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A B S T R A C T   

Essential oils and their chemical constituents have been reported with well documented antimicrobial effects 
against a range of bacterial, fungal and viral pathogens. By definition, essential oils are a complex mixture of 
volatile organic compounds which are synthesized naturally in different parts of the plant as part of plants 
secondary metabolism. The chemical composition of the essential oils is dominated by the presence of a range of 
compounds including phenolics, terpenoids, aldehydes, ketones, ethers, epoxides and many others inferring that 
essential oils must be effective against a wide range of pathogens. This review article mainly focuses on the 
antiviral potential of essential oils and their chemical constituents especially against influenza and coronaviruses. 
Essential oils have been screened against several pathogenic viruses, including influenza and other respiratory 
viral infections. The essential oils of cinnamon, bergamot, lemongrass, thyme, lavender have been reported to 
exert potent antiviral effects against influenza type A virus. The essential oil of Citrus reshni leaves has been 
shown to be effective against H5N1 virus. The essential oil of Lippia species at a concentration of 11.1 μg/mL has 
been shown to induce 100% inhibition of yellow fever virus in Vero cells. Essential oils and oleoresins have been 
shown through in vitro and in vivo experiments to induce antiviral effects against Coronavirus infectious bron-
chitis virus. A study reported 221 phytochemical compounds and essential oils to be effective against severe 
acute respiratory syndrome associated coronavirus (SARS-CoV) using a cell-based assay measuring SARS-CoV- 
induced cytopathogenic effect on Vero E6 cells. The main mechanism of antiviral effects of essential oils has 
been found to cause capsid disintegration and viral expansion which prevents the virus to infect host cells by 
adsorption via the capsid. Essential oils also inhibit hemagglutinin (an important membrane protein of various 
viruses) of certain viruses; this membrane protein allows the virus to enter the host cell. Many essential oils and 
their components could inhibit the late stages of viral life cycle by targeting the redox signalling pathway. 
Essential oils of Thymus vulgaris, cymbopogon citratus and Rosmarinus officinalis have been found to destabilize 
the Tat/TAR-RNA complex of HIV-1 virus, this complex being essential for HIV-1 replication. Being lipophilic in 
nature, essential oils can penetrate viral membranes easily leading to membrane disintegration. The current 
comprehensive review will facilitate researchers to find chemical entities from plant sources as possible inhib-
itory agents against various viruses.   

1. Introduction 

The consumption of plant and plant-extracted natural products for 
cosmetic, religious and medicinal uses has an existence dating back to 
the rise of human civilizations [1]. Plants and their derived natural 

products show enormous chemical compositions which serve as leads in 
the field of drug development, design and research [2]. Medicinal plants 
bear bio-nutrients and phytochemicals in high concentrations and show 
remarkable bioactivities. Phytochemicals have been identified with 
enormous potential to act against a huge number of human ailments 
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including chronic diseases like coronary heart disease, diabetes and 
cancer [3]. The role of these phytochemicals has been highly investi-
gated in plants and it is well established that these chemicals are 
generated in the demand of self-protection. Besides, phytochemicals 
give plants a protective cover against damages and diseases and also 
contribute towards plant flavor, aroma and color [4]. The medicinal 
value of aromatic plants is generally credited to the presence of essential 
oils. These essential oils consist of a huge number of plant secondary 
metabolites. The use of essential oils has been predominantly linked to 
perfumes, cosmetics and food flavoring due to the presence of high 
aroma. Besides this, continuous researches have demonstrated immense 
potential of essential oils and their constituent chemical species in the 
management, protection and cure several human diseases [5,6]. Since 
last 3 or 4 decades, the uses of essential oils have gained strong attention 
in aromatherapy and phytomedicine. Therefore, essential oils have been 
widely explored by researchers in basic research, especially their anti-
oxidant, antimicrobial and antitumor activities. Essential oils generally 
comprise of diversity of chemical mixtures which bears tens to hundreds 
of varieties of molecules, mostly the mixture of benzene derivatives and 
terpenes. These terpenes and benzene derivatives contribute to the rich 
bioactivity of essential oils [7,8]. Essential oils and terpenes look similar 
at first glance as their bear similarity of being from plant origin and both 
are aromatic. Many people believed that they both serve similar pur-
poses. Similarities between essential oils and terpenes have created 
confusion of weather they are same or different, but these two are 
different [9]. 

The demand for aromatic and medicinal plants is growing continu-
ously due to enhancement in consumers and interest in their medicinal, 
culinary and other anthropogenic applications. Consumers globally are 
gaining more information regarding food, nutrition and health issues, 
alongside they are too becoming aware of health benefits of using aro-
matic, medicinal plants and plant metabolites [10]. Essential oils are 
among the secondary metabolites generated by the plants. The use of 
essential oils has remained mostly confined to the perfumery and 
cosmetic domains besides bear rich chemical composition. Essential oils 
are worthy of getting better understanding into their biological char-
acteristics and rich chemistry. More attention is needed to explore in-
dividual components or different extracts of essential oils for 
applications in human health, environment and agriculture [11]. 
Essential oils could be explored as an operative substitutes or comple-
ments to synthetic compounds of the chemical industry, without 
inducing the identical secondary effects. 

2. Essential oils, chemical composition and uses in different 
health care products 

2.1. Definition 

An abundance of practical definitions exists for the term volatile or 
essential oils. Essential oils are highly concentrated oily and hydro-
phobic volatile liquids generated by different plant materials including 
roots, fruits, wood, herbs, bark, twigs, leaves, seeds, buds, rhizomes, 
peels, flowers and entire plant belonging to a distinct botanic species 
[12–14]. Strong odor is one of the prominent characteristic features of 
essential oils. Moreover, they display almost similar chemical compo-
sition and biological activities when extracted from a single botanical 
species growing under similar climate, edaphic conditions and common 
harvest season [15]. The presence of plant essence in these oils earns 
them the name “Essential Oils”. Mostly essentials oils are plant derived 
but few of them are generated by microorganisms and animals too [16]. 
Fungi, seaweeds, liverworts and mosses have also been recognized of 
producing essential oils [17]. They are soluble in weakly polar and 
nonpolar organic, low in density than water (excluding exceptions) 
solvents, rarely colored and limpid [18]. Essential oils are mostly 
colorless in appearance when fresh, but some may be green (bergamot, 
Citrus bergamia), orange (Sweet orange, Citrus sinensis), blue 

(chamomile, Matricaria chamomilla) and pale yellow (yellow mandarin) 
[19]. These oils undergo easy oxidation with age by exposure to heat 
light or air, which causes color darkening in essential oils [20]. There-
fore, to avoid such oxidation, essential oils needs to be stored in a cool 
and dark place and most suitably with the amber glass containers. Plant 
terpenes and essential oils are differentiated on the bases of chemical 
constituents as essentials oils accommodate both terpenes and other 
natural class of compounds as well. 

2.2. Distribution and uses of essential oils 

Several factors are responsible in deciding the quality and quantity of 
essential oils in different plant materials like plant organ, chemotypes, 
methods of preparation, stage of plant harvest, age, soil type and texture 
and climate. There are numerous plant derived essential oils used in one 
and the other way in different fields, approximately 3000 essential oils 
from about 2000 plants [20,22]. Quite often all the plants have the 
tendency to generate essential oils but few produce in traces and few in 
healthy amounts. The plants producing essential oil which is of com-
mercial importance are known as essential oil plants [23]. Essential oils 
generally are present in higher plants with around 17,500 known species 
but they are present in healthy amounts in some specific plant families 
including Zingiberaceae, Poaceae, Apiaceae, Umbelliferae, Asteraceae, 
Lamiaceae, Rutaceae, Compositae, Lauraceae, Cupressaceae, Acoraceae, 
Rosaceae, Oleaceae, Myristricaceae, Myrtaceae, etc. [24–27]. Mostly, 
the bioactivities of these essential oils remain obscure. Essential oils are 
currently a subject of high importance in research and several industries 
as well due to their remarkable potential of pharmacological activities 
and tendency of acting as natural preservatives [28]. The ecological role 
of essential oils have been extensively studied and established. The 
well-known are plant-animal interactions for repelling and protection 
against predators, plant interactions like germination inhibition and 
allelopathic agents and attraction of insects which assist in pollination 
[29]. Industries always look for antimicrobial safety in cosmetics 
because the microbial degradation can pose threat to customer’s health. 
Essential oils have strong antimicrobial property and hence can serve as 
natural ingredients in cosmetics for microbial protection. Drugs bearing 
essential oils and essential oils are of remarkable importance in agri-
culture as insecticides, food technology as flavor for drinks, food, spices 
and preservatives, perfumery as perfume, pharmacy as healer and in 
aromatherapy [30]. The importance and vitality of essential oils is being 
highly valued in plant chemotaxonomy [31,32]. 

2.3. Composition of essentials oils 

EOs are in general a very complex mixture (60–300) of nonpolar and 
semipolar lipophilic components of low molecular weight, at different 
concentrations with two or three appearing to be major ones: terpe-
noids, straight-chain compounds not containing any side chain, aro-
matic and phenolic components and Sulfured derivatives [33,34]. The 
difference in taste and odor of essential oils highly depends on the plant 
type, season of harvesting, geographical location, methods of drying and 
the techniques involved in extraction [35–37]. The primary volatile 
constituents present in essential oils are classified into terpenoids and 
polypropanoids [38–40]. Here we will consider terpenoids only. 

2.4. Terpenes and terpenoids 

Terpenes are the plant secondary metabolites having carbon back-
bone of isoprene (2-methylbuta-1,3-diene) units in their structure [41]. 
Mevalonic acid pathway in cytoplasm of plant cells results in the for-
mation of terpenes. Terpenoids are generated by different biochemical 
modifications like rearrangement and oxidation of terpenes. These 
biochemical modifications form terpenoids of oxygenated derivatives of 
terpenes like acids, alcohols, ketones, aldehydes, esters and ethers. 
Terpenoids are the largest class of phytochemicals comprising of nearly 

A.R. Wani et al.                                                                                                                                                                                                                                 



Microbial Pathogenesis 152 (2021) 104620

3

40,000 different compounds of primary and secondary metabolism have 
been identified [41]. Every year new members get added to this class of 
natural products. Terpenoids can generally be classified into four 
different groups including true terpenes, saponins, steroids and cardiac 
glycosides. These four groups of compounds are present in almost every 
living system, primarily in plant derived essential oils. Therefore, these 
are considered as largest and structurally more diverse group of plant 
derived natural products [42]. Hemiterpenoids, monoterpenoids and 
sesquiterpenoids are the only sufficient volatile constituents of essential 
oils. As widely acknowledged, the composition of EOs is mainly repre-
sented by mono-, sesqui-, and even diterpene hydrocarbons and their 
respective oxygenated derivatives [43–45]. Essential oils bear struc-
turally low molecular weight constituents making them highly volatile. 
The major constituents of essential oils are terpenes [46]. These terpenes 
are formed by the systematic assembly of isoprene units (5 carbon base 
units). Heat to tail condensation of these units gives rise to huge number 
terpenes. The structural and chemical diversity of terpenes are a result of 
repetition, cyclization, and rearrangements of these isoprene units. Main 
constituents of essential oils include monoterpenes with C10 skeleton, 
sesquiterpenes with C15 skeleton, diterpenes with C20 skeleton and 
triterpenes with C30 skeleton. Higher terpenes and their oxygenated 
derivatives are present in very low concentrations in essential oils [47]. 

2.5. Hemiterpenes 

Hemiterpenes are the minor constituents of terpene content of 
essential oils. These generally are the 2-methylbutane skeleton bearing 
ester, aldehyde and alcoholic groups [48]. The number of hemiterpenes 
in essential oils is very low (approx. Less than 100) [49]. Recently, the 
leaves of Prinsepia utilis have been recognized with chlorinated hemi-
terpenes (Fig. 1) [50]. 

2.6. Monoterpenes 

The linkage of head to tail combination of two isoprene units gives 
rise to regular monoterpenes (C10). Monoterpenes are the low molec-
ular weight molecules present in higher concentrations (>90%) in some 
of the essential oils. Therefore, these molecules contribute in forming 
specific smell by a plant [51,52]. Monoterpenes bear a double bond in 
their structural moiety and are almost present in all plant essential oils. 
These monoterpenes are generally involved in the plant to plant inter-
action and plant to animal interactions like fruit dissemination, seed 
dissemination pollination and allelopathic agents. There are more than 
30 basic skeletons for monoterpenes and hence can be subdivided into 
three subgroups: acyclic, monocyclic and bicyclic. Different mono-
terpenes both true and oxygenated terpenes have been shown in Fig. 2. 

2.7. Sesquiterpenes 

Sesquiterpenes are another major class of major constituent terpenes 
present in essential oils and are less in volatility than monoterpenes. 
These are formed by combination of three isoprene units which makes 
them more versatile in structural diversity. Sesquiterpenes exist in 
different forms as generated by the combination of these three isoprene 
units like linear, mono-, bi-, and tri-cyclic. These are the most diverse 

group of terpenoids found in plants and essential oils (Fig. 3). 

2.8. Diterpenes 

Diterpenes are more complex chemically and structurally mostly 
found associated with plant resin and few times encountered as by- 
products during essential oil extraction. These are of high molecular 
weight due to presence of C20 skeleton which makes them less volatile 
and less abundant than mono- and Sesquiterpenes. As a result of high 
molecular weight these diterpenes are difficult to isolate in essential oils 
through distillation process. If diterpenes are present in essential oils, 
they usually are in miniscule amounts. However, the traditional distil-
lation process assists in identification and separation of these diterpenes 
from essential oils [53]. 

Generally, molecules with molecular masses greater than 300 uma 
can be seen as symbol of inadequate extraction settings or adulteration. 
Diterpenes that are typically found in essential oils include camphorene, 
cafestol, kahweol, cambrene, and taxideme (Fig. 4). 

2.9. Biological activity of essential oils 

The pharmacological applications of essential oils have been exten-
sively evaluated in the view to search for possible alternative medicine. 
Since past few decades essential oils have been searched upon exten-
sively for their possible role in an array of biological systems [54]. 
Essential oils present remarkable potency of having wide range of 
bioactivities. 

2.10. Antioxidant activity 

Antioxidant activity of essential oils is one of their most intensively 
investigated properties. Oxidation of many biological substances causes 
cellular damage and may metabolic diseases to name a few: Alzheimer’s 
disease, Parkinson’s disease, inflammation, arthritis, diabetes and can-
cer [55–59]. Essential oils are well known for their rich antioxidants that 
can be investigated to inhibit oxidative damage [60]. The antioxidants 
species are those which tend to delay the oxidation of substrate or 
inhibit it [61]. The volatile components present in essential oils not only 
produce protective cover against oxidative stress but also acts as 
prooxidants, by targeting cellular redox potential and inducing damage 
to intracellular biomolecules. As prooxidants, essential oils may cause 
damage to DNA and cellular proteins. Besides antioxidant potential of 
essential oils, prooxidant activity must also be considered when it comes 
to antioxidant studies of essential oils. 

The phenolic content of essential oils has been highly regarded for 
their antioxidant potency. Recent studies have also reported that the 
volatile constituents of essential oils can also contribute to antioxidant 
property of essential oils as individually or in mixture. The essential oil 
extracted from Melissa officinalis L. (lemon balm) has been reported of 
higher antioxidant capacity than that of BHT. The GC-MS analysis of this 
oil has showed the primary constituents were geranial, neral and 
citronellal with percentage yields of 23.4%, 16.5%, 13.7%, respectively 
[62]. 

Fig. 1. Some of the hemiterpenes constituents of essential oils.  
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2.11. Anticancer activity 

Cancer is a leading global health threat with 18.1 million patients 
being diagnosed each year. This disease is highly lethal and was 
accounted for a mortality of 9.6 million lives alone in the year of 2018. 
Out of these deaths, 70% of deaths belonged to low- and meddle-income 
countries [63]. The currently available chemotherapeutic drugs for 
cancer treatment include Taxol, Camptothecin, Vincristine and 
Vinblastine [64]. There are several studies that have reported the anti-
cancer activity of essential oils. An approximate estimation of 500 
research papers has been published on anticancer activity of essential 
oils [65–68]. Although, there are no clear cut studies that have reported 
that aromatherapy could prevent or treat cancer. Higher number of 
studies has reported anticancer activities of essential oils against 
different cancer cell line in vitro using petri dishes. Essential oils have 
been reported with strong anti-inflammatory potential which leads to 
the fact that these could also have anticancer effects as there is a direct 
relationship between reactive oxygen species at the origination of 
oxidation and inflammation. From the past 10 years there has been an 
increased interest of researchers in the anticancer activity of essential 
oils which lead to investigation of more than 100 essential oils belonging 
to more than 20 families against 20 distinct types of cancers [69]. 
Bourgou and collaborators shown that essential oil derived from seeds of 
Nigella sativa L. (black cumin) inhibits the growth of A-549 and DLD-1 
cancer cell lines with IC50 values of 43.0 and 46.0 μg/mL, respec-
tively [70]. Wang and co-workers have reported the toxicological po-
tential of essential oil from Rosamarinus officinalis L. and its constituents 
including 1,8-ceneole, α-pinene and β-pinene. The investigation was 
carried out on three different human cancer cell lines including 
SK-OV-3, HO-8910 and Bel-7402, the essential oil showed IC50 values of 
0.025%).076% and 0.13% (v/v), respectively [71]. 

2.12. Antimicrobial activity 

Essential oils possess strong potential as antimicrobial agents; this 
property of theirs has been well established and reported by several 
research works. The antimicrobial action of essential oils not only de-
pends of phytochemical constituents but also interactions among 
different components leading to synergistic or antagonistic activities. 
The factors deciding the antimicrobial actions of essentials oils include 
chemical content, concentration, interactions among primary active 
components and the vulnerability of microorganisms [72,73]. Their 
inactive constituents may influence the rate of reaction, resorption along 
with biological effects of active constituents. Therefore, the presence of 
both minor and major constituents of essential oils may lead to modi-
fication of activity by posing synergistic or antagonistic effects [74,75]. 
The essential oils derived from thyme, oregano and cinnamon have been 
reported of strong antibacterial activities against Pseudomonas fluo-
rescens, Listeria monocytogenes, Bacillus thermosphacta and Escherichia coli 
[76]. The increasing order of some of the essential oils in terms of 
antimicrobial activities is reported as follows: sage (Salvia officinalis) <
mustard (Sinapis alba) < rosemary (Salvia rosmarinus) < mint (Mentha) 
< thyme (Thymus vulgaris) < cinnamon (Cinnamomum cassia) < cori-
ander (Coriandrum sativum) < clove (Syzygium aromaticum) < oregano 
(Origanum vulgare) [77]. The resistance developed by infectious bacteria 
to antibiotics is most serious issue regarding human health, globally. The 
bacteria that result in posing huge clinical burdens includes Escherichia 
coli, Pseudomonas aeruginosa, Acinetobacter baumannii, Clostridium diffi-
cile, Enterococcus faecium, Staphylococcus aureus, Enterobacter species and 
Klebsiella [78]. Due to the existence of peptidoglycan layer outside the 
cellular membrane in gram-positive bacteria, essential oils show 
maximum activity against them. The gram-negative bacteria bear a 
bilayer phospholipid membrane outside the inner membrane and are 

Fig. 2. Some of the monoterpene and monoterpenoid constituents of essential oils.  
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connected to the inner membrane with lipopolysaccharides [79]. There 
are several studies which have reported the bioactivity of essential oils 
against bacteria and fungi using distinct pathogen microorganisms 
[80–83]. Some of the earlier studies have reported that the 
gram-negative bacterial strains of E. coli and P. aeruginosa are strongly 
targeted by the essential oils from fruits of Piper guineense and roots of 
P. caldense [84,85]. An in vitro study carried out by Thanissery et al. 
showed inhibition of Campylobacter and Salmonella enterica by the 
essential oils of clove, rosemary and mixed thyme-orange oils [86]. 
Thyme oil revealed maximum inhibition against Salmonella in compar-
ison to other two essential oils with zones of inhibition (ZI) of 18.5 mm. 
The essential oils from oregano, thyme, rosemary, clove, pimento and 
cinnamon has been recognized of antibacterial activities against Pseu-
domonas aeruginosa, Staphylococcus aureus and Salmonella typhi [87]. 
Clove oil was most active among all these tested essential oils. The 
antimicrobial activity of these essential oils was attributed to their rich 
chemical content including p-cymene, eugenol, cinnamic aldehyde, 

thymol and carvacrol. The essential oils derived from medicinal and 
aromatic plants are rich in eugenol, carvacrol and thymol and all of 
these show potential inhibition of food-borne pathogens including Vibrio 
vulnificus, Listeria monocytogenes, Salmonella typhimurium, and Escher-
ichia coli [88]. An in vitro analysis carried out by Sutili et al. showed 
strong inhibition effects of essential oils derived from Hesperozygis 
ringens, Ocimum gratissimum and Ocimum americanum against Aeromonas 
hydrophila [89]. Escherichia coli (E. coli) and Staphylococcus aureus 
(S. aureus) are two opportunistic pathogens that cause severe and 
life-threatening infections in immunocompromised patients. The 
essential oil derived from Eucalyptus globulus have been reported of 
inducing strong growth inhibiting effects on Gram-positive (E. coli) and 
Gram-negative bacteria (S. aureus) [90]. Further, essential oils from 
oregano and thyme have been reported to inhibit the growth of moulds 
including Aspergillus niger and A. flaous [91]. Clove essential oils has 
been reported of remarkable inhibition against Botrytis cinerea (gray 
mold) [92]. 

Fig. 3. Some of the sesquiterpenes and sesquiterpenoid constituents of essential oils.  
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2.13. Anti-inflammatory activity 

Essential oils have been reported of strong anti-inflammatory po-
tential. Most of them were firstly recognized and involved in the treat-
ment of oxidative and inflammatory diseases. The most popular herb 
Cymbopogon citratus has been used as anti-inflammatory and analgesic 
agent. The underlying mechanism of action was found to be suppression 
of COX-2 expressions by this essential oil. Citral was the primary and 
major constituent of this essential oil and has been considered as active 
constituent for its COX-2 suppression and PPAR α and γ activation [93]. 

2.14. Miscellaneous activities 

Several research papers have been published in the context of insect 
repellent activity of essential oils. The essential oils from Lavandula 
angustifolia (Miller), Hyptis suaveolens L. and Hyptis spicigera L. have been 
reported with strong repellent activity against Sitophilus zeamais adults 
[94]. The antileishmanial activity was evaluated against promastigotes 
and intracellular amastigotes, and cytotoxicity was performed with 
J774. G8, which were incubated with different concentrations of 
E. bracteolate. Promastigote forms showed E. bracteolate EO IC50 value of 
7.945 μg/mL (24 h) [95]. Furthermore, essential oils have been shown to 
possess significant antinematocidal activity. A study carried out by 
Barbosa et al. has reported the antinematocidal activities of essential oils 
derived from Thymus caespititius, Thymbra capitata, Satureja montana, 

Origanum vulgare and Chamaespartium tridentatum against the Bur-
saphelenchus xylophilus (pinewood nematode) [96]. Essential oils 
derived from the leaves of Cymbopogon citratus (lemon grass) and 
Tithonia diversifolia (Mexican sunflower) were investigated for their 
antinematocidal activity against Caenorhabditis elegans, Panagrellus 
redivivus, Meloidogyne incognita and Bursaphelenchus xylophilus. Out of 
these nematodes, both the essential oils showed higher activity against 
M. incognita with IC50 values of 1.068 μg/mL and 0.747 μg/mL [97]. 

Several studies have shown that essential oils inhibit the growth of 
zoonotic Anisakis. In a similar study, essential oil derived from Origanum 
compactum was reported to induce 100% mortality in Anisakis simplex L3 
larvae isolated from Micromesistius poutassou [98]. In an another study 
Origanum syriacum essential oil was reported to induce protective effects 
against the gastrointestinal parasite Anisakis simplex and mosquito vec-
tor Culex quinquefasciatus [99]. Gómez-Rincón and coworkers have 
shown that essential oils of Melaleuca alternifolia (tea tree) inhibit the 
growth of L3 larvae of Anisakis simplex [100]. 

2.15. Antiviral activity of essential oils and their chemical constituents 

From literature survey, it has been well documented that essential 
oils possess strong antiviral action against several DNA and RNA viruses 
like herpes simplex virus type-1 and -2 (HSV-1 and HSV-2), poliovirus, 
influenza virusadeno type 3, dengue virus type-2, coxsackievirus B-1 
and Junin virus [101]. Bioactive plant-based and pure natural products 

Fig. 4. Some of the diterpene and diterpenoid constituents of essential oils.  
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are a novel source of rich antiviral drugs due to the presence of genet-
ically higher chemical diversities. Viral diseases are of great concern to 
human health, globally. Till date, only a hand full of drugs has been 
found active against several viruses, this creates a need for lead drugs or 
molecules that can produce strong antiviral actions. The essential oils 
from oregano and clove has been reported of remarkable antiviral 
property against a number of non-enveloped DNA and RNA viruses 
including adeno virus type-3, coxsackie virus B-1 and polio virus [102, 
103]. The essential oil from Melaleuca alternifolia has been found to 
produce remarkable antivirus activity against Tobacco Mosaic Virus 
(TMV) and also resulted in suppressing the lesion formation of Nicotiana 
glutinosa within 10 days of administration [104]. An in vitro study has 
shown that essential oil of tea, eucalyptus and thyme and their mono-
terpenes content has been found substantially active against HSV-1. 
These essential oils produced inhibition of HSV-1 by almost 96% and 
the monoterpenes showed about 80% inhibition against the virus [105]. 
The antiherpes potential of essential oils and their chemical constituents 
from plant source has been reported earlier [106]. The essential oils 
from thyme oil, manuka oil, Australian eucalyptus oil and tea tree oil 
have been already reported of antiherpes activities [107–109]. Several 
constituents of essential oils like phenylpropanes, sesquiterpenes and 
triterpenes, have been approved for their strong antiviral activity 
against rhinovirus and herpes viruses [110–113]. There are very few 
researches which have reported the ability of monoterpenes to suppress 
the viral multiplication, they have not been systematically analyzed for 
their antiviral efficacy. Isoborneol has been reported as a potent anti-
viral agent against the HSV but there is a lack of research in the field of 
antiviral activities of terpenes, their role of inhibiting the viral multi-
plication cycle and modes of action [114]. Many in vitro studies have 
reported that essential oils retard the ability of HSV-1 to multiply under 
experimental conditions [115]. The different forms of primary viral in-
fections caused by HSV-1 in human beings are mucocutaneous herpes 
infection, neo natal herpes, herpetic keratitis and herpetic encephalitis. 
The essential oils from Glechon spathulata, Artemisia arborescens and 
Glechon marifoia have been shown with potent antiviral activity against 
HSV-1 [116]. The essential oil from Melissa officinalis bears two major 
constituents citronellal and citral which could have the potential to 
inhibit the replication of HSV-2 [117]. Essential oils from the Eupatorium 
patens and Artemisia douglasiana have been found active against the 
dengue virus [118]. Further, the Lippia junelliana and Lippia turbinate 
essential oils showed strong antiviral activity against the Junin virus. 
The essential oil constituents of Pogostemoncablin have been found 
active against the H2N2 influenza-A virus [119]. The anti-avian influ-
enza virus H5N1 activity was reported by the essential oils from leaves 
and fruits of Fortune llamargarita [120]. The Trachyspermum oil has 
been reported of producing remarkable antiviral potential against the 
Japanese encephalitis virus (JEV). A study by Zeedan et al. has shown 
the anti-ORF virus (aparapox virus) activity of the essential oil from 
Achillea fragrantissima [121]. Recently, an in vitro study was carried out 
by Pour ghan bari et al., evaluating the antiviral potency of lemon balm 
(M. officinalis) essential oil and noseltamivir on H9N2 avian influenza 
virus and also analyzed their synergistic efficacy against the virus [122]. 
They have reported that the lemon balm essential oil at various con-
centrations retarded the process of replication in H9N2 virus. However, 
these replication inhibition effects were enhanced on co-administration 
with seltamivir. The essential oils derived from Colombian MAPs like 
Ocimum campechianum, Hyptismutabilis, Lepechinia vulcanicola, Minthos-
tachys mollis and Lepechinia salviifolia, have been shown with great ef-
ficacy against the herpes viruses type-1 and -2 [123]. These essential oils 
were reported to inhibit the viral infections at early stages. Therefore, 
plant derived essential oils have a great tendency to be developed as 
antiviral agents against different viral diseases in human and could be 
alternatives to replace synthetic antiviral drugs. Cermelli et al. have 
investigated the volatile oils of Myrtaceaen species, Eucalyptus globulus 
Labill in particular, against a number of respiratory viruses and bacteria. 
They demonstrated the activity of E. globulus volatile oil against a strain 

of animal virus, a strain of infectious disease virus, 10 isolates of Sten-
otrophomonas maltophilia, 10 isolates of enteric bacteria pneumonia, 30 
isolates of H. parainfluenzae, 40 isolates of Haemophilus influenzae, 20 
isolates of S. aureus, 40 isolates of S. agalactiae and 120 isolates of 
Streptococcus pyogenes. Furthermore, a gentle toxicity was reported for 
the epidemic parotitis virus [124,125]. 

Antiviral activities of essential oils and their extracted components 
have been listed in Tables 1 and 2, respectively. 

3. Antiviral activity against coronaviruses 

3.1. What are coronaviruses? 

Coronaviruses have been listed under a different sub-family (coro-
navirinae) of family coronaviridae. The members of the family Coro-
naviridae, a monophyletic cluster in the order Nidovirales, are 
enveloped, positive stranded RNA viruses of three classes of vertebrates: 
fish (bafiniviruses), birds (coronaviruses) and mammals (toro– and 
caronaviruses). On the study of unrooted and rooted phylogenetic trees 
projected for variant genomic regions, four different CoV clusters are 
eminent. Three clusters correspond to already found unofficial groups 1, 
2 and 3 that are now classified officially as genera, Alpha-, Beta- and 
Gamma-CoV’s, respectively. The fourth cluster is different from the 
farmer three and found in birds. By all the standards this fourth cluster 
has been listed under a different genus (unofficial, yet to be approved) 
tentatively termed as “Delta-CoV’s”. Moreover, in case of Beta- CoV’s 
further four divergent linages can be distinguished, assigned as A 
through D, that correspond to former subgroups 2 A through D, 
respectively (Fig. 5). 

Across Coronavirinae, virons are spherical in shape and a size of 
120–160 nm, bacilliform, 170–200 × 75–88 nm (Bafinivirus) or both, 
having a characteristically bent bacilliform into crescents (Torovirus). 
These particles are decked with typically large, petal- or club-shaped 
surface projections (spikes), creating an image of solar corona (Fig. 6) 
under electron microscopy. The CoV’s bear helical nucleocapsids and 
can been released from virion on the application of detergents. The 
nucleocapsids of coronavirus appear to be loosely-wound and in Tor-
ovirinae are characteristically tubular. Coronoviridae are the large size 
RNA viruses discovered so far in terms of genetic complexity and 
genome size, except rivaled by okaviruses (belonging to the family of 
Roniviridae, okaviruses are large invertebrate nidoviruses). 

3.2. Anti-coronavirus activities of essential oils 

Essential oils have been shown with tremendous antiviral potential 
against different types of disease causing viruses in humans. The anti-
viral action of oleoresins and essential oils mixture from different aro-
matic herbs and medicinal plants was evaluated against coronavirus 
infectious bronchitis virus (IBV) both in vivo and in vitro [127]. This 
mixture used in avian IBV treatment resulted in decreasing of virus titer 
in two different host systems, embryonating eggs and Vero E6 cells. The 
effectiveness of this mixture against IBV was also investigated in 
chickens. The essential oils and oleoresins mixture was administrated to 
the chickens through spraying at 1:20 dilution and it was reported that 
before 2 h of IBV exposure, the mixture produced remarkable results 
against IBV. This type treatment showed substantial effects of reducing 
seriousness of signs and clinical lesions in birds along with it reduced the 
amount of viral RNA in the trachea of birds. The birds administrated 
with this essential oils and oleoresins mixture showed protection against 
IBV for a time period of 4 days and also reduced the clinical symptoms 
and transmission of the viral infection for over two weeks. This mixture 
produced virucidal action as it proved more beneficial prior to virus 
entry and attachment. Therefore, these results indicated that this 
treatment mixture is more active against cell free virus and hence could 
be active against other types of viruses as well including other human 
coronaviruses. In an another study carried out by Wen et al. evaluating 
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Table 1 
The antiviral actives of some essential oils of plant origin [126].  

S. 
no. 

Source of 
essential oils 

Target 
viruses 

Mechanism 
type 

SI IC50 

1 Osmunda regalis 
(Tunisian fern) 

Coxsackie 
virus B4 

ND 789.8 2.2 μg/mL 

2 Dysphania 
ambrosioides 

Coxsackie 
virus B4 

ND 74.3 21.7 μg/ 
mL 

3 Cymbopogon 
nardus 

HIV-1 ND ND 1.2 mg/ 
mL 

4 Thymus 
vulgarisvulgaris, 
Cymbopogon 
citratus, 
Rosmarinus 
officinalis 

HIV-1 ND 1.13–3.6 0.05–0.83 
μg/mL 

5 Fortunella 
margarita fruit 

Avian 
influenza 
virus A 
(H5N1) 

ND ND 6.8 μg/mL 

6 Citrus reshni ripe 
fruit peel 

Avian 
influenza 
virus A 
(H5N1) 

ND 8.7 2.5 μg/mL 

7 Pelargonium 
graveolens 

IFV-A 
(H1N1) 

Intercellular >21 <3.1 μL/ 
mL 

8 Eucalyptus 
globulus 

IFV-A 
(H1N1) 

Intercellular >0.5 <50 μL/ 
mL 

9 Lavandula 
officinalis 

IFV-A 
(H1N1) 

Intercellular >8 <3.1 μL/ 
mL 

10 Thymus vulgaris IFV-A 
(H1N1) 

Intercellular >4 <3.1 μL/ 
mL 

11 Cymbopogon 
flexuosus 

IFV-A 
(H1N1) 

ND >4 <3.1 μL/ 
mL 

12 Citrus bergamia IFV-A 
(H1N1) 

Intercellular >5 <3.1 μL/ 
mL 

13 Cinnamomum 
zeylanicum 

IFV-A 
(H1N1) 

Intercellular >4 <3.1 μL/ 
mL 

14 Patchouli IFV-A 
(H1N1) 

ND 1.15 0.088 mg/ 
mL 

15 Mexican oregano 
(Lippia 
graveolens) 

Acyclovir- 
resistant 
HSV-1 

Intercellular 13.1 55.9 μg/ 
mL 

16 Salvia desoleana Acyclovir- 
resistant 
HSV-2 

Intercellular 
and 
intracellulara 

55.2 28.6 μg/ 
mL 

17 Thymus capitatus HSV-2 Intercellular 6.0 18.6 μg/ 
mL 

18 Thymus capitatus HSV-1 Intercellular 6.9 17.6 μg/ 
mL 

19 Rosmarinus 
officinalis 

HSV-1 ND 46.1 0.006% 

20 Satureja hotensis HSV-1 ND 32.2 0.008% 
21 Artemisia 

kermanensis 
HSV-1 ND 66.4 0.004% 

22 Eucalyptus caesia HSV-1 ND 38.8 0.007% 
23 Zataria multiflora HSV-1 ND 55.4 0.003% 
24 Mexican oregano 

(Lippia 
graveolens) 

HSV-1 Intercellular 7.4 99.6 μg/ 
mL 

25 Pulicaria vulgaris HSV-1 Intercellular 1 0.001% 
26 Lallemantia 

royleana 
HSV-1 Intercellular 6.4 0.011% 

27 Star Anise HSV-1 Intercellular 160 1 μg/mL 
28 Mentha 

suaveolens 
HSV-1 Intracellular 67 5.1 μg/mL 

29 Australian tea 
tree 

HSV-1 Intracellular 43 13.2 μg/ 
mL 

30 Sinapis arvensis HSV-1 Intercellular 1.5 0.035% 

Note: SI = selectivity index, ND = not defined, HIV = human immunodeficiency 
viruses, HSV = human herpes viruses, Intracellular = effects on intercellular 
events of life cycle in viruses, Intercellular = effects on virus surface pre or post 
adsorption and “a” = indicates later stages of viral lifecycle. 

Table 2 
Antiviral activity of some individual essential oil compounds [126].  

S. 
no. 

Compounds Target 
viruses 

Mechanism type SI IC50 

1 Camphor BVDV Intercellular 13.9 318.51 
μg/mL 

2 1, 8-Cineole BVDV Intercellular 9.1 331.17 
μg/mL 

3 Germacrone IFV-A 
(H1N1) 

Intercellular 
and 
intracellularb 

>41 6.03 μM 

4 β-Santalol IFV-A 
(H3N2) 

Intracellulara  10–100 
μg/mL 

5 Eugenol IFV-A 
(H1N1) 

ND ND <3.1 μL/ 
mL 

6 Carvacrol IFV-A 
(H1N1) 

ND <0.15 2.6 μg/ 
mL 

7 Carvacrol Acyclovir- 
resistant 
HSV-1 

Intracellular 8.7 28.6 μg/ 
mL 

8 Limonene HSV-1 Intercellular 10.2 5.9 μg/ 
mL 

9 β-Pinene HSV-1 Intercellular 24.3 3.5 μg/ 
mL 

10 Carvacrol HSV-1 Intercellular 43 7 μM 
11 Thymol HSV-1 Intercellular 43 7 μM 
12 Carvacrol HSV-1 Intracellular 5.1 48.6 μg/ 

mL 
13 p-Cymene HSV-1 Intercellular ND >0.1% 
14 Carvacrol HSV-1 Intercellular 1.4 0.037% 
15 Thymol HSV-1 Intercellular 7 0.002% 
16 Eugenol HSV-1 Intercellular 2.4 35 μg/ 

mL 
17 Trans-anethole HSV-1 Intercellular 5 20 μg/ 

mL 
18 β-Eudesmol HSV-1 Intercellular 5.8 6 μg/mL 
19 Farnesol HSV-1 Intercellular 11.4 3.5 μg/ 

mL 
20 β-Caryophyllene HSV-1 Intercellular 140 0.25 μg/ 

mL 

Note: SI = selectivity index, ND = not defined, BVDV = Bovine viral diarrhea 
virus, HIV = human immunodeficiency viruses, HSV = human herpes viruses, 
Intracellular = effects on intercellular events of life cycle in viruses, Intercellular 
= effects on virus surface pre or post adsorption, “a” = later stages of viral 
lifecycle and “b” = initial stages of viral lifecycle. 

Fig. 5. Classification of coronaviruses.  

Fig. 6. General structure of coronaviruses.  
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the effects of 221 phytochemicals and essential oils components against 
SARS-CoV (severe acute respiratory syndrome coronavirus [128]. They 
used cell-based assay investigating cytopathogenic effects on SARS-CoV 
infected Vero E6 cells. Out of all the experimental components, 10 ter-
penoids, 2 sesquiterpenoids and 2 triterpenoids showed maximum in-
hibition at doses ranging from 3.3 to 10 μM. The researchers measured 
the concentrations of 22 compounds which showed 50% inhibition of 
proliferation in Vero E6 cells (CC50) and replication (EC50). This was 
the first research involving the essential oil derived phytochemicals 
showing that they could potentially inhibit the SARS-CoV and provided 
a novel approach towards the formation of anti-SARS-CoV drugs. The 
essential oils derived from Citrus sinesis, Anthemis hyalina and Nigella 
sativa, have been reported of significant activity against replication of 
coronaviruses and the levels of TRP gene expressions [129]. To assess 
the influence of extracts on the replication of coronavirus (CoV) and on 
the manifestation of TRP genes throughout Coronavirus contagion, 
HeLa-CEACAM1a (HeLa-epithelial carcinoembryonic antigen-related 
cell adhesion molecule 1a) cells were injected with MHV-A59 (mouse 
hepatitis virus–A59) was found to be the nontoxic active dose. TCID 
50/mL (Tissue Culture Infectious Dose that will yield a cytopathic 
impact in 50% of the injected tissue culture cells) was found for treat-
ments to determine the viral loads. The levels of inflammatory cytokine 
IL-8 were found to enhance after 24 h and 48 h of extract exposure. 
TRPA1, TRPV4, TRPM6, TRPC4, TRPM7, and TRPM8 were the genes 
which expression levels altered considerably post extract treatments. 
The virus load reduced once extracts were added to the CoV infested 
cells. All the extract treatments had an effect on TRP gene expression, 
IL-8 secretion, and virus load after CoV infection and could be the best 
candidate in our hands that contains potential treatment molecule(s). 

The essential oil of Laurus nobilus consists of β-pinene, α-pinene, 1,8- 
cineole and b-ocimene, as major constituents. The oil has been reported 
to possess strong antiviral activity against SARS-CoV-1 with a selective 
index and IC50 values of 4.6 and 120 mg/mL, respectively [130]. The 
Juniperus oxycedrus essential oil has been previously reported of anti-
viral activities. A total of 48 compounds have been recognized in this oil 
with major constituents as 2.2% δ-cadinene, 2.3% 
epibicycloses-quiphellandren, 6.7% limonene and α-phellandrene. All of 
these compounds showed remarkable inhibitory activity against the 
SARS-CoV-1 coronavirus [130]. The essential oil from Theileria orientalis 
is rich in its chemical composition. A total number of 43 compounds 
have been identified from this oil, which constitutes a total of 86.6% of 
oil. The major constituents of the oil were 9.55% α-cedrol, 9.48% 
δ-3-carene and 35.72% α-pinene. All these active phytochemicals were 
reported of inhibitory activity on SARS-CoV-1 coronavirus [130]. 

4. Anti-SARS-CoV-2 (COVID-19) activities of essential oils and 
their chemical constituents 

4.1. The disastrous COVID-19 pandemic 

Coronavirus disease of 2019 has emerged as a lethal health threat 
and continues to grow with a rapid pace. The disease is caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2 virus). Signs 
and symptoms of coronavirus disease 2019 may appear 2–14 days after 
exposure. The time period after exposure and before having symptoms is 
known as incubation period. Common signs and symptoms may include: 
fever, cough, pneumonia, tiredness difficulty in breathing and multiple 
organ failure. This coronavirus outbreak, which was later named as 
COVID-19, originated in Wuhan city of China from where it spread 
throughout the world. The disease disbursed to several parts of the 
world quickly due to the outbreak in the month of December, considered 
as global month of festivals. Till September 26, 2020, there were more 
than 32, 344, 734 cases and 984,902 deaths reported of COVID-19, 
globally [131]. Some of the country’s worst hit by COVID-19 
pandemic includes United States of America, India, Brazil, Russian 
Federation, Colombia, Peru, Mexico, Spain, Argentina, South Africa, 

France, Chile, Iran (Islamic Republic of), The United Kingdom, 
Bangladesh, Iraq, Saudi Arabia, Turkey, etc. There are only a few drugs 
approved for SARS-CoV-2 infection and its inflammatory symptoms. No 
vaccine has been developed against this disease, besides there are more 
than 20 vaccines in development, globally. The first 10 countries with 
number of COVID-19 cases and deaths are listed in Table 3. 

4.2. Antiviral activity of essential oils against SARS-CoV-2 and their 
mechanism of action 

Essential oils are well known for their antiviral, immunomodulatory, 
anti-inflammatory and bronchodilatory activities. Essential oils and 
their chemical constituents have been proposed for SARS-CoV-2 in-
fections owing to their lipophilic nature. These oils have a potential to 
enter the viral membrane leading to membrane disruption. Essential oils 
and its constituent phytochemicals disturb viral replication and also 
benefit the host respiratory system via mucus lysis and bronchodilation. 
The data available till date on anti-COVID-19 activity of essential oils is 
mostly based on in vitro studies and computer aided docking techniques. 

Since ages, garlic oil has been used to treat several human ailments 
including influenza, cold and other infections. GC-MS analysis of garlic 
oil has identified 18 coumpounds. The main compounds were 6.5% 
diallyl tetrasulphide, 6.7% allyl methyl trisulphide, 8.2% allyl (E)-1- 
propenyl disulphide, 22.8% allyl trisulphide and 28.4% allyl disulhide. 
Out of the 18 components, 17 were investigated for their action against 
viral main protease Mpro/6LU7 and ACE-2 protein of SARS-CoV-2. ACE- 
2 is an enzyme paving the way for virus entrance into host cell and Mpro 
aids in viral replication. The 17 compounds investigated showed 
remarkable interactions with Mpro and ACE-2, hence revealing the 
strong potency of garlic oil to treat COVID-19 [132]. Oxidative stress 
produced by virus in host cells play a leading role throughout the life 
cycle and pathogenesis of diseases caused by viruses. Due to oxidative 
stress, antioxidant pathways are activated in host cells including nuclear 
factor erythroid 1p45-related factor 2 (Nrf2) [133]. Nrf2 transcription 
factor is well known to modulate the levels of expressions of several 
genes related to antiviral actions [134]. It has been reported that a 
compound PB125® has a strong potential to stimulate the Nrf2 which 
resulted in downregulation of TMPRSS2 mRNA and ACE-2 levels in 
HepG2 human liver derived cells. The ACE-2 and TMPRSS2 mRNA are 
both involved in the penetration of SARS-CoV-2 into host cell. Addi-
tionally, PB125® was reported to alter the expressions of about 36 genes 
related to cytokines in primary human pulmonary artery endothelial 
cells recognized as cytokine storm in the course of severe COVID-19 
cases. It was suggested that activation of Nrf2 could inhibit the cyto-
kine storm in SARS-CoV-2 patients [134]. Study performed by Ho et al. 
and Patel et al. showed that diallyl sulphide, one of the active constit-
uents of garlic oil, could potentially activation of Nrf2 in lung MRC-5 
cells. Translocation of Nrf2 into nucleus post activation triggered 
p38/ERK-signalling and hence inhibited the lung injury through sup-
pression of oxidative stress [135,136]. 

An in silico study by Kulkarni et al. investigated the potential of 

Table 3 
The number of cases and deaths in the worst hit countries by COVID-19 in the 
world [131].  

S. no. Country Number of cases Number of deaths 

1 United States of America 6,910,082 201,634 
2 India 5,903,932 93,379 
3 Brazil 4,657,702 139,808 
4 Russian Federation 1,136,048 20,056 
5 Colombia 790,823 24,924 
6 Peru 788,930 31,938 
7 Mexico 715,457 75,439 
8 Spain 704,209 31,118 
9 Argentina 678,266 14,766 
10 South Africa 667,049 16,283  
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different plant derived essential oils belonging to different families 
against S1 (also known as receptor binding domain) subunit in spike 
proteins of COVID-19 virus [137]. S1 subunit of the spike proteins is 
involved in the interaction of virus with host cell through ACE-2 re-
ceptors. Out of the essential oils used, pulegone, thymol, L-4-terpineol, 
cinnamyl acetate, geraniol, carvacrol and cinnamaldehyde, anethole, 
showed potential inhibition of S1 subunit in silico [137]. A similar 
docking study was carried out by Elfiky demonstrating the efficacy of 
thymoquinone and cinnamaldehyde against RdRps (SARS-CoV 
RNA-dependent RNA polymerase) and COVID-19. Both the compounds 
were found to possess lower binding affinities towards RdRps [138]. It 
was concluded by Elifiky that cinnamaldehyde could target viral 
attachment of SARS-CoV-2, provided further in vivo and in vitro studies 
are required to establish this fact. The Huang et al. evaluated the pro-
tective effects of cinnamaldehyde against acute lung injury induced 
through lipopolysaccharide in xenografted mice models [139]. Cinna-
maldehyde produced beneficial effects on mice lungs through reduction 
of pulmonary oedema and wet/dry ratio. Further, cinnamaldehyde 
suppressed macrophages, neutrophils and total cell count in bron-
choalveolar lavage fluid. Additionally, it reduced the production of cy-
tokines involved in inflammation including IL-1β, IL-13, IL-6 and TNF-α 
[139]. This in silico data suggested that cinnamaldehyde could play a 
vital role against COVID-19 provide more in vivo and in vitostudies are 
required. 

The essential oils derived from Eucalyptus globulus have been used to 
treat several respiratory diseases like pharyngitis, sinusitis and bron-
chitis. One of the active constituents of eucalyptus oil, 1,8-cineole has 
been reported of muscle relaxant effects through reduction in contrac-
tion of smooth muscles caused by different agents [140,141]. Further, 
studies have reported that cineole inhalation produced analgesic and 
anti-inflammatory effects; therefore, it could be used as COPD and for 
asthmatic patients [142]. The Eucalyptus essential oil has been reported 
of strong antiviral activities against HSV-1 and HSV-2 herpes simplex 
viruses and enveloped mumps viruses [143]. The strong evidences 
supporting the antiviral activities of essential oil and its constituents 
from Eucalyptus has led to researchers to investigate its activity against 
SARS-CoV-2 through in vitro assays and docking. One of the active 
constituent of Eucalyptus oil, jensenone, has been investigated for its 
activity against viral proteinase Mpro/3CLpro by Sharma et al. The re-
sults of the study revealed that jensenone molecule produced a complex 
by reacting with Mpro through hydrophobic interactions with PRO184, 
TRY126, LEU29, TRP207, PRO52, and ALA7, ionic interactions with 
HIS163, ARG38, ASP34 and LYS3, and hydrogen bond interactions with 
T16, D10, L30, V18, and M4 [144]. Sharma et al. have performed a 
molecular docking analysis on one of the other active constituents of 
eucalyptus oil, eucalyptol (1,8-cineole) and showed that it could bind 
with Mpro thereby inhibiting viral replication. The eucalyptol/Mpro 
complexes have been reported of forming strong ionic interactions, 
hydrogen bond interactions and hydrophobic interactions [145]. How-
ever, it was suggested by the authors that the validity of these results 
should be verified through in vitro enzyme assays against SARS-CoV-2. A 
study was carried out by Merad et al. showing that almost all of the 
SARS-CoV-2 patients develop lung abnormalities. The deaths and 
severity in COVID-19 patients have been attributed to the overactive and 
abnormal inflammatory responses. This storm of inflammatory re-
sponses is a reason of enhanced levels of cytokines considerable 
mononuclear cell infilitration and profound lymphopaenia in lungs and 
other effected organs like kidneys, lymph nodes, spleen and heart. The 
cytokine profile witnessed in the SARS-CoV-2 patients showed enhanced 
levels of cytokines like TNF, IL-6 and -7 and other inflammatory cyto-
kines [146]. Different ex vivo and in vitro studies have been carried out to 
investigate the effects of eucalyptus oil and its active constituent euca-
lyptol on macrophage and monocytes recruitment during lung infections 
and inflammation. Data of these studies determine marked immuno-
modulatory properties of both eucalyptus oil and its vigorous ingredient, 
i.e. eucalyptol. Both treatments decreased the discharge of 

pro-inflammatory cytokines from macrophages and monocytes, but 
their phagocytic properties were not halted [147]. Taken together, data 
from clinical and preclinical trials indicated remarkable anti-COVID-19 
potential in eucalyptus oil and its active components. Therefore, more 
investigations are immediately needed in this regard. 

Silva et al. screened 171 essential oils and their constituent com-
pounds against different proteins in SARS-CoV-2 including spike pro-
teins, Rdrp, ADP-ribose-1-phosphatase, endoribonuclease, human 
angiotensin-converting enzyme and viral proteases Mpro, through mo-
lecular docking [148]. Among the 171 compounds only few showed 
higher efficacy of binding to Mpro including (E)-nerolidol, (E,E)-farne-
sol, and (E,E)-α-farnesene. The results revealed that on administrating 
these essential oil components in mixture or alone could inhibit the viral 
replication. The main proteins involved in the viral infection of 
SARS-CoV include endoribonuclease and non-structural protein 15 
(Nsp15) [149]. The compounds (E)-nerolidol, (E,E)-farnesol, (E, 
E)-α-farnesene, and (E)-β-farnesene, have showed remarkable binding 
affinity towards Nsp15. The viral replication in RNA viruses is catalyzed 
by RdRp and is a primary and vital step in viral replication. Therefore 
becomes a leading target for antiviral therapies against RNA viruses 
[150]. (E,E)-farnesol has been reported of best docking scores against 
RDRp. The presence of spike proteins on SARS-CoV-2 virus aids it to 
enter the host cell by interacting with ACE-2 present on the membrane of 
host cell [151]. Hence, ACE-2 was considered as one of the leading 
target of management therapies against COVID-19. Several essential oil 
component have been reported of higher affinity towards ACE-2 
including α-bulnesene, eremanthin, (Z)-spiroether, β-sesquiphellan-
drene, (E)-nerolidol, (E,E)-farnesol, (E)-β-farnesene, and (E, 
E)-α-farnesene. The compounds geranyl formate, (E,E)-farnesol, 
(E)-β-farnesene, (E,E)-α-farnesene, eremanthin, and (E)-cinnamyl ace-
tate, showed higher efficacy against spike proteins of SARS-CoV-2. Fig. 7 
demonstrates the possible activities of essential oils and their chemical 
constituents in SARS-CoV-2 infection. 

A molecular docking study was performed by Silva and co-workers to 
analyze the efficacies of carvacrol, menthol and eugenol (major con-
stituents of essential oils) against several proteins in SARS-CoV-2. These 
compounds were reported of greater affinities towards ACE-2, RdRp, 
Mpro and spike proteins. Similar, an in silico study carried out by Kumar 
et al. evaluating the binding potential of carvacrol with main protease 
protein in SARS-CoV-2 [152]. Results showed that carvacrol showed 
remarkable suppression of viral replication through inhibition of Mpro. 
Menthol has been reported of rich pharmacological activities including 
gastroprotective, anti-inflammatory, and immunomodulatory properties 
in rat models. Treatment with menthol was found to considerably 
decrease the expressions and levels of pro-inflammatory cytokines, i.e. 
interleukin-1, tumour necrosis factor-α (TNF-α), and interleukin-23 in 
the treated rats [153,154]. Eugenol has been shown to have antiviral 
activities against HSV-1 and HSV-2, respectively [155]. The eugenol 
treatment has been reported of significant recruitment of leukocytes and 
suppressing the inflammatory storm in lungs via suppression of cyto-
kines (TNF-alpha and IL-6) [156]. Games et al. have performed an in vivo 
study assessing the impact of three molecules including carvacrol in 
elastase-induced pulmonary emphysema mice model [157]. Their re-
sults indicated that cavacrol inhibited the macrophage recruitment, 
alveoli enlargement and the expressions of IL-1β, IL-6, IL-8, and IL-17 of 
the fluid in bronchoalveolar lavage. The inflammatory responses were 
low in carvacrol treated-mice in comparison to disease control group. In 
summary, the data based on in vivo and in silico studies pointed out at 
potential role of carvacrol, menthol and eugenol against COVID-19. To 
further establish these results against SARS-CoV-2, more in vitro and in 
vivo studies are required. Geranium and lemon oils displayed significant 
ACE2 inhibitory effects in epithelial cell [158]. Fig. 8 depicts the 
possible targets of essential oils and their active constituents against 
SARS-CoV-2 infection. 
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4.3. Future prospects 

It is required to carry on the development of potential antiviral 
therapeutics based on natural products especially essential oils and their 
chemical constituents against coronaviruses because they are cost- 
effective and also cause minimum side effects in subjects. There are no 
potential vaccines developed against several viruses including SARS- 
CoV-1 and SARS-CoV-2. Therefore, overcoming these infectious vi-
ruses seems to be problematic and tough. However, plant derived 
essential oils and their chemical constituents have been reported of 
remarkable antiviral properties and based on docking studies they could 
prove beneficial against coronaviruses as well. The main drawback of 
antiviral drugs against coronaviruses is targeting specified viral genes 
and proteins is the rapid genomic mutations like as observed in HIV, 
HSV and SARS-CoV-2 [159,160]. The studies performed on antiviral 
properties of essential oils are at initial stages. Therefore, identification 
of active substances, the description of underlying mechanisms, as well 
as the analysis of effectiveness and apparent in vivo applications is 
suggested in order to back the probe of potent antiviral chemothera-
peutics from essential oils. Essential oils and their chemical constituents 
have been reported of targeting several potential bimolecular pathways 

in different viruses including coronaviruses [161]. Hence, more research 
should be performed to explore the probability of combatting COVID-19 
by combination therapies with other natural ingredients or prescribed 
medicine. Essential oils are rich in chemical ingredients that are of 
remarkable pharmacological importance. These molecules should be 
investigated for their antiviral actions against SARS-CoV-2. Essential oils 
do possess a great potential of targeting several potential pathways in 
viruses and it is believed that they could produce the same against 
COVID-19. Essential oils inhalation could prove adjuvant therapy for 
COVID-19 patients as they are rich in active volatile constituents 
including β-ocimene, 1,8-cineole, β-pinene, α-pinene, carnosic acid and 
rosmarinic acid. Volatile molecules show high vapor pressure and this 
property makes lungs to exile them easily post ingestion. Moreover, the 
easy intake and exile of volatile constituents of essential oils could be 
used in pharmacological point of view for drug delivery. Like so, a hy-
pothetical molecule for COVID-19 should have to maintain a proper 
balance between intake and exhalation by lungs along with its phar-
macological action. In this regard essential oils are advantageous in use 
against COVID-19 as they could be administrated both orally and in 
aerosolized form. We trust that natural remedies, such as aromatic herbs 
and essential oils derived from medicinal plants, will continue to play an 

Fig. 7. Representation of different possible modes of action of essential oils and their constituents against SARS-CoV-2.  

Fig. 8. The biochemical pathways as possible targets for essential oils and their chemical constituents against SARS-CoV-2. The events post SARS-CoV-2 infection in 
lungs and role of essential oils to suppress its adverse symptoms. 
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imperative role and contribute in the development and advancement of 
anti-coronavirus drugs. 

5. Conclusion 

In conclusion, the literature survey on antiviral effects of essential 
oils and their chemical constituents indicate that they could prove as 
leads in drug development and design against COVID-19. They bear 
strong potential to target vital pathways during pathogenesis of viral life 
cycle. Essential oils can easily penetrate the virus membrane thereby 
causing membrane disruption. Essential oils have a remarkable potential 
of inhibiting virus attachment (by inhibition of ACE-2) and replication 
(by inhibition of Mpro). Further, essential oils have a strong tendency to 
suppress the cytokine storm generated during SARS-CoV-2 infection and 
hence inhibit the alveolar inflammation. Moreover, these essential oils 
inhibit the macrophages recruitment to the damaged site. Owing to 
these activities of essential oils, it is believed that they could prove 
beneficial for COVID-19 patients and also could suppress the severe 
symptoms caused by the infection. 
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[72] I.H.N. Basollé, H.R. Juliani, Essential oils in combination and their antimicrobial 
properties, Molecules 17 (2012) 3989–4006. 

[73] M.N. Gallucci, M. Olivia, C. Casero, J. Dambolena, A. Luna, J. Zygadlo, et al., 
Antimicrobial combined action of terpenes against the food-borne 
microorganisms Escherichia coli, Staphylococcus aureus and Bacillus cereus, Flavour 
Fragrance J. 24 (6) (2009) 348–354. 

[74] A.K. Pandey, P. Singh, N.N. Tripathi, Chemistry and bioactivities of essential oils 
of some Ocimum species: an overview, Asian Pacific J. Tropical Biomed. 4 (2014) 
682–694. 

[75] M.N.G. Nascimiento, J.G.M. Junqueira, A.P. Terezan, R.P. Severino, T.S. Silva, C. 
H.G. Martins, et al., Chemical composition and antimicrobial activity of essential 
oils from Xylopia aromatic (Annonaceae) flowers and leaves, Revista Virtual de 
Quimica 10 (5) (2018) 1578–1590. 

[76] H. Mith, R. Dure, V. Delcenserie, A. Zhiri, A. Daube, Clinquart, Antimicrobial 
activities of commercial essential oils and their components against food-borne 
pathogens and food spoilage bacteria, Food Sci. Nutr. 4 (2014) 403–416. 

[77] S. Burt, Essential oils: their antibacterial properties and potential applications in 
foods—a review, Int. J. Food Microbiol. 94 (2004) 223–253. 

[78] J. Espinoza, A. Urzua, W.M. Sanhueza, P. Fincheira, M.L. Muñoz, M. Wilkens, 
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