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ABSTRACT :- 2-Deoxy-D-Glucose (2-Deoxyglucose, 2-DG) is a glucose analogue that inhibits glycolysis via its actions on 

hexokinase, the rate limiting step of glycolysis. It is phosphorylated by hexokinase to 2-DG-P which cannot be further metabolized by 

phosphoglucose isomerase. It is non-metabolizable glucose analogue. Inhibits phosphorylation of glucose by hexokinase; causes 

depletion of cellular ATP. Also inhibits phosphoglucose isomerase (PGI) competitively. Causes cell cycle inhibition and cell death 

in in vitro models of hypoxia; blocks tumour cell growth in animal models. Also shown to induce the unfolded protein response 

(UPR). The ability of 2-deoxy-D-glucose (2-DG) to interfere with D-glucose metabolism demonstrates that nutrient and energy 

deprivation is an efficient tool to suppress cancer cell growth and survival. In addition to glycolysis inhibition, other molecular 

processes are also affected by 2-DG. Attempts to improve 2-DG’s drug-like properties, its role as a potential adjuvant for other 

chemotherapeutics, and novel 2-DG analogues as promising new anti-cancer agents, as anti-covid drug and used to treat some 

neurogenerative disorders. This present critical review reported the applications of 2-DG.This understanding, at least in part, explains 

the profound effects that the analogue of glucose, 2-deoxy-D-glucose, has been shown to have on as common and widespread diseases 

as cancer, viral infection, aging-related morbidity, epilepsy, and others. 
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_______________________________________________________________________________________________________

INTRODUCTION 

2-Deoxy-D-glucose is a glucose molecule which has the 2-

hydroxyl group replaced by hydrogen, so that it cannot undergo 

further glycolysis. As such; it acts to competitively inhibit the 

production of glucose-6-phosphate from glucose at 

the phosphoglucoisomerase level (step 2 of glycolysis). In most 

cells, glucose hexokinase phosphorylates 2-deoxyglucose, 

trapping the product 2-deoxyglucose-6-

phosphate intracellularly (with exception of liver and kidney) 

thus, labeled forms of 2-deoxyglucose serve as a good marker 

for tissue glucose uptake and hexokinase activity1. Many 

cancers have elevated glucose uptake and hexokinase levels. 2  

Deoxyglucose labeled with tritium or carbon-14 has been a 

popular ligand for laboratory research in animal models, where  

 

distribution is assessed by tissue-slicing followed 

by autoradiography, sometimes in tandem with either 

conventional or electron microscopy2. 2-DG is up taken by 

the glucose transporters of the cell. Therefore, cells with higher 

glucose uptake, for example tumor cells, have also a higher 

uptake of 2-DG. Since 2-DG hampers cell growth, its use as 

a tumour therapeutic has been suggested, and in fact, 2-DG is 

in clinical trials. A recent clinical trial showed 2-DG can be 

tolerated at a dose of 63 mg/kg/day, however the observed 

cardiac side-effects (prolongation of the Q-T interval) at this 

dose and the fact that a majority of patients' (66%) cancer 

progressed casts doubt on the feasibility of this reagent for 

further clinical use. However, it is not completely clear how 2-
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DG inhibits cell growth. The fact that glycolysis is inhibited by 

2-DG, seems not to be sufficient to explain why 2-DG treated  

cells stop growing. Because of its structural similarity to 

mannose, 2-DG has the potential to inhibit N-glycosylation in 

mammalian cells and other systems, and as such induces ER 

stress and the Unfolded Protein Response (UPR) 

pathway3,4.Clinicians have noted that 2-DG is metabolized in 

the pentose phosphate pathway in red blood cells at least, 

although the significance of this for other cell types and for 

cancer treatment in general is unclear. Work on the ketogenic 

diet as a treatment for epilepsy have investigated the role 

of glycolysis in the disease. 2-Deoxyglucose as a mimic for the 

ketogenic diet, and shows great promise as a new anti-epileptic 

drug. The authors suggest that 2-deoxy-D-glucose works, in 

part, by increasing the expression of Brain-derived 

neurotrophic factor (BDNF), Nervegrowth factor (NGF), Arc 

(protein) (ARC), and Basic fibroblast growth 

factor (FGF2). Such uses are complicated by the fact that 2-

deoxyglucose does have some toxicity5,6.A study found that by 

combining the sugar 2-deoxy-D-glucose (2-DG) 

with fenofibrate, a compound that has been safely used in 

humans for more than 40 years to lower cholesterol and 

triglycerides, an entire tumour could effectively be targeted 

without the use of toxic chemotherapy7.2-DG has been used as 

a targeted optical imaging agent for fluorescent in 

vivo imaging. In clinical medical imaging (PET 

scanning), fluorodeoxyglucose is used, where one of the 2-

hydrogens of 2-deoxy-D-glucose is replaced with the positron-

emitting isotope fluorine-18, which emits paired gamma rays, 

allowing distribution of the tracer to be imaged by external 

gamma camera(s). This is increasingly done in tandem with 

a CT function which is part of the same PET/CT machine, to 

allow better localization of small-volume tissue glucose-uptake 

differences8. Resistance to 2-DG has been reported in HeLa 

cells and in yeast; in the latter, it involves the detoxification of 

a metabolite derived from 2-DG (2-DG-6-phosphate) by a 

phosphatase. Despite the existence of such a phosphatase in 

human (named HDHD1A) however it is unclear whether it 

contributes to the resistance of human cells to 2-DG or affects 

FDG-based imaging9. 

 

Figure 1: Molecular structure of 2-deoxy-D-glucose 

 

Figure 2: Chair form of 2-deoxy-D-glucose 

 

Figure 3: Structural comparison of glucose and 2-deoxy-D-

glucose 

 

Figure 4: Schematic diagram of 2-DG action 
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Chemically it is (3R,4S,5R)-3,4,5,6-tetrahydroxyhexanal 

(synonyms:2-Deoxyglucose, 2-Deoxy-D-mannose, 2-Deoxy-D-

arabino-hexose, 2-Desoxy-D-glucose). The molecular formula 

of 2-DG is C6H12O5, and molecular weight is 164.16g/mol. 

Melting point is 142-144 0C. It is soluble in water and DMSO, 

and it is appeared as white to off-white solid10. 

Pharmaceutical importance 

2-Deoxy-D-glucose (2-DG) is an analogue of glucose that is 

preferentially captured by tumours and is accumulated in 

transformed cells, because the phosphorylated molecule (2-DG-

6P) cannot be metabolized or diffused outside the cells. 

Targeted with a fluorine atom, 18F-DG is currently used to 

visualize malignant tumours (PET scan). Although cancer cells 

have been reported to be strongly dependent on glycolysis 

(Warburg effect), very few reports have studied the inhibitory 

effects of 2-DG on cancer. In a large panel of human malignant 

cells of various origins (ovarian, squamous, cerebral, hepatic, 

colonic and mesothelial), if the inhibitory activity of 2-DG 

against tumour growth could be considered a general 

phenomenon and to determine its effect on the cell cycle. Four 

types of response in the different cell lines were observed when 

cells were cultured in the presence of 2-DG (5 mM) continuous 

exposure: proliferation slow down; proliferation arrest without 

signs of apoptosis; strong cell cycle arrest accompanied by 

moderate apoptosis induction; massive apoptosis. 2-DG 

appears as an interesting new therapeutic agent against cancer 

in vitro, and should be tested in in-vivo studies11-13. 

This compound has been shown to inhibit glucose metabolism. 

Treatment of human breast cancer cell lines with 2-deoxy-D-

glucose results in cessation of cell growth in a dose dependent 

manner. Cell viability as measured by the 3-(4, 5-

dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide 

conversion assay and clonogenic survival are decreased with 2-

deoxy-D-glucose treatment indicating that 2-deoxy-D-glucose 

causes breast cancer cell death. The cell death induced by 2-

deoxy-D-glucose was found to be due to apoptosis as 

demonstrated by induction of caspase 3 activity and cleavage of 

poly (ADP-ribose) polymerase. Breast cancer cells treated with 

2-deoxy-D-glucose express higher levels of Glut1 transporter 

protein as measured by Western blot analysis and have 

increased glucose uptake compared to non-treated breast cancer 

cells. From these results we conclude that 2- deoxy-D-glucose 

treatment causes death in human breast cancer cell lines by the 

activation of the apoptotic pathway. Our data suggest that 

breast cancer cells treated with 2-deoxy-D-glucose accelerate 

their own demise by initially expressing high levels of glucose 

transporter protein, which allows increased uptake of 2-deoxy-

D-glucose, and subsequent induction of cell death. These data 

support the targeting of glucose metabolism as a site for 

chemotherapeutic intervention by agents such as 2-deoxy-D-

glucose14-17.Abnormal glucose signalling has been found in 

many diseases including cancers and inflammatory diseases. 

According to recent report, glycolysis contributes to 

pathogenesis of psoriasis and ablation of Glut1 attenuates 

animal models of psoriasis. While we were screening a 

molecular target for atopic dermatitis, we found the levels of 

glucose transporters including Glut1 (SLC2a1) and Glut3 

(SLC2a3) are highly expressed in skin biopsies of dermatitis 

patients from multiple datasets. We demonstrated that 

administration of 2-deoxy-D-glucose (2-DG) ameliorates 

animal models of 12-o-tetradecanoylphorbol-13-acetate (TPA) 

and oxazolone induced dermatitis using morphological and 

histological analysis. These results suggest that inhibition of 

glucose metabolism ameliorates dermatitis in animal models18-

21. 

Hypoxia opens the window of selectivity for 2-DG: 

Glycolysis has survived a billion years of evolution dating back 

to a time when there was no oxygen in the atmosphere and the 

only means by which microbial life could sustain itself was 

through the breakdown of sugar (glycolysis). Applying this 

fundamental tenet to cancer, our interests in investigating the 

use of the glycolytic inhibitor 2-DG as a potential clinical agent 

to target chemo-resistant hypoxic cancer cells began in the late 

1990s. This idea was linked to previous studies in the early 

1980s in which in collaboration with Lan Bo Chen and his 

group we had shown that combining 2-DG with the 

mitochondrial uncoupler rhodamine 123 was effective in killing 

carcinoma cells in-vitro, and lowering tumour burden in-vivo. 

However, knowing that rhodamine 123 could potentially 

sensitize normal cells to glycolytic inhibitors such as 2-DG 

dampened the enthusiasm for developing this work for clinical 

application. It was the realization that the hypoxic areas in solid 

tumoursharboured the slow-growing tumour cell populations 

that were resistant to radio- and chemo-therapy, and that 
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hypoxia (without the need to use rhodamine 123) forced cells 

to rely on glycolysis for survival, that sparked our interest in 

targeting them with 2-DG. At this time, most of the literature 

on this sugar analogue was related to its use as an indicator 

(tritiated 2- DG) of glucose uptake. There were however 

reports by Jain and colleagues beginning in the late 1980s that 

were focused on administering 2-DG as a single high dose prior 

to radiation to increase the latter’s efficacy in the treatment of 

patients with brain cancer. Although there had been other 

sporadic reports of the use of 2-DG in cancer cells as well as to 

treat cancer patients, the results were not impressive enough for 

attracting more interests in its further development. 

Nonetheless, using three tumour cell models of simulated 

hypoxia, we were able to clearly demonstrate in vitro that 

blocking glycolysis with 2-DG led to tumour cell death. In 

contrast, tumour cells treated similarly, but under normoxia, 

survived. These latter results could be explained by the fact that 

under normoxia cells take up less 2-DG than when in hypoxic 

conditions and or that under normoxia even if glucose 

utilization is blocked by 2-DG, other energy sources such as 

fats and proteins can be used to produce ATP via oxidative 

phosphorylation. In contrast, under hypoxia tumour cells 

depend on glucose as their main energy source and blocking 

glucose metabolism with 2-DG essentially starves them to 

death. The strategy of inhibiting glycolysis and thereby 

targeting the chemotherapy-resistant hypoxic tumour cells was 

further supported by in-vivo results which showed increased 

treatment efficacy when 2-DG was combined with adriamycin 

and paclitaxel in human xenograft mouse models. Moreover, in 

a transgenic model of retinoblastoma using the hypoxic 

indicator pimonidazole, the first proof of principle that 2-DG 

kills hypoxic tumour cells in-vivo. Additionally, it was shown 

that although tumours were reduced by either agent alone, 

elimination of hypoxic areas within the tumours was only 

observed when animals were treated with 2-DG. This latter 

result was in accord with the generally accepted understanding 

that chemotherapy is unable to effectively target hypoxic cells. 

Definitive proof that 2-DG can eliminate hypoxic tumour cells 

in vivo further strengthens the rationale for developing 2-DG 

clinically22-31. 

 

 

2-DG inhibits viral replication: 

Recently found that, at clinically achievable doses, 2-DG 

interferes with Kaposi’s sarcoma-associated herpes virus 

(KSHV) genome replication leading to diminished virion 

production during the lytic phase of virus infection, a 

prerequisite for KSHV tumor genesis. Moreover, 2-DG also 

reduces transcriptional expression of several virally encoded 

genes critical for KSHV oncogenesis. These effects of 2-DG on 

KSHV appear to result from the drug’s interference with N-

linked glycosylation and induction of the UPR. It was shown 

that the activation of the PERK branch of UPR by 2-DG 

inhibits eIF2a-mediated global protein translation in virally 

infected cells. It is known that during active viral production, 

large quantities of glycoproteins are made in the ER 

compartment. Despite the unusually high ER function in 

response to viral production, viruses have developed means 

which allow protein synthesis required for their replication to 

proceed. In the case of human cytomegalovirus (CMV), it has 

been reported that viral genes TRS1 and IRS1 are responsible 

for preventing eIF2a phosphorylation. In herpes simplex virus 1 

(HSV-1), c134.5 indirectly dephosphorylates eIF2a and 

glycoprotein B (gB) directly inhibits cellular PERK, both 

leading to resumption of protein synthesis, facilitating viral 

replication. Although it is unclear why KSHV is not able to 

silence the ER stress response elicited by exogenous 2-DG, one 

possibility is that as the ER stress induced by 2-DG 

(interference with N-linked glycosylation leading to misfolded 

proteins) is different from that by viral replication (protein 

overproduction), the adaptive mechanism of virus does not 

apply to 2-DG. An alternative but not mutually exclusive 

explanation would be that 2-DG by interfering with 

glycosylation might disrupt the function of the component(s) of 

the viral machinery that block PERK. A third explanation is 

that the already overloaded ER protein folding machinery 

becomes highly vulnerable to exogenous stresses resulting from 

2-DG’s interference with N-linked glycosylation. 

Consequently, this could mount an overwhelming ER stress 

and UPR response to completely abolish viral gene expression 

and virion assembly. In theory, the inhibitory mechanism of 2-

DG could also be applicable to other viruses. The targeting of 

KSHV replication was achieved by low doses of 2-DG in lytic-

phase cells without inducing cytotoxicity. Interestingly, it was 
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recently reported that 2-DG at high doses preferentially kills 

KSHV-infected cells at latent stage, which is attributed to its 

inhibition of glycolysis. Thus, although the underling 

mechanisms are complex, 2-DG could be a promising agent in 

treating Kaposi’s sarcoma through targeting this disease at both 

the viral and cellular level. In addition to KSHV, 2-DG has also 

been reported to exert inhibitory effects on human 

papillomavirus 18 (HPV 18). Therein, the authors showed that 

2-DG down-regulates the expression of the oncogenic HPV 

E6/E7 gene at the level of transcription initiation in a Ca21-

dependent manner in HPV 18-infected cells. It should be noted 

that unlike the mechanism of action of 2-DG on KSHV 

inhibition mentioned above, ER stress/UPR induction does not 

seem to account for the observed activity of 2-DG in the setting 

of HPV infection. It is estimated that approximately one-tenth 

of all cancer incidences are viral-related, and it is suggested 

that increased glucose uptake and aerobic glycolysis might be a 

common trait of viral infection. Therefore, regardless of its 

anti-viral mechanism, 2-DG could be preferentially enriched in 

infected cells and thus holds promise for treating viral induced 

cancers, thereby significantly reducing the overall burden of 

these tumour types. Moreover, these effects of 2-DG might 

prove to also be effective in other non-cancerous diseases that 

are caused by viral infection32-39. 2-Deoxy-D-glucose (2-DG), a 

glucose analogue that inhibits glycolysis, has acute and chronic 

antiepileptic effects. We evaluated 2-DG’s acute effects on 

synaptic and membrane properties of CA3 pyramidal neurons 

in vitro. 2-DG (10 mM) had no effects on spontaneously 

occurring postsynaptic currents (PSCs) in 3.5 mM extracellular 

potassium concentration ([K]o). In 7.5 mM [K]o, 2DG 

significantly reduced the frequency of epileptiform bursting 

and the charge carried by postsynaptic currents (PSCs) with a 

greater effect on inward excitatory compared with outward 

inhibitory charge (71% vs. 40%). In 7.5 mM [K]o and 

bicuculline, 2DG reduced significantly the excitatory charge by 

67% and decreased the frequency but not amplitude of 

excitatory PSCs between bursts. In 7.5 mM [K]o, 2DG reduced 

pharmacologically isolated inhibitory PSC frequency without a 

change in amplitude. The frequency but not amplitude of 

inward miniature PSCs was reduced when 2DG was applied in 

7.5 mM [K]o before bath application of TTX, but there was no 

effect when 2DG was applied after TTX, indicating a use-

dependent uptake of 2DG was required for its actions at a 

presynaptic locus. 2-DG did not alter membrane properties of 

CA3 neurons except for reducing the slow 

afterhyperpolarization in 3.5 but not 7.5 mM [K]o. The 

reduction in frequency of spontaneous and inward miniature 

PSCs in elevated [K]o indicates a presynaptic mechanism of 

action. 2-DG effects required use-dependent uptake and 

suggest an important role for glycolysis in neuronal metabolism 

and energetics in states of high neural activity as occur during 

abnormal network synchronization and seizures40.2-Deoxy-D-

glucose is a glycolytic inhibitor and suppresses epileptiform 

activity acutely and has chronic antiepileptic effects. The 

mechanisms of the acute effects are not well delineated. In this 

study, we show 2-DG suppressed abnormal network 

epileptiform activity without effecting normal synaptic network 

activity or membrane properties. The effects appear to be use 

dependent and have a presynaptic locus of action. Inhibition of 

glycolysis is a novel presynaptic mechanism to limit abnormal 

neuronal network activity and seizures41-43. Acute actions of 2-

DG on epileptiform activity and point to a presynaptic 

mechanism for 2-DG’s effects that normalizes CA3 network 

function in high potassium, a condition that is observed in 

association with epileptic activity. The effects are only noted 

when synaptic network activity is increased, consistent with 

use-dependent mechanisms occurring when network activity is 

increased. These features suggest that 2-DG is unlikely to 

affect normal central nervous system functions but has 

potential therapeutic actions against network synchronization in 

conditions of increased neural activity44-46. 

2-DG altered immune parameters of the thymus suggesting that 

the effect of stress on thymocytes could result in altered 

numbers of functional T-lymphocytes that can migrate to 

secondary immune organs resulting in an alteration of the T-

cell responses and interactions in those organs. In support of 

this hypothesis, our previous paper demonstrated an increase in 

splenic CD8^ T-cells after both acute and chronic stress. 

Additionally, the stress-induced increase of apoptosis may 

selectively alter the profile of the T-cell subpopulations in the 

thymus. Studies of the effect of stress on the immune system 

provide a way to evaluate the coordination of the immune 

system with other systems in the maintenance of homeostasis. 

The objectives of the present study were to characterize the 
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immunomodulatory effect of 2-DG, a metabolic stressor, on 

both primary and secondary immune organs and to examine the 

possible neuroendocrine mechanism(s) mediating 2-DG-

induced immunomodulation using male, Lewis rats; The first 

study demonstrated that acute and chronic 2-DG administration 

induced a decrease total leukocyte counts, organ weight, IFN-

[gamma] production, and mitogen response of lymphocytes in 

both spleen and whole blood. The ratio of CD4+/CD8+ in the 

spleen was decreased due to a significant increase in CD8+ T-

cell subpopulation. In contrast, there was a significant increase 

in nitrite production in cultures of spleen and blood leukocytes 

from 2-DG-injected rats compared with saline-injected 

controls. Production of IL-1 and IL-2 by cells from these 

tissues was significantly reduced in the blood, but not in the 

spleen. Moreover, the kinetics of 2-DG-induced 

immunomodulatory effects in the spleen and blood were 

different. Hence, acute and repeated 2-DG exposure induced 

alteration of immune function in both spleen and blood; The 

objectives of the second and third projects were to examine the 

role of peripheral catecholamines and adrenal hormones in 2-

DG-induced immune alteration. Results indicated that the 

[beta]-adrenergic receptor antagonist nadolol, attenuated 2-DG-

induced suppression in the spleen, but not in the blood. 

Adrenalectomy attenuated 2-DG-induced alteration of immune 

parameters in the blood, but did not attenuate altered immune 

function in the spleen. These data suggest that the sympathetic 

release of catecholamine’s is responsible for splenic immune 

alterations, whereas adrenal hormones are responsible for 

immune alterations observed in blood leukocytes. Results from 

the second and third projects also indicate that common 

neuroendocrine pathways exist for several types of stressors 

which induce immunomodulation; the characterization of 2-DG 

modulation of thymic parameters was established in the fourth 

study. Repeated 2-DG administration induced a significant 

reduction of thymus weight, total thymocytes, mitogen 

responsiveness of T-lymphocytes, and nitric oxide production 

by thymic stromal cells. Additionally, the numbers of CD4+ 

and CD4+CD8+ double positive T-cells decreased in the 

thymus of rats which received multiple 2-DG injections, but the 

numbers of CD8+ T-cells increased. Moreover, 2-DG-induced 

an elevation of adrenal hormones which initiates a long-lasting 

process of increased apoptosis in the thymus. Thus, 2-DG-

induced immunomodulation of the thymus may result in the 

changes of immune function in the spleen and blood. 2-DG did 

not kill melanoma cells, but enhanced TRAIL-induced 

apoptosis in cultured melanoma cells and fresh melanoma 

isolates. This was associated with increased activation of the 

caspase cascade and mitochondrial apoptotic pathway, and was 

blocked by inhibition of TRAIL-R2, and to a lesser extent, 

inhibition of TRAIL-R1. Treatment with 2-DG up-regulated 

TRAIL death receptors, in particular, TRAILR2, on the 

melanoma cell surface. Up-regulation of TRAIL-R2 was due to 

increased transcription that was not dependent on the 

transcription factors, p53 and CHOP. Instead, the IRE1α and 

ATF6 pathways of the unfolded protein response that were 

activated by 2-DG appeared to be involved. Moreover, XBP-1, 

which is known to be transcriptionally regulated by ATF6 and 

functionally activated by IRE1α, was found to play an 

important role in 2-DG-mediated transcriptional up-regulation 

of TRAIL-R2 in melanoma cells. Conclusion: These results 

indicate that 2-DG sensitizes human melanoma cells to TRAIL-

induced apoptosis by up-regulation of TRAIL-2 via the 

ATF6/IRE1α/XBP-1 axis of the unfolded protein response. 

They suggest that 2-DG is a promising agent to increase the 

therapeutic response to TRAIL in melanoma47-49. The unnatural 

glucose analogue 2-deoxy-D-glucose was found to be 

fungistatic rather than fungicidal for a laboratory wild-type 

strain of the Basidiomycete Coprinus lagopus; the analogue 

was not used as a carbon+energy source. Extension-growth rate 

of the organism was profoundly affected by the presence of 2-

deoxy-D-glucose; but although this growth could be prevented 

completely the inhibition was readily annulled, either by the 

addition of an excess of the normal substrate or by transfer to 

normal media. The extent of the inhibition observed depended 

not only on the ratio of normal hexode to analogue, but also on 

the identity of the normal hexose in the medium. Coronus 

lagopuswas at least 100 times more sensitive to the analogue 

when fructose was present than with glucose. This extreme 

sensitivity differential was also observed in the effect of 2-

deoxy-D-glucose on oxygen uptake by spore suspensions: 

inhibition of O2 uptake occurred, and was about 100 times 

greater with fructose than with glucose50-51. 2-Deoxy-D-glucose 

is a molecule with a broad range of applications, from a reagent 

to a potential anti-cancer drug. As a reagent it can be combined 
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with the radiolabel fluorine-18 to monitor glucose metabolism 

using positron emission tomography (PET) allowing detection 

of altered metabolism resulting from diseases like Alzheimer’s 

and cardiovascular disease. As a therapeutic drug 2-deoxy-D-

glucose uptake is the same as regular glucose, but has an 

inhibiting effect on cell growth. This makes it an effective 

tumour suppressant. It is a potential anti-epileptic drug due to 

its mimicry of ketogenic diets used for treating epilepsy, by 

increasing Brain-derived neurotrophic factors, nerve and basic 

fibroblast growth factors and Arc protein. 2-Deoxy-D-glucose’s 

anti-cancer properties stem from its ability to slow both tumour 

growth and mark tissues with elevated glucose and hexokinase 

activity, which are common markers for cancer activity. It can 

also be used to increase the absorption of other chemotherapy 

agents like adriamycin and paclitaxel52. On May 8, 2021, 

the Drugs Controller General of India approved an oral drug, 

based on 2-deoxy-D-glucose, for emergency use as adjunct 

therapy in moderate to severe corona virus patients. It was 

developed by DRDO; Dr. Reddy's Laboratories will be 

manufacturing the drug for treating patients in India's second 

wave of COVID53-55. 

2-DG anti-covid drug: 

The phase one 1stphase,2nd trial results, based on which the 

emergency use authorisation has been granted by DCGI, show 

a lot of promise.A drug to treat corona virus patients, 

developed by the DRDO (Defence Research and Development 

Organisation) of India , has been approved for emergency use 

by the country's top drugs controller as India battles the second 

wave of the pandemic that is killing thousands every day. The 

drug comes in powder form in a sachet and is taken orally by 

dissolving it in water. A DRDO lab and Hyderabad-based Dr 

Reddy's Laboratories developed the anti-covid therapeutic 

application of the drug 2-deoxy-D-glucose (2-DG).The Drugs 

Controller General of India (DCGI) cleared the drug after 

clinical trial results showed that a molecule present in the drug 

helps in faster recovery of hospitalised patients and reduces 

supplemental oxygen dependence. A higher proportion of 

patients treated with the drug tested negative for Covid in RT-

PCR tests. In the second phase of trials between May and 

October last year, the drug was found to be safe in COVID-

19 patients and showed significant improvement in their 

recovery. The second round was conducted in 110 patients. 

While the third round of trials was conducted in six hospitals, 

"dose ranging" was conducted in 11 hospitals across India. 

Massive international help has been pouring in as India reports 

shortage of essential drugs, medical oxygen and other supplies 

needed for Covid patients after the sudden surge in COVID-19 

cases crippled the country's healthcare system56-57. 

Right now, while there are no specific anti-covid drugs 

available in India, or globally, medicines like remdesivir, 

tocilizumab, steroid drugs, ivermectin, hydroxychloroquine 

(until last year), dexamethasone are being repurposed for use to 

tame the symptoms associated with the viral infection. 

However, their use, as well as availability has been brought to 

question in recent weeks. In a time like this, researchers believe 

that the 2-deoxy-D-glucose, therapeutic coviddrug offers much 

better use than the repurposed drugs. It should be noted that the 

medicine developed by DRDO is also a repurposed drug. 

However, clinical trials and research done so far have shown 

more effective results than other medicines used to treat covid 

patients right now. According to researchers, the drug, which 

was previously used to treat tumorous cancer cells, contains the 

2-DG molecule, which is a glucose analogue (i.e., not true 

glucose). The drug thus works by stopping the viral growth in 

the body upon infection/spread. Any virus needs glucose to 

survive and thrive. When the drug is injected into the body, it 

attaches itself to the virus and stops multiplication and further 

spread in the body, thereby working to control the 

complications and severity it can cause. Thus, in a unique 

manner, it works to tame down viral replication and energy 

synthesis. 

Additionally, defense researchers, speaking to agencies have 

also said that the drug works in altering the body's oxygen need 

when severe infection strikes. Since oxygen deprivation and 

demand fuel up when there's a high viral spread in the body, 

the 2-DG drug inhibits growth and reduces the body's need for 

further oxygen as well. As for the efficacy, extensive research 

has been carried out since last year. Clinical laboratory-based 

studies, as well as usage under hospitalized settings, have 

shown that the medicine showcased significant improvement in 

recovery timelines, achieved normalization of vital parameters 

in comparison to standards of care medicines (SoCs). The 2-

DG medicine is to be taken orally, mixed in water 2 times a 

day. COVID-19 patients may be required to take this drug for 
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5-7 days to completely stop viral growth. Right now, the drug 

has been recommended for use in moderate to severe COVID-

19 cases only. Patients suffering from mild infections, 

recovering at home may not need the drug, and can easily 

recover at home following due protocols. 

2-DG activates the immune system: 

Glycosylation is known to play a role in antigen recognition by 

the immune system. Therefore, it is possible that 2-DG, by 

interfering with N-linked glycosylation, may modulate the anti-

genicity of tumour cells. In this regard, recently, it was reported 

that at low dose (approximately 0.5 mM), 2-DG augments 

etoposide-induced antitumor response to both lymphoma and 

colon cancer cells by enhancing the CD8 cytotoxic T cell 

recruitment into the tumour sites. Furthermore, the authors 

demonstrate that the mechanism of enhanced immune response 

by 2-DG is related to its interference with N-linked 

glycosylation leading to ER stress. However, the notion that 2-

DG treatment can lead to an immunogenic outcome is 

challenged by another recent report in which 2-DG was shown 

to inhibit natural killer cell-mediated immune response. It is 

important to note that in this report high dose 2-DG (20 mM) 

was used. As mentioned above, 2-DG manifests different 

metabolic effects at various doses which may explain these two 

opposing results. Further research, therefore, appears to be 

warranted for better understanding how altering the dose of 2-

DG modulates immune activation against tumour cells58, 59. 

CONCLUSION 

With the biological trait of increased glucose metabolism so 

inherent in the make-up of a tumour cell, it appears only a 

matter of time when 2-DG will become a widely accepted 

treatment for cancer. It is also improving the immune system. 

2-DG is an oral drug to be administered upon prescription to 

hospitalised moderate to severe COVID-19 patients along with 

existing standard of care. As per the government release, 

clinical trial data show that the drug helps hospitalised Covid 

patients recover faster and reduces their dependence on 

supplemental oxygen. The release explains that the drug 

accumulates in virus-infected cells, stopping viral synthesis and 

energy production thus preventing the growth of infection.  
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