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ABSTRACT

Aromatic plant species of the genus thymus have an important role as they have therapeutic properties such as
antirheumatic, antiseptic, antispasmodic, antimicrobial, cardiac, carminative, diuretic and expectorant. It is also
known that such plants strengthen the immune system and help cope with infectious diseases such as colds and
flu. In this study, the effects of thymol, p-cymene, y-terpinene, bornyl acetate, borneol, carvacrol, thymol methyl
ether, thymol acetate, which are the main components of wild thyme (thymus serpyllum L.), on Covid-19 were
investigated at the molecular level. Optimizations and molecular docking were done in Docking Server with the
MMPFF94 method. Major components of wild thyme were docked separately against 6LU7 protein representing
the first gene form of Covid-19 and 7KDL protein representing the mutated form. Docking poses and binding
energies between target proteins and wild thyme components were calculated. The results were compared with
favipiravir, an antiviral drug developed against influenza virus and also used in the treatment of Covid-19. It was
found that the thymol molecule, one of the main components of wild thyme, has the highest biological activity
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Introduction

Studies continue to develop appropriate treatment
strategies to reduce the symptoms and deaths caused by
Covid-19, which causes a serious pandemic in the world.
Drugs that have been tried against other viruses, such as
favipiravir, are also being tried against Covid-19.
Unfortunately, complete success has not been achieved
due to the rapid mutation of the virus. New vaccine and
drug development studies continue in this area [1].

As in the past, viruses are still an important cause of
morbidity and mortality worldwide. Viruses such as
influenza, acquired immune deficiency syndrome (AIDS),
Ebola, severe acute respiratory syndrome (SARS) and
Covid-19 can still be lethal. It may be a good choice to use
plants to discover new antiviral agents and to treat viral
diseases.

It is frequently discussed that herbal products can be
protective and therapeutic against the Covid-19 virus [2].
Black elderberry (Sambucus nigra) is one of the most
widely used plants known to have antiviral effects. This
herb has been used for medicinal purposes for thousands
of years by Native Americans [3] and people of the
Mediterranean region [4]. Licorice root (Glycyrrhiza
glabra) is an antiviral medicinal plant known since ancient
times and used in viral respiratory infections such as dry
cough and hoarseness [5-7]. Another plant with antiviral
activity is echinacea (Echinacea purpurea). Echinacea
extract was found to be as effective as the neuraminidase
inhibitor oseltamivir in the treatment of influenza by Raus

against both 6LU7 and 7KDL protein chains of Covid-19.
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et al. [8]. Ginger (Zingiber officinale Roscoe) has antiviral
activity against human respiratory syncytial virus (HRSV).
Chang et al found that ginger inhibited HRSV-induced
plaque formation in both HEp-2 and A549 cell lines [9].
Rosehip extract (Cistus incanus) has been found to exhibit
potent antiviral activity in A549 or MDCK cell cultures
infected with different influenza strains [10]. Studies were
also conducted to find the components responsible for
the antiviral activity of garlic (Allium sativum), and
thiosulfinates were found as virucidal active components
in fresh garlic extract [11]. The antiviral effects of green
tea catechins (Green Tea Catechins) have been the subject
of many studies and have been found to have antiviral
activity against many viruses such as HBV, HSV, HIV, HCV,
influenza, enterovirus and rotavirus. The mechanisms of
their antiviral effects against many viruses have also been
described [12]. In the literature, natural compounds of
procyanidin A2, procyanidin B1 and cinnamtannin Bl
isolated from cinnamon cortex (Cinnamomi Cortex) have
been found to inhibit SARSCoV infection [13]. It is known
that the curcumin molecule in turmeric has antiviral
activity and is effective against viruses such as influenza,
hepatitis C, HIV, and SARS-CoV [14,15].

The aerial parts and volatile components of thyme
(thymus) are used as herbal tea, condiment and spice [16].
The aerial parts of thyme species have been reported to
have activities such as tonic, carminative, digestive,
antispasmodic, antimicrobial, antioxidant, antiviral, anti-
inflammatory and expectorant [17]. The chemical
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composition, antimicrobial, antioxidant and antitumor
activities of thyme were investigated by Nikolic et al. [18].
It has been found that there are three species of thymus,
thymus serpyllum L, thymus algeriensis and thymus
vulgaris L, and there are approximately 48 different
components in each of these species. The main
components in thymus serpyllum L are thymol (38.5%), p-
cymene (8.9%), y-terpinene (7.2%), bornyl acetate (7.0%),
borneol (6.0%), carvacrol (4.7%), thymol methyl ether
(3.8%) and thymol acetate (2.8%). Other ingredients are
low in quantity.

The aim of this study is to examine the biological
activities of thymus serpyllum L essential components
against 6LU7 and 7KDL protein of Covid-19. For this
purpose, the main components of thymus serpyllum L will
be docked against the aforementioned cell lines, docking
poses and binding energies will be calculated. The results
will be compared with favipiravir, an antiviral drug
developed against influenza and also used for the
treatment of Covid-19 at the beginning of the coronavirus
pandemic, and an activity ranking will be obtained.

Materials and Methods

The molecular structures of thymol, p-cymene, y-
terpinene, bornyl acetate, borneol, carvacrol, thymol
methyl ether, thymol acetate, which are the main
components of thymus serpyllum L, were obtained from
the PubChem website, which is an open chemistry
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database [19]. These molecules were docked against the
protein (PDB ID: 6LU7) representing the unmutated form
of Covid-19 [20] and the protein representing the first
mutated form (PDB ID: 7KDL) [21]. The three-dimensional
crystal structure of the 6LU7 and 7KDL proteins was
retrieved from the Protein Data Bank. Docking Server was
used for docking process [22]. Geometry optimization of
essential components of thymus serpyllum L on the
docking server was performed again with the MMFF94
method [23]. The Gasteiger partial load calculation
method was chosen [24]. pH = 7.0 was taken. Grid maps
were created using 90x90x90 A grid points and 0.2 A
spacing. Lamarckian genetic algorithm was used for
insertion simulations [22]. The population size was set to
150. The 5 A quaternion and torsion steps were applied
for the studied ligands to search for the appropriate
region of the target protein.

Findings and Discussion

Molecular Structures

The molecular structures of the main components of
wild thyme (thymus serpyllum L) were obtained from the
PubChem website, which is an open chemistry database.
The three-dimensional molecular structures of these
compounds and favipiravir are given in Figure 1.
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Figure 1. Molecular structures of the main components of thymus serpyllum L. and favipiravir

666



Kaya et al. / Cumhuriyet Sci. J., 44(4) (2023) 665-670

As seenin Figure 1, thymol, borneol and carvacrol have OH
, bornyl acetate and thymol acetate have CH3COO, thymol
methyl ether has CH3O™ and p-cymene and y-terpinene have
C=C functional groups.

Determination of the Active Component on Covid-19

Drug research and development is an extensive,
expensive, and time-consuming process. In drug research and
development, new technologies are being developed to
shorten the research time and reduce the cost. Molecular
docking (MD) is one of the computer aided drug designs
(CADD) technologies [25]. Various MD approaches and tools
have been developed today [26]. The MD process allows to
examine the biological activities of molecules at the molecular
level and is one of the popular techniques used in the
identification and development of drug candidate molecules.

Thymol methyl ether-6LU7

~

The MD process provides the opportunity to calculate the
interactions between the cell lines' minimalized protein
structure at the molecular level and the drug candidate
molecule. In this way, the binding energies, binding modes and
types of secondary chemical interactions between the target
protein and the molecule under investigation can be
determined [27-30].

In this study, molecular docking process was used to
determine the components that are effective on Covid-19 in
wild thyme. Molecular docking was done with the Docking
Server program. The main components of thymus serpyllum L.
and favipiravir used as a Covid-19 drug were docked to target
proteins with PDB codes 6LU7 and 7KDL. The docking poses
between the main components of thymus serpyllum L. and the
6LU7 protein are given in Figure 2 and the docking poses
between the 7KDL protein are given in Figure 3.

Figure 2 Docking poses between the main components of thymus serpyllum L. and the 6LU7 target protein
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Figure 3 Docking poses between major components of thymus serpyllum L. and 7 KDL target proteins

The regions where the main components of thymus
serpyllum L. enter in 6LU7 and 7KDL coded proteins and
the amino acids found in these regions are shown in Figure
2 and Figure 3. For example, as seen from the thymol-
6LU7 docking pose in Figure 2, the thymol ligand entered
the MET165, GLU166, LEU167, GLN189, THR190 and
GLN192 amino acid regions of the 6LU7 protein, and

various secondary chemical interactions occurred
between these amino acids and the thymol ligand. In this
study, the energies of secondary chemical interactions
between the main components of thymus serpyllum L. and
6LU7 and 7KDL proteins were calculated and given in
Table 1.
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Table 1 Binding energies between major components of
thymus serpyllum L. and proteins 6LU7 and 7KDL

Molecules 6LU7 7KDL
Thymol -4.61 -4.61
p-Cymene -4.37 -3.84
y- Terpinene -4.23 -3.70
Bornyl acetate -4.40 -4.28
Borneol -4.42 -4.03
Carvacrol -4.45 -3.96
Thymol methyl ether -4.26 -3.85
Thymol acetate -4.44 -4.07
Favipiravir -4.39 -4.27

Energies are in kcal/mol

As seen in Table 1, the binding energy between
favipiravir used as a Covid-19 drug and 6LU7 representing
the unmutated form of Covid-19 was calculated as -4.39
kcal/mol. It can be said that ligands with lower absolute
binding energies than these values have lower inhibition
efficiency against 6LU7 cell line than favipiravir. When
Table 1 is examined, the binding energies of p-cymene, y-
terpinene and thymol methyl ether ligands are lower than
those of favipiravir. Therefore, it can be said that the main
components of thymus serpyllum L. p-cymene, v-
terpinene and thymol methyl ether are not active against
the 6LU7 cell line. As seen in Figure 1, the molecular
structures of p-cymene and y-terpinene are composed of
carbon and hydrogen atoms and contain only the C=C
functional group. On the other hand, although thymol
methyl ether contains CH3O functional group, its binding
energy is low. Therefore, it can be said that thymol methyl
ether cannot be an active ingredient against 6LU7. The
order of biological activity against 6LU7 according to the
binding energies of the ligands is as follows.

y-Terpinene < Thymol methyl ether < p-Cymene <
Favipiravir < Bornyl acetate < Borneol < Thymol acetate <
Carvacrol < Thymol

According to this order, it can be said that the
molecules on the left of favipiravir are inactive against the
6LU7 cell line, while the molecules on the right are active.
Considering the binding energies of 6LU7 and
components, the component with the highest biological
activity is thymol.

A similar interpretation can be made according to the
binding energies between the main components of
thymus serpyllum L. and the 7KDL cell line. The order of
biological activity between the main components of
thymus serpyllum L. and the 7KDL cell line according to
their binding energies is as follows.

y-Terpinene < p-Cymene < Thymol methyl ether <
Carvacrol < Borneol < Thymol acetate < Favipiravir <
Bornyl acetate < Thymol

According to this order, it can be said that only bornyl
acetate and thymol are active against the 7KDL cell line,
and other ligands are inactive.

As a result, the inhibition efficiency of bornyl acetate,
borneol, thymol acetate, carvacrol and thymol against the

6LU7 target protein of Covid-19, and of bornyl acetate and
thymol against the 7KDL protein is higher than favipiravir.
It is seen that the biological activity of the thymol
molecule, which is the highest amount in wild thyme, is
high against the examined cell lines. According to the
results obtained, it is thought that the thymol molecule
and its derivatives may be a molecule that should be
considered in drug development against Covid-19.

Conclusions

In this study, the antiviral effects of thymol, p-cymene,
y-terpinene, bornyl acetate, borneol, carvacrol, thymol
methyl ether, thymol acetate, which are the main
components of wild thyme, on Covid-19 were
investigated. Molecules were docked to the 6LU7 and
7KDL target protein of Covid-19. Docking poses and
binding energies between target proteins and molecules
were calculated. The results were compared with
favipiravir, an antiviral drug developed against influenza
virus and also used in the treatment of Covid-19. It was
predicted that the thymol molecule, one of the main
components of wild thyme, has antiviral activity against
Covid-19 and should be considered in drug development.
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