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A B S T R A C T   

The COVID-19 global epidemic caused by coronavirus has affected the health and other aspects of life for more 
than one year. Despite the current pharmacotherapies, there is still no specific treatment, and studies are in 
progress to find a proper therapy with high efficacy and low side effects. In this way, Traditional Persian 
Medicine (TPM), due to its holistic view, can provide recommendations for the prevention and treatment of new 
diseases such as COVID-19. The muco-obstruction of the airway, which occurs in SARS-CoV-2, has similar fea-
tures in TPM textbooks that can lead us to new treatment approaches. Based on TPM and pharmacological 
studies, Cinnamomum verum (Darchini)’s potential effective functions can contribute to SARS-CoV-2 infection 
treatment and has been known to be effective in corona disease in Public beliefs. From the viewpoint of TPM 
theories, Cinnamon can be effective in SARS-CoV-2 improvement and treatment through its anti-obstructive, 
diuretic, tonic and antidote effects. In addition, there is pharmacological evidence on anti-viral, anti-inflam-
matory, antioxidant, organ-o-protective and anti-depression effects of Cinnamon that are in line with the ther-
apeutic functions mentioned in TPM.Overall, Cinnamon and its ingredients can be recommended for SARS-CoV2 
management due to multi-targeting therapies. This review provides basic information for future studies on this 
drug’s effectiveness in preventing and treating COVID-19 and similar diseases.   

1. Introduction 

The global epidemic of Coronavirus disease 2019 (COVID-19), 
caused by severe acute respiratory syndrome Coronavirus 2 (SARS-CoV- 
2), a member of the beta coronaviruses family, has affected the world’s 

physical and mental health, social relations, and economy [1]. The virus 
enters into type 2 alveolar epithelial cells of the lower respiratory track 
by binding virus S glycoprotein to the cell membrane receptor 
Angiotensin-converting enzyme 2 (ACE2). The entry is followed by 
replication of the virus in the cell and virus release. The innate immune 
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system responds to the infection, and a cytokine storm happens. Innate 
and adaptive immune responses result in the release of significant 
amounts of inflammatory cytokines, including interleukins-1β (IL-1β), 2 
(IL-2), 6 (IL-6), 8 (IL-8), tumor necrosis factor-α (TNF-α), etc. [2,3]. 
Fever, dry cough, dyspnea, fatigue, nausea/vomiting or diarrhea [4], 
olfactory and/or gustatory dysfunctions [5] are the most common 
symptoms in patients. Excessive sputum is also produced in the patients 
[6]. Currently, the main treatment strategy is to use a combination of 
anti-viral drugs (such as Remdesivir), modulate the inflammatory 
response (such as Steroids), and supportive cares to control COVID-19. 
But still, there is no certain treatment, and studies are in progress to 
find a proper therapy with high efficacy and low side effects [7]. 

Due to the high cost and time consuming of new drugs discovery and 
the severity of this pandemic, the suggestion of simple, effective and 
accessible remedies to reduce the progression of the disease is valuable. 
It may have a significant impact on the control of the COVID-19 
pandemic. Traditional medicines are reputable sources for the devel-
opment of drugs against new diseases. It seems reasonable to pay 
attention to Traditional medicines and medicinal plants with prolonged 
use and beneficial effects [8,9]. Traditional Persian Medicine (TPM), 
due to its holistic view, along with other medical schools, can provide 
recommendations in the prevention and treatment of new diseases such 
as the COVID-19 pandemic [10–12]. Although this epidemic occurred in 
the 21st century, there are similarities between the manifestations of the 
corona disease and the pathological conditions described in Traditional 
Persian Medicine as obstruction. Several medicinal plants have been 
presented as anti-obstructive drugs in TPM textbooks. Combination of 
herbal medicine with modern medicine has represented the effective-
ness of herbal medicine in COVID-19 management [13]. 

In public beliefs, Cinnamon (Darchini) has been known to be effec-
tive in corona disease as it is considered effective in traditional medicine 
for lung diseases [14,15]. This study aims to review and introduce 
Cinnamon which TPM mentions as an effective drug in lung obstruction 
similar to COVID-19 and present recent evidence on its various 
efficacies. 

Cinnamomum verum J.Presl (Syn. Cinnamomum zeylanicum Blume), 
a popular universal spice belonging to the Lauraceae family, is 
commonly known as true Cinnamon, Ceylon cinnamon, and Darchini. 
Cinnamaldehyde, linalool, β-caryophyllene, and eugenol are the main 
components of Cinnamon and its essential oil. In addition, Methyl cin-
namate, Cinnamyl acetate, and procyanidin-A are other important in-
gredients of Cinnamon [16]. Cinnamon is a valuable potent medicinal 
plant with several pharmacological activities including 
anti-inflammatory [17], antioxidant, and anti-proliferative [18], anti-
bacterial [18,19], antifungal [20,21], antiviral [22], antidote [23], 
anti-hyperglycemia and anti-hyperlipidemic [24], antihypertensive 
[25], and Anti-Atherosclerotic [26] effects. 

In this review, the potential effective functions of Cinnamomum 
verum from the viewpoint of TPM and its examined pharmacological 
effects contributed to SARS-CoV-2 infection treatment are presented. In 
this regard, valuable sources of Traditional Persian Medicine including 
“al-Havi fi al-Tibb” (Rhazes), “al-Qanun fi al-Tibb” (Avicenna), “al- 
Shamil fi al-Sana’a al-Tebbiya” (Ibn Nafis Qarashi), and “Makhzan-al- 
Adviah” (Aghili Khorasani) were used to investigate the effects of 
Darchini. The PubMed, Scopus, and Web of Science databases were also 
used to analyze clinical evidence on the anti-viral and anti-inflammatory 
effects of the Cinnamon. Research methodology is presented in Fig. 1. 

2. Potential effects of Cinnamon in TPM against COVID-19 

Accumulation of inflammatory cells leads to obstruction of respira-
tory tracts in asthma, chronic obstructive pulmonary disease (COPD), 
and COVID-19 [27]. In addition, increasing IL-1β and TNF-α in 
COVID-19 induce hyper mucin secretion. Studies reveal that genes, 
which involved in hyper mucin production and enhancing mucin vis-
cosity, are upregulated in these patients. Also, SARS-CoV-2 infection 
results in ciliary structure and function disruption, leading to impair-
ment in mucus excitation. Mucin hypersecretion and ciliary dysfunction 
can cause dysfunctional mucus gel accumulation in the respiratory 
track. Elimination and removing these altered mucin macromolecules is 

Fig. 1. Flowchart of the research methodology.  
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difficult, which would lead to acute lung injury and acute respiratory 
distress syndrome (ARDS) [28]. 

The muco-obstructive airway disease, which occurs in SARS-CoV-2, 
has similar features to “Sodde” or obstruction described in Traditional 
Persian Medicine. “Sodde” is the obstruction of the body’s ducts and 
vessels due to the accumulation of materials inside them, which prevents 
the movement of what should move in them. Based on the TPM humoral 
theory, imbalance in the quality and quantity of four natural humor 
(blood, phlegm, bile, and melancholy) can lead to different diseases. The 
most important cause of obstruction is the accumulation of abnormal 
thick "Ghaleez" or viscose “Lazej” humor, which may occur in all parts of 
the body, including the lungs [29]. Accumulation of thick and viscous 
materials in the lungs causes obstruction and other complications, 
including cough and dyspnea [30]. Generally, to remove abnormal 
materials from the body, the physical properties of abnormal humor 
must be changed from a pathologic condition to optimum rheology. 
Therefore, the thick material must be diluted, and the viscous material 
must be separated into pieces [31]. In this way, the accumulated ma-
terials are easily removed, and the track is opened. In the scientific 
language of TPM, these kinds of drugs that are used to move and elim-
inate the obstructing materials are named “Mofatteh” or opener [32,33]. 
Removing the macromolecular mucins at the early stages of the disease 
is essential and valuable in its treatment [28]. In this regard, Con-
sumption of “Mofatteh” or opener drugs can be an approach for 
combatting COVID-19. 

Cinnamon (Darchini), a well-known and valuable plant in TPM with 
hot and dry nature, as a potent anti-obstructive/opener drug, is effective 
in lung obstruction [15]. The essence of Darchini shows that it must be 
very thin, and therefore its effects should be powerful [15,33,34]. In 
TPM, “Latif,” or thin material, is defined as a substance that, after 
entering into the body, divides into small pieces and penetrates quickly 
in all parts of the body [35]. The taste of Cinnamon is a combination of 
spicy, astringent, sweet, umami, and bitter, which resemble its compo-
nents and functions [15]. Fiery and bitter ingredients are responsible for 
the strength opener or “Mofatteh” effect [36]. Opener drugs penetrate 
into dens or viscose humor by their thin property and move the accu-
mulated materials outward to open the tracts. Therefore, they dilute and 
evaporate the thick humor by their dissolving effect or “Tahlil” and 
divide the viscose humor from the attached surface into smaller pieces 
by its cutting effect or “Taghti” [32,33]. 

Different functions are attributed to the Darchini in TPM, and it has 
many benefits on various organs and various diseases. Table 1 represents 
the main functions of this medicine as an opener, diuretic, desiccant, and 
antidote in four primary textbooks of TPM written by four eminent 
scientists. 

Cinnamon has a high penetration property into the chest, so it at-
tenuates the material inside the chest, especially thick phlegm, cuts and 
clears it from the place it is attached to. In this way, it prepares the 
material for exit and opens the lung ducts [15,32]. Therefore, it cleans 
and warms the chest and lungs, facilitates the breath, opening its ducts, 
beneficial to asthma, shortness of breath, and cough, especially chronic 
cold ones. It is also helpful in fever and chills [15,32,33]. It can be said 
that due to cutting the thick and viscose phlegm, Darchini has mucolytic 
activity on pulmonary mucosa. Mucolytic drugs reduce mucin viscosity 
by cutting disulfide bonds of gel mucins [37]. 

Since Cinnamon is a strong opener, it can also be a great diuretic. It 
heats the kidneys and softens the thick materials in them. It cleans the 
kidneys and relieves their pain [15]. Cinnamon can also open the 
obstruction of the liver, spleen, and gallbladder due to its great thin 
nature, enabling it to penetrate these organs. From TPM’s point of view, 
Cinnamon warms the stomach and liver, strengthens them for digestion, 
dries up the extra moisture from the stomach, attenuates and cuts 
phlegm, cleans it from waste materials, and digests thick foods [15,33, 
34]. Along with paying attention to respiratory and other complications 
in patients with pneumonia and respiratory failure in ICU, improving 
the gastrointestinal tract function is of great importance and useful in 
treatment [38]. 

Darchini prevents humor from infection and modifies infectious 
humor by drying excess moisture. In addition, it is a tonic drug for 
almost all organs, including the heart, liver, and stomach. It prevents 
pathogens entry into organs by its astringent effect and moderating or-
gans’ properties, making them less prone to damage. Due to its strong 
aroma, Cinnamon is an exhilarating drug and causes happiness in the 
heart [15,32,33]. Iranian traditional medicine researchers have sug-
gested that “Moghavvi” or tonic drugs mentioned in TPM can effectively 
manage the disease and protect main organs from SARS-CoV-2 damage 
[9]. 

3. Potential pharmacological effects of Cinnamon against 
COVID-19 

3.1. Anti-viral effects 

The pharmacological evidence of the anti-viral effects of Cinnamo-
mum verum is summarized in Table 2. 

Cinnamon ingredients similar to curcumin can be effective on 
various proteins contributing to the virus proliferation process [44]. A 
molecular docking analysis on key protein targets of SARS-CoV-2 pre-
dicts interaction of C. zeylanicum essential oil components (eugenol, 
linalool, (E)− cinnamaldehyde, (E)− cinnamyl acetate, β-caryophyllene, 
eugenyl acetate, benzyl benzoate) with the virus targets in the body. 
Although the interactions were relatively weak, they may have syner-
gistic effects inhibiting the coronavirus [45]. In silico analysis of 48 
phytochemicals from different Cinnamon species showed that Ten-
uifolin and Pavetannin C1 had a higher binding affinity to the 
SARS-Cov-2 main protease enzyme and spike protein [46]. Ranjini et al. 
determined Angiotensin-converting enzyme inhibition by C. zeylanicum 
methanolic extract in sheep kidney, lung, and testis. Reducing ACE ac-
tivity was almost near the standard drug (captopril) in the kidney [47]. 
Phenolic compounds, caffeic acid, cinnamic acid, gallic acid, and 
eugenol extracted from Cinnamomum zeylanicum exhibited an inhibi-
tory effect of trypsin (a serine protease). Caffeic acid (IC50 = 84%) and 
cinnamic acid (IC50 = 53%) had the most enzyme inhibition potential 
[48]. Angiotensin-converting enzyme (ACE2) and type 2 trans-
membrane serine protease (TMPRSS2) are expressed in target cells 
participant in SARS-CoV-2 infection [49]. These findings (Fig. 2) may 
lead us to suggest Cinnamon as an anti-viral medicine for treating 
SARS-CoV-2 and similar diseases along with other drugs. 

Table 1 
main functions of cinnamon with promising beneficial effects in managing COVID-19.  

Textbook /Author Mofatteh Molattef Mohallel Moghatte Jali Monzej Moghavvi Moder Mojaffef Monaghi Mofarreh Mosakhen Teryagh 

al-Havi + – – – + + – + + – – + +

al-Qanun + – – – – – + + + + + – +

al-Shamil + + + + + + + + + + + + +

Makhzan-al-Adviah + + + – + + + + + + + – +

Mofatteh (opener), Molattef (Attenuant), Mohallel (Dissolver), Moghatte (Cutting agent), Jali (Detersive), Monzej 
(Maturative), Moghavvi (Tonic), Moder (Diuretic), Mojaffef (Desiccant), Monaghi (Abstergent), Mofarreh (Exhilarater), Teryagh (Antidote) 
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3.2. Anti-inflammatory effects 

Inflammation plays a key role in the occurrence of complications and 
organ damages of the coronavirus. Even common coronary symptoms 
such as fever, fatigue, and diarrhea can be caused by elevated cytokines 
[50]. Studies show that Cinnamon and its phytochemicals, including 
cinnamaldehyde, eugenol, cinnamic acid, and polyphenol fractions, 

have anti-inflammatory effects, reducing the expression of TNF-α, IL-1β, 
IL-6, and other cytokines in different ways significantly (Table 3). 

Cinnamon ethanolic extract shows an anti-inflammatory effect via 
interruption of toll-like receptors (TLR2 and TLR4) signaling pathways. 
It reduces proinflammatory cytokine production and inhibits NF-κB/AP- 
1 signaling, an essential step in the inflammation process. Trans- 
cinnamaldehyde (TCA) and p-cymene are active compounds that 

Table 2 
Pharmacological studies on antiviral effects of cinnamon.  

No Extract /Main 
component 

Part 
used 

Model Design Dosage/ 
Duration of 
treatment 

Mechanism/outcome Ref. 

1 water extract 
/cinnzeylanine 

Bark in vitro 
and in 
vivo 

By Vero cells and silkworm 
infection model 

0.5 m/ Once Cinnzeylanine inhibits the proliferation of herpes 
simplex virus type 1 

[22] 

2 NM bark In vitro ? –  1. Pepsin enzymatic activity was inhibited.  
2. The activity of HIV protease was also inhibited. 

[39] 

3 Type-A procyanidin 
polyphenol (IND02) 

bark In vitro HIV-1 primary patient isolates –  1. HIV-1 Replication was blocked.  
2. HIV-1 was inhibited, and T cell exhaustion markers, 

Tim-3, and PD-1 were down-modulated. 

[40] 

4 procyanidin type A 
(IND02) 

NM In vitro Cell culture-derived HCV –  1. No effect on HCV replication  
2. blockade of HCV entry, dose-dependently, occurring 

at a post binding step  
3. Inhibiting HCV entry demonstrates the functional 

impact in the most physiological cell-based system 
for studying HCV–host interactions. 

[41] 

5 hydroalcoholic extract wood in vitro HSV-1 –  1. Attachment of HSV-1 onto host cells was inhibited.  
2. The viral titer of herpes simplex type 1 was reduced 

before, during, and after inoculation of herpes virus 

[42] 

6 essential oil Bark 
and leaf 

In vitro cytopathic effect reduction 
method for anti-influenza (A/ 
WS/33 virus) activity 

– No significant effect on influenza A/WS/33 virus 
activity 

[43] 

NM: not mentioned, HCV: hepatitis C virus, HIV: human immunodeficiency virus, HSV: hepatitis simplex virus, Tim-3: T cell immunoglobulin mucin domain 3, PD-1: 
programmed death-1 

Fig. 2. Cinnamon ingredients inhibit virus proliferation through targeting essential proteins including SARS-CoV-2 spike protein (SARS-CoV-2 Spro), human 
angiotensin− converting enzyme (hACE2), SARS-CoV-2 main protease (SARS-CoV-2 Mpro), SARS-CoV-2 endoribonuclease (SARS-CoV-2 Nsp15), SARS-CoV-2 ADP- 
ribose-1′′-phosphatase (SARS-CoV-2 ADRP), SARS-CoV-2 RNA-dependent RNA polymerase (SARS-CoV-2 RdRp). 
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Table 3 
Pharmacological studies on anti-inflammation effects of cinnamon.  

No Extract /Main component Part 
used 

Model design Dosage/ duration 
of treatment 

Mechanism/outcome Ref 

1 Ethanolic and water 
extracts /E- 
cinnamaldehyde and o- 
methoxy cinnamaldehyde 

bark In vitro LPS and IFN-γ activated RAW 
264.7 macrophages 

–  1. LPS + IFN-γ induced NO, and TNF-α production 
was inhibited.  

2. Potent activity in regards to inhibition of TNF-α 
production was observed.  

3. Most of the inflammatory activity of cinnamon 
was caused by E-cinnamaldehyde and o- 
methoxy cinnamaldehyde. 

[17] 

2 polyphenol fraction bark In vivo/ 
in vitro 

Male Wistar rats or Swiss albino 
mice/ ConA-stimulated 
lymphocytes 

50, 100, and 
200 mg/kg/10 
days  

1. Serum TNF-α concentration was reduced.  
2. Cytokines (IL-2, IL-4, and IFN-γ) release was 

inhibited.  
3. Prostaglandin was inhibited. 

[51] 

3 Polyphenol Extract – In vitro Mouse 3T3-L1 preadipocytes –  1. TTP mRNA was induced  
2. VEGF mRNA was reduced  
3. The expression of multiple genes in adipocytes 

was regulated. 

[52] 

4 type-A procyanidin 
polyphenols 

bark In vivo Adult male Wistar rats 10, 30 and 
100 mg/kg/ 7 
days 

The inflammatory cell infiltration was reduced in 
lung tissue. 

[53] 

5 type-A procyanidin 
polyphenols 

bark In vivo Carrageenan-induced rat paw 
edema in Wistar rats 

4, 8 and 25 mg/ 
kg/ Single dose  

1. Serum C-reactive protein level was reduced.  
2. Serum turbidity was reduced.  
3. Anti-inflammatory and anti-arthritic effects in 

animal models without ulcerogenicity potential 
was exerted. 

[54] 

6 polyphenolic fraction bark In vivo normal and cyclophosphamide- 
induced immune-compromised 
mice 

10, 25, and 
50 mg/kg p.o./ 7 
days  

1. Effect on body weights, HA titer, DTH 
responses, resident peritoneal macrophages, 
phagocytic activity, and resistance to E. coli 
induced abdominal sepsis was exerted.  

2. Immunomodulatory activity on multiple arms of 
immunity was exerted. 

[55] 

7 cinnamaldehyde bark In vitro RBL-2H3 cells and human mast 
cells isolated from intestinal 
tissue 

–  1. Degranulation and mRNA expression was 
inhibited.  

2. Mediator release was reduced.  
3. Cytokine expression was reduced, but not the 

expression of proteases.  
4. Activation of ERK and PLCγ1 was inhibited.  
5. No apoptotic effect was observed.  
6. Release and expression of pro-inflammatory 

mast cell mediators were decreased. 

[56] 

8 hydroalcoholic extract/ 
type-A procyanidins 
polyphenols 

bark In vivo in ovalbumin-induced 
experimental allergic rhinitis in 
BALB/c mice 

3, 10 and 30 μg/ 
kg in nostril/ 
twice daily for 8 
days  

1. Alterations of the nasal, biochemical markers 
(serum IgE and histamine), hematological, 
morphological, and histopathological 
parameters were attenuated.  

2. Anti-allergic efficacy in an animal model of 
allergic rhinitis was observed. 

[57] 

9 alcohol extract/ pentameric 
procyanidin type A 
polyphenol polymer (IND0) 

bark In vitro Human leukemia monocytic 
THP-1 cells 

–  1. The attachment of THP-1 cells or neutrophils to 
TNF-α-activated HUVECs or E-selectin/ICAM-1 
was reduced.  

2. The binding of E-, L- and P-selectins with 
sialosides was reduced.  

3. Interacting with sialosides and blocking the 
binding of selectins and leukocytes with sialic 
acids were observed. 

[58] 

10 Type-A procyanidin 
polyphenols 

Bark In vitro isolated rat peritoneal mast cells –  1. The number of degranulated cells and levels of 
markers (histamine, β-HEX, and IL-4) was 
decreased in a dose-dependent manner.  

2. Mast cell was stabilized, and the allergic 
markers such as histamine, IL-4, and β-HEX in 
an IgE-mediated manner were inhibited. 

[59] 

11 ethyl alcohol and methyl 
alcohol extracts 

bark In vivo collagen-induced arthritic BALB/ 
c mice 

1,2 and 4 mg/Kg 
body weight/ 2 
weeks  

1. Swelling in the spleen was reduced along with 
the generation of free radicals by lymphocytes. 

2. NFATc3, TNF-a, CAII, and mCalpain, all pro-
teins involved in RA was inhibited. 

[60] 

12 essential oil blends NM In vitro validated human cell cultures –  1. Effects on the levels of protein biomarkers that 
are critically involved in inflammation, immune 
modulation, and tissue remodeling processes 
were exhibited.  

2. Signaling pathways such as mitotic roles of the 
polo-like kinase canonical pathway were 
affected.  

3. The role of CHK proteins in the cell cycle 
checkpoint control pathway related to 
inflammation function was affected.  

4. BRCA1 was downregulated. 

[61] 

(continued on next page) 
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Table 3 (continued ) 

No Extract /Main component Part 
used 

Model design Dosage/ duration 
of treatment 

Mechanism/outcome Ref  

5. Anti-inflammatory and immune-modulating 
properties were observed due to the inhibitory 
effect on protein biomarkers.  

6. Global gene expression was modulated. 
13 Essential Oil bark In vitro human dermal fibroblast system, 

a model of chronic inflammation 
and fibrosis 

–  1. Vascular cell adhesion molecule-1, intercellular 
cell adhesion molecule-1, monocyte chemo-
attractant protein-1, IFN-γ - induced protein 10, 
T-cell alpha chemoattractant, and monokine 
were decreased.  

2. Epidermal growth factor receptors, MMP-1, and 
PAI-1 were decreased.  

3. M-CSF was inhibited.  
4. Global gene expression was modulated, and 

signaling pathways, which are essential in 
inflammation, were altered.  

5. Anti-inflammatory effects were observed. 

[62] 

14 aqueous-alcoholic 
extraction/ polyphenol 
extract 

NM In vivo Hepatic transcription factors 
expressions including SREBP-1c 
and LXR-a in rats fed a high-fat 
diet 

100 mg/kg body 
weight/ 12 weeks  

1. Bodyweight, visceral fat, liver weight, serum 
glucose, insulin concentrations, liver 
antioxidant enzymes, and lipid profile were 
decreased.  

2. Reduction of serum and liver MDA  
3. The hepatic SREBP-1c, LXR-a, ACLY, FAS, and 

NF-kB p65 expressions were suppressed  
4. The PPARa, IRS-1, Nrf2, and HO-1 expressions 

were enhanced.  
5. The reduction of hyperlipidemia, inflammation, 

and oxidative stress through activating 
transcription factors and antioxidative defense 
signaling pathways was reduced. 

[63] 

15 Ethanolic extracts bark In vitro THP-1 monocytes and HeLa- 
TLR4 transfected reporter cells 

–  1. TLR4 and TLR2 signaling pathways were 
mitigated.  

2. NF-κB translocation was inhibited.  
3. The highest anti-inflammatory potential, up to 

complete inhibition of pro-inflammatory cyto-
kine production, was observed. 

[64] 

16 70% aqueous ethanolic 
extract 

bark In vitro toll-like receptors TLR2 and 
TLR4 

–  1. The phosphorylation of Akt and IκBα was 
mitigated.  

2. The LPS-dependent IL-8 secretion in THP-1 
monocytes was reduced dose-dependently.  

3. Any toxic effects were excluded due to the High 
viability of the cells. 

[65] 

17 essential oil bark In vivo Acute pneumonitis mouse model 6 oil drops 
(0.15 mL)/ 
90 min  

1. The Vanilloid 1 or Ankyrin 1 ion channels were 
mediated.  

2. Inflammatory airway hyperresponsiveness and 
certain cellular inflammatory parameters were 
reduced. 

[66] 

18 70% aqueous ethanol bark In vitro/ 
in vivo 

monocyte-derived mature 
dendritic cells /immunized- 
BALB/c mice with ovalbumin 

1 mL/kg body 
weight/every 
other day/ 23 
days  

1. DC maturation and subsequent allergen-specific 
T cell proliferation and Th1 and Th2 cytokine 
production were inhibited.  

2. Sulphidoleukotriene release and CD63 
expression by basophils were diminished.  

3. The shift from OVA-specific IgE towards IgG2a 
production and to potent inhibition of OVA- 
specific proliferation was observed.  

4. Calcipotriol-induced atopic dermatitis-like 
inflammation was prevented. 

[67] 

19 Cinnamic aldehyde NM In vitro Articular Chondrocyte and 
Human Osteoarthritis 

–  1. The expression levels of IL-1b, IL-6, TNF-a, 
MMP13, and ADAMTS-5 were decreased by 
inhibiting the NF-kB signaling pathway.  

2. LPS-stimulated NF-kB activation was 
suppressed. 

[68] 

20 aqueous extracts and 
methanolic extracts 

bark In vitro mouse macrophage and human 
chondrosarcoma cell lines as well 
as in human primary 
chondrocytes 

–  1. NO, PGE2, LTB4, and MMP production were 
suppressed.  

2. Anti-inflammatory activity was observed more 
in C. zeylanicum compared to C.cassia. 

[69] 

21 polyphenol-rich 
standardized extract of 
cinnamon bark extract 

bark Clinical 
trial 

A randomized, double-blind 
placebo-controlled study 

200 µg/100 µL/ 
day/ 8 days  

1. The onset of allergic inflammation was 
modulated by acting directly on immune cells.  

2. the severity of the symptoms of SAR was 
decreased  

3. General activity impairment was reduced along 
with a corresponding improvement in quality of 
life and work productivity. 

[70] 

NM: not mentioned, LPS: Lipopolysaccharides, NF-kB: Nuclear factor- kappaB, TNF-a: tumor necrosis factor-a, IL: interleukin, PGE2: prostaglandin E2, HO: heme- 
oxygenase, NRF2: Nuclear factor erythroid 2-related factor 2, Th: T helper, IFN: Interferon, TTP: Tristetraprolin, VEGF: Vascular endothelial growth factor, ERK: 
extracellular signal-regulated kinases, NO: nitric oxide, IκBα: inhibitor of nuclear factor kappa B, MDA: Malondialdehyde, M-CSF: Macrophage-colony stimulating 
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significantly reduce the IL-8 secretion in lipopolysaccharides (LPS)- 
stimulated THP-1 monocytes. They have a synergistic anti-inflammatory 
effect in combination with other compounds of the herb [65]. Kim et al. 
indicated that Trans-cinnamaldehyde reduces the NO, IL-1β, IL-6, and 
TNF-α expression in LPS-activated RAW 264.7 macrophages via sup-
pression of extracellular signal-regulated kinases (ERK), p38 
mitogen-activated protein kinases (p38 MAPK), and Jun N-terminal ki-
nases (JNK) phosphorylation [71]. Lipophilic and hydrophilic extracts 
of true Cinnamon have shown anti-inflammatory activity via inhibiting 
nitric oxide and TNF-α production in LPS, and interferon-γ (IFN-γ) 
activated RAW 264.7 macrophages. E-cinnamaldehyde, o-methoxy 
cinnamaldehyde, eugenol, benzyl benzoate, and cinnamyl alcohol 
components have an anti-inflammatory effect in RAW 264.7 and 
J774A.1 macrophages [17]. In Covid-19 disease, several cytokines are 
involved in the systemic inflammatory response, and inhibiting a num-
ber of inflammatory cytokines together may be more effective than 
concentrating on one alone [72]. Therefore, consumption of Darchini 
can decrease cytokine storm of COVID-19 and may improve disease. 

3.3. Antioxidant effects 

COVID-19 is a viral disease with hyper inflammation and excessive 
reactive oxygen species (ROS) production, which play a critical role in 
cytokine release in inflammation diseases [3,73]. In vitro studies show 
that cinnamon essential oil exhibits a significant antioxidant effect 
compared to synthetic antioxidant butylated hydroxytoluene (BHT) and 
vitamin C [74]. Beji and Colleagues demonstrated that cinnamon pow-
der could restore the activities of antioxidative enzymes such as gluta-
thione peroxidase (GPx), catalase (CAT), and superoxide dismutase 
(SOD) near normal in diabetic rat plasma [75]. Ethanolic extract of 
Cinnamon (EEC) improves antioxidant capacity by upregulating 
endogenous antioxidant enzymes, Glutathione (GSH), 
gamma-glutamylcysteine synthetase (γ-GCS), NQO1, and NAD(P)H: 
quinone reductase (QR). Besides cinnamaldehydes, two lignan and 
flavonol compounds activated Nrf2 and its downstream genes, nqo1 and 
γ-gcs, in the normal human lung epithelial and As (III)-induced oxidative 
stress Beas-2B cell line [76]. TCA has protective effects against oxidative 
injury in V79–4 Chinese hamster lung fibroblasts via blocking the 
abnormal accumulation of ROS, suppressing mitochondrial dysfunction, 
and activation of the nuclear factor-erythroid-2-related factor 2 (Nrf2)/ 
hemeoxygenase-1 (HO-1) signaling pathway [77]. In addition, water 
extracted polysaccharides from Cinnamomum zeylanicum have in vitro 
antioxidant capacity [78]. 

3.4. Miscellaneous effects 

Although COVID-19 is a respiratory infection, due to extrapulmonary 
distribution of the main viral entry receptor, ACE-2 in other tissues, and 
cytokine storm, causes a systemic disease in several various organs, 
including kidneys, heart, and small intestine, thyroid, liver, bladder, etc. 
These clinical manifestations complicate the condition and make its 
treatment more complex [79]. 

Patient autopsy shows epithelial exfoliation and hyperplasia, mucosa 
congestion, alveolar damage, exudative inflammation, and thrombosis 
in infected lungs [80]. Inhalation of Cinnamon essential oil (with cin-
namaldehyde as the main ingredient) improves respiratory functions 
and inflammatory conditions in lipopolysaccharide-induced airway 
inflammation [66]. Type-A procyanidin polyphenols (TAPP) from Cin-
namomum zeylanicum exhibited anti-asthmatic and anti-inflammatory 
effects in ovalbumin-induced airway hyperresponsiveness animal 

models. Hematologic parameters increased in rats treated with TAPP 
leading to improvement of oxygen supply. Treatment with TAPP 
dose-dependently decreases the lungs’ total protein, bronchoalveolar 
lavage (BAL) total protein, serum albumin, BALF albumin, and lung 
albumin. The histopathological examination of TAPP (30 and 
100 mg/kg) treated rats showed reduced inflammatory cell infiltrates; 
therefore, it is pivotal to minimize pulmonary damage [53]. Cinnamon, 
with its various anti-inflammatory effects, can potentially reduce mucus 
obstruction. The mucolytic potential of type-A procyanidin polyphenols 
[53] and 1, 8-cineol [81] ingredients of Cinnamon have previously been 
studied in obstructive diseases. 

Acute myocardial injury, heart failure, myocarditis, arrhythmias, 
and cardiac arrest are cardiovascular complications, which SARS-CoV-2 
may cause. The sign of myocardial damage is the increase in cardiac 
troponin levels [82]. Sedighi et al. reported in vivo cardioprotective 
effect of cinnamon extract that improved activity of antioxidant en-
zymes including serum CAT, SOD, GPx 5 days after reperfusion. In 
addition, the elevation of myocardial injury markers, cardiac troponin I, 
lactate dehydrogenase, and malondialdehyde (MDA) was prevented 
[83]. Cinnamaldehyde and cinnamic acid decrease serum creatine 
kinase-MB (CK-MB), Lactate Dehydrogenase (LDH), TNF-α and IL-6, and 
MDA content in myocardial tissue and increase serum NO activity and 
myocardial tissue SOD activity in acute myocardial infarction ischemia 
induced by isoproterenol in rats [84]. An in vivo study on pressure 
overload-induced mice demonstrated the protective effect of cinna-
maldehyde on cardiac hypertrophy and cardiac fibrosis via the ERK 
signaling pathway [85]. 

Kidney and liver abnormalities have been observed in patients with 
severe COVID-19. Elevated serum creatinine and blood urea nitrogen 
(BUN), proteinuria and hematuria, mild reduction in serum albumin, 
and mild elevation in aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) levels are reported in COVID − 19 patients [86, 
87]. An autopsy study shows several kidney pathologic presentations, 
including acute tubule injury (ATI) and renal capillary obstruction by 
erythrocyte aggregation along with endothelial damage in SARS-CoV-2 
infection [88]. In addition, moderate microvascular steatosis; has been 
seen in a liver autopsy of a patient by COVID-19. Liver injury may be 
related to inflammatory responses, direct viral cytotoxicity, anoxia, or 
drug-induced damage in SARS-CoV-2 [87]. 

The nephroprotective effect of Cinnamon was indicated by decreased 
serum creatinine, blood urea nitrogen, and glucose, and increased serum 
albumin and total protein. C. zeylanicum has represented protective ef-
fects against acetaminophen-induced apoptosis via downregulation of 
caspase-3 and proliferating cell nuclear antigen (PCNA), participants in 
apoptosis, in renal tissue [89]. Adding 3% cinnamon or 0.002% 
procyanidin-B2 (PCB2) fraction in rat diet for 12 weeks was effective in 
preventing diabetic nephropathy. Expression of protein kinase C-a 
(PKC-a) and Monocyte chemoattractant protein-1 (MCP-1), an inflam-
matory cytokine, were stopped in treated rats. In addition, PCB2 de-
creases the expression of vascular cell adhesion molecule-1 (VCAM-1), 
which eases the infiltration of macrophages into renal tissue [90]. 

Hussain et al. demonstrated that Cinnamon bark aqueous extract 
(200 mg/kg/day) exhibited hepato-renal protective effect against 
acetaminophen-induced toxicity in Balb/c mice. Increasing total anti-
oxidant ability and restoring complete oxidative status is essential in 
inhibiting oxidative damage by cinnamon pretreatment [91]. Similar 
results were observed by administrating C. verum essential oil to rats’ 
carbon tetrachloride-induced hepatic and renal toxicity. Hepatic serum 
markers (ALT, AST, ALP, LDH, ɣ-GT), lipid profile (total cholesterol, 
triglyceride, low-density lipoprotein), kidney function markers (urea, 

factor, HA: Haemagglutination, DTH: delayed-type hypersensitivity, PLCγ1: Phospholipase Cγ1, ConA: Concanavalin A, IgE: Immunoglobulin E, HUVECs: Human 
umbilical vein endothelial cells, ICAM-1: Intercellular Adhesion Molecule 1, β-HEX: Bet-hexosaminidase CAII: Carbonic anhydrase-II, BRCA1: breast cancer 1, PAI-1: 
Plasminogen activator inhibitor-1, SREBP-1: sterol regulatory element-binding protein 1, LXRs: liver X receptors, ACLY: ATP-citrate lyase, FAS: fatty acid synthase, 
PPARα: peroxisome proliferator-activated receptor α, DC: dendritic cells, OVA: ovalbumin, ADAMTS-5: A disintegrin and metalloproteinase with thrombospondin 
motifs 5, LTB4: Leukotriene B4, NFATc3: Nuclear Factor Of Activated T Cells 3, CHK: checkpoint kinase, MMPs: Matrix metalloproteinases, TLR: Toll-like receptor 
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creatinine) were decreased, and high-density lipoprotein was increased. 
It demonstrated significant antioxidant activity by reducing thio-
barbituric acid reactive substances (TBARS) and protein carbonyl (PCO) 
levels, as oxidative damage markers, in liver and kidney tissues. In 
addition, reduction of CAT, SOD, GPx, and GSH (enzymatic and 
nonenzymatic antioxidants) levels was prevented dose-dependently. 
Moreover, histopathologic studies show inflammation in tissues along 
with other damages, and the anti-inflammatory and antioxidant effects 
of cinnamaldehyde are significant in this situation [92]. 

Pretreatment with alcoholic extract of cinnamon bark decreases 
hepatic lipid accumulation, plasminogen activator inhibitor1 mRNA 
expression, and thus 45% dampened liver steatosis in Acute Alcoholic 
Liver Disease in mice. In vivo and in vitro studies showed the hep-
atoprotective effect of cinnamon extract due to its anti-inflammatory 
effects on induced myeloid differentiation primary response gene 
(MyD88), nitric oxide synthase (iNOS), and TNF-α [93]. 1.5 g of cin-
namon supplementation for 12 weeks has therapeutic effects on 
Non-alcoholic fatty liver disease (NAFLD) characteristics. Askari et al. 
showed that Homeostatic Model Assessment (HOMA) index, fasting 
blood glucose (FBS), Total Cholesterol (TC), triglyceride (TG), 
low-density lipoprotein (LDL), ALT, AST, gamma glutamine trans-
peptidase (GGT), and high-sensitivity C-reactive protein were signifi-
cantly decreased in patients with NAFLD [94]. The ethanolic extract of 
C. zeylanicum L. bark has exhibited hepatoprotective effect in 
(CCl4)-induced hepatotoxicity in male Wistar rats. In addition to 
reducing serum markers of liver damage, cinnamon extract consumption 
increased superoxide dismutase and catalase enzymes. Histopatholog-
ical results indicate that tissue damage and necrosis were significantly 
improved [95]. These results were also reported by cinnamon essential 
oil administration against formaldehyde-induced hepatotoxicity in an 
animal model [96]. 

In another way, the patients with underlying diseases including hy-
pertension, diabetes, obesity, cardiovascular disease, non-alcoholic fatty 
liver, chronic lung diseases, and kidney problems are more vulnerable to 
COVID-19 infection [97]. In addition to potential anti-coronavirus 
therapies, with its positive effects in treating underlying diseases, Cin-
namon can reduce the risk of infection [24]. 

One of the major problems caused by the COVID-19 pandemic in 
patients, healthcare staff, and even healthy people is psychological 
symptoms, including anxiety, fear, distress, depression, and stress- 
related complication. Psychological, social interventions and the use 
of plants can help to improve mental health problems [98,99]. Cinna-
mon is a popular herbal tea, which TPM and pharmacological evidence 
point out its exhilarating and anti-depressant effects. In a 
reserpine-induced mouse model of depression, C. zeylanicum hydro-
alcoholic extract exhibited an anti-depression effect equal to fluoxetine. 
This anti-depressant effect might be due to its potent antioxidant effect 
[100]. Furthermore, the elevation of proinflammatory cytokines 
including interleukin-1β (IL-1β), interferon-γ (IFN-γ), tumor necrosis 
factor α (TNF-α), interleukin-6 (IL-6), and interleukin-10 (IL-10) are 
contributed in depression-like symptoms. β-Caryophyllene (BCP), a 
sesquiterpene in Cinnamon, decreases the expression of 
cyclooxygenase-2 (COX-2) and increases CB2 receptor expression in 
hippocampal tissue. In this way, it exerts anti-depressant effects via in-
flammatory responses suppression in a chronic restraint plus stress 
(CR+S) depression model [101]. 

4. Conclusion 

COVID-19 is a complicated disease with several aspects. Therefore, 
in its treatment, it is better to use drugs that combat it in several ways. 
Cinnamon and its ingredients can be recommended in SARS-CoV-2 
infection due to its multi-targeting properties. Several pharmacolog-
ical studies confirm its effects mentioned in TPM, and its popularity 
among people makes it easy to use. In addition, treatment of this viral 
hyper inflammation disease with Cinnamon as a supplementary drug 

can decrease consumption of chemical drugs and their side effects. 
Theoretically, Cinnamon can be effective in SARS-Cov-2 through 
opener, diuretic, tonic, and antidote effects based on the TPM viewpoint. 
In addition, there are several Pharmacological evidence on anti-viral, 
anti-inflammatory, antioxidant, organ-o-protective and anti-depressant 
effects of Cinnamon involved in treating this disease. 

Nevertheless, clinical trials in COVID-19 patients should reveal the 
efficacy of Cinnamon before the definitive recommendations. As the first 
step, this review provides basic information for future studies on the 
effectiveness of this drug in preventing and treating SARS-CoV-2 and 
other viral diseases, which may occur in the future. Due to the impor-
tance of lung involvement and obstruction of respiratory tracts in 
COVID-19 disease, among the potential effects of Cinnamon mentioned 
in traditional Persian medicine, its anti-obstructive/opener effect is 
prominent and considerable. However, based on our knowledge, no 
clinical research has been done on this issue so far, and further in-
vestigations are needed to distinguish its mechanisms in the future. 
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Abstract: Given the limited therapeutic management of infectious diseases caused by viruses, such
as influenza and SARS-CoV-2, the medicinal use of essential oils obtained from Eucalyptus trees has
emerged as an antiviral alternative, either as a complement to the treatment of symptoms caused
by infection or to exert effects on possible pharmacological targets of viruses. This review gathers
and discusses the main findings on the emerging role and effectiveness of Eucalyptus essential oil
as an antiviral agent. Studies have shown that Eucalyptus essential oil and its major monoterpenes
have enormous potential for preventing and treating infectious diseases caused by viruses. The main
molecular mechanisms involved in the antiviral activity are direct inactivation, that is, by the direct
binding of monoterpenes with free viruses, particularly with viral proteins involved in the entry
and penetration of the host cell, thus avoiding viral infection. Furthermore, this review addresses
the coadministration of essential oil and available vaccines to increase protection against different
viruses, in addition to the use of essential oil as a complementary treatment of symptoms caused by
viruses, where Eucalyptus essential oil exerts anti-inflammatory, mucolytic, and spasmolytic effects in
the attenuation of inflammatory responses caused by viruses, in particular respiratory diseases.

Keywords: Eucalyptus essential oil; 1,8-cineole; antiviral therapy; herpes simplex virus; H1N1
influenza virus; SARS-CoV-2

1. Introduction

Eucalyptus is a genus of trees belonging to the Myrtaceae family native to Australia
and Tasmania that includes 900 species and subspecies cultivated in different areas of the
world with subtropical and Mediterranean climates [1–4]. Various species of Eucalyptus
are recognized for their high biomass production, rapid growth rate, good adaptation
to various environmental conditions, and excellent wood quality to produce paper and
derived products [5–8]. In turn, some species of the genus (e.g., E. polybractea, E. smithii,
and E. globulus) have received particular attention as sources of essential oils for use in
pharmaceutical and cosmetic products [1,9,10].

Numerous examples illustrate the phytopharmacological potential of essential oils ob-
tained from Eucalyptus. These compounds are recognized for their broad spectrum of action,
such as antibacterial, antifungal, antiviral, anti-inflammatory, anti-immunomodulatory,
antioxidant, and wound healing properties. They are commonly used for the treatment
of respiratory tract diseases such as the common cold, nasal congestion, sinusitis, pul-
monary tuberculosis, bronchitis, asthma, influenza, acute respiratory distress syndrome
(ARDS), and chronic obstructive pulmonary disease (COPD) [1,9]. Regardless of the route
of administration of preparations of Eucalyptus essential oil, after being absorbed, the
components exert their antiseptic, anti-inflammatory, and expectorant activities, which
justifies the interest by researchers in the use of Eucalyptus essential oil to treat respiratory

Pharmaceuticals 2021, 14, 1210. https://doi.org/10.3390/ph14121210 https://www.mdpi.com/journal/pharmaceuticals

https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com
https://orcid.org/0000-0003-3375-0951
https://orcid.org/0000-0001-6802-2386
https://orcid.org/0000-0001-8964-1389
https://orcid.org/0000-0002-4845-3549
https://doi.org/10.3390/ph14121210
https://doi.org/10.3390/ph14121210
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ph14121210
https://www.mdpi.com/journal/pharmaceuticals
https://www.mdpi.com/article/10.3390/ph14121210?type=check_update&version=1


Pharmaceuticals 2021, 14, 1210 2 of 18

diseases [1]. Recent studies, for example, have demonstrated strong molecular docking
between bioactive compounds present in Eucalyptus essential oil (mainly 1,8-cineole and
eucalyptol) and the SARS-CoV-2 protease enzyme Mpro, which plays a fundamental role in
the mediation of viral replication and transcription, suggesting that Eucalyptus essential oil
has inhibitory potential against the coronavirus [11–13]. SARS-CoV-2 is highly contagious,
causing more than 3.8 million deaths worldwide, emerging as the most critical health and
humanitarian crisis since the 1918 influenza pandemic [14,15].

Due to limited therapeutic management for these viral infections, current strategies
focus on developing and testing new drugs or reusing available drugs against possible
viral therapeutic targets [13,14,16]. However, compared with synthetic drugs, medicines
from natural sources, such as essential oils, generate fewer side effects in humans and are
often commercially profitable [14]. In this context, interest has increased in the medicinal
use of essential oils from Eucalyptus, especially as a complement for the treatment of viral
diseases, either to relieve symptoms caused by infection [16] or to exert effects on possible
viral therapeutic targets [13,15]. Based on selected articles, this review aimed to examine,
through the use of specialized literature, the emerging and consolidated role of Eucalyptus
essential oil as antiviral therapy and provide a brief discussion on the chemical composition
and molecular mechanisms of Eucalyptus essential oil and its potential roles in alleviating
symptoms and in exerting effects on different pharmacological targets of viruses. In general,
based on scientific evidence, this review addresses the importance of Eucalyptus essential
oil in therapies against different human viruses.

2. Literature Search Strategy and Study Selection Criteria

The databases used in this review were PubMed (https://pubmed.ncbi.nlm.nih.gov,
accessed on 30 June 2021), ScienceDirect (https://www.sciencedirect.com, accessed on
30 June 2021), SciFinder (https://www.cas.org, accessed on 30 June 2021), Scopus (www.
scopus.com, accessed on 30 June 2021), SciELO (www.scielo.org. accessed on 30 June 2021),
and the Google Scholar search engine (https://scholar.google.com, accessed on 30 June
2021). The main keywords used for the search were “Eucalyptus essential oil + antivirus
therapy”, “1,8-cineole + antivirus therapy”, and “Eucalyptus + antiviral activity”. In this
review, all articles that included the study of essential oils or isolated compounds of species
of the genus Eucalyptus were considered. To complement this review, articles describing
the composition of Eucalyptus essential oil for medicinal use were included.

Experimental articles and reviews published in peer-reviewed journals until June 2021
were selected for this review. After performing a superficial analysis (reading abstracts),
articles in languages other than English, theses, and unpublished data were excluded,
as were articles not related to Eucalyptus species. The information collected from the
articles was interpreted qualitatively, including an in-depth analysis of content [17]. After
examining the full text, articles unrelated to Eucalyptus essential oil or its main constituents
were excluded, as were articles of relevance with a limited presentation of findings. Primary
articles were also used to identify additional related publications. Using this strategy, the
most relevant articles that met the eligibility criteria and summarize the use of Eucalyptus
essential oil as antiviral therapy were selected for this literature review.

3. Results and Discussion

A total of 108 articles published until June 2021 were included in the first screening.
Of the articles reviewed, 69 were selected for the review (12 were in vitro studies, 4 in vivo,
1 both in vitro and in vivo, 9 in silico, 3 clinical studies, 7 studies about the chemical
composition, and other studies related to Eucalyptus genus).

3.1. Chemical Composition of Eucalyptus Essential Oil for Medicinal Use

Eucalyptus essential oil is generally obtained from steam distillation or hydrodistilla-
tion of leaves and less frequently from fruits, flowers, and stems [18,19]. At least 300 species
of Eucalyptus contain volatile oils in their leaves, with a chemical composition comprising

https://pubmed.ncbi.nlm.nih.gov
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a mixture of volatile bioactive compounds, mainly monoterpenoids, such as 1,8-cineole,
α-pinene, β-pinene, γ-terpinene, limonene, and p-cymene, and, in a smaller quantity,
sesquiterpenes, such as globulol, α-humulene and β-eudesmol [9,20]. Eucalyptus oil for
medicinal purposes is commonly extracted from the leaves of E. polybractea, E. smithii, or
E. globulus because the content of the main bioactive monoterpene, 1,8-cineole (eucalyptol),
in these species is greater than 70% (v/v) of the total oil. The pharmacopoeias of many coun-
tries, including the United States, Spain, the United Kingdom, Germany, France, Belgium,
the Netherlands, Australia, Japan, and China, have ruled on the benefits and applications,
i.e., infusion, inhalation (steam), and topical application, of these oils [1]. E. globulus is the
main species used in the phytopharmacological industry to obtain essential oil of high
medicinal value [12,21], primarily because the species is widely cultivated worldwide and
has been subjected to genetic selection processes in breeding programs to optimize different
wood productivity characteristics [1,9].

There are numerous products prepared with the essential oil of E. globulus or with its
main component (1,8-cineole), both for internal use (tablets, capsules, or syrups) and
external use (nasal drops and ointments) [1,9]. In recent years, medications such as
1,8-cineole and Myrtol® standardized capsules (300 mg capsule that has at least 75 mg of
1,8-cineole, 75 mg of limonene, and 20 mg of α-pinene), sold commercially as GeloMyrtol®

and GeloMyrtol forte®, have received substantial attention due to their therapeutic benefits
in various respiratory conditions [1]. Due to the multiple clinical studies that support
their phytomedicinal use, Eucalyptus essential oil and products containing its derivatives
have been classified as highly safe [1,16,21–25]. Other species of Eucalyptus whose oils
are of medicinal use, either because of their high 1,8-cineole content or because of their
beneficial properties, include E. maideni, E. bicostata, E. sideroxylon, E. cinerea, E. leucoxylon,
E. camaldulensis, E. tereticornis, and E. grandis [19–21,26–30]. The profile of bioactive com-
pounds differs between different Eucalyptus species, resulting in differences in medicinal
properties [9]. Table 1 provides the main Eucalyptus species for medicinal use, the chemical
composition of their essential oils, and the total percentage of their major compounds. The
chemical structures of the main monoterpenes and sesquiterpenes are provided in Figure 1.

Table 1. Eucalyptus species for medicinal use, chemical composition, and the total percentage of compounds of their
essential oils.

Species Essential Oil Constituents (%) References

Eucalyptus polybractea 1,8-cineole (85.01), p-cymene (4.12), terpinen-4-ol (1.48),
limonene (1.00), α-terpineol (0.70), minor constituents (7.69) [28]

Eucalyptus smithii 1,8-cineole (84.27), limonene (2.86), α-terpinyl acetate (1.51),
p-cymene (1.27), α-pinene (1.02), minor constituents (9.07) [20]

Eucalyptus globulus 1,8-cincole (83.89), limolene (8.16),
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Table 1. Cont.

Species Essential Oil Constituents (%) References

Eucalyptus caesia
1,8-cineole (40.18), p-cymene (14.11), γ-terpinene (12.43),

α-pinene (7.70), terpinen-4-ol (5.62), α-terpineol (1.53), minor
constituents (18.43)

[31]

Eucalyptus camaldulensis γ-terpinene (72.50), o-cymene (14.60), terpinen-4-ol (6.70),
1,8-cineole (0.90), minor constituents (5.30) [19]

Eucalyptus tereticornis
β-pinene (39.40), α-pinene (21.40), limolene (8.00),

α-phellandrene (5.00), p-cymene (4.10), γ-terpinene (2.40),
minor constituents (19.70)

[26]

Eucalyptus grandis
α-pinene (30.40), terpen-4-ol (10.70), (E)-β-ocimene (9.40),
terpinen-4-ol (8.40), α-terpineol (8.00), α-humulene (3.20),

β-eudesmol (2.20), minor constituents (27.70)
[26]
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3.2. Antiviral Activity of Eucalyptus Essential Oil

Natural products derived from essential oils and extracts of medicinal plants are
natural sources well tolerated by humans [14,32]. In this sense, plant essential oils have
been extensively studied and are reported to have antiviral activities [16]. Among them, the
essential oil and bioactive terpenes present in Eucalyptus leaves have shown great potential
as antiviral therapies [33,34]. Inhalation of steam from Eucalyptus essential oil has previ-
ously shown a positive impact on treating difficulties derived from viral infections, such
as cold, bronchiolitis, rhinosinusitis, and asthma [13,15]. Therefore, they represent a good
alternative to treat infections caused by viruses, either to alleviate symptoms or to affect
different pharmacological targets of these pathogens [14,15,35]. Table 2 summarizes the
major studies related to the antiviral activity of Eucalyptus essential oil or its monoterpenes.
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Table 2. Summary of the main studies related to the antiviral activity of Eucalyptus essential oil or its monoterpenes.

Treatment Type of Study Active against Main Findings IC50/IC100
Mechanism of

Action/Viral Target Reference

1,8-cineole
In vivo (murine model

(females) of
genital infection)

HSV-2
At an absolute concentration

(100%), 1,8-cineole produced a
44% reduction in viral infection.

- Protection prior to the
viral infection challenge [36]

Essential oil (E. caesia)
In vitro (plaque

reduction assay in
RC-37 cells)

HSV-1 and HSV-2

At a concentration of 0.03% in
medium, E. caesia essential oil

reduced virus titers by 57.9% for
HSV-1 and 75.4% for HSV-2.

Significant inhibitory effect on the
HSV-1 and HSV-2
plaque formation.

IC50 of 0.009% for HSV-1
and 0.008% for HSV-2.

Direct binding to
free virus [37] *

Essential oil (E. globulus)
In vitro (plaque

reduction assay in
Vero cells)

HSV-1 Significant inhibitory effect on the
HSV-1 plaque formation. IC100 of 1%. Direct binding to

free virus [38] *

Essential oil (E. globulus)
and individual
monoterpenes

(1,8-cineole, α-pinene,
p-cymene, γ-terpinene,

α-terpineol, and
terpinen-4-ol)

In vitro (plaque
reduction assay in

RC-37 cells)
HSV-1 (cepa KOS) Significant inhibitory effect on the

HSV-1 plaque formation.

IC50: E. globulus essential
oil (55 µg/mL),
1,8-cineole (1.20

mg/mL), α-pinene (4.5
µg/mL), γ-terpinene (7.0
µg/mL), p-cymene. (16.0
µg/mL), α-terpineol

(22.0 µg/mL),
terpinen-4-ol
(60.0 µg/mL).

Direct binding to
free virus [39] *

Essential oil (E. caesia)
In vitro (plaque

reduction assay in
Vero cells)

HSV-1 Significant inhibitory effect on the
HSV-1 plaque formation. IC50 of 0.004%. Direct binding to

free virus [31] *

Essential oil (E.
polybractea)

In vitro (plaque
reduction assay in

MDCK cells)

Influenza virus A
(NWS/G70C/H11N9)

Exposure to the aerosol (15 s; 125
µg/L of air) achieved 100%

inactivation of IFV-A in the air.
One day of exposure to oil vapor

(saturated) reduced viral infection
by IFV-A by 86%.

- Direct binding to
free virus [40]
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Table 2. Cont.

Treatment Type of Study Active against Main Findings IC50/IC100
Mechanism of

Action/Viral Target Reference

Essential oil (E. globulus)

In vitro (plaque
reduction assay in
MDCK cells and

hemagglutinin and
neuraminidase

inhibition assays)

Influenza virus A
(Denver/1/57/H1N1)

Significant inhibitory effect on the
Influenza virus A
plaque formation.

Exposure to steam (250 µL of
essential oil at 100%) for 10 min

produced a 94% reduction in
viral infection.

Exposure to steam (1/160 dilution
of essential oil) for 10 min

inhibited hemagglutinin activity
but not neuraminidase activity.

IC100 of 50 µL/mL.

Binding with the virus
surface hemagglutinin
protein (responsible for
the binding of the virus

to the host cell)

[41] *

1,8-cineole In vivo (murine model
of influenza infection)

Influenza virus A
(FM/47/H1N1)

Treatments of 60 and 120 mg/kg
prolonged the survival time of

the mice.
Treatment decreased IL-4, IL-5,

IL-10, and MCP-1 levels in nasal
lavage fluids and IL-1β, IL-6,

TNF-α, and IFN-γ levels in lung
tissue of mice infected with

the virus.
The expression of NF-kB p65,

ICAM-1, and VCAM)-1 decreased.

-
Attenuate pulmonary

inflammatory responses
caused by IFV-A

[42]

1,8-cineole

In vivo (murine model
immunized and then

challenged with
the virus)

Influenza virus A
(FM/47/H1N1)

The coadministration of the
vaccine with 1,8-cineole (12.5
mg/kg) increased the serum

production of specific antibodies
against influenza (IgG2a), the

secretory response of IgA in the
nasal cavity mucosa, the

expression of intraepithelial
lymphocytes in the upper

respiratory tract, the maturation
of dendritic cells and the

expression of costimulatory
molecules cluster of

differentiation (CD) 40, CD80 and
CD86 in peripheral blood.

- Cross-protection against
influenza virus [23]
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Table 2. Cont.

Treatment Type of Study Active against Main Findings IC50/IC100
Mechanism of

Action/Viral Target Reference

1,8-cineole
In silico (molecular

docking: Mpro

-1,8-cineole interaction)
SARS-CoV-2

The free energy of binding was
−6.04 kcal/mol within the amino

acids of the active site of Mpro.
The interaction of 1,8-cineole in
the binding pocket of the active

site of Mpro was mediated by two
hydrophobic interactions through

MET6, PHE8, ASP295,
and ARG298.

- Interaction with the
active site of Mpro [43]

1,8-cineole, α-pinene
α-terpineol, limonene

and o-cymene

In silico (molecular
docking: Mpro

-monoterpene
interaction)

SARS-CoV-2

The binding of monoterpenes to
the active site of Mpro

was investigated.
The following binding free

energies were obtained:
1,8-cineole (−5.86 kcal/mol) >
α-pinene (−5.6 kcal/mol) >

α-terpineol (−5.43 kcal/mol), >
limonene (−5.18 kcal/mol),

>o-cymene (−4.99 kcal/mol).

- Interaction with the
active site of Mpro [13]

Essential oil (E. globulus)
In vitro (plaque

reduction assay in
Vero cells)

Mumps virus
Treatment with 0.25 µg/mL

reduced virus plaque formation
by nearly 33%.

- Direct binding to
free virus [44]

Essential oil (E. maidenii,
E. cinerea, and E.

bicostata)

In vitro (Vero cell
protection assay)

Coxsackievirus B3
strain Nancy

Significant reduction in
viral infectivity.

IC50: E. bicostata (0.7
µg/µL), E. cinerea (102.0

µg/µL), E. maidenii
(136.5 µg/µL).

Direct binding to
free virus [18] *

Essential oil (E.
camaldulensis)

In vitro (plaque
reduction assay in
MA104, BGM, and

Vero cells)

Rotavirus strain Wa,
Coxsackievirus B4,

and HSV-1

A 1/10 dilution of 100 µL of oil
reduced Rotavirus strain Wa,

Coxsackievirus B4, and HSV-1
plaque formation by 50%, 53.3%,

and 90%, respectively.

- Direct binding to
free virus [45]

* Studies that have reported the half-maximal inhibitory concentration (IC50) or the maximal inhibitory concentration (IC100) of Eucalyptus essential oil or its monoterpenes.
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3.2.1. Herpes Simplex Virus

Herpes simplex viruses (HSVs) are DNA viruses belonging to the Herpesviridae
family. Among these, HSV type 1 (HSV-1) and type 2 (HSV-2) stand out as common and
contagious pathogens in humans. HSV-1 produces gingivostomatitis, cold sores, and
herpetic keratitis, and HSV-2 usually produces genital lesions [33]. These pathogens can
be transmitted when an infected person spreads the virus via active lesions. Treatment
is symptomatic, and antiviral therapy is performed using medications such as acyclovir
(ACV), valaciclovir, famciclovir, cidofovir, and foscarnet, which target viral DNA poly-
merase, for the treatment of acute, severe, or recurrent infections [33,35]. Different studies
have addressed the potential of Eucalyptus essential oil for the treatment of HSV-1 and
HSV-2. Bourne et al. [36], for example, evaluated the in vivo efficacy of 1,8-cineole in a
mouse model of genital HSV-2 infection. In healthy females, 15 µL of 1,8-cineole was ad-
ministered vaginally at a concentration of 100%, followed by an intravaginal challenge with
the pathogen (104 pfu of HSV-2). The findings showed that 1,8-cineole provided significant
protection (44%) against this pathogen. Schnitzler et al. [37] evaluated the effect of E. caesia
essential oil against HSV-1 and HSV-2. Antiviral activity was tested in vitro in RC-37
cells using a plaque reduction assay. Eucalyptus oil was active against both pathogens,
with 50% inhibitory concentrations (IC50s) of 0.009% and 0.008% to prevent HSV-1 and
HSV-2 plaques, respectively. The antiviral activity was confirmed in viral suspension tests,
where at nontoxic Eucalyptus oil concentrations (0.03%), HSV-1 and HSV-2 viral titers were
reduced by 57.9% and 75.4%, respectively. In that study, the essential oil exerted a direct
antiviral effect on HSV because it reduced the infection before or during virus adsorption
but not after the penetration of the virus into the host cell. Similar results were obtained
by Gavanji et al. [31], who evaluated the in vitro effect of E. caesia essential oil against
HSV-1 through a plaque reduction assay in Vero cells. Substantial anti-HSV-1 capacity was
reported, with an IC50 of 0.004%, obtaining better results than those for acyclovir, which
did not generate an inhibitory effect on HSV-1 at the concentrations tested (0.001–0.01%).
In that same study, it was speculated that the molecules present in the oil interacted with
the HSV-1 envelope, consequently inhibiting binding to the host cell. Minami et al. [38]
evaluated the in vitro anti-HSV-1 effect of E. globulus essential oil using a plaque reduction
assay in Vero cells. An IC100 of 1% was reported when HSV-1 was incubated for 24 h with
oil before infecting Vero cells. However, when Vero cells were treated with the essential
oil before or after viral adsorption, no anti-HSV-1 activity was observed, suggesting that
the antiviral activity of the essential oil may be due to direct interaction with virions and
binding to viral envelopes and glycoproteins.

Similar results were reported in a study by Astani et al. [39], who verified the effects
of Eucalyptus essential oil and its purified major monoterpenes (1,8-cineole, α-pinene,
p-cymene, γ-terpinene, α-terpineol, and terpinen-4-ol) against the KOS strain of HSV-1.
Using an in vitro plaque reduction assay in RC-37 cells, the authors evaluated the inhibition
of viral replication and the selectivity index of the tested compounds. Moderate antiviral
effects were observed when oil or monoterpenes were added before infection or after
HSV-1 penetration into host cells. Among the compounds, the monoterpenes 1,8-cineole
and α-pinene were more active, moderately inhibiting viral replication (close to 40%).
However, when HSV-1 was pretreated with essential oil or individual monoterpenes, viral
infectivity was considerably reduced, with an IC50 value of 55 µg/mL for E. globulus
essential oil; the exception was 1,8-cineole (IC50: 1.20 mg/mL). Better IC50 values were
observed for the individual monoterpenes: α-pinene (4.5 µg/mL), γ-terpinene (7.0 µg/mL),
p-cymene (16.0 µg/mL), α-terpineol (22.0 µg/mL), and terpinen-4-ol (60.0 µg/mL). These
findings allow us to conclude that the mechanism of anti-HSV-1 action is exerted by direct
inactivation, that is, by the binding of the components to the viral proteins involved in the
adsorption to and penetration of the host cell. The structure of the Herpes virus, replication
cycle, and the potential antiviral mechanism of 1,8-cineole and other monoterpenes present
in Eucalyptus essential oils are provided in Figure 2.
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Herpes virus consists of 7 structural glycoproteins (gB, gC, gD, gH, gK, gL and gM) present in the lipid bilayer envelope 
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Figure 2. Structure and replication cycle of Herpes virus. According to Karasneh et al. [46] and Lussignol et al. [47], the
Herpes virus consists of 7 structural glycoproteins (gB, gC, gD, gH, gK, gL and gM) present in the lipid bilayer envelope
(LBE). However, only four of these glycoproteins (gB, gD, gH, and gL) are necessary and sufficient to allow the fusion of the
virus with the plasma membrane of the host cell (shown in the illustration). It has a relatively large, double-stranded, linear
DNA genome surrounded by an icosahedral capsid. This, in turn, is surrounded by an integument that contains between
15 and 20 proteins and is in direct contact with the LBE. The herpes virus replication cycle begins when the gB, gD, and
gH-gL glycoproteins bind to their receptors in the host cell (gB receptors: PILRα (HSV-1), MAG, NMHC-IIA; gD receptors:
HVEM, Nectin-1/Nectin-2, 3-OS HS (HSV-1); gH-gL receptors: αvβ3 integrin). This allows the LBE of the virus to fuse
with the plasma membrane or endocytosis, releasing the capsid and integument into the cytoplasm. Using the microtubule
network, the nucleocapsid is transported to the nuclear pore, where the viral genome is released into the nucleus and
circularized. Viral DNA serves as a template for RNA polymerase II, which leads to the production of mRNA, expressed in
three successive and coordinated phases. The mRNAs are translated in the cytoplasm into different viral proteins, including
immediate-early (α-proteins), early (β-proteins), and late (γ-proteins) proteins. Most of the late gene products contribute to
the formation of the viral particle. Packaging of DNA into preassembled capsids takes place in the nucleus. This is followed
by a primary envelope of the capsid by budding through the inner nuclear membrane. The envelope of the perinuclear
virions then fuses with the outer nuclear membrane to release naked capsids into the cytoplasm (de-envelopment). The
envelope proteins are glycosylated in the endoplasmic reticulum (ER) and then move by transport vesicle from the ER to the
Golgi apparatus and finally to the cell plasma membrane. Tegumented capsids acquire a “second” final envelope to become
virions from post-Golgi membrane compartments. A role for autophagic membranes in virion envelope and release has
been proposed for some herpes viruses. Once formed, virions are transported to the cell surface within small vesicles using
exocytosis machinery and released from cells. The red box indicates the potential mechanism of action against the Herpes
virus by 1,8-cineole and other monoterpenes present in Eucalyptus essential oils by binding and inhibiting the glycoproteins
gB, gD, and gH-gL and thus inhibiting the binding of the virus with its receptors and subsequent fusion of LBE with the
host cell.
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3.2.2. Influenza Virus

Influenza viruses (IFVs) are enveloped RNA viruses that belong to the Orthomyxoviri-
dae family and are classified as type A, B, or C based on hemagglutinin and neuraminidase
proteins [34]. IFV-A is the most notable in terms of human morbidity and mortality because
it has several different serotypes that have caused pandemics worldwide, for example,
H1N1, which caused the “Spanish flu” in 1918 (with 40–50 million reported deaths world-
wide) and swine flu in 2009; H2N2, which caused the Asian flu in 1957 (>1 million deaths
worldwide); H3N2, which caused the Hong Kong flu in 1968; and H5N1, which caused
avian influenza in 2004 [22]. Viral influenza is an infectious respiratory disease with symp-
toms such as fever, runny nose, sore throat, muscle pain, headache, cough, and fatigue but
can progress to pneumonia and other complications such as ARDS, COPD, rhinosinusitis,
meningitis, encephalitis, and worsening of preexisting health problems such as asthma and
cardiovascular diseases [34]. IFV infections are primarily treated with mantadine, riman-
tadine, oseltamivir (Tamiflu®), and zanamivir (Relenza®), all neuraminidase inhibitors.
However, their use has been limited by side effects and the emergence of resistant viral
strains [22,48]. Although vaccination is the most effective means of protection against in-
fluenza, the vaccines must be administered annually; therefore, the use of natural products
for the treatment of IFVs could provide supplemental protection [49].

Several studies have reported the anti-IFV capacity of Eucalyptus essential oil [22,34,50,51].
For example, Usachev et al. [40] investigated the antiviral activity of E. polybractea against
influenza A virus (NWS/G70C/H11N9) in air. Their results showed that when the pure
essential oil was actively diffused with a nebulizer for 15 s (oil concentration: 125 µg/L
of air in the chamber), IFV-A was completely inactivated in the air. Saturated oil vapor
was slightly less effective, achieving a viral inactivation of 86% after one day of exposure.
However, it was concluded that both aerosol and E. polybractea oil vapor could be used as
effective natural antiviral agents for disinfection applications. Vimalanathan & Hudson [41]
demonstrated the anti-influenza A activity (Denver/1/57/H1N1) of E. globulus essential
oil, both in the liquid phase and in the vapor phase, using a plaque reduction assay in
MDCK cells. In that study, an MIC100 of 50 µL/mL was reported in liquid phase assays,
and a 94% reduction in viral infection was observed after 10 min of exposure of the virus to
250 µL of oil vapor. Furthermore, the possible direct effects of E. globulus essential oil on
the main external proteins of influenza virus (hemagglutinin and neuraminidase) were also
evaluated; the authors reported that 10 min of exposure to steam (dilution 1/160) was able
to inhibit hemagglutinin activity but not neuraminidase activity, suggesting an interaction
with hemagglutinin as a possible mechanism for antiviral activity.

Li et al. [42] evaluated the effect of 1,8-cineole in mice inoculated intranasally with
influenza virus A (FM/47/H1N1). Mice were treated orally with 1,8-cineole (30, 60, and
120 mg/kg) or oseltamivir (10 mg/kg) for two days prior to viral infection and five days
after viral infection assessing the survival time for 15 consecutive days in all test groups.
1,8-Cineole (60 and 120 mg/kg) prolonged the survival time of mice with respect to that of
mice in the untreated control group. These same concentrations alleviated pathological
viral pneumonia changes by significantly decreasing inflammatory cytokines levels (IL-4,
IL-5, IL-10, and MCP-1) in nasal lavage fluids and IL-1β, IL-6, TNF-α, and IFN-γ in lung
tissues of mice infected with the virus. The results also indicated that 1,8-cineole reduced
the expression of proinflammatory NF-kB p65, intercellular adhesion molecule (ICAM)-1,
and vascular cell adhesion molecule (VCAM)-1 in lung tissue.

These findings allow us to conclude that 1,8-cineole protects mice from IFV-A by
attenuating pulmonary inflammatory responses. In another study, Li et al. [23] evaluated
the coadministration of 1,8-cineole (6.25 and 12.5 mg/kg) with the influenza vaccine (0.2 µg
of hemagglutinin) and its capacity to provide cross-protection against infection by influenza
virus A (FM/1/47/H1N1) in a mouse model that was immunized intranasally three times
(days 0, 7, and 14) and challenged with the virus seven days after the last immunization.
The results indicated that mice that had received the influenza vaccine in conjunction with
1,8-cineole (12.5 mg/kg) exhibited a longer survival time, less inflammation, less weight
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loss, a lower mortality rate, less pulmonary edema (pulmonary index), and lower viral titers
than those for mice immunized with the vaccine without 1,8-cineole. The coadministration
of the vaccine with 1,8-cineole increased the serum production of specific antibodies against
influenza (IgG2a), the secretory response of IgA in the nasal cavity mucosa, the expression
of intraepithelial lymphocytes in the upper respiratory tract, the maturation of dendritic
cells, and the expression of costimulatory proteins, i.e., cluster of differentiation (CD)40,
CD80, and CD86, in peripheral blood. These results suggested that the coadministration of
1,8-cineole (12.5 mg/kg) with the influenza viral antigen generated cross-protection against
the influenza virus in a mouse model.

Furthermore, some studies have investigated the effect of 1,8-cineole in the treatment
of characteristic symptoms of influenza and diseases associated with influenza complica-
tions, such as asthma, COPD, and rhinosinusitis [1,25]. The nasal application of 1,8-cineole
did not demonstrate significant effects on cough induced by citric acid (antitussive activity)
in a guinea pig model validated for the cough reflex [52]. However, it is noteworthy that
the compound demonstrated clinical efficacy in patients diagnosed with severe bronchial
asthma generating anti-inflammatory, mucolytic, and spasmolytic effects [25,53] as well as
reducing exacerbations and dyspnea in patients with COPD [54]. In this context, 1,8-cineole
was also shown to relieve headache, trigeminal nerve pressure point sensitivity, nasal ob-
struction, and rhinological secretion in patients diagnosed with acute rhinosinusitis [55].
It is suggested that the mechanism of action involves an increase in the antiviral activity
of IRF3 as well as the IκBα- and JNK-dependent inhibitory effect of IRF3 on the NF-κB
p65 and NF-κB proinflammatory signaling pathways [56]. The structure of the Influenza
A virus, replication cycle, and the potential antiviral mechanism of 1,8-cineole and other
monoterpenes present in Eucalyptus essential oils are provided in Figure 3.

3.2.3. SARS-CoV-2 (COVID-19)

The type 2 coronavirus that causes severe acute respiratory syndrome (SARS-CoV-2)
is a positive-strand RNA virus belonging to the genus Betacoronavirus of the family Coro-
naviridae and is responsible for coronavirus disease 2019 (COVID-19). This disease was
declared a global pandemic in March 2020 because it can be transmitted effectively between
humans and has shown a high degree of morbidity and mortality [15,59]. The majority of
people infected with SARS-CoV-2 will experience a mild or moderate respiratory illness and
will recover without the need for special treatment. Older people and those with underlying
medical problems such as cardiovascular diseases, diabetes, chronic respiratory diseases,
and cancer are more likely to develop serious diseases [16]. Among the most common symp-
toms are fever, chills, dry cough, sputum production, fatigue, lethargy, arthralgia, myalgia,
headache, dyspnea, nausea, vomiting, anorexia, and diarrhea [15]. In extreme cases, pa-
tients experience a condition known as a “cytokine storm”, which is characterized by a dra-
matic increase in the levels of chemokines and proinflammatory cytokines (such as IL-6 and
TNF-α), leading to the development of SARS, pneumonia, septic shock, metabolic acidosis,
coagulation dysfunction and even death [16,60]. Currently, there are licensed vaccines that
can be used to generate immunity against SARS-CoV-2 and that have demonstrated high
efficacy in the prevention of COVID-19 [61]. In addition, the FDA has authorized a variety
of therapeutic options for emergency use that are available or are being evaluated for the
treatment of COVID-19, including antiviral drugs (e.g., remdesivir), anti-SARS-CoV-2 mon-
oclonal antibodies (e.g., bamlanivimab/etesevimab and casirivimab/imdevimab), anti-
inflammatory drugs (e.g., dexamethasone), and immunomodulatory agents (e.g., barici-
tinib and tocilizumab) [62,63]. The most promising antiviral strategy is the development or
reuse of drugs that inhibit proteins that play a central role in the viral replication cycle both
in SARS-CoV-2 and in the host, for example, the “spike” (S) glycoprotein, the type 3C pro-
tease, also called the main coronavirus protease (Mpro, 3CLpro or PLpro), RNA-dependent
RNA polymerase (RdRp) and human angiotensin-converting enzyme 2 (hACE2) [11,12].
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Figure 3. Structure and replication cycle of the Influenza A virus. According to Neumann et al. [57] and Shi et al. [58],
Influenza A virus consists of structural proteins present in the lipid bilayer envelope (LBE), including hemagglutinin
(HA), neuraminidase (NA), the matrix protein M1, and ion channel protein M2. It has a negative-sense single-stranded
RNA (−ssRNA) genome that contains eight gene segments that encode 16 proteins (although not all influenza viruses
express all 16 proteins). Its genomic RNA is encapsulated by nucleoprotein (NP) and components of the RNA-dependent
RNA polymerase complex (PB1, PB2, and PA). The replication cycle of the influenza A virus is initiated by the binding
of the virus HA to the sialylated receptors (α2,3 or α2,6-linked sialic acid) on the surface of the host cell. This allows
endocytosis-mediated entry of the virus. Following the fusion of the virus and host cell membranes, uncoating occurs
and the release of viral RNA into the cytoplasm. Subsequently, the −ssRNA genome (noncoding) is transported to the
nucleus, where replication and transcription into coding RNA (+ssRNA) occur. Messenger RNAs are exported to the
cytoplasm for translation. The early viral proteins, that is, those necessary for replication and transcription (NP, NS1, PA,
PB1, PB2, PB1-F2), are transported back to the nucleus. After synthesis in the cytoplasm, NP proteins stabilize the −ssRNA
in the nucleus. Genomic RNA with RNA polymerase, NP, matrix proteins, and packaging proteins are exported from the
nucleus to the cytoplasm with the help of M1 and NS2 proteins (late viral proteins). The envelope proteins produced in the
endoplasmic reticulum (ER) move through the transport vesicle from the ER to the Golgi apparatus and then to the plasma
membrane. Finally, the genomic RNA and the viral protein complex are packaged into progeny viruses as they emerge from
the cell membrane by exocytosis. The red box indicates the potential mechanism of action against influenza A virus by
1,8-cineole and other monoterpenes present in Eucalyptus essential oil by binding and inhibiting the hemagglutinin protein
and thus inhibiting the binding of the virus with its receptor and subsequent entry into the host cell.

In this context, the use of natural products has been evaluated as a complement to
conventional treatments for this disease [15,32,59,62,63]. Several studies have evaluated



Pharmaceuticals 2021, 14, 1210 13 of 18

the monoterpenes present in Eucalyptus essential oil, either for the treatment of symp-
toms caused by COVID-19 or to evaluate their ability to inhibit the Mpro protein, a key
homodimeric cysteine protease enzyme that cleaves polyproteins into individual proteins
necessary for the replication and transcription of SARS-CoV-2 [1,11,12,60]. They also eval-
uated the action of 1,8-cineole against SARS-CoV-2 Mpro through an in silico molecular
docking assay. The compound showed efficient binding, with an estimated free binding
energy of −6.04 kcal/mol for amino acids in the active site of Mpro. The interaction re-
sults indicated that the Mpro-1,8-cineole complexes form hydrophobic interactions through
MET6, PHE8, ASP295, and ARG298 in the active site. Based on these results, the authors
propose that using 1,8-cineole may represent a possible treatment for COVID-19, acting
as an inhibitor of Mpro. Similar results were reported by Panikar et al. [13] in an in silico
molecular docking study that evaluated the effect of the major monoterpenes present
in Eucalyptus essential oil, namely, 1,8-cineole and α-pinene α-terpineol, limonene, and
o-cymene, on SARS-CoV-2 Mpro. The study showed a great capacity of monoterpenes to
bind to the active site of Mpro and classified them based on free binding energy: 1,8-cineole
(−5.86 kcal/mol) > α-pinene (−5.6 kcal/mol) > α-terpineol (−5.43 kcal/mol) > limonene
(−5.18 kcal/mol) > or o-cymene (−4.99 kcal/mol). These results allowed us to postulate
that Eucalyptus essential oil or its individual major monoterpenes, mainly 1,8-cineole, can
be used as a potential SARS-CoV-2 inhibitor. The structure of the SARS-CoV-2, replication
cycle, and the potential antiviral mechanism of 1,8-cineole and other monoterpenes present
in Eucalyptus essential oils are provided in Figure 4.

3.2.4. Other Viruses

Cermelli et al. [44] evaluated the effect of E. globulus essential oil against the mumps
virus, an RNA virus coated by a capsid that in turn is surrounded by a viral envelope; this
virus causes painful inflammation of the parotid glands. Antiviral activity was verified
by an in vitro plaque reduction assay in Vero cells. Treatment with oil (0.25 µL/mL) was
performed after viral infection for a period of 72 h. Mild antiviral activity was reported,
with a 33% reduction in the formation of mumps virus plaques. Based on the results, the
authors speculated that because the mumps virus has an envelope, the possible mechanism
of action of the oil is through the direct binding on virus particles during the extracellular
phase of the virus cycle. In the same study, adenovirus, a nonenveloped virus, was
not affected by Eucalyptus essential oil, suggesting that this is due to the lack of a viral
envelope. Elaissi et al. [18] explored the in vitro antiviral activity of E. bicostata, E. cinerea,
and E. maidenii essential oils against coxsackievirus B3, an RNA virus that can trigger
different clinical conditions, such as colds, viral meningitis, and myocarditis. The antiviral
activity was verified by evaluating the percentage of protection against the virus in a Vero
cell model. Better antiviral activity results were observed with pretreatment with oil prior
to cellular infection with coxsackievirus B3. A significant reduction in viral infectivity was
observed, with IC50 values of 0.7 µg/µL, 102.0 µg/µL, and 136.5 µg/µL for E. bicostata, E.
cinerea, and E. maidenii, respectively. This observation allowed the researchers to conclude
that the possible mechanism of action involves the direct binding of the molecules present in
the oil after viral infection. El-Baz et al. [45] evaluated the antiviral effect of E. camaldulensis
essential oil against rotavirus strain Wa, coxsackievirus B4, and HSV-1 by plaque reduction
assays in MA104, BGM, and Vero cells, respectively. A 1/10 dilution of 100 µL of oil
was used as treatment. All viruses were affected by essential oils, with plaque reduction
percentages of 50%, 53.3%, and 90% for rotavirus strain Wa, coxsackievirus B4, and HSV-1,
respectively. Based on these results, the authors speculated that E. camaldulensis essential
oil could be a candidate for use in preparations or drugs against RNA viruses that cause
infectious diseases.



Pharmaceuticals 2021, 14, 1210 14 of 18
Pharmaceuticals 2021, 14, x FOR PEER REVIEW 13 of 18 
 

 

 
Figure 4. Structure and viral replication cycle of SARS-CoV-2. According to V’kovski et al. [64], SARS-CoV-2 consists of 
structural proteins including Spike (S), Membrane (M), Nucleocapsid (N), and, for some beta coronaviruses, hemaggluti-
nin esterase (not shown). The positive-sense single-stranded RNA (+ssRNA) genome is encapsulated by N, while M and 
E are incorporated into the viral particle during the assembly process. The replication cycle begins with the arrival of the 
SARS-CoV-2 virus to the target cell. The S viral protein binds to its receptor in the cell, the angiotensin-converting enzyme 
2 (ACE2). After receptor binding, the S protein is cleaved by the cell surface serine protease TMPRSS2, forming two sub-
units, the S1 subunit containing the receptor-binding domain (RBD) and the S2 subunit containing the binding peptide to 
the fusion protein present in the cell membrane, allowing the entry of the virus into the host cell, either through the for-
mation of an endosome or by the fusion of the viral envelope. Following the fusion of the virus and host cell membranes, 
the uncoating occurs and the release of viral RNA into the cytoplasm to initiate the translation of coterminal polyproteins 
(pp1a/ab), which carry out the replication of the viral genome. After translation of viral RNA into polyproteins, the major 
protease (Mpro), a homodimeric cysteine protease, self-cleaves in order to cleave polyproteins into nonstructural proteins 
(nsps). Several nsp proteins interact with nsp12 (also called RNA-dependent RNA polymerase (RdRp)) to form the repli-
case–transcriptase complex (RTC), which is responsible for the synthesis of the full-length viral genome (replication) and 
subgenomic RNA (transcription). Viral structural proteins are expressed and transferred to the endoplasmic reticulum 
(ER). Genomic RNA encapsulated in protein N is translocated with structural proteins in the ER-Golgi intermediate com-
partment (ERGIC) to form new viral particles. Finally, the new virions are secreted from the infected cell by exocytosis. 
The red box indicates the potential mechanism of action against SARS-CoV-2 by 1,8-cineole and other monoterpenes pre-
sent in Eucalyptus essential oils by inhibiting Mpro (binding to the active site), thus inhibiting proteolysis of viral polypro-
teins necessary for virus replication. 

3.2.4. Other Viruses 
Cermelli et al. [44] evaluated the effect of E. globulus essential oil against the mumps 

virus, an RNA virus coated by a capsid that in turn is surrounded by a viral envelope; this 
virus causes painful inflammation of the parotid glands. Antiviral activity was verified by 
an in vitro plaque reduction assay in Vero cells. Treatment with oil (0.25 μL/mL) was per-
formed after viral infection for a period of 72 h. Mild antiviral activity was reported, with 
a 33% reduction in the formation of mumps virus plaques. Based on the results, the au-
thors speculated that because the mumps virus has an envelope, the possible mechanism 

Figure 4. Structure and viral replication cycle of SARS-CoV-2. According to V’kovski et al. [64], SARS-CoV-2 consists of
structural proteins including Spike (S), Membrane (M), Nucleocapsid (N), and, for some beta coronaviruses, hemagglutinin
esterase (not shown). The positive-sense single-stranded RNA (+ssRNA) genome is encapsulated by N, while M and E
are incorporated into the viral particle during the assembly process. The replication cycle begins with the arrival of the
SARS-CoV-2 virus to the target cell. The S viral protein binds to its receptor in the cell, the angiotensin-converting enzyme 2
(ACE2). After receptor binding, the S protein is cleaved by the cell surface serine protease TMPRSS2, forming two subunits,
the S1 subunit containing the receptor-binding domain (RBD) and the S2 subunit containing the binding peptide to the
fusion protein present in the cell membrane, allowing the entry of the virus into the host cell, either through the formation
of an endosome or by the fusion of the viral envelope. Following the fusion of the virus and host cell membranes, the
uncoating occurs and the release of viral RNA into the cytoplasm to initiate the translation of coterminal polyproteins
(pp1a/ab), which carry out the replication of the viral genome. After translation of viral RNA into polyproteins, the
major protease (Mpro), a homodimeric cysteine protease, self-cleaves in order to cleave polyproteins into nonstructural
proteins (nsps). Several nsp proteins interact with nsp12 (also called RNA-dependent RNA polymerase (RdRp)) to form the
replicase–transcriptase complex (RTC), which is responsible for the synthesis of the full-length viral genome (replication) and
subgenomic RNA (transcription). Viral structural proteins are expressed and transferred to the endoplasmic reticulum (ER).
Genomic RNA encapsulated in protein N is translocated with structural proteins in the ER-Golgi intermediate compartment
(ERGIC) to form new viral particles. Finally, the new virions are secreted from the infected cell by exocytosis. The red
box indicates the potential mechanism of action against SARS-CoV-2 by 1,8-cineole and other monoterpenes present in
Eucalyptus essential oils by inhibiting Mpro (binding to the active site), thus inhibiting proteolysis of viral polyproteins
necessary for virus replication.

It should be noted that there are studies that have addressed the action of Eucalyptus
essential oils against the main vectors of several viral diseases. It has been described that
the essential oil from E. nitens [65], E. camaldulensis [66], E. polybractea, and E. smithii [67]
have a repellent and larvicidal effect against Aedes aegypti and Aedes albopictus, the main
vectors that transmit the Zika virus, yellow fever virus, and Dengue virus. The essential
oil from E. globulus has shown acaricidal and repellent activity against Rhipicephalus bursa,
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a vector of the Crimean Congo hemorrhagic fever (CCHF) virus [68]. Moreover, it has
been shown that some nonvolatile acylphloroglucinol dimers from Eucalyptus inhibit the
Zika virus (ZIKV) and could be developed as anti-ZIKV agents [69]. These studies give us
reasons to consider the potential of Eucalyptus essential oils against other viruses and their
biological vectors.

4. Conclusions

This review critically examined and exhaustively summarized the data that exists in
the literature on the emerging role of Eucalyptus essential oil for medicinal use as antiviral
therapy, emphasizing the current understanding of the chemical composition and of the
antiviral molecular mechanisms that arise from in vitro, in vivo, and in silico models.

Eucalyptus essential oil has demonstrated incredible health benefits and, because
of this, is widely used in traditional medicine to treat symptoms of airborne infectious
diseases, including the common cold, pulmonary tuberculosis, nasal congestion, sinusitis,
bronchial disease, and asthma, and is also used as a disinfectant, antioxidant, and antiseptic
agent, especially in the treatment of respiratory tract infections. Regardless of the route
of administration of Eucalyptus preparations, the essential oil after being absorbed is
eliminated by the pulmonary route, where it exerts its antiseptic and expectorant actions,
justifying the interest by researchers for its application in treating respiratory diseases. Oil
for medicinal use is characterized by a high 1,8-cineole content (greater than 70% v/v) and
is obtained mainly from the leaves of E. globulus. However, the different compositions of
bioactive monoterpenes present in the different species of Eucalyptus for medicinal use
promote differences in their phytopharmacological properties, which should be studied on
a case-by-case basis.

Although it has been shown that the main effect of 1,8-cineole is the anti-inflammatory
activity through IκBα- and JNK-dependent inhibition of NF-κ B p65 and NF-κ B, multiple
studies have reported activity against a variety of RNA and DNA viruses. Most experi-
ments in vitro, in vivo, and in silico models refer to the activity against enveloped viruses,
in particular, HSV-1 and HSV-2, and, to a greater extent, influenza virus and SARS-CoV-2.

In vitro and in vivo studies clearly show that the primary mechanism of antiviral and
viricidal action of Eucalyptus essential oil is based on the direct action of its components
on free virions and thus the inhibition of the steps involved in binding, penetration,
intracellular replication, and virus release from host cells. This was concluded because
in most cases, the most significant antiviral effect was observed when the virions (in the
liquid phase or ambient air) were incubated with individual oils or monoterpenes for 1 h
or more before their addition to host cells (pretreatment of cell-free virions), indicating a
direct effect (viricidal effect) on the virions outside host cells. With respect to this, it can
be speculated that the viricidal effect is due to alterations in the enveloped virus and its
associated structures, such as glycoproteins, which are necessary for virus adsorption and
entry into host cells. Some in silico studies complement this mechanism by demonstrating
the inhibition of vital viral enzymes. Thus, through molecular docking techniques, it has
been possible to demonstrate that several major monoterpenes in Eucalyptus essential oil
for medicinal use (1,8-cineole, α-pinene α-terpineol, limonene, and o-cymene) can exert
relatively strong binding and inhibit the active site of the Mpro protein, a key homodimeric
cysteine protease enzyme that cleaves polyproteins into individual proteins necessary for
SARS-CoV-2 replication and transcription.

Great emphasis should be placed on potential applications of Eucalyptus essential oil,
such as the coadministration of Eucalyptus essential oil with available antiviral vaccines
because this approach has been shown to considerably increase protection against viruses
involved in infectious airborne diseases. In addition to enhancing its use as a complemen-
tary treatment of symptoms caused by viruses, another mechanism of action involved
is the attenuation of inflammatory responses caused by viruses, with special emphasis
on viruses that cause respiratory diseases, in which essential oils exert anti-inflammatory,
mucolytic, and spasmolytic effects.
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