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The COVID-19 pandemic as the largest global public health crisis is now considered as an emergency at
the World Health Organization (WHO). As there is no specific therapy for SARS-CoV-2 infection at
present and also because of the long time it takes to discover a new drug and the urgent need to respond
urgently to a pandemic infection. Perhaps the best way right now is to find an FDA-approved drug to

Keywords: treat this infection. Oxidative stress and inflammation play a vital role in the progression of tissue injury
COVID-19 in COVID-19 patients; furthermore, the G6PD activation is related to increased oxidative inflammation in
G6PD .. . .. .
i acute pulmonary injury. In this regard, we propose a new insight that may be a good strategy for this
Oxidative stress e R .. e . .
Polydatin urgency. Exploiting G6PD through inhibiting G6PD activity by modifying redox balance, metabolic

switching and protein—protein interactions can be proposed as a new approach to improving patients in
severe stage of COVID 19 through various mechanisms. Polydatin is isolated from many plants such as
Polygonum, peanuts, grapes, red wines and many daily diets that can be used in severe stage of COVID-19
as a G6PD inhibitor. Furthermore, polydatin possesses various biological activities such as anti-
inflammatory, antioxidant, immunoregulatory, nephroprotective, hepatoprotective, anti-arrhythmic
and anti-tumor. Our hypothesis is that the consumption of antioxidants such as Polydatin (a glucoside
of resveratrol) as a complementary therapeutic approach may be effective in reducing oxidative stress

and inflammation in patients with COVID-19.
© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

The COVID-19 pandemic as the largest global public health crisis
is now considered as an emergency by the World Health Organi-
zation (WHO). Since there is currently no specific therapy for SARS-
CoV-2 infection and also given the long time it takes to discover a
new drug and the urgent need for an urgent response to pandemic
infection. Perhaps the best way right now is to find an FDA-
approved drug to treat this infection.

It has been confirmed that oxidative stress and inflammation
related with SARS-Cov-2 (COVID-19) increase the severity of the
tissue injury [1,2], also, the activation of G6PD is associated with
increased oxidative inflammation in acute pulmonary injury [3,4].
The consumption of antioxidants such as Polydatin (a glucoside of
resveratrol) [5] as a complementary therapeutic approach may be
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effective in reducing oxidative stress and inflammation in patients
with COVID-19. In this regard, we propose a new insight that may
be a good strategy for this urgency.

2. Oxidative stress and SARS-CoV-2

Oxidative stress has been determined as a disruption in the
prooxidant-antioxidant balance in favor of the prooxidants. Over-
production of prooxidants such as reactive oxygen species (ROS)
and antioxidants depletion such as glutathione (GSH) are crucial for
viral replication and the subsequent virus-associated disease [6]. It
seems that oxidative stress and antioxidant power depletion play a
vital role in the progression and severity of COVID-19-associated
sepsis [1]. Previous animal studies have shown improved ROS
levels and disruption of antioxidant system during SARS-CoV
infection [7]. It also showed that oxidative stress played a crucial
role in severe acute respiratory syndrome coronavirus (SARS-CoV)
infection [8]. Viral pathogens such as SARS-CoV trigger oxidative
stress-nuclear factor kB- toll-like receptor (mainly TL4) signaling

2405-4577/© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights reserved.


mailto:mahdieh.eftekhari@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clnesp.2021.02.021&domain=pdf
www.sciencedirect.com/science/journal/24054577
http://www.clinicalnutritionespen.com
https://doi.org/10.1016/j.clnesp.2021.02.021
https://doi.org/10.1016/j.clnesp.2021.02.021
https://doi.org/10.1016/j.clnesp.2021.02.021

A.H. Doustimotlagh and M. Eftekhari

pathways, leading to acute lung injury. TLR4-TRIF (Toll/IL-1 recep-
tor domain-containing adaptor inducing IFN-)-TRAF6 (tumor ne-
crosis factor receptor associated factor 6) signaling was
acknowledged as a pathogenic axis that can manage the severity of
acute lung injury [9]. The theory that oxidative stress and associ-
ated inflammation play a major role in the pathogenesis of various
chronic diseases [10] such as cardiovascular disease, diabetes and
respiratory diseases, identified to increase the risk of severe stages
and death in patients with COVID-19, is supported by increasing
data [11].

3. Oxidative stress and G6PD

Glucose 6-phosphate dehydrogenase (G6PD) as a critical
mediator of redox balance is one of the enzymes of the pentose
phosphate pathway that metabolize glucose in aerobic conditions.
One of the products of the pentose phosphate pathway is NADPH
which is due to the activity of GGPD. NADPH in turn is involved in
the synthesis of fatty acids and steroids, as well as maintaining the
level of reduced GSH for antioxidant activity. Although G6PD
deficiency studies have traditionally focused on erythrocyte disor-
ders but recent researches depicted that G6PD participates in a
variety of cellular processes through redox signaling [12].

Nitric oxide (NO) production, as an important factor in cell
survival, immune response, insulin signaling and vascular and
neural protection, depends on the status of G6PD. Moreover, altered
G6PD activity is related to a myriad of pathological events and
diseases including autophagy, insulin resistance, infection,
inflammation, as well as diabetes and hypertension [13].

Increased G6PD activity is associated with increased lung cell
capacity for proliferation and replacement of damaged cells. This
enzyme causes excessive hypoxia-inducible factor1 (HIF1), Cycline
A, phospho-histone H3 expression which are promote undifferen-
tiated CD133" cells and self-replication and changes in cellular
settings. The enzyme inhibitor decreases the accumulation of
CD133+ and decreases cell damage [14].

Studies have shown that increasing G6PD expression and acti-
vation plays an important role in the progression of hypoxic pul-
monary vasoconstriction (HPV) and the development of pulmonary
hypertension. The regression analysis of G6PD activity and the ratio
of NADPH to NADP* to HPV response clearly showed a positive
linear relationship between G6PD and HPV activity. The findings
suggest that G6PD and NADPH redox have played an important role
in the mechanism of HPV and, in turn, in increasing pulmonary
arterial pressure, which plays a role in pulmonary hypertension.
Acute pulmonary injury leads to increased G6PD activity, and data
also show that activation of G6PD is associated with increased
oxidative inflammation in acute pulmonary injury. Therefore, in-
hibition of G6PD may be a useful strategy in acute pulmonary injury
to limit oxidative damage and improve airway inflammation [3,4].

Excessive G6PD expression also increases the activity of the
inducible nitric oxide synthase (iNOS) to increase the bioavailability
level of NO. G6PD modulation affects ROS mediated by NOX2 in
airway epithelial cells (AEC) during acute lung injury [4,15]. In
diabetes, increased G6PD activity and increased NADPH levels are
associated with endothelial and vascular dysfunction. There is also
a 10-fold increase in myocardial G6PD expression and a 2-fold in-
crease in G6PD activity in pacing-induced heart failure compared to
normal hearts. In addition, inhibition of G6PD improves chronic
hypoxic pulmonary hypertension. Finally, GEPD plays a mediating
role in smooth muscle hypertrophy caused by angiotensin Il and in
the progression of atherosclerosis [16,17].
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4. G6PD and COVID-19

In severe stage of COVID19, patients suffer from acute disorders
in vital organs such as acute lung damage, cardiovascular problems,
high blood sugar due to an imbalance of glucose metabolism, kid-
ney damage as well as inflammatory response known as cytokine
storm [18,19].

On the other hand, many studies have shown the role of G6PD in
acute cell damages and inflammatory response as well as diabetes,
hypertension and smooth muscle hypertrophy [17].

A recent study found that GSH was effective in maintaining
antioxidant balance and reducing oxidative damage caused by
SARS-CoV-2. Another study found that vitamin B3 is very effective
in reducing lung damage, which is a major problem in patients with
severe COVID 19 to prevent lung tissue damage and it has been
suggested as a wise way to improve lung problems in these pa-
tients. Glutathione and vitamin B3 are important factors and
products in the pathway of pentose phosphate that are regulated by
G6PD [20,21]. Both N-acetyl cysteine and alpha lipoic acid are able
to help regenerate GSH levels, and clinical data suggest that -N-
acetyl cysteine and its antioxidant properties may play a role in the
treatment or prevention of acute viral respiratory infections [22].

Therefore, it is recommended that G6PD activity may be eval-
uated as one of the diagnostic markers and its relationship with the
severity of the disease should be statistically analyzed so that, if the
hypothesis is confirmed, it is possible to use methods to modify this
enzyme in the COVID-19 disease process.

Furthermore, exploiting G6PD through inhibiting G6PD activity
by modifying redox balance, metabolic switching and protein—
protein interactions can be proposed as a new approach to
improving of patients with severe stage of COVID 19.

5. Polydatin

Polydatin is also referred to as piceid (3,4',5-trihydroxystilbene-
3-B-p-glucoside) (Fig. 1), is a glycoside form of resveratrol which is
isolated from many plants such as Polygonum, peanuts, grapes, red
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Fig. 1. 3,4',5-trihydroxystilbene-3-B-p-glucoside.
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wines, hops, cocoa products, chocolate products and many daily
diets. Polydatin possesses various biological activities including anti-
inflammatory, antioxidant, immunoregulatory, nephroprotective,
hepatoprotective, anti-arrhythmic and anti-tumor [23]. Polydatin
has been demonstrated to directly inhibit GGPD which result in
redox imbalance and causing elevated endoplasmic reticulum stress
[24]. Moreover, Polydatin reduced ROS and attenuated oxidative
stress through the Keap1/Nrf2/ARE pathway in Graves’ orbitopathy
[5]. Polydatin suppressed the inflammatory cytokines secretion, and
restrained the TLR6/MyD88/NF-kB pathway by Mycoplasma galli-
septicum infection (a main cause of chronic respiratory disease)
in vivo and in vitro [25]. Another study showed that Polydatin
weakens cadmium-induced oxidative stress through inducing SOD
activity and regulating mitochondrial function in Musca domestica
larvae [26]. Moreover, Polydatin supplementation reduces hepatic
pathological changes and reduces insulin resistance, as demon-
strated by the improved evaluation of the homeostasis model of
baseline insulin resistance values and glucose tolerance testing [27].
We conclude that Polydatin may lessen oxidative stress and
inflammation via the mentioned pathways in COVID-19 patients.
However, before implementing this type of treatment, more studies
are needed.

Authors' contributions

All authors contributed equally to perceive the idea and write
the manuscript.

Declaration of competing interest

The authors declare no competing interests for the content of
this paper.

References

[1] Beltran-Garcia ], Osca-Verdegal R, Pallard6 FV, Ferreres ], Rodriguez M,
Mulet S, et al. Oxidative stress and inflammation in COVID-19-associated
sepsis: the potential role of anti-oxidant therapy in avoiding disease pro-
gression. Antioxidants 2020;9(10):936.

Derouiche S. Oxidative stress associated with SARS-Cov-2 (COVID-19) in-
creases the severity of the lung disease-a systematic review. J Infect Dis Epi-
demiol 2020;6:121.

Gupte RS, Rawat DK, Chettimada S, Cioffi DL, Wolin MS, Gerthoffer WT, et al.
Activation of glucose-6-phosphate dehydrogenase promotes acute hypoxic
pulmonary artery contraction. ] Biol Chem 2010;285(25):19561—71.
Awogbindin 10, Olaleye DO, Farombi EO. Mechanistic perspective of the
oxido-immunopathologic resolution property of kolaviron in mice influenza
pneumonitis. APMIS 2017;125(3):184—96.

Li H, Min J, Chen Y, Li H, Zhang Y. Polydatin attenuates orbital oxidative stress
in Graves' orbitopathy through the NRF2 pathway. Chem Biol Interact
2020;315:108894.

Khomich OA, Kochetkov SN, Bartosch B, Ivanov AV. Redox biology of respi-
ratory viral infections. Viruses 2018;10(8):392.

2

3

[4

(5

[6

199

Clinical Nutrition ESPEN 43 (2021) 197—199

[7] Van Den Brand ], Haagmans BL, van Riel D, Osterhaus A, Kuiken T. The pa-
thology and pathogenesis of experimental severe acute respiratory syndrome
and influenza in animal models. ] Comp Pathol 2014;151(1):83—112.
Delgado-Roche L, Mesta F. Oxidative stress as key player in severe acute
respiratory syndrome coronavirus (SARS-CoV) infection. Arch Med Res
2020;51(5):384—7.

Imai Y, Kuba K, Neely GG, Yaghubian-Malhami R, Perkmann T, van Loo G, et al.
Identification of oxidative stress and Toll-like receptor 4 signaling as a key
pathway of acute lung injury. Cell 2008;133(2):235—49.

Pisoschi AM, Pop A. The role of antioxidants in the chemistry of oxidative
stress: a review. Eur ] Med Chem 2015;97:55—74.

Yang ], Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence of comorbidities
in the novel Wuhan coronavirus (COVID-19) infection: a systematic review
and meta-analysis. Int ] Infect Dis 2020;94:91—5.

Yang H-C, Wu Y-H, Yen W-C, Liu H-Y, Hwang T-L, Stern A, et al. The redox role
of G6PD in cell growth, cell death, and cancer. Cells 2019;8(9):1055.
Chettimada S, Joshi SR, Alzoubi A, Gebb SA, McMurtry IF, Gupte R, et al.
Glucose-6-phosphate dehydrogenase plays a critical role in hypoxia-induced
CD133+ progenitor cells self-renewal and stimulates their accumulation in
the lungs of pulmonary hypertensive rats. Am ] Physiol Lung Cell Mol Physiol
2014;307(7):L545—56.

Chettimada S, Oka M, McMurtry IF, Gupte SA. Role of glucose-6-phosphate
dehydrogenase (G6PD) in chronic hypoxia-induced pulmonary hypertension.
FASEB (Fed Am Soc Exp Biol) ] 2010;24(1).

Nadeem A, Al-Harbi N, Ahmad S, Ibrahim K, Siddiqui N, Al-Harbi M. Glucose-
6-phosphate dehydrogenase inhibition attenuates acute lung injury through
reduction in NADPH oxidase-derived reactive oxygen species. Clin Exp
Immunol 2018;191(3):279—-87.

Gupte SA. Glucose-6-phosphate dehydrogenase: a novel therapeutic target in
cardiovascular diseases. Curr Opin Invest Drugs (London, Engl: 2000)
2008;9(9):993—-1000.

Matsui R, Xu S, Maitland KA, Hayes A, Leopold JA, Handy DE, et al. Glucose-6
phosphate dehydrogenase deficiency decreases the vascular response to
angiotensin II. Circulation 2005;112(2):257—63.

Bansal M. Cardiovascular disease and COVID-19. Diabetes & metabolic syn-
drome. Clin Res Rev 2020;14(3):247—50.

Gupta A, Madhavan MV, Sehgal K, Nair N, Mahajan S, Sehrawat TS, et al.
Extrapulmonary manifestations of COVID-19. Nat Med 2020:1—16.

Shi 'Y, Wang Y, Shao C, Huang ], Gan ], Huang X, et al. COVID-19 infection: the
perspectives on immune responses. Nature Publishing Group; 2020.
Horowitz RI, Freeman PR, Bruzzese ]. Efficacy of glutathione therapy in
relieving dyspnea associated with COVID-19 pneumonia: a report of 2 cases.
Respir Med Case Rep 2020:101063.

[22] Van Hecke O, Lee ]. N-acetylcysteine: a rapid review of the evidence for
effectiveness in treating COVID-19. Centre for Evidence-Based Medicine. Ox-
ford University; 2020.

Du Q-H, Peng C, Zhang H. Polydatin: a review of pharmacology and phar-
macokinetics. Pharmaceut Biol 2013;51(11):1347—54.

Mele L, Paino F, Papaccio F, Regad T, Boocock D, Stiuso P, et al. A new inhibitor
of glucose-6-phosphate dehydrogenase blocks pentose phosphate pathway
and suppresses malignant proliferation and metastasis in vivo. Cell Death Dis
2018;9(5):1-12.

Zou M, Yang W, Niu L, Sun Y, Luo R, Wang Y, et al. Polydatin attenuates
Mycoplasma gallisepticum (HS strain)-induced inflammation injury via
inhibiting the TLR6/MyD88/NF-kB pathway. Microb Pathog 2020;149:
104552,

Zhang Y, Li Y, Feng Q, Shao M, Yuan F, Liu F. Polydatin attenuates cadmium-
induced oxidative stress via stimulating SOD activity and regulating mito-
chondrial function in Musca domestica larvae. Chemosphere 2020;248:
126009.

Zhang Qi, Tan Yingying, Zhang Nan, Yao Fanrong. Polydatin supplementation
ameliorates diet-induced development of insulin resistance and hepatic
steatosis in rats. Mol Med Rep 2015;11:603—10.

[8

[9

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]
[20]

(21]

[23]

[24]

[25]

[26]

[27]


http://refhub.elsevier.com/S2405-4577(21)00103-0/sref1
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref1
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref1
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref1
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref1
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref1
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref2
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref2
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref2
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref3
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref3
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref3
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref3
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref4
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref4
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref4
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref4
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref5
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref5
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref5
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref6
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref6
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref7
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref7
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref7
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref7
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref8
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref8
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref8
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref8
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref9
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref9
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref9
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref9
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref10
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref10
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref10
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref11
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref11
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref11
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref11
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref12
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref12
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref13
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref14
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref14
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref14
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref15
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref15
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref15
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref15
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref15
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref16
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref16
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref16
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref16
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref17
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref17
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref17
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref17
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref18
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref18
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref18
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref18
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref19
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref19
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref19
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref20
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref20
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref21
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref21
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref21
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref22
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref22
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref22
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref23
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref23
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref23
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref24
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref24
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref24
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref24
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref24
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref25
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref26
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref26
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref26
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref26
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref27
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref27
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref27
http://refhub.elsevier.com/S2405-4577(21)00103-0/sref27

