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Phytoncides could potentially inhibit the spike protein of
SARS-CoV-2 variants

Dear Editor-in-Chief

The spontaneous mutations are responsible for new severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2) variants. World Health

Organization designated delta B.1.617.2 and omicron B.1.1.529 vari-

ants as Variant of Concerns due to their high transmission, antibody

neutralization, and mortality rate (WHO, 2021). The infection and mor-

tality rate of the coronavirus disease-19 (COVID-19) condition are

associated with a weaker immune system (Mohammadi, Shayesteh-

pour, & Mirzaei, 2021). The phytoncides emitted from the plants exhibit

antioxidant, anti-inflammatory, anti-microbial, and anti-viral properties

(Roviello, Gilhen-Baker, Vicidomini, & Roviello, 2022; Thangaleela

et al., 2022). Phytoncides improve the number and function of natural

killer (NK) cells that significantly destruct the viral-infected cells and

prevent the spreading of infection in the human body (Li, 2010).

Thus, in this study, we have screened the potential inhibitory effi-

cacy of phytoncides against the S-protein of SARS-CoV-2 variants

and compared it with the standard drug, cefuroxime. Totally one hun-

dred and eighteen phytoncides were reported from the Phyllostachys

edulis, Liquidambar formosana, and Cunninghamia lanceolata forests

(Zhu et al., 2021), which were used against the receptor-binding

domain (RBD) of Wuhan strain, delta B.1.617.2, and omicron

B.1.1.529. The crystal structures of the Wuhan strain (PDB ID: 6LZG)

(Wang et al., 2020), delta B.1.617.2 variant (PDB ID: 7E7B) (Ma

et al., 2021), and omicron B.1.1.529 (PDB ID: 7T9L) (Mannar

et al., 2022) were retrieved from protein data bank (Burley et al.,

2017) for molecular docking analysis. Their interaction sites with the

phytoncides are depicted in Figure S1. The target and phytoncides

structures, optimization, molecular docking, and drug-likeness and

toxicity analysis were performed as reported previously (Bharathi,

Sivamaruthi, Kesika, Thangaleela, & Chaiyasut, 2022a; Bharathi, Siva-

maruthi, Kesika, Thangaleela, & Chaiyasut, 2022b).

The molecular formula, weight, and PubChem ID were tabulated

for the selected 85 phytoncides, which showed the potential interac-

tion (binding affinity of ≤�5.0 kcal/mol) (Table S1). The phytoncides

exhibited promising inhibitory effects against the studied SARS-

CoV-2 variants. According to binding affinity and root-mean-square-

deviation (RMSD) scores, neoabietic acid (�6.5 kcal/mol;

RMSD = 2.2 Å) greatly bonded and potentially inhibited the residues

of RBD of the Wuhan strain compared to cefuroxime (�5.9 kcal/mol;

RMSD = 13.779 Å) (Figure 1a–c, Table 1). Likewise, octyl p-

methoxycinnamate (�8.2 kcal/mol; RMSD = 1.895 Å) showed the

possible inhibition against the RBD of delta B.1.617.2 variant com-

pared to cefuroxime (�5.9 kcal/mol; RMSD = 2.323 Å) (Figure 1d–f,

Table 1). Similarly, neoabietic acid (�6.4 kcal/mol; RMSD = 1.989 Å)

manifested the potential inhibitory effect against the RBD of omicron

B.1.1.529, while cefuroxime showed the binding affinity of �5.3 kcal/

mol, and RMSD of 2.529 Å (Figure 1g–i, Table 1).

The neoabietic acid interacted with Wuhan and omicron

B.1.1.529, octyl p-methoxycinnamate interacted with the delta

B.1.617.2 variant with the maximum H-A and D-A distances of 2.70

and 3.35 Å, respectively (Figure 1j–l). Moreover, the docking results

of other phytoncides that potentially inhibited RBD of Wuhan, delta

B.1.617.2, and omicron B.1.1.529 variants are reported in Tables S2–-

S4. Geranyllinalool, isophytol, squalene, and terpinolene significantly

inhibited the crucial residues (LEU371 and PRO373) in the RBD of S-

protein of omicron B.1.1.529, which were previously reported as the

crucial mutations responsible for the immune escape mechanisms

(CDC COVID-19 Response Team, 2021) (Table S4).

The toxicity analysis revealed that neoabietic acid and octyl p-

methoxycinnamate comes under classes IV and VI, with possible lethal

doses of 1,000 and 9,600 mg/kg of human body weight, respectively.

Neoabietic acid and octyl p-methoxycinnamate are moderate carcinogenic

and mutagenic, like the standard drug (cefuroxime), but they have a signifi-

cant intestinal absorption rate compared to cefuroxime (Tables S5 and S6).

The results suggested that the phytoncides could effectively

interact with the RBD domain of SARS-CoV-2 variants and may

potentially inhibit the transmission of the virus. The results revealed

that the natural volatile organic compounds, neoabietic acid, and octyl

p-methoxycinnamate, emitted from the forest environment have a

potent inhibitory effect against the RBD of SARs-CoV-2 variants than

other tested phytoncides. Notably, geranyllinalool, isophytol, squa-

lene, terpinolene, tributyl citrate, and 6,6-dimethylfulvene potentially

inhibited the crucially mutated residues of omicron B.1.1.529.

The study results suggested that exposure to the natural forest

environment (known as forest bathing) might provide immunity

against SARs-CoV-2 infections. We hypothesized that the overall

health improvement might be associated with the phytoncides' possi-

ble activation of the NK cells.

The results of this in-silico study were not confirmed in real-world

situations. It is necessary to validate the inhibitory activities of the

potent phytoncides against the interaction between angiotensin-

converting enzyme 2 and RBD of S-protein of SARs-CoV-2 variants

by binding or blocking experiments. Also, additional, in-depth studies

are required to substantiate the findings that facilitate the develop-

ment of phytoncides-based phytotherapeutic agents to treat COVID-

19 infections.
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F IGURE 1 The interactions of representative phytoncides with S-protein of the Wuhan strain, delta B.1.617.2, and omicron B.1.1.529 (a, d,
g). The ionizability surface of RBD residues with phytoncides was depicted (b, e, h) (Red indicates the " acidic residues, blue indicates the " basic
residues). The type of bonds involved in the interaction of phytoncides and RBD residues of S-protein of SARs-CoV2 variants (c, f, i). The LigPlot+

schematics illustrate the interacted phytoncides and RBD (j–l).
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