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numbers on days -7, -1, 1, 3, 5, and 7 by the anal tape method. As a reference drug, ABZ was
administered at a dose of 5 mg/kg for three days, and as solvent control, corn oil was given in
the same way and time as the extract. Some components of A. annua L. were investigated for
possible chemical interactions and free energy of binding in Haemonchus contortus -tubu-
lin (HcB-tubulin) protein and rat Carnitine Palmitoyltransferase II (RnCPT II) enzyme by in
silico docking simulations. Stigmasterol and friedelin inhibit the RnCPT II enzyme in silico
with 9.43 nM and 13.07 nM K; values, respectively, while not binding to Hcp-tubulin. Arte-
annuin-B and scopoletin inhibited both RnCPT II and Hcf-tubulin. A. annua L. n-hexane
extract at 1200 mg/kg dose reduced oxyurid eggs by 88% on the 7 day. ABZ caused a 65.58%
reduction. As the result, arteannuin-B, scopoletin, stigmasterol and friedelin are worthy of
isolation and investigation in vitro and in vivo in terms of their anthelmintic effect. They can
be evaluated as potential anthelmintic molecules.

Cite this article as: Karaman D, Girisgin O, Girisgin AO, Malyer H. Discovery of new herbal
anthelmintics from Artemisia Annua L. via in silico molecular docking and in vivo extract
application. Sigma ] Eng Nat Sci 2024;42(1):198-210.

*Corresponding author.
*E-mail address: aogirisgin@uludag.edu.tr

This paper was recommended for publication in revised form by
Regional Editor Ali Erdogmus

Published by Yildiz Technical University Press, Istanbul, Turkey
B No

Copyright 2021, Yildiz Technical University. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).


https://sigma.yildiz.edu.tr
https://orcid.org/0000-0003-4386-8531
https://orcid.org/0000-0001-9896-1093
https://orcid.org/0000-0002-0020-2708
https://orcid.org/0000-0002-6283-4540
http://creativecommons.org/licenses/by-nc/4.0/

Sigma J Eng Nat Sci, Vol. 42, No. 1, pp. 198-210, February, 2024

199

INTRODUCTION

Helminthic infections still have importance in a world
where technology and health services have been develop-
ing rapidly. More than one billion people worldwide are
infected with at least one helminth species [1]. In particu-
lar, in preschool children and people living in regions where
sanitation is not adequate frequently repeated infections
increase the importance of alternative treatment methods
that will replace synthetic drugs. Therefore, the discov-
ery of new anthelmintics possessing fewer side effects is a
challenge and vital task. Oxyurid infections repeating fre-
quently and passing via oral transmission are more often
seen in children and cause the prevention of growth [2].
It has been estimated that approximately 400 million peo-
ple are infected with Enterobius vermicularis [3]. Syphacia
obvelata is the helminth parasite that frequently infects lab-
oratory mice [4,5]. Eggs of this species belong to the oxy-
urid group and have a banana shape with an approximate
size of 134 X 36 pum. The life cycle is short and direct. After
eggs are released from females, hatching takes 5-20 hours.
The prepatent period is 11-15 days. The size of females is
3.5-6 mm and males are 1-1.5 mm [6]. This species can live
in both laboratory mice and humans [7].

Qing Hao, which means “green herb” in ancient Chinese
[8], is called Artemisia annua L. in Latin, “Sweet Annie”
in English, and “Peygamber Siipiirgesi” in Turkish and
has been used for various treatment purposes in different
regions of the world for thousands of years. The Artemisia
genus that belongs to the Asteraceae family has the most
extensive distribution worldwide [9]. A. annua L. consists
of various flavonoids, terpenoids, and coumarins. More
than 600 secondary metabolites were identified that could
be in this plant [10]. Some of them are artemisinin, deoxy-
artemisinin, artemisinic acid, arteannuin B, stigmasterol,
friedelin and artemetin [11]. A. annua L. has anti-hyper-
lipidemic, anti-plasmodial, anti-convulsant, anti-inflam-
matory, anti-cholesterolemia [12,13], and antiviral [14]
properties. Essential oil of A. annua L. was reported to
show antibacterial, antifungal [15] and acaricidal [16,17]
activities. Currently, the effectiveness of A. annua L. against
coronavirus has been investigated in vitro. It has been
understood that this plant prevents the replication of SARS-
CoV-2 [18]. Being native to China, this plant has been used
in Traditional Chinese Medicine for more than 2000 years
to reduce fever [8]. In 1970, after discovering that artemis-
inin isolated from A. annua L. is influential in the treat-
ment of malaria, the plant cared around the world and it
has spread to large geographies [18]. The inhibition of arte-
misinin on the malaria parasite Plasmodium falciparum has
also been demonstrated in silico [19]. In silico studies inves-
tigating the antimalarial mechanism of artemisinin analogs
have also allowed the derivatives of artemisinin to be com-
prehensively studied [20]. Wormwood (Artemisia absin-
thium) has been used for anthelmintic purposes for about
a thousand years. In the light of the information provided

in Avicenna’s famous Medicine Encyclopedia El Kanun Fit
Tibb (Canon Medicinae), although it has been known for a
thousand years that absinthine (probably A. absinthium spe-
cies) eliminates pinworm in babies and wormwood syrup is
beneficial against intestinal worms [21], the antinematodal
mechanism of action of A. annua L. remains unknown. In
the study conducted by Cala et al. [22], it was suggested that
the artemisinin found in A. annua L. is responsible for the
antinematodal effect, while the fact that A. absinthium spe-
cies, which does not contain artemisinin, has been known
to be antinematodal for a long time suggests the presence of
other components that create this effect.

Friedelin is a pentacyclic triterpenoid and a cyclic ter-
pene ketone. This molecule contains oxygen in the 3 posi-
tion and methyl groups in positions 4, 4a, 6b, 8a, 11, 11,
12b, and 14a. This molecule, a plant metabolite, acts as a
non-narcotic pain reliever, an anti-inflammatory, and an
antipyretic [23]. Stigmasterol is a steroid derivative and is
found in oils, soybeans, plant seeds, and raw milk [24].

Protein-ligand docking simulations performed with the
in silico molecular modelling method constitute the first
step of drug development studies and provide researchers
with data at atomic levels on target-drug interactions. This
type of computational experimentation has great impor-
tance in reducing the workload in drug development. Many
researchers prefer Autodock 4.2 [25] software to predict the
pharmacokinetics of drug candidate molecules. Tubulin
protein is a known target of broad-spectrum anthelmint-
ics in the benzimidazole group. According to the litera-
ture, Carnitine Palmitoyl Transferase II (CPT II) enzyme
is one of the enzymes seen as a “chokepoint” among anthel-
mintic drug targets. The homolog of this enzyme, which
is involved in lipid metabolism, has been successfully used
in an in silico modelling study to develop an anthelmintic
drug [26]. This study aimed to reveal possible chemical
interactions by performing in silico docking simulations of
some compounds estimated to be found in A. annua L. with
Haemonchus contortus -tubulin protein and rat Carnitine
Palmitoyl Transferase II enzyme. It was also aimed to
demonstrate the anthelmintic effect of A. annua L. n-hex-
ane extract on the rate of reducing parasite eggs in naturally
infected mice with S. obvelata.

MATERIALS AND METHODS

Molecular Docking Experiment

Experimental procedure

While the localizations of herbal ligands in B-tubulin
protein and CPT II enzyme were examined according to the
key-lock fitting model, docking simulation with AutoDock
4.2 [25] and ADT [27,28] was also carried out. Possible
chemical interactions of ligands in the protein binding site
were investigated by Discovery Studio (Dassault Systemes
Biovia Inc., 2020) [29]. Docking simulations were generated
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using an Asus laptop computer with Intel core processor
2GB RAM installed with Linux OS.

Preparation of proteins

Discovery Studio (Biovia Inc.) software was used for
protein preparation. For this purpose, theoretical and
crystal structures of proteins were obtained from the
Brookhaven Protein Databank (http://www.rcsb.org/pdb).
Haemonchus contortus p-tubulin protein in a complex with
ABZ (PDB code: 10J0, theoretical structure) [30] and rat
CPT II enzyme (PDB code: 2H4T, resolution: 1.90 A) [31]
were selected. Since the crystalline form of hcp-tubulin
is not available in the database, its theoretical structure
was used. All water molecules, non-interacting ions and
inhibitors were removed. All hydrogen atoms were added.
After minimizing the protein with the fast Dreiding-like
force field, the “Clean Geometry” tool was used for final
optimization.

Preparation of ligands

Bioactive components that can be found in A. annua L.
have been investigated in the literature. Nine of these com-
ponents (artemisinin, artemetin, artemisinic acid, deoxyar-
temisinin, friedelin, stigmasterol, arteannuin B, scopoletin,
and quercetin) were obtained from ZincDataBase [32] in
mol2 format and PubChem [33] in SDF format. Herbal
ligands in mol2 format were converted to PDBQT format
with ADT [27,28] software and those in SDF format with
Open Babel [34].

Molecular docking

In the docking simulation of B-tubulin protein, the
ligand bound to the protein was chosen as the center. For
the CPT II enzyme, the coordinates given by Taylor et al.
[26] were used, and the X, y, and z coordinates accepted
as center were: 61.752, 72.800, and 52.032, respectively.
The protein was accepted as rigid, but the hydrogens were
only allowed to be relaxed during their action at the pro-
tein’s active site. The dielectric constant was set to 10, ionic
strength to 0.145, grid box dimensions to 60x60x60, and
grid point to 0.375A. Since the number of rotational bonds
was less than 10, the maximum generation number was
set to 27000, and the maximum evaluation number was
selected as 2500000. The Lamarckian genetic algorithm and
Autodock4.2 program were chosen for the docking proce-
dure. The docking simulation was carried out with 20 runs.

ADME estimation

According to the results of docking simulations of
the herbal ligands, the ADME (Absorption, Distribution,
Metabolism, Excretion) properties of two molecules that
had the highest binding affinity were estimated via the
SwissADME [35] webserver. A prediction was developed
based on computational methods by comparing their abil-
ity to pass through the blood-brain barrier, gastrointestinal
absorption, and oral bioavailability.

Preparation of plant extract

Arial parts of A. annua L. were collected in November
2005 from the Acemler region in Bursa, Tiirkiye. Plants
were identified by Prof. Dr. Hulusi Malyer (Bursa Uludag
University, Faculty of Science and Literature, Department
of Biology). The plants were air-dried in the shade and
then powdered with a grinder. N-hexane was filled into
the balloon flask in the Soxhlet device as much as possible.
Approximately 90 grams of herbal powder was placed in
the extractor after being wrapped in blotter paper. At the
end of the extraction, n-hexane was removed with a rotary
evaporator. The extract was stored in a polypropylene flask
at -20°C (yield: 5% w/w).

In Vivo Experiment

Preparation of experimental animals

Balb-c mice of both sexes (28-40 g) at 1-2 years old were
obtained from the Bursa Uludag University Experimental
Animal Breeding and Application Center because they are
used commonly in vivo experiments. The animals were
kept in standard polypropylene cages at 20-24°C at 55%
relative humidity and fed standard pellets and water as
they wanted. Naturally infected experiment animals with
S. obvelata were selected from 150 mice using perianal cel-
lophane tape and Fiilleborn faecal flotation methods. Each
group was made up of six animals. All experiments were
approved by the Uludag University Experimental Animals
Local Ethics Committee (no: 2017-10 / 07).

Parasitology

Infected mice were divided into six groups as four treat-
ment groups and two control groups. Approximately the
same number of eggs were selected in each group accord-
ing to the results of the Fiilleborn faecal flotation and anal
band methods applied on two different days. Group I was
drinking water control, Group II was corn oil solvent con-
trol, Group III was positive control with the reference drug
Albendazole (ABZ) applied at a 5 mg/kg dose for 3 consec-
utive days, Group IV, V and VI were groups being given A.
annua L. n-hexane extract at 300, 600, 1200 mg/kg doses,
respectively. A. annua L. n-hexane extract was completed
to 2 ml volume by solving in corn oil. Corn oil and extract
concentrations were applied for seven days, while ABZ was
applied for three days orally in the same manner with a steel
oesophageal gavage.

Egg count with anal tape

After grouping the mice, the perianal cellophane tape
method was used to definitively determine the continua-
tion of S. obvelata infection in all mice. To determine the
efficiency of the plant extract on the egg numbers, arithme-
tic means of the parasite eggs obtained from the cellophane
band method in each group were compared by calculating
the % decrease in the number of eggs. To apply this method,
9 cm of cellophane tape was pressed to the mouse’s rectum
10-15 times and adhered to the microscope slide, then the



Sigma J Eng Nat Sci, Vol. 42, No. 1, pp. 198-210, February, 2024

201

S. obvelata eggs were counted. This procedure was con-
ducted before the application on the -7* and -1* days and
during the application on the 1%, 3%, 5" and 7" days.

RESULTS AND DISCUSSION

The results of the docking simulations in this study are
shown in Table 1.

In the redocking process, we performed to reveal the
docking experiments reliability, the RMSD value was found
to be 1.56 A as a result of the redocking of B-tubulin and
its natural ligand Albendazole (also the reference drug
in this study). Molecular docking analysis of nine of the
selected active compounds gave quite different and inter-
esting results for the Haemonchus contortus B-Tubulin pro-
tein Hcp-Tubulin (PDB ID: 10J0) and Rattus norvegicus
Carnitine Palmitoyl Transferase II enzyme RnCPT II (PDB
ID: 2HA4T). Of these molecules, only arteannuin B and sco-
poletin had free binding energies (AG) below -8 kcal/mol
with B-tubulin.

For the CPT II enzyme, AG values of six of the nine
molecules (artemisinin, deoxyartemisinin, friedelin, arte-
annuin B, stigmasterol, and scopoletin) were found to be
below -8 kcal/mol. Artemisinin, deoxyartemisinin, arte-
misinic acid, arteannuin B, stigmasterol, friedelin and arte-
metin had been detected in A. annua L. infusion by Zheng
(1994) [11]. Although artemisinin had been shown as an
effective compound against Plasmodium falciparum in sil-
ico [19], there was no study using Hcp-tubulin protein and
RnCPT II enzyme in order to examine the antinematodal
effect of artemisinin. In this study, even though artemisi-
nin was found a potent antinematodal compound with its
-8.99 kcal/mol free energy of binding against the RnCPT
II enzyme, stigmasterol and friedelin were predicted as
more potent ligands than artemisinin. Although Cala et al.
[22] suggested that the artemisinin was responsible for the
antinematodal effect of A. annua, friedelin and stigmas-
terol should be searched in vitro to detect the most effective

compound as an antinematodal inhibitor in A. annua.
Artemetin, which is estimated to have the lowest affinity
for the CPT II enzyme among these molecules, formed
a hydrogen bond in the CPT II binding site according to
Autodock analysis and made van der Waals interactions
with various residues (Figure 1).

The most exciting result in Table 1 is that friedelin
and stigmasterol have a very high affinity for the CPT II
enzyme (13.07 nM and 9.43 nM, respectively), and the K;
values found with B-tubulin are not calculable. When the
DLG files of these molecules were examined, it was seen
that they were located in the active site in B-tubulin and the
docking simulation was performed correctly (Figure 2 A).

These results show that these two molecules may be the
significant molecules responsible for the antinematodal

Figure 1. 3D representation of the chemical interactions
of the ligand with residues in the binding site as a result
of artemetin-CPT II docking simulation. It appears that a
hydrogen bond was formed between HIS372 and the H11
atom of artemetin (blue arrow signs).

Table 1. Docking results of selected compounds in Artemisia annua L. K;: Inhibition constant, CPT II: Carnitin Palmitoyl

Transferase II

B-Tubulin CPTII

Molecule K; AG (kcal/mol) K; AG(kcal/mol)
Artemisinin 6.37 uM -7.09 255.16 nM -8.99
Artemetin 140.87 mM -1.16 10.75 uM -6.78
Artemisinic acid 7.38 uM -7.01 5.59 uM -7.17
Deoxyartemisinin 2.82uM -7.57 476.99 nM -8.62
Friedelin - +72.37 13.07 nM -10.76
Arteannuin B 14.93 nM -10.68 170.29 nM -9.23
Stigmasterol - +5.17 9.43 nM -10.95
Scopoletin 158.57 nM -9.28 962.70 nM -8.21
Quercetin 146.93 uM -5.23 8.53 uM -6.92
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effect of A. annua L. and do not inhibit B-tubulin. These
results prove that these molecules have another action
mechanism than ABZ, providing essential data in predict-
ing the plant’s antinematodal mechanism of action.

Friedelin was placed in the binding region of
Albendazole in the p-tubulin protein surrounded by side
chains of aromatic or polar amino acids. However free
energy of binding was found at +72.37 kcal/mol for frie-
delin. It can be said that the binding region was very narrow
for friedelin (Figures 2 B and C). There was enough space
for friedelin placement in CPT II for decreasing the energy
(Figures 3 A, B, and C).

As for B tubulin, numerous B sheet structures near each
other prevented ligand rotation (Figure 2 C). The most
striking feature in the placement gives an indication of the
entrance cavity of the enzyme. As seen in Figures 3 A and 3
B, the ligand will probably make an entrance from a region
where SER488 and PHE370 amino acids were. As shown
in Figure 4, when four friedelin rings made strong alkyl
interactions with surrounding residues, the 3 and 5% rings
of friedelin in particular made numerous aromatic interac-
tions with PRO133 and HIS372.

Although the distances between rings that interacted
with each other were approximately 4-5 A, five aromatic
side chains (PHE370, PRO133, PHE370, HIS372, PHE131)
surrounding the ligand thoroughly generated a dense inter-
action network. Prominently, friedelin’s pentacyclic struc-
tures made a kind of aromatic sandwich between three
different phenyl residues (PHE131, PHE602, and PHE370)
by rotating on the 11" carbon plane. When the 5% ring of
friedelin entered between PHE602 and PHE131, the 2
ring of it was in the effects of PHE370 and PHE602 resi-
dues (Figure 4 B). As shown in Figure 4 A, both PHE370
and PHE131 performed m-alkyl interactions with methyl
groups in the ligand. On the other hand, PHE602 formed
aromatic interactions with the 4™ and 5" rings while making
n-sigma interactions with the 11" methyl group and m-al-
kyl interactions with the 14™ methyl group of the ligand.
Other residues that generated van der Waals interactions in
the CPT II enzyme’s active site with friedelin were ASN130,
TYR486, SER488, SER590, LEU592, ALA613, MET135,
PHE134, GLY600, GLY601l, and GLY377. Of these,
SER488, SER590, and LEU 592 applied a stronger force.
Among these nine herbal ligands, the molecule with the

Figure 2. Interactions between friedelin and f tubulin protein binding site. (A) Opac surface represents friedelin and sticks
represent B-tubulin, (B) Friedelin surrounding numerous residues, spheres represent interaction areas of residues, (C)

Friedelin is in an intensive interaction area between p-sheets.

PRO133
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 gERass
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A B

Figure 3. 3D representations of Friedelin-CPT II interactions (A) Friedelin is shown with surface area style between
spheres of side chains. Space is seen between PHE370 and SER488. (B) Friedelin is fitting by rotating in an area comprising
aromatic residues. (C) The front loop (red colour) is predicted as a gate to the ligand’s entrance.
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Figure 4. Friedelin interactions with CPT II enzyme. A) 2D representation, distances are given in A. B) In 3D represen-
tation, numerous chemical interactions are seen with very good placement in a cavity surrounded by 3 different phenyl

residues (Phe 131, Phe 602 and Phe 370).

highest binding affinity with the CPT II enzyme was found
to be stigmasterol with an energy value of -10.95 kcal/mol.
Possible interactions of stigmasterol in the CPT II are seen
in Figure 5 and Figure 6.

In addition to the tetracyclic nucleus of the molecule,
the presence of a bulky group substituted at the cyclo-
pentane ring plays an important role in the insertion of
stigmasterol between two parallel a-helices and two per-
pendicular B-sheets. In stigmasterol, as in friedelin, the

central rings made aromatic interactions with residues
PHE370, PRO133, and HIS372 (Figure 6A), and HIS372 is
again one of the residues closest to the ligand. For friedelin,
methyl groups substituted at the central rings are respon-
sible for a significant part of the interactions. In contrast,
in stigmasterol, the methyl group in the 1* ring formed an
alkyl bond with both PRO133 and HIS37 (Figure 6 A).
The hydroxy group at the 3 position also made polar
interactions with both HIS372 and GLY375 (Figure 6 B).

Figure 5. Interactions with stigmasterol in the CPT II enzyme active site. (A) A branched-chain of stigmasterol enters in
a loop (red colour) perfectly. (B) Representation of molecular surface for ligand shows the placement of stigmasterol as
much as near PHE302, SER 590, ALA613, GLY601, MET135, GLY600, and VAL507.
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Figure 6. Stigmasterol-CPT II interactions. Imaginary lines represent interactions. A) 3 D and B) 2 D representations.
Green lines show van der Waals interactions, pink lines show pi-alkyl interactions.

Arteannuin B (3H-Oxireno (7,8) naphtho (8a, 1-b) furan-
3-one, decahydro-7,9a-dimethyl-4-methylene-, (1aR (1laal-
pha, 1bR *, 4abeta, 7beta, 7abeta, 9aalpha))-); on the other
hand, had a higher binding affinity to beta-tubulin unlike
artemisinin and deoxyartemisinin (Table 1). For artean-
nuin B, the AG and K; values calculated with B-tubulin
were -10.68 kcal/mol and 14.93nM, respectively, and the
same values calculated with CPT II were -9.23 kcal/mol
and 170.29 nM, respectively. It can be seen in Figure 8A
that the quaternary ring structure of the component and
especially the furan ring was important in the placement
of arteannuin B in B-tubulin, where the area surrounded

by aromatic side-chained amino acids consisted of three
phenyls (PHE20, PHE200 and PHE167), two threonines
(THR238 and THR 237) and tyrosine (TYR50) residues.

The most important interactions between arteannuin B
and B-tubulin shown in Figure 7 are hydrogen bonds form-
ing between the oxygen atoms in the furan ring of artean-
nuin B and THR238 with a length of 2.02 A and a length
of 2.34 A between GLN134. It also appears that a mr-sigma
bond is formed with PHE200 (Figure 7 B). The interactions
of arteannuin B with the CPT II enzyme active site are even
more interesting (Figures 8 A and B).

ILE
A24
02 THR
.' TﬂﬂgA'zS?
.‘ A:50
d23
2 34. '
i 84.3
4.07
k /\ 501 59
MET 4.82
A:233 .38 5.34
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306 A:236
HIS
A6 PHE PHE
A:20 A:l67
Interactions
D wan der Waals - Pi-Sigma
- Conventional Hydrogen Bond D Alkeyl
D Carbon Hydrogen Bond D Pi-Alkyl
B

Figure 7. Arteannuin B and P tubulin interactions. A) 3 D representations of predicted chemical interaction. Arteannuin
B is represented as yellow colour, and B) 2 D interaction diagrams.
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Figure 8. Arteannuin B and CPT II interactions. A) Board stick molecule in center of the image is arteannuin B in 3 D
representation, and B) In 2 D representations predicted measure of distances between atoms are shown on lines as A.

Despite the repulsive force between the oxygen in the
carboxylic acid in the LEU329 residue and the oxygen
atom at the 3rd position in the component’s furan ring, a
conventional hydrogen bond formation of approximately
3.09 A with ALA603 located next to the leucine is shown
in Figure 8 B. The aromatic interactions of the molecule
with TYR120, PHE131, PHE602, PRO133, and HIS372
led to an increase in the electrostatic attraction force and
thus a decrease in the free binding energy in the active
area. The SwissADME webserver was used to predict the
ADME properties of the two ligands that yielded the best
AG results. It has been understood that both friedelin and
stigmasterol cannot pass through the blood-brain barrier.
According to the SwissADME results, Albendazole cannot
pass through the blood-brain barrier, but its GI absorption
is high. Fridelin and stigmasterol have low GI absorption. In

terms of oral bioavailability, friedelin and stigmasterol mol-
ecules are found to be suitable for oral ingestion according
to Lipinski and Veber’s rules, but not according to Ghose,
Egan, and Muegge. ABZ is suitable for all in terms of oral
bioavailability.

A. annua L. n-hexane extract was used to show the
anthelmintic effect on the oxyurid nematodes of naturally
infected mice in vivo. The arithmetic means of S. obve-
lata eggs were counted on the cellophane band before and
during the application. When the changes in the number
of parasite eggs by days were examined, astonishing results
were encountered. The average number of S. obvelata eggs
counted in the anal band on the last day of administration
was found to be 147 in the mouse group (group V), where
A. annua L. n-hexane extract was administered at a dose of
600 mg/kg (Table 2).

Table 2. Arithmetic mean of S. obvelata eggs counted in cellophane band before and during administration in infected mice

-7. day -1. day 1. day 3. day 5. day 7. day
Drinking water 6,4 37,7 2,7 1,9 10,8 10
Corn oil 24,1 29,7 63,1 20,6 10,5 14,6
ABZ 13 24,7 16,2 15 0,5 8,5
A. annua 300 mg/kg 6 24,5 9,3 60,1 25 5,5
A. annua 600 mg/kg 51,7 18,7 32 24,7 112,3 1479
A. annua 1200 mg/kg 0,3 40 19,3 6,7 2,5 4,8
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Figure 9. Arithmetic means of S. obvelata eggs counted in cellophane tape before application (-7. and -1. days) and during

application (1., 3., 5. and 7. days)

In group V, an increase was observed in the average
number of eggs from the 7th day until the last day of appli-
cation. In group IV, when the extract was administered at a
dose of 300 mg/kg, increases and decreases followed each
other (Figure 9).

Percentage reduction, indicative of effectiveness against
oxyurid nematodes, was calculated as follows:

% reduction = 100 x ((I-F) / I)

Where “I” is the arithmetic mean of the parasite eggs in
the initial case and “F” is the arithmetic mean in the final
state. The arithmetic means of the egg count on the last day
decreased by 77.55% compared with the 1% day. In group
IV, a continuous decrease was observed from the first day of
the application, unlike in group V. A similar situation was
observed in Group VI, in which the extract was adminis-
tered at a dose of 1200 mg/kg. Continuous decreases from
the 1* day to the last day followed a slight increase. However,
an 88% decrease was determined when comparing the last
day’s average with that of the 1** day. A similar situation to
groups IV and VI was observed in group III, in which ABZ
was administered at a dose of 5 mg/kg for three consecu-
tive days, and the average number of eggs decreased con-
tinuously from the 1* to the 7™ day. Despite the increase
observed on the last day, compared to the 1* day, a decrease

of 65.58% was determined. The most interesting finding in
the in vivo experiment results is the decrease in the aver-
age number of eggs in the group given drinking water.
Compared to the 1*day, there was a 73.47% decrease in the
last day’s average. This reduction was 50.84% in the corn oil
solvent control group.

The S. obvelata taxonomy is given in Table 3. The
importance of this nematode is due to its widespread pres-
ence in laboratory mice and rats and its ability to transmit
the disease to humans.

In silico docking studies on the anthelmintic action
mechanism of active compounds in plants is an essential
first step in developing new anthelmintics. This study is
the first to show the antinematodal effect of some active
compounds in A. annua L. on nematode B-tubulin protein
and rat CPT II enzyme by the in silico molecular model-
ling method. Our study’s in silico docking results showed
that the AG values of seven of the components we used
(quercetin, artemisinin, deoxyartemisinin, friedelin, arte-
annuin B, stigmasterol, and scopoletin) were more signif-
icant than -8 kcal/mol for B-tubulin. With these results, it
can be predicted that the binding affinities of the above
molecules to the nematode P-tubulin protein are low.
These docking results are considered to be reliable since

Table 3. Taxonomy of Oxyurid species S. obvelata on which the antinematodal effect of A. annua L. n-hexane extract was tested.

Parasite
Host type Laboratory mouse Mus musc
Infection site

Locality type

Syphacia obvelata Rudolphi, 1802 (F: Oxyuridae Cobbold, 1864)

ulus Linnaeus (1758) (F: Muridae)

Small intestine, cecum, colon, and anal opening

Bursa Uludag University Experimental Animal Center, Bursa

The place where the samples are kept ~ Bursa Uludag University Faculty of Science and Literature Biology Department Parasitology Laboratory
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the RMSD value was below 2 A (RMSD = 1.56 A) accord-
ing to the redocking results of p-tubulin and its natural
ligand Albendazole. The K; values in the table indicate
that the antinematodal effects of these molecules may
occur in a way independent of the inhibition of B-tubu-
lin. The results of docking performed with the rnCPT II
enzyme support this estimate. It has come to our attention
that the branched-chain in the ligand’s cyclopentane ring
plays an important role in the positioning of stigmasterol
in the CPT II. In particular, the occurrence of alkyl inter-
actions between the branched-chain of stigmasterol and
the surrounding residues (LEU592, PHE602, MET135,
GLY600 and ALA613) of the a-helix increased the affin-
ity (Figure 6B). The docking results of arteannuin B and
scopoletin showed that only these two molecules out of
nine molecules had a higher affinity for B tubulin. While
arteannuin B binds to both proteins with high affinity,
the value with B tubulin was found to be at a very suc-
cessful level of -10.68 kcal/mol. This result suggests that
arteannuin B is also a highly potent anthelmintic drug
candidate. Although it was understood that both friedelin
and stigmasterol were not blood-brain barrier permeable
according to the SwissADME results, this is not import-
ant since our study investigated the effects on nematodes
in the gastrointestinal (GI) system. These two molecules
are poorly soluble in water and it has been shown that
they must be taken with other solvents. Corn oil was used
as a solvent since the n-hexane extract appeared to be
insoluble in water and DMSO in the in vivo experiment.
Therefore, it can be predicted that these two molecules
may be dissolved in oil. However, since the molecules are
not isolated from the n-hexane extract by chromatogra-
phy, nothing definite can be said. Tubulin protein, which
is the target of ABZ, is a protein that forms the cytoskel-
eton found in all organisms. Therefore, its inhibition can
cause side effects. The fact that stigmasterol and friedelin,
the molecules tested in this study, inhibit CPT II instead of
B-tubulin is promising for the discovery of fewer side-ef-
fect drugs than ABZ. In some important studies that
investigated the active compounds in plants in terms of
anthelmintics by in silico methods, predictions have been
made about herbal ligands’ activities. The theoretical
structure of beta-tubulin, which we used in our study, was
used in the molecular docking experiment of Satyendra et
al. [36] to assess some derivative molecules’ anthelmintic
effects. In another study, components such as ellagic acid,
quercetin, isoquercetin, and caffeic acid found in medic-
inal plants of Achyrocline satureioides were isolated, and
caffeic acid was investigated in silico and in vitro methods
in terms of antioxidant and toxicological activities. As a
result, in silico prediction of quercetin, isoquercetin, and
caffeic acid showed the probability of low toxic risk [37].
Some previous experimental studies have revealed the
anthelmintic effects of various plant extracts on oxyurides.
Gogoi and Yadav [38] demonstrated the in vivo and in vitro
anthelmintic effect of Caesalpinia bonducella on S. obvelata.

When investigated via the anal band and faecal examina-
tion, C. bonducella extract resulted in a 41% reduction of
S. obvelata eggs in naturally infected mice and a 93% faster
paralysis and consequently the death of S. obvelata adults
in vitro. According to research on the anthelmintic effect of
Verbascum species on oxyurids in naturally infected labora-
tory mice from Tiirkiye, 100 mg/kg doses of V. lasianthum,
V. latisepalum, V. mucronatum and V. salviifolum extracts
were not effective as a 0.5 mg/kg dose of Fenbendazole [39].
In a study by de Amorin et al. [40], latexes of two different
tig species were investigated in terms of their anthelmintic
effects against S. obvelata, A. tetraptera, and Vampirolepis
nana. When latex obtained from Ficus inspida Willd. was
given orally to naturally infected mice for three consec-
utive days, it killed 38.6 % of nematodes in the gastroin-
testinal system. Although fig is known as an anthelmintic
herb in folkloric medicine, this study revealed insufficient
anthelmintic activity of Ficus inspida latex. The fact that
latex has a weak anthelmintic effect despite its high acute
toxicity and haemorrhagic enteritis shows that it would be
more appropriate not to use the plant’s latex for this pur-
pose. In our study;, it can be said that the 1200 mg/kg dose
of A. annua L. n-hexane extract had an anthelmintic effect
on S. obvelata, and the 5 mg/kg dose of ABZ did not have a
significant impact when compared with the drinking water
control group. Since the most commonly used antinema-
todal drugs in the market are generally broad-spectrum,
the plants can be used for this purpose from the same per-
spective. This study shows that A. annua L. has a general
effect on nematodes in the gastrointestinal system.

When the fresh or cold dried materials of A. annua L.
are analysed in terms of nutritional and antioxidant effects,
it is obvious that it will be beneficial to include them in
the diets of human and breeding animals due to the pres-
ence of elements such as minerals, amino acids, iron, zing,
sodium and vitamin E [41]. This herb contains a reason-
ably high amount of essential amino acids, of which amino
acids such as isoleucine, lysine, and tryptophan are higher
than the standard amounts recommended for preschool
children according to WHO data [42]. Moreover, the plant
is rich in vitamin E as well as antioxidants and flavonoids
such as quercetin [43]. The potential antioxidant activity
of A. annua L. leaf extracts has positive effects on human
health. Chukwurah et al. [44] demonstrated that 70% etha-
nolic extracts of A. annua L. leaves have higher antioxidant
activity than 100% ethanolic extract in vitro. According to
this study, the antioxidant activity of the extracts is high
considering the hydroxyl, nitric oxide, and hydrogen per-
oxide radical scavenging activities. In particular, hydroxyl
scavenging activity was found to be above standards (IC50
= 2.39-3.81 mg/mL), and it was also found to be excellent
(79.81% -86.70%) on lipid peroxidation [44]. A study on
sheep infected with Haemochus contortus showed that oral
administration of the A. annua L. aqueous extract and arte-
misinin obtained from this plant had a low-level anthel-
mintic effect [22]. In sheep infected with Fasciola hepatica,
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a single dose of 40 mg/kg (iv) of artesunate from A. annua L.
reduced the egg count by 69% and the worm count by 77%.
The same application of artemether obtained from the same
plant reduced the number of eggs by 97.6% and the number
of worms by 91.9% [45]. Extracts of A. annua L. were found
to be 81.6-83.2% inhibitory against Cryptosporidium par-
vum in mice [46]. Our study’s in silico experiment showed
that the anthelmintic effect of artemisinin would be weak
according to the K;values which were 6.37 uM for p-tubulin
protein and 255.16 nM for CPT II enzyme. Also, quercetin
was not found as an important inhibitor in these ligands
according to AG values. Vijayakumar et al. (2020) had
shown that quercetin binds to SARS-CoV-2 target spike (S)
protein with -7.8 kcal/mol free energy of binding in silico.
Hence it had been suggested as an antiviral affected flavo-
noid [47]. In the present study, the binding affinity of quer-
cetin to the anthelmintic target protein was found lower.

CONCLUSION

In conclusion, to discover drugs with fewer side effects,
it will be useful to evaluate this study’s results from different
angles and especially to include stigmasterol in vitro and
in vivo experiments. The illustrations of possible chemical
interactions in this study not only aimed to predict inter-
actions at the atomic level but also to highlight the impor-
tance of the structure-activity relationship in anthelmintic
drug development. One of the most critical conclusions
from the study is that a bulky side chain substituted with
cyclopentane in the steroid ring directly affects the CPT II
binding site’s affinity. Additionally, stigmasterol and frie-
delin, which have a large core due to the union of at least
four rings, need a slightly large cavity to settle in the pro-
tein, thus preventing its positioning in B-tubulin. This
result provides new data that could be evaluated to discover
alternative drugs with fewer side effects than ABZ. Docking
analyses of stigmasterol and friedelin support this, and K;
values for the CPT II enzyme were calculated to be 9.43
nM and 13.07 nM, respectively. These two components are
promising in terms of eliminating nematode species found
in the gastrointestinal tract, particularly those that disrupt
children’s mental and physical development.

Arteannuin-B being a sesquiterpenlacton, is the most
successful molecule in the searched ligands, and can be
bonded to both anthelmintic target proteins with very low
free binding energy. First time in this study anthelmintic
feature of arteannuin-B was investigated and showed that
it was potent anthelmintic. It is the first study that searched
the molecules that can be responsible for the anthelmintic
effect of A. annua L. with in silico docking methods. These
results are significant since they showed that arteannuin-B
was more potent than artemisinin. Scopoletin is a coumarin
derivative followed by arteannuin-B so it can be a promis-
ing antinematodal inhibitor. These data might be a starting
point for cancer researchers because arteannuin-B and sco-
poletin can be B-tubulin inhibitors. The probable support

of this study to the literature is being understood when it is
taken into account that in silico studies on the development
of herbal ligands-based anthelmintics are very few.

According to the SwissADME results, the GI absorp-
tions of these two components were low, but these proper-
ties will have a positive effect by increasing the inhibition
against helminths in the GI. Thus, the concentration of
these molecules in GI will not be easily reduced, and hel-
minths will be exposed to stigmasterol and friedelin more
intensely. It is usual for friedelin in triterpenoid form and
stigmasterol in steroid structure to not dissolve in water.
These components can be taken with oil-based solvents
when taken orally. In the in vivo experiment, A. annua L.
n-hexane extract dissolved in corn oil, when administered
at doses of 300 mg/kg and 1200 mg/kg, caused a decrease
in the number of S. obvelata eggs on the last day of admin-
istration, which may be due to stigmasterol and friedelin.
The results can be used to discover a new herbal ligand-
based anthelmintic molecule and show that these two com-
ponents are worthy of isolation and investigation in in vitro
and in vivo studies.
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