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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV‑2), also known as coronavirus disease-2019 (COVID-19),

is a pandemic disease that has been declared as modern history’s gravest health emergency worldwide. Until now, no

precise treatment modality has been developed. The angiotensin-converting enzyme 2 (ACE2) receptor, a host cell

receptor, has been found to play a crucial role in virus cell entry; therefore, ACE2 blockers can be a potential target for

anti-viral intervention. In this study, we evaluated the ACE2 inhibitory effects of 10 essential oils. Among them, geranium

and lemon oils displayed significant ACE2 inhibitory effects in epithelial cells. In addition, immunoblotting and qPCR

analysis also confirmed that geranium and lemon oils possess potent ACE2 inhibitory effects. Furthermore, the gas

chromatography-mass spectrometry (GC–MS) analysis displayed 22 compounds in geranium oil and 9 compounds in

lemon oil. Citronellol, geraniol, and neryl acetate were the major compounds of geranium oil and limonene that

represented major compound of lemon oil. Next, we found that treatment with citronellol and limonene significantly

downregulated ACE2 expression in epithelial cells. The results suggest that geranium and lemon essential oils and their

derivative compounds are valuable natural anti-viral agents that may contribute to the prevention of the invasion of SARS-

CoV-2/COVID-19 into the human body.
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1. Introduction

Coronaviridae or coronaviruses are a large family of viruses that can cause disease in mammals and birds. In humans,

the viruses cause illness, ranging from common cold to severe respiratory diseases. In 2002, severe acute respiratory

syndrome (SARS) emerged, and in 2012, Middle East respiratory syndrome (MERS) emerged—both are

betacoronoviruses transmitted from animal to human that result in severe respiratory diseases in affected individuals . In

December 2019, a novel SARS-coronavirus (CoV)-2, also known as 2019 novel corona virus (2019-nCoV) or coronavirus

disease-2019 (COVID-19), caused a pneumonia outbreak in China and subsequently expanded worldwide, leading to a

pandemic. Recently, the first genomic sequence of COVID-19 was released, and through comparing to the genomes of

SARS-CoV and MERS-CoV, researchers found that COVID-19 has better genomic sequence homology with SARS-CoV

than that of MERS-CoV .

During the first SARS-CoV outbreak, Li et al.  identified angiotensin-converting enzyme 2 (ACE2) as the human host

factor or cell entry receptor for SARS-CoV. Overexpression of ACE2 and injection of SARS-CoV spike protein developed

severe acute lung failure in mice, which can be attenuated by blocking the renin-angiotensin pathway [5]. Recent studies

have revealed that COVID-19 spike protein has strong affinity with ACE2 on host cells, which is significantly higher than

that of SARS-CoV . These studies also pointed out that treatment with transmembrane protease serine 2 (TMPRSS2)

inhibitor significantly blocked SARS-CoV cell entry; therefore, either ACE2 or TMPRSS2 blockers can be a potential

targets for anti-viral intervention. Another study reported that the COVID-19 receptor binding domain was capable of

entering cells expressing human ACE2, while other receptors are ineffective, confirming that human ACE2 is the prime

receptor for COVID-19 . Since the host cell receptor plays a crucial role in virus entry, targeting the precise receptor

ACE2 is a promising preventive strategy for COVID-19 infection. Recent studies have demonstrated that ACE2

overexpression was frequently observed in gastrointestinal tissues and colon cell lines , which is comparatively higher

than that of other tissues, including lung tissues. Therefore, in this study, HT-29, a colon adenocarcinoma cell line, was

employed to investigate the ACE2 inhibitory effect of test samples in vitro.

At present, there is no definite treatment or vaccine developed for the coronavirus that causes COVID-19. Nevertheless,

many possible treatments for COVID-19 have been thrust into the spotlight by scientists and health industries. For

example, the anti-malarial drug combination of chloroquine and hydroxychloroquine as well as anti-HIV drugs ritonavir and

lopinavir have been recommended . Since the drugs directly target the pathogen, the effectiveness of these drugs are

largely anecdotal. Additionally, the development of new drugs for targeting ACE2 and treating COVID-19 could be time-
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consuming. Hence, the safety efficacy of the new drugs are a prime concern, which requires a long time for testing, while

the infection is growing fast. The traditional medicine systems from many geographical areas use herbs as the primary

treatment of viral infections, including those caused by SARS-CoV. For example, leaf extracts of Toona sinensis inhibit

SARS-CoV replication . Licorice has been suggested as a promising treatment for SARS-CoV . In addition, natural

products including diterpenoids, sesquiterpenoids, triterpenoids, lignoids, curcumin, and ginsenosside-Rb1 have been

shown to inhibit SARS-CoV . A recent in silico study showed that baicalin, scutellarin, hesperetin, nicotianamine, and

glycyrrhizin were capable of inhibiting ACE2 .

There are a wide-range of essential oils, and their components have been clinically proven to possess antiviral properties

. A study by Jackwood et al.  found that treatment with a mixture of oleoresins and essential oils from botanicals

decreased the severity of clinical signs and lesions in chickens that carried the avian infectious bronchitis virus (IBV-CoV).

However, the effects of plant essential oils on human coronaviruses are yet to be explored. In particular, their effects on

host cell receptors have barely been investigated. Geranium essential oil is derived from the leaves of Pelargonium
graveolens, which is widely utilized in the cosmetic industry, perfumery, and aromatherapy . Traditionally, geranium

essential oil has been used in both physiological and psychological complications, including anxiety, insomnia, high blood

pressure, worry, anger, frustration, restlessness, nervousness, weight loss, hypercholesterolemia, gastrointestinal

disorders, and respiratory tract infection . Geranium oil represents a potent immune modulator, and stimulates and

cleans lymphatic system . The oil is clinically used for treating diarrhea, jaundice, diabetes, hepatitis, ulcerative colitis,

cholecystitis, and renal stone .

2. Discussion

Essential oils have been used in folk medicine throughout history as principal ingredients in aromatherapy and

psychotherapy. However, modern preclinical studies have revealed that essential oils possess a broad spectrum of

pharmacological activities, including antiseptic, diuretic, choleretic, spasmolytic, hyperemic, expectorant, anti-anxiety,

antioxidant, anti-inflammatory, and anticancer activities . The pharmacological properties of essential oils are attributed

by their unique major constituents, such as monoterpenoids, sesquiterpenoids, and phenylpropanoids. In addition, there is

considerable evidence emerging from in vitro studies and controlled trails of the potential for essential oils as antiviral

agents for the treatment of human viral infections, including SARS coronaviruses . These antiviral essential oils were

mostly tested against enveloped RNA or DNA viruses such as herpes simplex virus type 1, Junin virus, influenza virus,

dengue virus type 2, and SARS coronaviruses, as well as non-enveloped viruses such as coxsackie virus B1, poliovirus,

and adenovirus type 3 . Most of these clinically useful antiviral agents are substances that act on specific steps of the

viral biosynthesis, inhibiting viral replication in particular. On the other hand, virucidal agents denature the structure or

glycoproteins of the virus, thus reducing or completely blocking the infectivity of virus particles .

Recently, ACE2 was identified as a functional SARS coronavirus receptor in epithelial cells. In particular, the SARS-CoV

spike protein engages ACE2 as the cell entry receptor and employs the cellular serine protease TMPRSS2 for spike

protein priming . Thus, either inhibition of ACE2 or TMPRSS2 receptors can be potential targets for SARS-CoV

prevention, as ACE2 displays distinct modes of enzyme action and tissue distribution. Abundant endogenous expression

of ACE2 has been observed in cardiovascular and colon-specific cell lines, while fainted expression has been noted in

kidney cells . Recent studies have also confirmed that the endogenous expression of ACE2 was higher in

gastrointestinal tissues  and colon cell lines , with these reports pointing out that ACE2 expression is comparatively

higher in intestinal tissues than in lung tissues. Therefore, in this study, we employed HT-29, a colon adenocarcinoma cell

line, which endogenously expresses ACE2, in order to investigate the ACE2 inhibitory effect of essential oils. Initially, we

examined the cytotoxic effects of essential oils in HT-29 cells. Assessment of cytotoxicity is clearly an important aspect of

the evaluation of a potent antiviral agent, as a potential agent should be selective for virus- or cell-specific processes with

no or limited effects on cellular metabolism . Our results indicated that each essential oil exhibits differential cytotoxicity,

some of them are strongly cytotoxic and others of them do not exhibit cytotoxicity up to a concentration of 200 μg/mL.

Recent in silico studies reported that organosulfur compounds in garlic essential oil and other natural products, such as

baicalin, scutellarin, hesperetin, nicotianamine, glycyrrhizin, (E,E)-α-farnesene, (E)-β-farnesene, and (E,E)−farnesol, have

the potential to bind the human ACE2 receptor, thereby possibly blocking SARS-CoV-2 cell entry . One study evaluated

the in vitro antiviral effects against SARS-CoV of seven essential oils from Lebanese species that included Laurus nobilis
T., Juniperus oxycedrus spp. oxycedrus, Thuja orientalis, Cupressus sempervirens spp. pyramidalis, Pistacia palaestina,

Salvia officinalis, and Satureja thymbra. Among them, the fruit essential oils of L. nobilis, T. orientalis, and J. oxycedrus
spp. oxycedrus displayed inhibition against SARS-CoV-induced cytopathogenic effect with IC  values of 120 μg/mL, 130

μg/mL, and 270 μg/mL, respectively . However, there are no studies directly exhibiting the ACE2 inhibitory effects of

essential oils or their major compounds in vitro or in vivo. In this study, we screened the ACE2 inhibitory effect of 10
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essential oils; among them, 8 essential oils exhibited significant ACE2 inhibition. Interestingly, geranium and lemon

essential oils strongly inhibited ACE2 activity without displaying cytotoxicity. To the best of our knowledge, this is the first

report indicating that geranium and lemon essential oils and their major components citronellol, geraniol, limonene,

linalool, and neryl acetate downregulate ACE2 receptor activity in virus–host epithelial cells.

3. Conclusions

The recent COVID-19/SARS-CoV-2 pneumonia pandemic constitutes the largest global public health crisis and has

created international anxiety due to its relatively high infectious, rapid progression, as well as its relatively high death rate.

Drug development for treating COVID-19 is currently important due to its rapid progression. The conventional antiviral

vaccine development is time-consuming and its safety needs to be verified. The fact is that there is no conventional

medicine developed for the treatment of COVID-19. However, there is evidence that suggests that essential oils and their

major components have displayed potent antiviral activity to other coronaviruses, such as SARS-CoV-1, although the

mechanism of action of these oils and their components were found to be mainly through inhibition of viral replication .

Recently, ACE2, a receptor in host cell favoring virus cell entry, was recognized as one of the prime targets to minimize

the infection. In this study, we presented the first piece of evidence that geranium and lemon essential oils and their major

compounds, citronellol, geraniol, limonene, linalool, and neryl acetate, could downregulate ACE2 expression in epithelial

cells, thereby blocking virus entry into host cells, and eventually preventing viral infection. However, further studies are

highly warranted to unveil the underlying molecular mechanisms of this inhibitory effect.
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