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Abstract

drugs with reducing the used dose.

Coronavirus disease 2019 (COVID-19) is the current major health crisis in the world. A successful strategy to combat the
COVID-19 pandemic is the improvement of nutritional pattern. Garlic is one of the most efficient natural antibiotics
against the wide spectrum of viruses and bacteria. Organosulfur (e.g, allicin and alliin) and flavonoid (e.g., quercetin)
compounds are responsible for immunomodulatory effects of this healthy spice. The viral replication process is
accelerated with the main structural protease of SARS-CoV-2. The formation of hydrogen bonds between this serine-
type protease and garlic bioactives in the active site regions inhibits the COVID-19 outbreak. The daily dietary intake of
garlic and its derived-products as an adjuvant therapy may improve side effects and toxicity of the main therapeutic
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Dear Editor,

The most important global health concern is the viral
pneumonia outbreak of coronavirus disease 2019
(COVID-19). Over the past few months, the COVID-19
related social distancing seriously affected the psycho-
logical, economic, and social well-being features. The
COVID-19 epidemic caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) primarily in-
duces pro-inflammatory cytokines (e.g., IL-1 and IL- 6)
and lung inflammation. This virus can also damage vital
organs of the host body through the expression of the
angiotensin-converting enzyme 2 (ACE2) receptor. Be-
sides, the imbalance between the renin-angiotensin sys-
tem and ACE2/angiotensin-(1-7)/MAS axis after the
SARS-CoV-2 infection enhances comorbidities and
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multi-organ injuries [1]. So far no effective drugs and
vaccines to treat patients with COVID-19 have been re-
ported. Until then, the drug treatments will include
remdesivir, umifenovir, favipiravir, lopinavir/ritonavir, ri-
bavirin, hydroxychloroquine, etc. Besides, dietary therapy
and herbal medicine as an adjuvant therapy may be one
of the efficient strategies to fight against COVID-19. Bio-
active constitutes involved in immunomodulatory, anti-
oxidant, and antimicrobial activities in certain foods and
herbs may be able to pre-and post-exposure prophylaxis
by increasing the activity and number of cytokine sup-
pressors, lymphocytes, natural killer cells, and macro-
phages. Therefore, herbal product decrease the adverse
impacts of antivirals by reducing the used dose and syn-
ergically improves the remedy and outcomes by decreas-
ing the inflammation and respiratory symptoms [2].

The presence of sulfur-containing phytochemicals in
garlic (Allium sativum L.) provides substantial immuno-
modulatory, anti-inflammatory, anticancer, antitumor,
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antidiabetic, anti-atherosclerotic, and cardioprotective
features. The most important of sulfur constitutes (~
82%) of garlic thiosulfinates (allicin), S-allyl cysteine sulf-
oxide (alliin), ajoenes (E- and Z-ajoene), vinyldithiins (2-
vinyl-(4H) -1,3-dithiin, 3-vinyl-(4H)-1,2-dithiin), and dia-
llyl (di and tri) sulfide. Also, there are some alliin-
derived organosulfur compounds (OSCs) in garlic such
as S-allyl-cysteine, S-ally-mercapto cysteine, and N-
acetylcysteine [3]. The antiviral potential of garlic against
a number of viruses like influenza B, HIV (type 1), ves-
icular stomatitis virus, herpes simplex virus (types 1 and
2), coxsackievirus species, and gammaretrovirus was
earlier demonstrated [4]. Recently, researchers have real-
ized the structure of the main protease of SARS-CoV-2,
a serine-type MP™ (chymotrypsin-like protease (3CLP™))
protease with the kind of amino acids (such as Thr24,
Thr26, and Asnl19) present in the active site regions
(e.g., 6 LU7 and 2GTB). MP™ has a considerable struc-
tural similarity (~96.0%) between types 1 and 2 of
SARS-CoV. Since this protease is responsible for the
viral replication and the production functional protein as
a result of the proteolytic maturation of SARS-CoV-2,
the infection rate may be substantially reduced by hin-
dering the cleavage of the viral polyprotein [5]. In an in
silico approach on the inhibitory effect of garlic against
SARS-CoV-2, seven OSCs of alliin, S-(allyl/ methyl/
ethyl/propyl)-cysteine, S-propyl L-cysteine, and S-ally-
mercapto-cysteine were considered as possible consti-
tutes to inhibit the MP*® of SARS-CoV-2 through H-
bonds with this protease. Molecular docking analysis
showed that alliin among other OSCs has higher anti-
viral potential to prevent COVID-19. This bioactive
component alone or in combination with the main
therapeutic drug would be an efficient therapy to eradi-
cate SARS-CoV-2 with the lowest side effects and tox-
icity [6, 7]. Similar findings on the inhibitory effect of
phytochemicals extracted from black cumin, black pep-
per, and ginger was obtained [7]. The concentration of
0.1 mL of garlic clove extract revealed a potent in vivo
inhibitory effect against SARS-CoV-1 multiplication,
probably due to the formation blocking of structural
proteins and genetic materials [8]. The quercetin could
also inhibit protease present in SARS-CoV-1 during the
multiplication in host cells via blocking the viral attach-
ment stage [9].

Decreasing the rate of viral infection caused by SARS-
CoV-2 may be contributed to the presence of organosul-
fur (e.g., allicin) and flavonoid (e.g., quercetin) com-
pounds in aqueous extracts and essential oils of garlic
and their interaction with the MP™ protease. The encap-
sulation of these bioactive substances at the micro- and
nano-size drug particles maintains their oxidative stabil-
ity and bio-functionality and provides their controlled
release and delivery to the targeted sites. Finally, the
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consumption of functional foods prepared by encapsu-
lated/free bioactive compounds of garlic may have a key
role in the incidence reduction of COVID-19 in different
communities.

Abbreviations

ACE2: Angiotensin-converting enzyme 2; COVID-19: Coronavirus disease
2019; OSCs: Organosulfur compounds; SARS-CoV-2: Severe acute respiratory
syndrome coronavirus 2

Acknowledgements
Not applicable.

Code availability
Not applicable.

Authors’ contributions

All the authors were equally contributed in the preparation, writing,
conceptualization, supervision, review and edit of the manuscript. The
author(s) read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no potential conflict of interest.

Author details

'Center of Innovative and Applied Bioprocessing, Mohali 140306, India. >CCS
Haryana Agricultural University, Hisar 125004, India. *Department of Research
and Development, Nova Harmony LLC, Santa Monica, California, USA.
“Department of Food Technology Research, National Nutrition and Food
Technology Research Institute, Faculty of Nutrition Sciences and Food
Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
SYoumg Researchers and Elite Club, Lahijan Branch, Islamic Azad University,
Lahijan, Iran.

Received: 8 October 2020 Accepted: 9 November 2020
Published online: 18 November 2020

References

1. Hashemifesharaki R, Gharibzahedi SM. Future nutrient-dense diets rich in
vitamin D: a new insight toward the reduction of adverse impacts of viral
infections similar to COVID-19. Nutrire. 2020;45(2):19. https.//doi.org/10.1186/
s41110-020-00122-4.

2. Panyod S, Ho CT, Sheen LY. Dietary therapy and herbal medicine for COVID-
19 prevention: a review and perspective. J Tradit Complement Med. 2020;
10(4):420-7. hitps/doi.org/10.1016/jjtcme.2020.05.004.

3. El-Saber Batiha G, Magdy Beshbishy A, Wasef LG, Elewa YH, Al-Sagan AA, EI-
Hack A, et al. Chemical constituents and pharmacological activities of garlic
(Allium sativum L): A review. Nutrients. 2020;12(3):872. https://doi.org/10.
3390/nu12030872.

4. Chakraborty D, Majumder A. Garlic (Lahsun)-an immunity booster against
SARS-CoV-2. Biotica Res Today. 2020,2(8):755-7.

5. Liu X, Wang XJ. Potential inhibitors against 2019-nCoV coronavirus M
protease from clinically approved medicines. J Genet Genomics. 2020;47(2):
119-21. https://doi.org/10.1016/jj9g.2020.02.001.

6. Rajagopal K, Byran G, Jupudi S, Vadivelan R. Activity of phytochemical
constituents of black pepper, ginger, and garlic against coronavirus (COVID-
19): an in silico approach. Int J Health Allied Sci. 2020,9(5):43-50. https://doi.
0rg/104103/ijhas.JHAS_55_20.


https://doi.org/10.1186/s41110-020-00122-4
https://doi.org/10.1186/s41110-020-00122-4
https://doi.org/10.1016/j.jtcme.2020.05.004
https://doi.org/10.3390/nu12030872
https://doi.org/10.3390/nu12030872
https://doi.org/10.1016/j.jgg.2020.02.001
https://doi.org/10.4103/ijhas.IJHAS_55_20
https://doi.org/10.4103/ijhas.IJHAS_55_20

Khubber et al. Nutrition Journal (2020) 19:124

7. Pandey P, Khan F, Kumar A, Srivastava A, Jha NK Screening of potent
inhibitors against 2019 novel coronavirus (Covid-19) from Allium sativum
and Allium cepa: An in silico approach. Biointerface Res Appl Chem. 2021;
11(1):7981-93. https://doi.org/10.33263/BRIACT11.79817993.

8. Shojai TM, Langeroudi AG, Karimi V, Barin A, Sadri N. The effect of Allium
sativum (garlic) extract on infectious bronchitis virus in specific pathogen
free embryonic egg. Avicenna J Phytomed. 2016,6(4):458-67 PMID:
27516987.

9. ChenL, LiJ Luo C Liu H, Xu W, Chen G, et al. Binding interaction of
quercetin-3-B-galactoside and its synthetic derivatives with SARS-CoV
3CLpro: structure-activity relationship studies reveal salient pharmacophore
features. Bioorg Med Chem. 2006;14(24):8295-306. https.//doi.org/10.1016/j.
bmc.2006.09.014.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 3 of 3

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC



https://doi.org/10.33263/BRIAC111.79817993
https://doi.org/10.1016/j.bmc.2006.09.014
https://doi.org/10.1016/j.bmc.2006.09.014

	Abstract
	Abbreviations
	Acknowledgements
	Code availability
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

