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The unpredictable global pandemic faced by the world in 2019, recognised as COVID-19, originated by SARS-CoV-2 virus has 

threatened human wellbeing and public safety across the entire world, by affecting more than six hundred million people as well as 

more than 6.7 million global deaths, as of January, 2023. This worldwide epidemic drew the attention towards the necessity of effectual 

defensive and curative processes in order to extend anti-viral treatment against the deadly virus. Many phytochemical constituents have 

been recognized to have a variety of curative characteristics against various viral diseases and thus it is becoming the need of the hour 

for the research community to attempt for anti-viral drugs from phytochemicals that can strengthen our immune system in order to 

combat COVID-19. Through this review article, we have attempted to analyse the prospective anti-viral implications of few 

phytochemicals, viz., quercetin, thymoquinone, caffeic acid, rosmarinic acid, ursolic acid, vanillin, thymol, ellagic acid etc., against 

the SARS-CoV-2. 
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INTRODUCTION 
Coronaviruses have been recognised to be an assemblage of viruses that instigate mild to severe respiratory diseases in 

animals as well as in humans. The life-threatening COVID-19, a widespread strain of coronavirus caused by SARS-CoV- 

2 or severe acute respiratory syndrome coronavirus-2, first broke out in November 2019, in the Wuhan city, China [1, 2] 

and World Health Organization reported its first case on December 31, 2019 [3]. Attributable to its unbelievably extreme 

transmissibility, this disease extended all over the world with exceptional swiftness in a very short period and World 

Health Organization classified this outburst as a pandemic, Public Health Emergency of International Concern on March 

11, 2020 [3-5]. It has affected a total of 229 countries and territories across the world. Investigations done using 

purification and sequencing analysis using bronchoalveolar lavage fluid samples, it was reported to be strongly correlated 

to two bat-derived SARS-like coronaviruses and severe acute respiratory syndrome coronavirus, known as SARS-CoV 

and Middle East respiratory syndrome coronavirus, known as MERS-CoV [6]. It overpoweringly surpassed MERS-CoV 

as well as SARS-CoV, which caused lethal respiratory diseases in humans in 2012 and 2002, not only in terms of the 

rapid rising in number of cases recorded, but also in the spatial variety of outbreak regions. In this day and age, COVID- 

19 has manifested itself in the history to be the third most pathogenic human coronavirus outbreak among the human 

populace of this century. Although, it is reported to be less fatal compared to SARS and MERS, its rapid and extreme 

transmissibility caused the severest danger to human health in this century in the entire world. This emerging health 

catastrophe has posed a thorny period all over the globe, obstructing usual lifestyle of people, and to deal with the 

unexpected situations, governments of several countries, had to issue lockdowns [7-9]. 

 

The scientific research community across the globe has reported quite an assortment of analyses on COVID-19 with an 

aim to potentially diminish the load of this rising health crisis, regrettably, till this date even, no medicines or vaccines 

have been proven to be able to provide complete prevention and cure of the virus. The vaccines used were not successful 

in providing complete prevention as there have been numerous numbers of cases reported after vaccination, and even 

deaths, and also, these vaccines were reported to have many side effects. We all know that, the improvement of novel 

curative agents, as well as vaccines is an expensive and most importantly, a time-consuming process with high chances 

of failure, as well [11, 12]. And to add above them all, the reported cases and situations faced by different countries have 

also confirmed the fact about SARS-CoV-2 that, as it has been evolving, it is constantly altering and adopting itself with 

a number of mutations which led to a number of prominent variants, including Alpha, Beta, Delta and Omicron. These 

variants further went through mutations to form branches of themselves, leading to sub-variants. For instance, the deadly 

Delta variant has up to 200 sub-variants. Recent news from China, as well as per the reports of WHO, China is currently 

witnessing an unprecedented COVID-19 surge due to the outbreak of a new highly transmissible Omicron sub-variant 

BF.7 [13, 14]. Although these new variants have been expected as a part of the evolution of viruses, however, timely 

monitoring and dealing with them is becoming a challenge for the world for human survival. Furthermore, the 
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nonexistence of specific medicine or precise curative procedure for COVID-19 pushed the researchers in the entire world, 

to investigate other potential alternatives for effective tackling of the virus. 

Manifesting all these existing unpredictable circumstances, it is becoming imperative to think about diverse approaches 

in order to deal with the infections related to different variants of the virus. Starting from the prehistoric period to this 

modern age, various plants containing different phytochemicals, which have medicinal or therapeutic benefits, have been 

proven to be outstanding, well-acknowledged, safer, inexpensive, non-hazardous and suitable substitute of conventional 

medicines in case of various infectious diseases [15-21]. Quite a number of recent reports have indicated the prospective 

ability of different plant polyphenolic compounds and alkaloids in the prevention and cure of COVID-19. With an aim to 

extend efficient COVID-19 treatment, preliminary investigations include such compounds, which are FDA-recognised or 

known to be suitable, secure and harmless in case of therapeutic utilization [22]. 

 

These plant derived phytochemicals, such as polyphenols, flavonoids, alkaloids etc., have been considered to be of 

extreme importance by the modern research community, concerned with medicinal, biological, health or pharmaceutical 

sciences, attributable to their broad spectrum of health benefits, like antioxidant, antitumor, anti-cancer, anti-mutagenic, 

anti- fungal, anti-bacterial, neuroprotective, anti-viral, anti-inflammatory, anti-pathogenic, cardioprotective activity, etc. 

[23- 27]. Many relevant studies have revealed that these polyphenolic compounds contain manifold indispensable features 

against viral infections like repression of viral imitation [28], modification of immune system [29], viral uptake reduction 

[30] etc., and also have proven to be successful against various viruses like, HIV, Japanese encephalitis, rabies, chandipura 

virus, influenza viruses, enterovirus, coronaviruses, etc., [15, 31-33]. In this review, we aim to recapitulate the curative 

prospects of some vital phytochemicals against this historically lethal infection of this century that has intimidated the 

human wellbeing across the globe.  

 

METHODOLOGY 
The literatures for this short review were extracted from various research and review articles by searching in the scientific 

literature databases that includes PubMed, Scopus, Scope Med, Web of Science, Google Scholar, and Science direct using 

different keywords like - coronavirus, COVID-19, SARS-CoV-2, anti-viral, phytochemicals, natural products, phenolic 

compounds, etc. 
 

RESULTS AND DISCUSSIONS 
From the wide range of the literatures studied and analysed for this review, some of the naturally occurring polyphenolic 

compounds or phytochemicals that were reported by various scientists to be successful in inhibiting the SARS-CoV-2 

virus and thus depicted potential ability as preventive or curative herbal medicines or thought to be prospective candidates 

for drug synthetic purposes of COVID-19 infections are summarised below-  

 

Quercetin is polyphenolic component that belongs to a set of plant pigments, well recognised as flavonoids. It 

is a pentahydroxyflavone containing five hydroxyl groups at the 3-, 3'-, 4'-, 5- and 7- positions, named (3,3′,4′5,7-

pentahydroxyflavone), and it exist in a variety of plants and foods, such as berries, apples, plum, radicchio, grape, 

watercress, onions, capers, green tea, red wine, etc. It has a wide range of therapeutic potentials, counting cardio-protective, 

antioxidant, antiallergic, anti-inflammatory, anticarcinogenic, antibacterial, antiviral, antihypertension and 

immunomodulatory activity [34-39]. Its capacity against coronavirus infections were investigated using different variants 

of the virus [40] and it was observed that its hydroxyl group controls the inhibition of the viral 3-chymotrypsin-like 

cysteine protease (3CLpro), which plays fundamental role in the replication and polyprotein processing of the virus and is 

indispensable for the virus life cycle. Molecular modelling and Q189A mutation experiments have recognised Gln189 to 

be of extreme importance for binding of quercetin. Also, its administration with Vero E6 cells can disrupt viral entrance 

depicting an EC50 of 83.4 μM and small CC50 of 3.32 mM [40]. It can also bind and hinder the proteolytic action of 3CL 

protease of the virus demonstrating an IC50 of 4.95 μM [41]. 
 

The flowering plant Nigella sativa consists of various bioactive components including thymoquinone, α-hederin, and 

nigellimine and it is found to effective in COVID-19 treatment as it blocks the virus entrance to receptor pneumocytes 

via ionophore supply that improves zinc intake, thereby improving the receptors immunity against SARS-CoV-2 and 

additionally restraining the replication of the virus [42]. A molecular docking experiment acknowledged nigellidine and 

α-hederin to be effective against SARS-CoV-2 [43]. It was found that the positive impacts of thymoquinone might 

possibly be augmented by means of a supplemental zinc salt as it may improve natural and adaptive immunity during life- 

threatening viral or bacterial diseases, and also, intake of zinc salt supplement along with thymoquinone may have superior 

benefits as thymoquinone acts as an ionophore that allows the penetration of the ion through pneumocytes, which are the 

target cells of the virus [44]. Thus, these phytochemical constituents of Nigella sativa seeds could be prospective herbal 

medicine for the treatment of COVID-19 [45]. 

 

Ursolic acid, also known as urson, prunol, malol or 3-β-hydroxy-urs-12-en-28-oic acid, is a pentacyclic lipophilic 

triterpenoid, found in the epicuticular waxes of apples and particularly profuse in apple peels, rosemary, thyme, lavender, 

bilberries, peppermint, elder flower, oregano, hawthorn, prunes, cranberries, holy-flower, etc., and can also be obtained 

from medicinal plants like- Ilex paraguarieni, Mirabilis jalapa, Mimusops caffra and Glechoma hederacea, etc. It has 

depicted a variety of therapeutic benefits like, neuro-protective, antioxidant, cardio-protective, anti-inflammatory, serum 

https://pubchem.ncbi.nlm.nih.gov/compound/pentahydroxyflavone
https://pubchem.ncbi.nlm.nih.gov/compound/hydroxy
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https://en.wikipedia.org/wiki/Watercress
https://en.wikipedia.org/wiki/Epicuticular_wax
https://en.wikipedia.org/wiki/Rosemary
https://en.wikipedia.org/wiki/Thyme
https://en.wikipedia.org/wiki/Lavender
https://en.wikipedia.org/wiki/Bilberry
https://en.wikipedia.org/wiki/Peppermint
https://en.wikipedia.org/wiki/Elder_flower
https://en.wikipedia.org/wiki/Oregano
https://en.wikipedia.org/wiki/Crataegus
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lipid-lowering, antibacterial, antineoplastic, anticarcinogenic, antihepatotoxic, and anti-diabetic potential, etc. [46-54]. 

Tegen et al., recommended that plants, containing various components with anti-viral ability like ursolic acid may have  

 

prospective potential to be effective against SARS-CoV-2 [55]. Ursolic acid has been found to be effectual against SARS- 

CoV-2 as it effectively binds and thus blocks the SARS-CoV-2 main proteinase (Mpro), the key cysteine protease of 

coronavirus-2 that mediates the viral replication and transcription. It is reported to be a prospective inhibitor of Mpro [56]; 

and also, molecular docking and molecular dynamic simulation studies indicated that three ligand molecules interacts and 

get attached to the Mpro during the optimum time of 50 nanoseconds of molecular dynamics (MD) simulations [57]. 

Among all the tested compounds, ursolic acid exhibited maximum docking score with the Mpro of coronavirus-2, with a 

binding energy around 8.7 kcal/mol. It also depicted highest docking score for the papain-like protease (PLpro) of the virus, 

with a strong binding energy around 9.7 kcal/mol [58] and interacts with the amino acid residues via alkyl and π- alkyl 

bonding in the active site at Ala107, Tyr264, Pro248 and through conventional hydrogen bonding with Asp108 [59]. 

 

Vanillin, also called vanillic aldehyde, vanillaldehyde, methyl-protocatechualdehyde or 4-hydroxy-3-methoxy 

benzaldehyde, is the primary constituent of vanilla beans, widely used in many processed foods including chocolates, ice 

creams, coffee, raspberry, baked goods and beverages, oatmeal, etc. It has been extensively utilized as an antioxidant, 

flavouring agent and preservatives in a variety of foods, medicines, and perfumes etc., and also reported to have a range 

of medicinal benefits, such as antitumour, antioxidant, antiviral, anticancer, antibacterial, antifungal, neuroprotective 

activity etc. Law and his co-workers studied twenty vanillin derived Schiff-bases, accompanied by monolaurin as well as 

tetrodotoxin, and investigated their possible activity as inhibitors of coronavirus-2. Based on ligand- based approach, these 

twenty compounds exhibited very high Mpro inhibition potential attributable to their superior alignment and common 

features to PDB-5RE6 [60]. In another work reported by Kun Harismah et al., structural analyses of vanillin, along with 

eleven vanillin derivatives were done via density functional theory calculations. For the formation of ligand-target 

complexes, RNA-dependent RNA polymerase (RdRp) and the main protease of SARS-CoV-2 were selected as the 

enzymatic target, while performing MD simulations and it was observed that, among the complexes, derivatives that 

contain –NHNH2 and –CH2Cl instead of the aldehydic hydrogen of vanillin, demonstrated best results in inhibiting both 

RdRp and Mpro respectively. Thus, these experiments also indicated the possibility of vanillin derived compounds in the 

innovation of possible drug against COVID-19 [61]. 

Ellagic acid or 2,3,7,8-tetrahydroxy-[1]-benzopyranol-[5,4,3-cde]-benzopyran-5,10-dione is a naturally occurring 

heterotetracyclic polyphenolic compound that can be obtained from gallic acid dimerisation. Ellagic acid is usually 

produced in plants from tannin hydrolysis like hydrolysis of ellagitannin and geraniin and it is naturally found in different 

oak species like Quercus alba or Quercus robur, as well as in Myriophyllum spicatum and the medicinal mushroom 

Phellinus linetus. In addition, it has existence in plentiful of vegetables, fruits and other food items [62,63] like raspberries, 

cranberries, strawberries, pomegranate, cloudberries, boysenberries, grapes, rose hip, plums, walnuts, mango, guava, 

pecans, almonds, red wine etc., [64- 66]. Ellagic acid revealed its potential to be a drug for COVID-19 treatment owing 

to its extraordinary binding at the active site of main protease along with significant interaction with the amino acid 

residue Cys145 [67]. Fourteen phenolic compounds and terpenes, including ellagic acid were tested by Shaldam and his 

co-workers, in order to analyse their binding affinities towards Mpro and RdRp enzymes of the SARS-CoV-2 with the help 

of molecular docking experiments. According to their study, among the tested compounds, ellagic acid and quercetin 

demonstrated highest activity for SARS-CoV-2 inhibition [68]. Again, S. Arokiyaraj et al., studied the prospective ability 

of Geranii Herba (Geranium koreanum) as a potential inhibitor of SARS-CoV-2. Geranii Herba is a medicinal plant 

particularly found in Asia which is traditionally used for the treatment of gastrointestinal inflammation disorders and viral 

infections in some Asian countries. They tested the polyphenolic constituents of Geranii Herba, against SARS-CoV-2 

with an in silico approach. The molecular docking analysis indicated the possibility of the constituents of the plant as 

probable drug candidates for the treatment of COVID-19 infections and reported that phenolic components of the plant, 

namely ellagic acid, quercetin, geraniin, gallic acid, kaempferol and kaempferitrin have noteworthy binding interactions 

for the 3-chymotrypsin-like protease (3CLpro), receptor binding domain (RBD) of the viral spike (S) protein, and the cell 

surface receptor glucose-regulated protein-78 of the virus [69]. In addition, the interactions of the components of Moringa 

oleifera, that is basically used as vegetable and traditional herbal medicine for the treatment of viral infections, were 

studied to analyse their capacity as inhibitor of the main protease of coronavirus-2 via molecular dynamics simulation 

methods and ellagic acid, among the constituents of the medicinal plant, demonstrated the highest binding interaction, 

around 7.1 kcal mol-1 for nsp9 and around 6.9 kcal mol-1 for nsp10, which are vital co-factors for activation of multiple 

enzyme replication of the virus [70]. 

Caffeic acid or 3,4-dihydroxycinnamic acid is a hydroxycinnamic acid derivative and is one of the major components of 

woody plant biomass. It is available in all plants as an intermediate of lignin biosynthesis in plants. It can be extracted from 

many plants like - Eucalyptus gobulus, Hordeum vulgare, Dipsacus asperoides, freshwater fern Salvinia molesta and the 

mushroom Phellinus linteus etc. In addition, it is copiously present in foods like coffee, thyme, blueberries, black 

chokeberries, sage, kiwis, spearmint, cherries, ceylon cinnamon, star anise, apples, sunflower seeds, apricots, oils, prunes, 

tea and yerba mate herb [71-73]. It has shown various immune-protecting abilities like - antioxidant, antifungal, anti-

inflammatory, anticancer, antibacterial and antiviral properties [74-81]. A range of caffeic acid derivatives were investigated 

as anti-COVID-19 agent and some significant drug targets of COVID-19, viz., spike glycoprotein ectodomain (open and 

closed both), Nsp15 endoribonuclease, S2 subunit of spike glycoprotein (6LXT), as well as Mpro (6LU7) have been 

introduced in the experiments. Several derivatives of caffeic acid were identified to be modulators of COVID-19 drug 

targets, specifically, khainaoside B for fusion protein of the virus, 6-O-Caffeoylarbutin for Nsp15, 
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khainaoside C as Mpro modulator, khainaoside C to be spike protein (open) modulator, and vitexfolin A to be spike protein 

(closed) modulator [82]. Again, ethanolic extracts of stems of Sambucus formosana, commonly known as elderberry, 

were studied against human coronavirus variant, viz., HCoVNL63 and the extracts exhibited moderately strong 

efficiency. Successive investigations of the existing phenolic constituents recognized the maximum potential of caffeic 

acid among all the constituents [83]. It can additionally hinder the penetration of the virus into the receptor cell [83]. In 

another study, reported by Mohammad A. I. Al-Hatamleh et al., it was reported that caffeic acid, caffeic acid phenethyl 

ester, chrysin as well as galangin, demonstrated high ability as the inhibitor of the 3-chymotrypsin-like protease enzyme 

of the COVID- 19 virus and thereby they can avert enzyme replication [85]. During viral infections, the host receptor 

spike heat shock protein A5 is found to be upregulated and hence targeted by the spike protein of the virus. Molecular 

dynamics simulations analysis, carried out for monitoring the interacting ability of some phytoestrogens against the Heat 

Shock Protein Family A (Hsp70) Member 5 or HSPA5 substrate-binding domain β, which indicated modest to high 

binding interaction for a number of tested compounds, including caffeic acid, caffeic acid phenethyl ester, and 

thymoquinone, designating their potential as coronavirus-2 inhibitors [86,87]. Furthermore, molecular docking 

investigations disclosed that caffeic acid phenethyl ester exhibited the maximum affinity towards 3CLpro and S1 subunit of 

spike protein [88]. Additionally, caffeic acid interacts to the active site residues Lys50 of main protease via hydrogen 

bonding as well as with cornavirus-2 structural proteins E and N [86, 89]. 

 

Thymol, also known as 2-isopropyl-5-methylphenol is a naturally occurring phenolic monoterpenoid derivate of p- 

cymene that is largely available in oils of thyme species, Thymus vulgaris, and can also be found in a variety of plants 

including origanum, ajwain, acimum, star anise, crimson, beebalm, eyewort, etc. Thymol has been recognised to be a 

therapeutic agent indicating diverse range of utilizations, like - as a preservative, expectorant, antiseptic, anaesthetic, 

antiviral, anti-diarrhoea agent and also for treatment of coughs, headaches and upper respiratory system disorders. P.K. 

Yadav et al., executed a study using eighteen anti-viral phytoconstituents via in silico molecular docking experiments to 

analyse their capacity as COVID-19 inhibitors. The structure of TMPRSS 2 or transmembrane protease serine-2, was 

assumed that assist viral internalization by the cleavage of the spike protein of the virus. Accordingly, docking studies 

were executed with the catalytic domain of transmembrane protease serine 2 against these eighteen phytochemicals, that 

resulted thymol to be a superior preventer owing to its strong interaction with transmembrane protease serine 2, causing 

slight alteration in the structural arrangement in case of catalytic residues [90]. It was also found from in silico analyses 

that thymol has the potential for proper physical interaction with the coronavirus-2 spike glycoproteins, angiotensin- 

converting enzyme 2 to block interaction of coronavirus-2 with receptor ACE2, spike glycoprotein of coronavirus-2 beta 

(B.1.351) variant, transmembrane protease serine 2 and neutrapilin-1 receptors [91]. 

 

Rosmarinic acid or 3,4-dihydroxyphenyllactic acid is basically a caffeic acid ester available in a number of plants of the 

Lamiaceae family, such as rosemary, lemon balm, sage, Spanish sage, perilla, marjoram, mint, oregano, basil etc. and it is 

acknowledged to have an assortment of bioactive properties like - neuroprotective, antioxidant, anti-inflammatory, 

antidepressant, antiviral, antiapoptotic, antibacterial, hepatoprotective, and anti-nociceptive activity. Tegen et al., [55] 

predicted that plants demonstrating therapeutic benefits, that contain phytoconstituents like rosmarinic acid or ursolic acid, 

etc., may have potential against coronavirus-2. Again, A.G. Junior and his co-workers reported that, rosmarinic acid is 

successful in augmenting the levels of Angiotensin-converting enzyme 2, which is an indispensable receptor for cell entry 

of the SARS-CoV-2 virus, and thereby it might prevent the virus by dropping the host receptors aiding viral endocytosis 

[92]. Furthermore, according to the work reported by J. Selvaraj et al., rosmarinic acid and ursolic acid can bind 

themselves efficiently to Nsp15 protein of the virus signifying their prospective function in restraining the viral 

replication. The RNA-dependent RNA polymerase (RdRp or nsp12) of the SARS CoV-2, the most essential factor for 

replication and transcription machinery of the coronavirus-2, was also introduced to molecular docking studies with 

Plectranthus amboinicus constituents and the studies also established the possible binding of rosmarinic acid with RdRp 

of SARS CoV-2 [93]. 

 

CONCLUSION 
To conclude, the COVID-19 viral infection including different variants of the virus, along with the possibility of 

occurrence of more new variants that might be more aggressive, transmissible, vaccine-resistant, is becoming one of the 

major global concern for human beings now-a-days. To deal with such an unpredictable widespread outbreak, is a long-

standing process that necessitates not only the efforts of each and every individual, but also the worldwide collaborations 

by health experts, research scientists, governments, authorities and the public. Although, the world is in urgent need of 

novel antiviral therapeutic alternatives to tackle the virus, yet we all know the fact that development and recognition of 

new medicines are very much time-consuming, considering the mandatory period required for its clinical trials and proper 

validation. A number of molecular docking experiments have indicated the wide scope of the phytochemicals to be a 

promising option as therapeutic agents in order to combat COVID-19 as they are proven to be successful in targeting viral 

protein and blocking viral replication. Nevertheless, in depth in vitro and in vivo experiments are needed for proper 

understanding of their non-toxicity and restorative concentrations before clinical trials on human. In addition, although 

these phytochemical constituents are beneficial, their use beyond a specific concentration might be toxic as well. 

However, the author expects that the phytochemicals reviewed here will assist to add new dimensions towards pre- 

emptive and restorative strategies against SARS-CoV-2 and its different variants, not only towards the advancement of 

effectual and secure drugs to tackle COVID-19, but also towards the possible prevention of the disease expansion, by 

making those constituents a part of regular human diet in order to strengthen the human immunity. 
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