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Numerous experiments demonstrated that pyruvate is more beneficial than anions in current medical fluids because of 
its beneficial biological and pharmacological properties via increasing hypoxia/anoxia tolerance, correcting hypoxic 
lactic acidosis, and exerting anti- oxidative stress, -inflammation, and -apoptosis. These target against major features of 
pathological defects in Covid-19 viral infection: hypoxia and cytokine storm that induce clinical dyspnoea and 
lymphopenia. The spontaneous pyruvate reduction with lactate dehydrogenase (LDH) may play a pivotal role in 
enhancing nicotinamide adenine dinucleotide oxidized/ reduced form (NAD /NADH) ratio, preserving canonical 
glycolytic pathways. Also, the core of exogenous pyruvate actions may be the reversal of Warburg effect in aberrant 
glucometabolic pathways in hypoxia with viral infections by reactivating pyruvate dehydrogenase (PDH) activity due to 
its direct inhibition of the PDH kinase (PDK), eliminating intracellular acidosis and energy crisis. 
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SUMMARY 

Numerous experiments demonstrated that    

pyruvate is more beneficial than anions in       

current medical fluids because of its beneficial       

biological and pharmacological properties via     

increasing hypoxia/anoxia tolerance, correcting    

hypoxic lactic acidosis, and exerting anti-      

oxidative stress, -inflammation, and -apoptosis.     

These target against major features of      

pathological defects in Covid-19 viral infection:      

hypoxia and cytokine storm that induce clinical       

dyspnoea and lymphopenia​. The spontaneous     

pyruvate reduction with lactate dehydrogenase     

(LDH) may play a pivotal role in enhancing        

nicotinamide adenine dinucleotide oxidized/    

reduced form (NAD​+​/NADH) ratio, preserving     

canonical glycolytic pathways. Also, the core of       

exogenous pyruvate actions may be the reversal       

of Warburg effect in aberrant glucometabolic      

pathways in hypoxia with viral infections by       

reactivating pyruvate dehydrogenase (PDH)    

activity due to its direct inhibition of the PDH         

kinase (PDK), eliminating intracellular acidosis     

and energy crisis. The characteristics indicate      

that pyruvate is robustly systemic metabolism      

and multiorgan function protective in critical      

care patients with or without Covid-19 viral       

infection, particularly in Covid-19 patients     

suffered from diabetes, ​parenchymatous comor-     

bidities, or aging. Albeit it is not an anti-virus         

agent, studies suggest that pyruvate potentially      

facilitates anti-virus drugs, interferons, cytokine     

IL-6 blockers, and ​Na​+​-glucose cotransporter-2     

(SGLT2) inhibitor ​(​Dapagliflozin) ​against    

Covid-19 and even may inhibit virus replication,       

like Chloroquine treats Covid-19. Pyruvate may      

also ​diminish ​Coivid-19 ​virus-cellular receptor     

binding by inhibiting the glycosylation of viral       

receptor, the virus endocytosis by ​enhancing      

intracellular pH in endosomes, and the ​virus       

replication and release in the endoplasmic      

reticulum (ER) by protecting ER function​.      

Despite not FDA-approved, clinical studies in      

several hundred patients subjected to various      

diseases strongly support pyruvate effectiveness     

and safety. Currently, pyruvate is a nutritional       

supplement, like melatonin and NAD​+ ​
supposed    

 
 

in treating Covid-19, in markets, and would be        

superior to them. This review proposes that       

compassionate uses of pyruvate-enriched    

intravenous or oral rehydration solutions are      

encouraged in fluid intervention and prophylaxis      

of Covid-19 viral infection. 

Keywords: covid-19; hypoxia; cytokine storm; oral      

rehydration solution; prevention; pyruvate; viral     

infection. 
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I. INTRODUCTION 

A specific medicine or proven treatment for severe        

Covid-19 has been a lack in clinical scenarios,        

though Remdesivir is attractive [1]. As to the        

prop​hylactic agents of Covid-19, to date, only       

Chloroquine and vaccine are most popular, but       

both potential efficacies are facing challenges      

regarding the safety and effectiveness [2,3].      

Therefore, ​we propose that pyruvate-based fluids      

(intravenous (IV) pyruvate solutions and     

pyruvate-enriched oral rehydration salts    

(Pyr-ORS) modified by equimolar pyruvate     

replacement of bicarbonate or citrate in      

WHO-ORS) would be not only a volume       



L
o

n
d

o
n

 J
o

u
rn

al
 o

f 
M

e
d

ic
al

 a
nd

 H
e

al
th

 R
e

se
ar

ch

70 Volume 20 | Issue 6 | Compilation 1.0  © 2020 London Journals Press

Pyruvate Potential Effects on Covid-19 Virus Infection: Novel Fluid Intervention and Prevention

expan​der, bu​t also a therapeutic agent to preserve        

multiorgan function and acid-base balance in the       

resuscitation of severe patients with or without       

Covid-19 [4,5]. Pyruvate, ​per se​, in novel fluids        

may be additionally beneficial in combating      

Covid-19 virus infection by modulation of      

immunoreaction and attenuation of the virus      

replication, particularly in combination with     

relevant agents, including ​Remdesivir and     

Chloroquine. Oral Pyr-ORS, hence, may also be       

feasible and helpful for prophylaxis of Covid-19.  

II. PYRUVATE IN A FLUID INTERVENTION  

2.1 Pyruvate in the reversal of Warburg effect  
The fluid therapy certainly plays a pivotal role in         

critical care patients with or without Covid-19.       

Still current oral and IV fluids are unsatisfied        

because anion compositions are not optimal      

according to ​clinical needs. Numerous experi-      

mental studies demonstrate that pyruvate ​has      

beneficial biomedical attributes with the increase      

of hypoxia/anoxia tolerance, correction of hypoxic      

lactic acidosis, exertion of anti-oxidative stress/      

inflammation, and protection of mitochondrial     

function and against cellular apoptosis under      

various pathogenic insults [4,5]. These superior       

clinical pharmacological characteristics are    

unique relative to anions in current fluids. Of        

those, the key activity of pyruvate is that under         

anoxia, including hypoxia/ischemia, trauma,    

inflammation, and high glucose, etc., it can       

preserve ​canonical glycolytic pathways through     

the spontaneous pyruvate reduction with lactate      

dehydrogenase (LDH) and rejuvenation of key      

glycolytic enzymes (like pyruvate kinase),     

resultantly improving NAD​+​/NADH (​nicotina-    

mide adenine dinucleotide oxidized/ reduced     

form) ​and GSH/GSSG (​glutathione    

reduced/oxidized form) ​ratios; predominantly, it     

can also reactivate pyruvate dehydrogenase     

(PDH) activity, which is always declined by       

diverse pathogenic insults, by direct inhibition of       

PDH kinase (PDK) [5,6]. Consequently, pyruvate      

promotes oxidative phosphorylation in the     

tricarbonyl acid (TCA) cycle in hypoxia and other        

pathogenic attacks. Therefore, ​it is of paramount       

importance that pyruvate can restore glucose      

metabolic disorders (Warburg effect) in various      

diseases [5,6]. Also, pyruvate is a potent inherent        

anti-oxidative and anti-inflammatory agent and     

exogenous pyruvate is an inhibitor of interleukins,       

like IL-2 and IL-6 [7]. Accordingly, pyruvate       

precisely targets the major pathological features      

of Covid-19 patients: hypoxemia and     

inflammatory cytokine storm (​dyspnoea and     

lymphopenia​), which were already shown in early       

clinical reports [8].  

2.2 Pyruvate in the correction of hypoxic lactic               
acidosis 
It has been notable since the early reports that         

hyperlactatemia is recurrently with a rise of serum        

lactate dehydrogenase (LDH) activity due to      

infection and hypoxia [9,10], despite data absence       

of metabolic acidosis (lactic acidosis) and reduced       

PDH activity in patients subjected to severe       

Covid-19 [10,11]. It is not controversial that the        

PDH activity and energy metabolism are      

depressed in severe and critical Covid-19 patients,       

as shown in patients subjected to severe influenza        

with mitochondrial energy crisis [12]. Hypoxic      

lactic acidosis is one of the lethal complications in         

patients with various critical diseases, including      

severe Covid-19 [13,14]. Specifically, diabetes is a       

risk cause for developing severe and critical       

Covid-19 and death; while Metformin and      

sodium-glucose linked transporter-2 (SGLT2)    

inhibitors in diabetes treatment may contribute to       

lactic acidosis and ketoacidosis [14,15]. 

However, pyruvate can reduce the LDH activity       

and eliminate blood lactate levels [6,7,16]; it also        

promotes lactate oxidation through the restored      

PDH activity in the TCA cycle, contributing to        

lactic acidosis correction by various proton      

([H​+​])-consumed pathways [4,5]. Accordingly,    

pyruvate would enable to prevent and correct       

hyperlactatemia and energy crisis in Covid-19      

patients. It is reasonably envisioned that      

pyruvate-enriched fluids, which contain low     

concentrations of pyruvate in IV pyruvate      

solutions and Pyr-ORS (see below), would be       

specifically suitable for clinical resuscitation of      

severe and critical Covid-19 patients, improving      

survival and attenuating acute and chronic organ       

dysfunction including respiratory failure as shown      

in novel coro​navirus pneumonia​. Intriguingly,    

https://www.google.com/search?q=NCP,+novel+coronavirus+pneumonia&spell=1&sa=X&ved=2ahUKEwiSsMPa1_bqAhVfFzQIHbzzBQIQkeECKAB6BAgNECY
https://www.google.com/search?q=NCP,+novel+coronavirus+pneumonia&spell=1&sa=X&ved=2ahUKEwiSsMPa1_bqAhVfFzQIHbzzBQIQkeECKAB6BAgNECY
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animal studies demonstrated that pyruvate     

promisingly protected lung energy metabolism     

and function [17,18]. Additionally, pyruvate     

preservation of glucose metabolism in multiple      

organs with various insults is also resulted from        

its stimulation of the hypoxia-inducible     

factor-1α-erythropoietin (HIF-1α-EPO) pathway   

to improve glucose metabolic disorders [19].      

Dichloroacetate (DCA) displayed suppression of     

pulmonary fibrosis through the HIF-1α/PDK axis      

[20], while pyruvate is the HIF-1α stimulator [19].        

Thus, pyruvate may be similarly favorable in the        

decline of pulmonary fibrosis in Covid-19-induced      

novel coro​navirus pneumonia​. 

Therefore, innovative experimental pyruvate-    

enriched fluids are advantageous over current      

fluids in resuscitation from severe and critical       

patients with or without Covid-19 viral infection.       

The biological functions of anions in regular fluids        

are inferior in organ protection and lactate       

acidosis correction. ​The post-exogenous pyruvate     

metabolic profile was explicitly illustrated     

previously [4-6].  

III. PYRUVATE AND ANTI-VIRUS 
RELEVANT AGENTS IN COVID-19 

3.1 Pyruvate with anti-virus agents in Covid-19 
As to its effects on viral infection, pyruvate has the          

dearth of direct evidence at present; however,       

studies indicate pyruvate inhibition of viral      

infection. It is not an antiviral drug, but pyruvate         

may facilitate interferons (IFNs)’ efficiency in      

viral infections. Type I IFNs, broad-spectrum      

anti-RNA viral agents, have been approved in       

clinical settings, including the treatment of      

hepatitis viral infections. A study recently found       

that IFN-α/β exhibited potent anti-SARS-CoV-2     

activities in cell cultures, suggesting the      

therapeutic potency of type I IFNs for Covid-19        

[21]. Preliminary clinical trials demonstrated that      

INF-β-1b, combined with anti-virus drugs,     

showed more efficiency in treating Covid-19      

patients [22]. Interestingly, it was shown that 10        

mmol/L pyruvate, opposite to lactate, could elicit       

a redox imbalance to increase the apoptosis of        

colon cancer cells induced by the type II IFNγ         

[23]. The above clues imply a possibility that        

pyruvate may enhance IFNs effects on Covid-19       

viral infection. 

It was recently found in clinical studies that        

Tocilizumab, an IL-6 blocker, efficiently treated      

severe and critical Covid-19 patients [24]. As a        

potent endogenous IL-6 (in addition to IL-2,       

TNF-1α, NF-kB, and HMGB-1) inhibitor with      

anti-inflammatory nature [7], pyruvate had been      

demonstrated to be IL-6 inhibitive in influenza A        

virus infection [25]. Thus, pyruvate may promote       

IL-6 blockers’ inhibition of the specific cytokine       

storm in Covid-19.  

On the other hand, as to anti-inflammation, some        

animal researches have indicated that pyruvate as       

supportive care may facilitate control of bacterial       

infection and improve survival in clinical settings.       

As to antiviral effect, DCA as a PDK inhibitor has          

been demonstrated to decline hepatitis C virus       

(HCV) replication, and anti-HCV agents may      

repurpose against Covid-19 [26]. Also, there was       

cell experimental evidence that ethyl pyruvate      

(EP​, ​a derivative of sodium pyruvate), one of        

histone deacetylase inhibitors (HDACi) also,     

prevented hepatitis B virus-induced autophagy in      

hepatocytes [27]. As both a PDK inhibitor like        

DCA and an HDACi like EP, therefore, sodium        

pyruvate would be probably favorable in      

inhibition of Covid-19 virus replication,     

particularly with co-administration of Ribavirin     

or interferon-α, improving organ function and      

survival of critical Covid-19 patients [26].  

Also, Dapagliflozin (SGLT2 inhibitor) that raises      

intracellular pH and reduces lactate level was       

proposed in the protective effect against Covid-19       

[28]. Pyruvate, as a superior alkalizer to rapidly        

improve intracellular pH, thereby significantly     

preserve organ function and metabolism [4-6],      

may resemble the Dapagliflozin effect on Covid-19       

and additionally reduce viral entry into      

susceptible target cells by prevention of      

endosomal acidification as Chloroquine and     

ammonium chloride (NH​
4​Cl) shown in cell      

experiments with SARS coronavirus as well as       

influenza and Ebola viruses. Both Remdesivir and       

Chloroquine are highly effective in inhibiting the       

Covid-19 virus in cell experiments, ​in vitro [29],        

and several clinical trials preliminarily     
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demonstrated that Chloroquine is favorable in the       

prophylaxis and treatment of Covid-19 patients.      

However, a high-quality clinical trial is needed       

[30,31]. Although the underlying mechanism of its       

effectiveness in treating Coivid-19 remains     

explored, it is well known that Chloroquine first        

blocks the viral infection by interfering with the        

glycosylation of ​human ​angiotensin-converting    

enzyme 2 (ACE2) receptor [32​]. The terminal       

glycosylation of the ACE2 receptor could also be        

resisted by pyruvate because of its inhibitory       

property of glycation as advanced glycosylation      

end products (AGEs) inhibitor [6,33,34],     

therefore, probably preventing ​Coivid-19 ​virus-     

cellular receptor binding. Chloroquine further     

obstructs virus infection by ​enhancing     

intracellular pH in endosomes, while endosomal      

acidification is required for virus/cell fusion      

(endocytosis) [30-33]. Accordingly, pyruvate as a      

potential inhibitor of endosomal acidification may      

inhibit the virus endocytosis ​by the pH-dependent       

endocytic pathway in Covid-19. Furthermore, in      

the ​infected cells, Covid-19 virus membrane      

proteins require targeting and assembling in ​the       

endoplasmic reticulum (ER) for further virus      

replication and release [30]. The functional ER       

might block this process, while pyruvate has       

shown protection against ER stress and apoptosis       

[35]. 

3.2 Pyruvate in viral infection 

Although there has been neither experimental nor       

clinical research report on pyruvate effects on       

Covid-19 viral infection, a preliminary     

investigation showed that pyruvate attenuated the      

immune response of macrophages in mice      

infected with influenza A virus [25]. The data        

indicated that pyruvate significantly reduced     

cytokine (IL-6, IL-1β, and TNF-α) levels via its        

effect as an antioxidant and products of reactive        

oxygen species via its protection against      

mitochondrial damage. Pyruvate might also     

modulate the metabolism and function of immune       

cells synergistically to suppress virus replication,      

in vivo, ​as Chloroquine showed, ​in vitro ​[25]. ​EP         

(​an anti-inflammatory agent, a high mobility      

group box 1 (HMGB1) protein inhibitor, too) also        

inhibited macrophage pyroptosis in experimental     

endotoxemia and inflammation induced by a viral       

infection with hepatitis, Dengue, and porcine      

circovirus type 2 viruses [27,36,37]. These facts       

that EP inhibits viral infections support potential       

pyruvate effects on Covid-19 treatments, however,      

EP is not helpful in humans [5]. ​Prospectively,        

pyruvate replacement in fluid resuscitation plus      

antiviral drugs (such as ​Remdesivir ​or      

Chloroquine), INFs, and IL-6 blockers, etc. would       

significantly improve clinical outcomes of severe      

Covid-19 patients. Novel pyruvate fluids,     

including inhalation of nebulized pyruvate alone,      

would be applicable in prophylaxis and cure of        

asymptomatic and moderate Covid-19 patients to      

promote recovery, but mainly in severe or critical        

Covid-19 patients with or without comorbidities,      

such as cardiovascular, hepatorenal parenchy-     

matous diseases, obesity, diabetes, and aging, to       

enhance survival. Pyruvate fluids may also be       

beneficial in other severe viral infections, like       

Ebola, SARS, and MERS, relative to current       

fluids. Enteral Pyr-ORS is also adding a functional        

drink to rehydrate and supply energy as one of the          

nutrition remedies in patients subjected to      

Covid-19, like patients with WHO-ORS used in       

Ebola viral infection. 

IV. PYRUVATE IN CLINICAL 
INVESTIGATIONS OF VARIOUS 

DISEASES 

4.1 Clinical studies with intravenous, oral or             
inhalable pyruvate 
Despite not FDA-approval, many clinical studies      

have illustrated pyruvate t​reatme​nts of various      

diseases in the brain, heart, liver, and diabetes in         

various etiologies with the products at the time        

since the 1940s. The promising outcomes were       

achieved by intra-coronary artery or IV pyruvate       

injection with a large dosage from several grams        

to over 80 grams each infusion for 1-10 days         

[5,38], while a small pyruvate dose in cardioplegia        

for open-heart surgery was also demonstrated      

with robust cardioprotection [39]. Notably, there      

were several reports on IV pyruvate loading tests        

with 0.5 g/kg in 10 min in young adults, even          

diabetic subjects with 10 g in 4 min without         

clinical cytotoxic effects during past decades      

[5,40].  
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Alternatively, although oral pyruvate is limited      

effective in a ​dose less than 25 g in humans [5,41],           

a large dose (30-60g/d) of oral pyruvate ingestion        

for days showed effectiveness in treating diabetic       

patients with a reduction of daily insulin injection        

because it stimulates insulin secretion and      

hypoglycemia [5,42]. Oral pyruvate (0.75-1.5g/     

kg/d for months) also showed clinical improve-       

ment in patients with lactic acidosis-accompanied      

mitochondriopathy [5,43]. Also, inhalation of a      

small dosage of pyruvate showed clinical      

effectiveness in chronic obstructive pulmonary     

diseases [44]. 

4.2 Safety of clinical pyruvate application 
All adverse effects were merely symptoms of       

gastrointestinal irritation, such as nausea,     

flatulence, and diarrhea, in patients reported      

following oral ingestion instead of IV infusion of        

pyruvate because of ingestion of dosages over 15 g         

at once. This can classify pyruvate as a nontoxic         

substance in humans [5]. Clinical studies on       

pyruvate treatments and IV loading tests with       

early products of pyruvate without adverse effects       

strongly suggest its safety in several hundred       

patients, which resembled a clinical phase II trial,        

demonstrating its clinical value with the absence       

of significant clinical toxicity. The early data       

concerning pyruvate acute toxicology indicated     

that oral pyruvate LD​
50

was over 10.0 g/kg in rats          

and IV pyruvate LD​
50

was over 1.25 g/kg in mice          

[38]. Recently, pyruvate was strongly encouraged      

with its clinical use [45]. It is worth noting that          

despite pyruvate not being cytotoxic in humans, a        

large amount of oral pyruvate is not clinically        

tolerant due to its GI irritation. However, a small         

dose of pyruvate combined with an appropriate       

amount of glucose in Pyr-ORS formulas would       

overcome this difficulty owing to the easy       

absorption of pyruvate via Na​+​-glucose     

cotransporters in the intestinal epithelium as      

demonstrated with cell/organ protection in     

various pathogen insults in animal studies [6,46].       

Accordingly, clinical trials with pyruvate-enriched     

fluids compared with current fluids are urgently       

warranted under protocols of compassionate use      

in combating severe patients with Covid-19.  

V. RELEVANT ISSUES 
A hypothesis was recently proposed that      

me​latoni​n, an antioxidative and anti-inflamma-     

tory agent, like pyruvate in supplemental food       

markets, may be beneficial in the prevention and        

treatment of Covid-19 [47,48]. The experimental      

data reported are consistent with pyruvate      

applications [49], as recommended here.     

Intriguingly, as pyruvate, oral melatonin also      

showed protective effects on the diabetic retina       

[50]. There are many similar biomedical      

properties in organ protection between pyruvate      

and melatonin. However, pyruvate should be      

superior to melatonin at least in protecting       

against intracellular acidosis and energy crisis in       

severe viral infection like Covid-19 virus. 

Because aqueous pyruvate solutions are not stable       

at room temperature and pyruvate dimers      

(para-pyruvate) generated in pyruvate solutions     

are toxic in cell experiments due to the inhibition         

of ketoglutarate dehydrogenase activity [51],     

pyruvate products should be stored in solid forms        

like powder [52]. However, there has been no        

cytotoxic evidence of para-pyruvate, ​in vivo​, in       

humans to date, as demonstrated in many human        

studies previously. Albeit a long-term stable      

pyruvate solution is not available at present, IV        

pyruvate: pyruvate saline ([Na​+​] 154 mM, [Pyr​-​]       

50 mM, [Cl​-​] 104 mM) and pyruvate Ringer’s        

solution ([Pyr​-​] 28 mM) or oral Pyr-ORS       

(pyruvate 3.5g/L and glucose 13.5-20.0g/L and      

other chemicals) fluids can be simply prepared       

just prior to clinical uses [39,46,53,54]. Long-       

term stable pyruvate solutions at room      

temperature were issued by an US invention       

patent [55]. 

Pyr-ORS, modified if needed, may be therefore       

pertinent as an effective adjuvant for prophylaxis       

against Covi-19 viral infection in a higher risk        

population even though the efficacious vaccine      

has developed. Alternatively, Pyr-ORS may be      

favorable in strenuous exercises/sports,    

prehospital rescue, and perioperative fluid     

supplement; it may also be valuable as a daily         

functional drink in weight loss, anti-diabetes, and       

anti-aging in a large population [5,6]. Finally,       

pyruvate inhalation may be also useful in       
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prophylaxis and intervention of Covid-19 viral      

infection  [44]. 

 

 

Addendum: 

Recently, a hypothesis was proposed that NAD​+​, a        

molecule of youth, may influence on Covid-19       

infection as an aging-related immunomodulator     

[56]. Also，NAD​+ upregulation may attenuate     

aspects of immunosenesescence and    

inflammaging with aging. A clinical trial of       

nicotinamide riboside (NR, a precursor of NAD​+​)       

in the elderly with Covid-19 infection is recruiting        

[57]. Pyruvate as a NAD​+ provider spontaneously       

via the ​LDH reductive reaction on the equal        

molecular basis in the whole body’s cells, thus,        

could favor patients infected with Covid-19,      

specifically in elderly patients with or without       

severe comorbidities. Additionally, pyruvate could     

be advantageous over NAD , at least in avoiding        

energy crisis and severe acidosis, in the protection        

of cell function and intervention of Covid-19       

infection [5,58,59]. 
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