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Abstract
To examine the anti- SARS- CoV-2 effects of resveratrol oligosaccharides, human MRC5 lung cells, which had been infected with 
SARS- CoV-2, were incubated with different concentrations of resveratrol oligosaccharides. These suppressed the cell death in-
duced by SARS- CoV-2 infection, more efficiently, at 0.1% concentration, than resveratrol itself. Resveratrol oligosaccharides ef-
fectively inhibited SARS- CoV-2 infection in the 5% to 10% concentration range, which indicates that these compounds could be 
useful anti- SARS- CoV-2 agents.
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Resveratrol is a polyphenol that is present in many fruits, 
including grape berries of  Vitis vinifera.1 There have been many 
studies of  resveratrol demonstrating its capacity to prevent 
versatile conditions, including cardiovascular diseases and can-
cer, and to control bacterial and viral infections.2-6 It has also 
been reported for its ability to abolish the effects of  oxidative 
stress in cultured cells.6 The biological activity of  resveratrol as 
an antiproliferative and antiviral drug in cultured fibroblasts 
has been shown. There have been other studies showing that 
this compound inhibits the proliferation of  different viruses 
such as herpes simplex, varicella- zoster and influenza A.7 Its 
toxicity at high concentrations has been found, but, on the 
other hand, at sub- cytotoxic concentrations, resveratrol can 
effectively inhibit the synthesis of  polyomavirus DNA.7 The 
transfer of  the virus from the endoplasmic reticulum to the 
nucleus may be hindered, thus inhibiting the production of  
viral DNA, due to the damage caused by resveratrol to the 
plasma membrane.

Cultured plant cells can be used to transform organic mole-
cules to more useful compounds by carrying out hydrolysis, 
oxidation, reduction, esterification, isomerization, and glyco-
sylation reactions.8 Glycosylation of  biological active com-
pounds can enhance water solubility, physicochemical stability, 
intestinal absorption, and biological half- life.8 The fact that 
many secondary metabolites accumulate in the form of  glyco-
sides in plants suggests that such cells would contain 

glucosyltransferases, which catalyze the conjugation of  an agly-
cone and a glucosyl donor molecule.

In this study, we investigated the antiviral effects of  resver-
atrol oligosaccharides for SARS- CoV-2 in comparison with 
resveratrol itself. For this, human MRC5 lung cells infected 
with SARS- CoV-2 were incubated with various concentrations 
of  resveratrol oligosaccharides. The incubation of  MRC5 cells 
with SARS- CoV-2 was carried out for 1 hours. After the incu-
bation was stopped, formazan was extracted with MTT, which 
consists of  4 mM HCl in isopropanol, and its absorbance mea-
sured at 570 nm. Resveratrol oligosaccharides at 5% and 10% 
effectively decreased the infection of  the MRC5 cells by 
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SARS- CoV-2 (Figure 1). This result indicated that these com-
pounds efficiently inhibited the cell death induced by SARS- 
CoV-2 infection in the 5% to 10% concentration range. 
Resveratrol oligosaccharides also inhibited SARS- CoV-2 infec-
tion at a concentration of  0.1%, more than that of  resveratrol 
itself. The antiviral activity of  resveratrol oligosaccharides was 
as strong as that of  birchbark extracts.7 These results suggest 
that resveratrol oligosaccharides are potent anti- SARS- CoV-2 
compounds.

Inhibition of  human cytomegalovirus replication by resver-
atrol has been shown.9 At least 50- fold higher concentrations 
of  this compound were required to produce cyto- toxicity 
against either growing or stationary human embryonic lung 
fibroblasts. Studies of  the mechanism of  action indicated that 
resveratrol blocked virus- induced activation of  the epidermal 
growth factor receptor and phosphatidylinositol-3- kinase sig-
nal transduction, as well as NF- kappaB and Sp1 transcription 
factor activation shortly following infection.9

Viral titer (pfu/mL) was calculated as (Number of  infected 
cells × Positive rate)/(Dilution rate ×Volume)

Human cytomegalovirus DNA replication was decreased to 
undetectable levels by treatment with this compound, as were 
the second phases of  virus- induced phosphatidylinositol-3- 
kinase signaling and transcription factor activation. This com-
pound lost substantial antiviral activity when its addition was 
delayed until 4 hours pre- infection. Studies of  compound 
reversibility and preincubation were inconsistent with a viru-
cidal mechanism of  action, showing that resveratrol likely 
operated during attachment and entry.9

Further studies on the mechanism of  the antiviral effects of  
resveratrol oligosaccharides for SARS- CoV-2 infection are 
now in progress in our laboratory.

Experimental
General
MRC5 cells, which had been induced from the human lung 
tissue, were purchased from VisGene Ltd. (Ibaraki- shi, Osaka 
567‐0047, Japan).

MTT Assay
In vitro cytotoxicity was evaluated by the MTT assay after 1 
hours of  viral exposure. MRC5 cells were seeded in a 96- 
well plate with PBS in DMEM. After incubation at 37 °C in 
5% CO2 for 0.5 hours, different concentrations of  resvera-
trol oligosaccharides were added to each well. After incuba-
tion of  cells with virus, 5 mg/mL MTT solution was added 
to each well and the plate was incubated for 1 hours. Formed 
formazan crystals were dissolved in 10% (w/v) SDS with 
0.02 n HCl, and were incubated. The absorbance of  each 
well was measured at 570 nm. The experiment was inde-
pendently performed. Viral titer was calculated as follows.

Viral titer (pfu/mL) = (Number of  infected cells × Positive 
rate)/(Dilution rate ×Volume)

Acknowledgments
This research was supported by the Tojuro Iijima Foundation for 
Food Science and Technology.

Declaration of  Conflicting Interests
The author(s) declared no potential conflicts of  interest with respect 
to the research, authorship, and/or publication of  this article.

Funding
The author(s) received no financial support for the research, 
authorship, and/or publication of  this article.

ORCID IDs
Hiroki Hamada   https:// orcid. org/ 0000- 0002- 7877- 3367
Kei Shimoda   https:// orcid. org/ 0000- 0001- 6592- 4990

References
 1. Berardi V, Ricci F, Castelli M, Galati G, Risuleo G. Resveratrol 

exhibits a strong cytotoxic activity in cultured cells and has an 
antiviral action against polyomavirus: potential clinical use. 
J  Exp Clin Cancer Res. 2009;28(1):96.  doi: 10. 1186/ 1756- 9966- 
28- 96

 2. Stewart JR, Artime MC, O'Brian CA, Jubilee RS, Marlene CA, 
Catherine AO. Resveratrol: a candidate nutritional substance for 
prostate cancer prevention. J Nutr. 2003;133(7 Suppl):2440S-2443.  
doi: 10. 1093/ jn/ 133. 7. 2440S

 3. Baur JA, Pearson KJ, Price NL, et  al. Resveratrol improves 
health and survival of  mice on a high- calorie diet. Nature. 
2006;444(7117):337-342.  doi: 10. 1038/ natu re05354

 4. Shan Z, Yang G, Xiang W, Pei- jun W, Bin Z. Effects of  
resveratrol on oral squamous cell carcinoma (OSCC) cells in 
vitro. J Cancer Res Clin Oncol. 2014;140(3):371-374.  doi: 10. 1007/ 
s00432- 013- 1575-1

 5. Rimando AM, Kalt W, Magee JB, et al. Resveratrol, pterostilbene, 
and piceatannol in Vaccinium berries. J  Agric Food Chem. 
2004;28:4713-4719.

 6. Niles RM, Cook CP, Meadows GG, Fu Y- M, McLaughlin JL, 
Rankin GO. Resveratrol is rapidly metabolized in athymic (nu/

Figure 1. Antiviral activity of resveratrol oligosaccharides (gluco- 
oligosaccharides) against SARS- CoV-2 infection. 1: Acidic water 
(pH = 2.287); 2: 10% resveratrol oligosaccharides; 3: 5% resveratrol 
oligosaccharides; 4: 0.1% resveratrol oligosaccharides; 5: 0.1% 
resveratrol; 6: control (0.2% PBS/DMEM).

https://orcid.org/0000-0002-7877-3367
https://orcid.org/0000-0002-7877-3367
https://orcid.org/0000-0001-6592-4990
https://orcid.org/0000-0001-6592-4990


Hamada et al. 3

nu) mice and does not inhibit human melanoma xenograft tumor 
growth. J  Nutr. 2006;136(10):2542-2546.  doi: 10. 1093/ jn/ 136. 10. 
2542

 7. Kaihatsu K, Yamabe M, Ebara Y. Antiviral mechanism of  
action of  epigallocatechin-3- O- gallate and its fatty acid  
esters. Molecules. 2018;23(10):2475.  doi: 10. 3390/ mole cule s231 
02475

 8. Ishihara K, Hamada H, Hirata T, Nakajima N. Biotransformation 
using plant cultured cells. J  Mol Catal B Enzym. 2003;23(2-
6):145-170.  doi: 10. 1016/ S1381- 1177( 03) 00080-8

 9. Evers DL, Wang X, Huong S- M, Huang DY, Huang E- S. 3,4′,5- Trihydroxy- 
trans- stilbene (resveratrol) inhibits human cytomegalovirus replication 
and virus- induced cellular signaling. Antiviral Res. 2004;63(2):85-95.  
doi: 10. 1016/ j. anti viral. 2004. 03. 002


	Resveratrol Oligosaccharides (Gluco-Oligosaccharides) Effectively Inhibit SARS-CoV-2 Infection: Glycoside (Polysaccharide) Approach for Treatment of COVID-19
	Abstract
	Experimental
	General
	MTT Assay
	Acknowledgments
	Declaration of Conflicting Interests
	Funding
	ORCID IDs

	References


