastomamultiforme patients.
38

Thus combined 

treatment were very good upto 250mg/kg/BW, if it 

is more than of 300mg/kg/BW, two out of six 

patients cannot tolerate even vital parameters were 

not observed at this dose. A clinical protocol for 

the treatment of glioblastoma with higher doses 

was designed at the Kettering Medical center 

Kettering, Ohio, and approved by FDA, USA. 

 

CLINICAL TRIALS WITH 2-DG FOR 

COVID-19 TREATMENT 
India is the pioneer in using 2-DG for the 

treatment of COVID-19 in active corona patients. 

Two phases of clinical trials has completed till 

now. The phase II study was randomized open label 

multi centre active controlled trial.
39

 The safety and 

efficacy of 2-Deoxy-D-Glucose was evaluated as 

an adjunctive therapy to standard of care, in 

comparison to standard of care alone, in the acute 

treatment of moderate to severe COVID -19 

patients. It is a three month study conducted across 

various hospitals in India. The sample size for 

phase II trial is said to be one hundred and ten 

(N=110).Patients tested positive for SARS-CoV-2 

by rRT-PCR on a nasophraryngeal or 

orophrayngeal swab were recruited as 

subjects.
40

The subjects were between eighteen and 

sixty five years of age. Each patient was 

administered 45mg/kg of 2-DG in morning and 

18mg/kg of 2-DG in evening as powder dissolved 

in water for at least twenty eight days. The 

therapeutic range can be achieved in human plasma 

upon oral dosing of 63mg/kg/day. The end point is 

the conversion of positive r-RT-PCR into negative. 

The results showed that in terms of improvement of 

vital signs of COVID-19 symptomatic patients 

there was a difference of 2.5 days compared to 

Standard of Care (SoC). It also reduces 

supplemental oxygen dependence. Approval for 

phase III trial was granted in November 2020.This 

trial is going on in 27 COVID-19 hospitals spread 

across different states of India. Some independent 

experts claim the safety and efficacy data of 2-DG 

in phase III trial once after its approval. They 

expressed concern about the harm to healthy cells 

with high uptake of glucose like neurons due to the 

anti-glycolytic action of this drug. Moreover, 

Positron Emission Tomography with the 

radiotracer, 18FDG (Flurodeoxyglucose, ananalog 

of 2-DG) has resulted in the deposition of the 

radiolabel in the inflamed lungs of COVID-

19patients, due to high metabolic activity induced 

by the corona virus infection. This phenomenon 

could potentially result in a preferential and 

disproportionately high accumulation of 2-DG in 

inflamed lung tissue of COVID-19 patients thereby 

leading to starvation in the lung cells, which in turn 

would lead to inhibition of viral replication. 

 

ADVERSE DRUG REACTIONS 

ASSOCIATED WITH 2-DG 
Apart from its therapeutic efficacy 2-DG also 

shows certain adverse effects in animal model 

studies.
41

In this study rats are treated with 

1000mg/kg/day I.P for 14 days. It shows no 

apparent detrimental effect on spatial learning and 

memory which was tested by water maze 

experiment. At the same time 250mg/kg I.P were 

associated with a reversible decline in exploratory 

behaviour which was tested by open field 

measures.
42

 In another animal study carcinoma rats 

were feeded with 2-DG.
43

 It results in hyperphagic 

response with increased food intake, and with 

further increase in 2-DG it may adversely affect the 

body growth.
44

 

As concerned with clinical trials, a study shows 

single intravenous doses of 2-DG up to 200mg/kg 

do not produce any serious adverse effects.
45

 In 

another study significant adverse effects are 

identified when 2-DG is combined with doxitaxel.
46

 

Up to 63mg/kg common adverse effects such as 

fatigue, sweating, dizziness and nausea were noted. 

Hence 63mg/kg were selected as tolerable 

dose.
46

Most significant adverse effects such as 

reversible hyperglycemia (100%), gastrointestinal 

bleeding (6%), and reversible grade 3 QTc 

prolongation (22%) were noted.
46

 

 

CONCLUSION 
 

2-Deoxy-D-Glucose not widely studied and 

approved for the treatment of moderate and severe 

cases of COVID-19 in India and in contrary widely 
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studied and not yet approved for the treatment of 

cancer however plays its role as a promising 

candidate in both virology and oncology. This 

review warrants the publication of results data for 

phase III trials conducted using 2-DG as an adjunct 

in COVID-19 treatment. This article will be an eye 

opener for the medical field which is 

unambiguously struggling in the management of 

unabated COVID-19 pandemic. Adverse effects are 

inevitable in allopathic system of medicine. 2-DG 

also has several adverse effects. In future many 

trails is to be conducted to review the risk benefit 

ratio of 2-DG in both oncology and virology. If the 

results of future trials clearly indicate outweigh of 

benefits than risks, 2-DG will surely act as a game-

changer in the field of medical science which is an 

ever changing subject.  
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