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Implications of 2-deoxy-D-glucose as a therapeutic 

molecule in treating COVID-19 patients 

 
Rishit Yokananth, T Lakshmi Prashanth and Yokananth Sekar 

 
Abstract 
As the COVID-19, caused by SARS-CoV-2, rages on as a pandemic throughout the world, India has 

experienced a large majority of the damage. As a result, multimodal symptomatic therapies were 

attempted to help COVID patients throughout the world. Since oxygen supply has been running low, 

scientists were looking for a way to reduce oxygen dependency. 2-deoxy-D-glucose, also known as 2-

DG, has presented itself in the scientific community as a drug with numerous beneficial effects on 

COVID-19 patients, such as reducing dependency on oxygen. This review article is aimed to explain the 

basics of 2-DG structures, its mode of action, including its possible effects on mast cells (MC), (one cell 

type that plays a major role in allergic inflammation), its history as a therapeutic agent in humans, and its 

applications in COVID-19 treatment. Finally, we discuss the principles of clinical trials, the limited 

scientific evidence available regarding the use of 2-DG in treating COVID-19, what evidence is needed 

to establish 2-DG as a successful therapeutic for COVID-19 patients, and potential supplemental 

therapies with 2-DG needing more research. 

 

Keywords: SARS-CoV-2, 2-Deoxy-D-Glucose (2-DG), glycolytic inhibitor, monocytes, mast cells, mast 
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1. Introduction 

1.1 Effects of 2-DG on glycolysis, the Warburg Effect, and previous history as a cancer 

therapy 

2-DG is a synthetic glucose analog that can act as an enzyme inhibitor, metabolic blocker, and 

ATP depleting agent. Unlike glucose, which has a hydroxyl group on its second carbon, 2-DG 

only has hydrogen on this second carbon. Because of the structural similarity of 2-DG and 

glucose, as displayed in figure 1, they compete as they both enter the same glycolytic pathway. 

They also utilize similar transport systems, such as hexose transporters, like GLUT (glucose 

transporter) proteins encoded by SLC2 genes [1]. This has been demonstrated by administering 

2-DG and detecting elevated blood glucose concentrations in animals, emphasizing how 2-DG 

competes with glucose for the glucose metabolic pathway [2]. 

2-DG has very significant effects on the glycolytic pathway. Whenever glucose goes through 

glycolysis figure 2, the hexokinase enzyme helps convert it to glucose-6-phosphate, which will 

be utilized for both the pentose phosphate pathway to create ribose-5-phosphate sugar helping 

to create DNA/RNA and NADPH, and further on in the glycolytic cycle and ultimately to 

produce significant amounts of ATP. 2-DG can serve as a non-competitive inhibitor to 

hexokinase [3] and a competitive inhibitor of glucose [4]. In addition, if 2-DG gets converted by 

hexokinase into 2-DG-6 phosphate, this carbohydrate cannot be metabolized further in the 

glycolytic pathway. ATP depletion will occur because not only are some glucose molecules 

prohibited from being converted into glucose-6-phosphate, but the 2-DG-6P converted by the 

hexokinase cannot be metabolized further in the glycolytic pathway. 

Since proliferating cells that divide extremely fast need greater amounts of energy, cancer cells 

depend on glycolysis to a greater extent than other cells to produce a greater amount of energy 
[7]. Interestingly, other mechanisms like mitochondrial defects, adaptation to hypoxic 

environments, oncogene signals, and abnormal expression of metabolic enzymes in cancer 

cells can further contribute to the increased reliance of cancer cells on the glycolytic pathway 
[5] and ineffective oxidative phosphorylation. Because 2-DG can inhibit glycolysis, it has 

consequently been utilized as an anti-cancer therapy along with several other drugs and 

radiation therapies, as discussed later.  

There are many other characteristics of cancerous cells that make them more susceptible to 2-

DG treatment due to greater dependency on glycolysis. 
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Since tumor mass can reach a significant size, oxygen 

penetration can become limited, which ultimately deems 

oxidative phosphorylation useless for the cell because of the 

use of oxygen as a final electron acceptor. As a result, there 

will be a greater rate of glycolysis within the anaerobic 

respiration of the proliferating cell to maintain proper ATP 

balance [6]. Furthermore, it has been shown that transfection 

from tas/src oncogenes [7], the transformation of cells by H-ras 

oncogene [8], PI3K/Akt signal pathway [9], and Bcr-ABl gene 

help promote glycolytic dependence of the malignant cell [10]. 

Finally, alterations of transketolase like TKTL1 (transketolase 

Like 1) are highly expressed in human cancer tissues while 

transforming xylulose 5 phosphate to glyceraldehyde 3-

phosphate (G3P) in the glycolytic pathway, eventually leading 

to greater generation of ATP and further contributing to the 

dependency on greater glucose uptake, which constitutes the 

Warburg effect (enhanced dependency on glycolysis for ATP 

generation) [11]. Mutations in succinate dehydrogenase (SDH) 

have been suggested to compromise mitochondrial energy 

metabolism and lead to abnormal activation of HIF-1 alpha 
[12], which regulates glycolysis at higher rates and thus 

contributes to greater levels and reliance on glycolysis, 

ultimately leading to tumor progression. Also, reactive 

oxygen species (ROS), which damages mitochondrial 

metabolic enzymes and has been detected in almost all 

cancers [13], can thus suppress the citric acid cycle [14] and 

force oxidative stresses that increase glycolysis to maintain 

ATP supply. Overall, all the different factors in cancer cells 

further confirm the Warburg effect and contribute to the 

cytotoxic effect that 2-DG can have on cancer cells. 

Also, 2-DG has been utilized with cancer patients regarding 

malignant cell destruction, and there have been imaging 

studies providing evidence of how 2-DG targets these high 

glucose-dependent cells. 2-DG interferes with N-

glycosylation [15], causing misfolded proteins in the 

endoplasmic reticulum, ER-stresses, and unfolded protein 

response [16]. As a result, 2-DG can lead to autophagy [17], 

AMPK 5’-AMP-activated protein kinase (AMPK) activation 
[18], and down-regulation of extracellular signal-regulated 

kinase (ERK) [19]. Ultimately, it has been shown that 2-DG 

doses, in combination with radiotherapy in glioblastoma 

multiforme patients, can be effective in inhibiting cancer cells 

in safe doses of 250 mg/kg in combination with radiation 

therapy [20]. Additionally, 2-DG has been utilized in imaging 

studies to see the most energy-consuming tissue. It has been 

shown that IRDye 800CW 2-DG, which is 2-DG labeled with 

NIR dye, had significant signals and fluorescence in all tumor 

cells evaluated in mice [21]. Additionally, tissues exhibiting 

high glucose uptake exhibited the biggest source of non-

specific fluorescence [22]. We can thus conclude that we can 

identify cells with high glucose uptake with fluorescent 

optical imaging and usage of IRDye 800CW 2-DG.  

All the specific evidence for cancer cells and imaging studies 

explain how 2-DG will target high-glucose-dependent cells. 

This will have further applications on virulent cells infected 

by COVID-19, which are highly dependent on glucose, as 

explained further below. 

 

2. 2-DG Utilization in COVID-19 Patients 

When the body starts to cope with the energetic demands of 

viral proliferation and host defenses, ATP production and 

glycolytic pathways are critically important and thus have 

major implications in COVID-19 patients. For example, 

pulmonary monocytes, which are phago-white blood cells of 

the immune system, can be metabolically rewired in the 

presence of SARS-CoV-2 and high glucose conditions, which 

can cause major pathology in COVID-19 patients [23]. In 

patients with COVID-19, there was a circulating population 

of monocytes with pronounced vacuolation and expression of 

activation markers. Some of these markers include CD16, 

CD80, CD206, and ACE2 expression - the COVID entry 

receptor [24]. Also, alterations in the circulating monocyte 

populations in COVID-19 patients include increases in pro-

inflammatory cytokines [25]. Specifically, SARS-CoV-2 alters 

the host cell’s metabolism to optimize for viral replication and 

spread. As a result of this, and because lung monocytes can 

have impaired oxidative phosphorylation, there will be the 

promotion of viral replication in the host cell [23]. Thus, to 

achieve this greater rate of COVID replication, viral-infected 

cells often uptake a greater amount of glucose to synthesize 

the ATP needed for viral replication [figure 3]. 

An application of this is how diabetic patients are associated 

with the highest SARS-CoV-2 mortality. Because of the 

abnormal (increased) glucose levels due to impaired insulin 

secretion, monocytes infected by the virus in diabetic people 

will have greater access to glucose to replicate at even a faster 

rate [26]. As a result of the potentiation of COVID replication 

in increased glucose concentrations, there can be greater 

angiotensin-converting enzyme 2 [ACE2] expression, which 

is a key receptor for SARS-CoV-2 virus entry into the cell [23]. 

Another implication of the greater glucose metabolism in 

virulent cells is that there will be greater cytokine production 

as a host defensive response. These cytokines can allow for a 

cytokine storm including interleukin-1beta (IL-1beta), an 

inflammatory cytokine, which can cause inflammation seen in 

COVID-19 patients [23]. 

Overall, this greater dependency on the glucose of the virulent 

cells means that they will also be dependent on glycolysis to 

produce ATP from the elevated glucose (see figure 3). So, 

targeting metabolic pathways could provide therapeutic 

options to combat COVID-19. If glycolytic metabolism is 

inhibited with a metabolic blocker like 2-DG, there can be a 

reduction of viral replication and subsequently a reduced 

cytokine response [23]. Specifically, it has been shown in 

colonic epithelial carcinoma cell lines that 2-DG blocks 

COVID replication, potentially reducing the effects of the 

virus as a result [27]. Because 2-DG reduces ATP production, 

several other essential enzymes and ribozymes will be 

dysfunctional, resulting in less viral replication. 

Additionally, 2-DG has been utilized in critical COVID 

patients without access to an oxygen supply. As mentioned 

earlier, because 2-DG acts as a glycolytic inhibitor, there will 

be fewer metabolites and electron carriers generated, leading 

to ATP depletion, reduced viral replication, and cytokine 

response. As a result, less oxygen will be utilized as a final 

electron transport carrier in oxidative phosphorylation 

because there will be fewer electron carriers, suggesting 

reduced supplemental oxygen dependence at the cellular level 
[28]. These crucial events and consequences from 

administering 2-DG are displayed in figure 4. A study by the 

Drugs Controller General of India (DCGI) in phase 3 of 2-DG 

testing has provided evidence that with the use of 2-DG, 

dependency on external oxygen decreased by 42% by day 3 of 

using 2-DG. Oxygen dependency decreased by 31% with the 

placebo, so there was a significantly reduced need for external 

oxygen when utilizing 2-DG [28]. Because of the mechanisms 

of 2-DG in acting as a glycolytic inhibitor, 2-DG has been 

suggested to be utilized to treat SARS-CoV-2 variants since 
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any type of virally infected cell will have high glucose 

demands no matter the presence of the variant [29]. 

It is interesting to note that there have been suggested 

alternatives to 2-DG treatment, such as inhibiting HIF-1α with 

inhibitors like BAY87-2243 (BAY87) [23]. Since virus-

infected cells depend on increased levels of glycolysis 

dependency, HIF-1α, a master regulator of elevated 

glycolysis, is induced in COVID-infected monocytes and 

exacerbates the effects of CoV-2 infection [23]. Thus, if HIF-

1A transcription factor is inhibited, infected cells may not 

perform glycolysis at a higher level and produce the ATP 

needed for cellular replication. It has been shown that BAY87 

completely blocked CoV-2 replication and reduced the 

expression of target genes in COV-infected monocytes. 

Subsequently, ACE2 and cytokine expression are all blocked 
[23]. BAY87 treatment further suggests the importance of 

blocking metabolic pathways in contributing to COVID-19 

treatment.  

 

3. Effects of 2-DG on apoptosis, lysis, and other pathways 

Additionally, 2-DG has multiple side effects on other 

pathways in terms of apoptosis and lysis not discussed above 

that are interesting to note. AMPK activation occurs because 

of 2-DG induced stresses, and AMPK is used for metabolic 

adaptation of cells for nutrient stress [30]. This inhibition can 

lead to autophagy, the degradation of malfunctioning cellular 

components within lysosomes, in various cell lines. 

Additionally, it has been shown that 2-DG can induce calcium 

release from the endoplasmic reticulum (ER) into the cytosol, 

resulting in AMPK activation [31]. An interesting application 

of this is that depletion of ER CA² (calcium) stores protected 

Hep2 cells against Shiga toxins. Shiga toxins bind 

glycosphingolipids of cell surface and inhibit protein 

synthesis, so 2-DG can have potential applications of 

protecting against protein synthesis inhibition [32]. Also, there 

can be a lack of expression of glycoproteins at the surface in 

yeast treated with 2-DG (this is due to the inhibition of N 

glycosylation) [33]. This can also be attributed to the strong 

effect of 2-DG on yeast cells since there was more inhibition 

on mannan biosynthesis [34-36]. This has led to inhibition of 

cell wall regeneration, which will result in the lysis and 

eventually activation of yeast-specific mitogen-activated 

protein kinase (MAP kinase)-based signaling pathway [37]. It 

has been shown that 2-DG can also be incorporated into 

glycolipids in yeast and hamster embryo fibroblasts, which 

can participate in many cellular pathways like endocytosis, 

apoptosis, and cell proliferation [38-39]. There still needs to be 

more investigation on 2-DG’s effects on these pathways 

overall. Because of these multiple effects on other pathways 

and significant autophagy from 2-DG, long-term studies, and 

effects of 2-DG on COVID-19 patients are warranted for 

future use.  

 

4. How mast cells are related to COVID-19 and how 2-DG 

can potentially aid with long-hauler COVID-19 symptoms 

Mast cells are a type of granulocyte, which are a type of white 

blood cell with granules containing many inflammatory 

mediators. Some of these mediators, like histamine, are 

released during infections and the presence of allergens, 

leading to their association with causing allergies, 

anaphylaxis, and asthma. Histamine can bind to its receptor 

sites on blood vessels, causing contraction of endothelium 

cells of the blood vessels and increased permeability, causing 

local fluid accumulation, and swelling. This can be associated 

with severe respiratory stress and appears to be involved in 

the symptoms of severe COVID patients. Activated mast cells 

were detected in the lungs of patients deceased from COVID-

19 and were linked to inflammation [40]. Many symptoms of 

COVID-19 patients could be associated with the 

degranulation of mast cells. For example, mast cell activation 

can result in a fall in blood pressure [41], causing heart attacks 
[42], and eventually, kidney failure [43], which can be explained 

by leakage of fluids from blood vessels following the release 

of histamine and other mediators. Histamine release can also 

be associated with immune cell responses, such as a cytokine 

storm [44]. 

It has been speculated that long-haulers, individuals with 

recurring symptoms months after acute SARS2 infection, may 

have an associated mast cell activation (figure 5) [45]. Mast 

cell activation syndrome (MCAS) is the irregular and 

recurring activation and degranulation of mast cells, 

sometimes caused by mutations in the KIT gene; activation of 

Kit signaling through a stem cell factor can lead to changes in 

mast cell degranulation and mediator release [46]. Kit 

mutations can happen when a stressor, perhaps such as SARS-

CoV-2, initiates a cytokine response. These cytokines can 

interact with stem cells in the bone marrow and induce kit or 

other mutations [45]. Because stem cells are pluripotent, 

meaning that they can differentiate into multiple cell types, 

mutated stem cells may transform into mutated mast cells that 

could be more sensitive to stressors and become activated, 

releasing various inflammatory mediators, growth, and 

immunoregulatory factors. Such a scenario could contribute to 

long-hauler symptoms after acute SARS-CoV-2 infection. 

The relationship between COVID infection, long-haulers and 

MCAS requires further study to be conclusive. MCAS-

targeted therapy could be of potential value [45], such as 

antihistamines (H1 and H2 receptor antagonists) or other 

inhibitors of mast cells or their products like vitamin C [47].  

The use of 2-DG may be of some value to combat some 

symptoms associated with SARS-CoV-2 infection, as 

displayed in figure 6. Interestingly, 2-DG was found to reduce 

IL-33-mediated effects both in vitro and in vivo [48]. The 

alarmin, IL-33, which is linked to allergic disease, activates 

mast cells, and can increase glycolysis [48] (supposedly in 

response to needed energy for immune responses). Inhibiting 

glycolysis with 2-DG suppressed IL-33 signaling, meaning 

that there could be less mast cell activation, less cytokine 

production, and fewer long hauler symptoms. The authors 

also tested these ideas using metformin to activate AMPK, 

since AMPK is also activated when glycolysis is suppressed. 

Metformin reduced cytokine production and reduced IL-33 

mediated MC effects both in vitro and in vivo [48]. Others have 

shown that 2-DG suppressed compound 48/80 and antigen-

induced histamine release in rat mast cells [49], further 

supporting the postulate that 2-DG may reduce long-hauler 

symptoms possibly associated with MCAS. 

 

5. Trials of 2-DG so far 

In April 2020, lab tests showed that 2-DG inhibited the 

growth of SARS-CoV-2 in cell culture. In May 2020, the 

Drug Controller General of India (DCGI) approved a phase 2 

clinical trial of 2-DG in 110 patients in 17 hospitals. Evidence 

suggested that the drug improved recovery time from 

infection. With this data, DCGI approved a phase 3 clinical 

trial placebo-controlled study conducted from December 2020 

to March 2021. 220 people underwent the phase 3 clinical 

trials at 27 hospitals across India. Patients were given 2-DG in 
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sachet packs as a powder for oral use by dissolving in water. 

The results showed a 2.5-day reduction in the duration of the 

need for supplemental oxygen [28]. The results lead to 2-DG 

emergency use authorization (EUA) on the 1st of May in 

India for moderate to severe COVID patients requiring 

supplemental oxygen [28]. 2-DG was considered to be a 

convenient therapy because of its widespread availability, 

ease of manufacture, and low cost. 

 

6. Limited scientific evidence for 2-DG as an effective 

therapy for COVID-19 patients 

Despite the apparent benefits of 2-DG, it has not been 

adequately studied as a useful therapeutic agent in COVID-

19. The rationale for the sample size of 220 patients in the 

phase 3 trial was not explained and is considered by reviewers 

to be inadequate to rigorously demonstrate 2-DG induced 

improvement in COVID patients. Additionally, the blinding 

of the clinicians in the study was questioned. Moreover, there 

were concerns about the off-target effects of 2-DG, as noted 

in other studies, including clinical trials. Zhao et al., reported 

that 3/10 of mice with a Western diet (40% fat and 44% 

carbohydrate as energy) and 2-DG in their study were 

sacrificed because of weight loss during 2-DG treatment [50-

51]. In that study, 2-DG was utilized in low doses with other 

drugs like metformin on a human kidney epithelial cell line, 

WT9-7, at different doses of 2-DG + metformin (1.3 + 0.6, 

2.5 + 1.3, 5 + 2.5, and 10 + 5 mM). The 10 + 5 mM dose of 2-

DG and metformin was found to have the least cell viability. 

The off-target effects may be explained by 2-DG reduction of 

glycolysis in normal cells that were not the intended targets of 

the therapy. Similarly, 2-DG can affect normal cells with high 

glucose requirements. Furthermore, the daily doses of 2-DG 

required for improving the immune status compromised by 

COVID-19 raise concern for off-target effects on the central 

nervous system (CNS) or the cardio-respiratory system [2, 52]. 

More rigorous double-blinded, placebo-controlled research is 

required on the effectiveness of 2-DG in COVID-19 infection, 

and effects on off-target, high-glucose intake, cells.  

 

7. What evidence is needed to establish if 2-DG is a 

successful therapy? 

There should be careful consideration of the study populations 

and primary outcomes to be assessed in future trials of the 

effectiveness of 2-DG in COVID-19. Such outcomes could 

include: hospitalization or not, need for supplemental oxygen 

therapy, intensive care unit (ICU) admissions, nature, extent 

and duration of symptoms, viral clearance, development of 

long-hauler symptoms, drug dosage and adverse effects of 

treatment, etc. The sample size that will be needed for 

improved phase 3 studies must be determined using power 

(sample size) calculations and then the appropriately powered 

study must be conducted in a double-blind, placebo-controlled 

manner, or other rigorous design. Additionally, there should 

be calculation of the number of deaths prevented after the 

administration of 2-DG and detailed evaluations of the extent 

and nature of improvement of patients treated with 2-DG. If 

there is solid evidence that the adverse effects of 2-DG are 

acceptable and the benefits of treatment favorable, further use 

of 2-DG in COVID-19 would be warranted. 

 

8. Supplemental Therapies 

There have been multiple supplemental treatments utilized 

alongside 2-DG that were effective in eliminating cancerous 

cells and have the potential to be useful in assisting COVID-

19 patients. Metformin is utilized as type 2 diabetes treatment 

and inhibits mitochondrial complex 1, leading to fewer ATP 

levels and eventually activating autophagy, deeming it 

somewhat useful alongside 2-DG for cancerous treatment [53]. 

Additionally, Oligomycin, an inhibitor of ATP synthase, has 

been shown to have more toxic effects on multiforme cells 

with increased 2-DG concentrations [54], but still requires 

further study in COVID-19 patients. Another strategy to 

combat SARS-CoV-2, but that would require careful study, 

could be the use of low-dose-radiation therapy (LDRT), 

perhaps in combination with radio-sensitizing doses of 2-DG 

right after infection (figure 7) [55-56]. With the use of LDRT, 

there are anti-inflammatory effects associated with antiviral 

effects and pro-inflammatory effects relating to anti-tumor 

effects that seem somewhat applicable with SARS-CoV-2 

infected lungs. Because of the progression of reduced severity 

of COVID-19 with LDRT, it has been suggested as a potential 

therapeutic for COVID-19 pneumonia [57]. Orally 

administering 2-DG, which is easy to access and 

administrable, as an adjuvant with LDRT has been suggested 

as useful in treating COVID-19 patients in moderate to severe 

phases. For example, it has been shown that radiosensitization 

of tumors in mice by 2-Dg can be attributed to the immune 

stimulatory effects of 2-DG and radiation with enhanced 

phagocytic activity, and a decrease in the immune suppressive 

network [58-59]. The only downside to this combination is that 

administration of LDRT must be accomplished within 

radiotherapy facilities, so there is a restriction on the number 

of patients treated [60]. On the issue of non-target effects with 

2-DG treatment, there was reported protection of normal brain 

tissue with hypofractionated therapy combination with 2-DG 
[61-62]. There need to be more studies about optimal dose, time, 

and evaluation of toxicity before considering this combination 

seriously.  

 

 
 

Fig 1: Structural comparison of glucose and 2-Deoxy-D-Glucose 
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Fig 2: Specifics of glycolysis pathway, including pentose phosphate pathway (PPP), enzymes, and metabolites 

 

 
 

Fig 3: Diagram of how SARS-CoV-2 infected monocytes are reprogramed for greater glycolysis rate and subsequent ATP production (warburg 

effect) Graphic of the infected monocyte based on [63]. 
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Fig 4: The 2-DG pathway with relation to hexokinase, cell metabolization, oxygen dependency, and immune response 

 

 
 

Fig 5: How SARS-CoV-2 infection may be associated with Mast Cell Activation Syndrome (MCAS) and long-hauler symptoms 

 

 
 

Fig 6: How 2-DG can possibly be associated with reducing MCAS and long-hauler symptoms 
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Fig 7: Suggested outline of how LDRT can assist COVID-19 pneumonia 
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