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ABSTRACT

Chromolaena odorata popularly called devil
weed (independent leaves) is a subtropical
flowering shrub in the family of Asteraceae
that has been used for the herbal treatment
of wounds, burns, skin infections, and
relieving painful stomach wulcers. It has
antimicrobial, wound healing, hemostatic,

antioxidant,  anti-inflammatory, platelet
protective, anticancer, hypoglycemic, N
hypolipidemic, insecticidal, and anti-anemic AL Maiscular doeking

Anti-ulcer compounds

properties. This study investigated the 0T i

phytochemical components and the anti-ulcer (gastric pump inhibition) properties of the ethanolic extract of the plant using GC-MS and in silico
molecular docking. The GC-MS results from this study detected thirty (30) retentions with fifty-one (51) library/ID-suggested compounds. The
docking of the detected compounds against gastric proton pump for the treatment of ulcer revealed that among the ligands that were docked
with the enzyme (H*/K*-ATPase); (3-(Azepan-1-yl)-1,2-benzothiazole 1,1-dioxide) had better (high) binding energy value (-8.4kcal/mol) compared
to the standard anti-ulcer drug (omeprazole; -8.0 kcal/mol). The strong bonding of 3-(Azepan-1-yl)-1,2-benzothiazole-1,1-dioxide to the receptor
suggests that the compound may possess better gastric proton pump inhibitory potential than omeprazole. This result may also validate the

traditional use of the plant for gastric ulcer-relieving activity.

Keywords: Omeprazole, gastric pump, ulcer, in-silico, inhibitory

leaves is used to treat malaria and internal hemorrhage.? Other parts

INTRODUCTION of the world have equally reported the effective use of this plant in

Chromolaena odorata is an herbaceous perennial plant that
forms dense tangled bushes of herbs 1.5-2.0 m in height with long
rambling (but not twining) branches. C. odorata is a tropical and
subtropical specie of flowering shrub in the family Asteraceae.
Several parts of this plant have been widely used in Africa to treat
wounds, burns, and skin infections. For instance, in Ghana and
Nigeria (Benin), the infusion from fresh Chromolaena odorata
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herbal treatment. Examples include Vietnamese folk medicine,
where the plant has been widely used for gastric ulcer treatment,®
while in Thailand and Guatemala, the leaves are used to quench
external hemorrhage and as an antimicrobial agent respectively,*®
The leaf extract of the plant has been reported to contain very high-
value nutritional potency with a rich source of mineral elements,®
as well as it also possesses anticancer, antidiabetic, anti-
hepatotoxic, anti-inflammatory, antimicrobial, and antioxidant
properties.®

The digestive system’s stomach is the organ that transports food
from the esophagus to the small intestine, where it is further
processed. It produces acid and a number of enzymes to break down
food into simpler compounds.”® The interior wall of the stomach is
protected from acid and enzymes by a mucous layer. An imbalance
between the digestive juices in the stomach and the various
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elements that help to protect its lining results in lesions called
ulcers.® Peptic ulcer disease (PUD) is characterized by
discontinuation in the inner lining of the gastrointestinal (GI) tract
because of gastric acid.2 The main risk factors for Peptic ulcer
disease are Helicobacter pylori (H. pyroli) and non-steroidal anti-
inflammatory drugs (NSAID) use.®!* Helicobacter pylorus is a
gram-negative bacillus that is found within the gastric epithelial
cells. Almost half of the world’s population is colonized by H.
pylori, an organism that is usually acquired in childhood and
persists until treated. H. pylori diseases can also be transmitted
from person to person through oral-to-oral or fecal-to-oral routes,
drinking water, and other environmental sources.'>*® Risk factors
for acquiring the infection can generally classified as lower
socioeconomic status and unsanitary conditions or crowding.® The
organism has a wide spectrum of virulence factors allowing it to
adhere to and inflame the gastric mucosa. This results in
hypochlorhydria or achlorhydria, leading to gastric ulceration.4°
H. pylori eradication promotes peptic ulcer healing and reduces the
incidence of complications,’® and is also a primary preventive
measure for gastric cancer. However, with the widespread use of
antibiotics, the resistance of H. pylori to antibiotics has gradually
increased in recent years,’” which has become the main reason for
the failure of H. pylori eradication.®

NSAIDs including low-dose aspirin are some of the most
commonly used anti-inflammatory drugs. They have good efficacy
and a long history of clinical use like analgesic and anti-
inflammatory properties,® but NSAIDs can also induce mucosal
injury by several mechanisms. Peptic ulcers caused by these drugs
may have fatal complications.?>?* The majority of NSAIDs are
weak acids that become protonated and easily cross lipid
membranes to enter epithelial cells when exposed to acidic gastric
juice and thus can result in a topical injury, rapid epithelial cell
death, superficial hemorrhage, and erosions.* The other major
mechanism by which NSAIDs cause mucosal injury is by inhibition
of cyclooxygenase-1 (COX-1), thereby blocking prostaglandin
synthesis and resulting in decreased gastric mucus and bicarbonate
production and a decrease in mucosal blood flow.22232

Various medications including proton pump inhibitors and H2
receptor antagonist are available for the treatment of gastric ulcers,
however clinical assessment of these medications have
demonstrated side effects, the incidence of relapses, drug
interactions and inadiquate drug solubility in oral administration®
thus, there is a necessity to identify effective and safe anti-ulcer
agent. The rapidly growing research in this field suggests that, with
remedial and nutritional advances, gastric ulcers may become
preventable within the next decade. This can be done by
strengthening the defense mechanisms of the gastric mucosa and,
in parallel, limiting the factors resulting in gastric ulceration. Plants
have been reported to be a better treatment for ulcers due to posing
little to no side effects when compared to modern medications.?
Plants from the Fabaceae family are the most frequently studied and
reported to have promising wound healing, antioxidant, anti-
inflammatory, cytoprotective, gastric secretion inhibition, mucus
production improvement, HSP70 up-regulation, Bax protein down-
regulation, anti-secretory and anti-H. pylori effects.?? C. odorata
has been extensively used as a herbal remedy for PUD treatment in
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local medicines around the world. Some researchers have reported
the In vivo anti-ulcer potentials of the crude ethanolic,?® and
Methanol/Methylene Chloride extract?* of the plant in rats and mice
respectively. With the discovery of H+/K+ ATPase as the primary
gastric proton pump, inhibition of H+/K+ ATPase as a means of
controlling gastric pH has gained extensive interest in recent years.
Hence, the present study aimed to identify the mechanism of C.
odorata anti-ulcer action by inhibition of H+/K+ ATPase. This
study was carried out by first identifying the phytochemicals
present in the ethanolic crude extract using GCMS, subsequently,
the mechanism of action of the phytochemicals was investigated
by docking against crystal structure of the gastric proton pump.

MATERIALS AND METHODS

Plant material collection

The leaves of Chromolaena odorata were collected in May 2021
from behind the New Science Laboratory of Imo State University,
Imo state, Nigeria. The plant was authenticated by Professor
Mbagwu of the Plant Science and Biotechnology Department at
Imo State University. The leaves were shade-dried at room
temperature, and powdered with mortar and pestle kept in an amber
colour container prior to analysis.?
Preparation of the crude extract

The Chromolaena odorata powder was extracted by percolating
500 g of the sample with 750 ml of redistilled ethanol (92%) for 72
hours with occasional agitation. The extract was filtered and
concentrated with rotary evaporator (Stuart, SO1, UK), and dried at
45°C in a Genlab oven.?

Gas chromatography-mass spectrometry (GC-MS) analysis:

The sample (1g) was dissolved in ethanol and injected in an
Agilent (Agilent 19091-433HP, USA) GC-MS coupled to a mass
spectrophotometer MS (Agilent Technologies) by auto injection at
the Multi-User Science Research Laboratory, Ahmadu Bello
University, Zaria in Kaduna State, Nigeria. The following were the
GC-MS operating conditions for the analysis: Temperature in the
oven: 50°C for 2 minutes, then 100°C at 10°C/min, then 200°C and
held isothermally for 10 minutes. The sample injection volume was
2uliters, and the carrier gas was helium at a rate of 1 mL per minute.
The sample components were ionized at a voltage of 70 eV. The
GC ran for a total of 24.50 minutes. The structures of the identified
compounds were then compared to those in the NIST database
using NIST14.Library (2018). The retention durations and mass
spectra of the compounds were compared to those of already known
compounds in the NIST library.?> The reported data includes the
compound, name, retention time, and concentration. The structures,
molecular weight, and pubchem ID were derived from the
PubChem database.?

Molecular docking studies

Protein-ligand docking study of compounds identified in
chromolaena odorata was conducted in oder to investigate the
interaction between the active site of H+/K+-ATPase enzyme and
the ligands using Auto dock vina virtual screening software, and
Discovery studio software.
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Ligands preparation for docking

The 3D structure of the compounds was downloaded from the
PubChem server. Those compounds without 3D structures, 2D
structures were downloaded, and were later converted to 3D
structures, all in SDF format using Open babel software In the
command line environment. Hydrogen bonds were added, charges
were added by converting the compounds to MOL2 format and they
were further converted to PDBQT format and energies were
minimized using the MMFF94 in the same command line
environment.
Preparation of receptor

The crystal structure of the gastric proton pump complexed with
tegoprazan (PDB code: 7w47) was downloaded from Protein
Databank (PDB). The 3D structure receptor was prepared by
discarding water molecules and cofactors using Discovery Studio
software30 and saved as Pdb. The binding site of tegoprazan was
selected as the active site of the receptor.
Docking of the ligands with the receptor

The docking of the ligands and the receptor was performed using
Autodock vina? since the receptor and the ligand separate after
carrying out the docking with autodock. The complexes
interactions were visualized using Discovery studio software.-%

RESULTS AND DISCUSSION
Gas chromatography-mass spectrometry (GC-MS) result:
The gummy, dark green ethanolic extract of chromolaena
odorata leaves gave thirty (30) retentions on GC-MS analysis with
fifty-one (51) library/ID-suggested compounds. The result
comprises forty-nine (49) aliphatic compounds, one alicyclic
compound; Oxacyclotetradecane-2,11-dione, -methyl- and one
aromatic heterocyclic ~ compound; 3-(Azepan-1-yl)-1,2-
benzothiazole 1,1-dioxide. The result presented in Table 1S in the
supplementary data shows the peaks, compounds name, retention
time, percentage composition, molecular weight, molecular
formula, PubChem ID, and their structures. The compounds with
the highest docking scores are presented on Table 1.

Table 1: GC-MS result of ethanolic extract of chromolaenaodorata
leaves showing 10 compounds with the highest binding affinities

Sr. P Compounds RT % MF & MW Pubch

No. K# Name AREA emid

1 25a 3-(Azepan-1-yl)- 11.05  Cy3HisN,O,S 535203
1,2-benzothiazole 34.475 264.35
1,1-dioxide

2 1la 13-methyl- 0.13 C14H205 543408
Oxacyclotetradeca 19.762 240.34
ne-2,11-dione

3 27a  9-Octadecenoic 6.74 C21H4004 5283468
acid (2)-, 2,3- 34.777 356.5
dihydroxypropyl
ester

4 13a  9,12-Octadeca 0.27 Ci9H340, 5284421
dienoic acid (Z,2)- 23.378 294.5
, methyl ester

5 16b  9-Octadecenoic 0.23 CigH340, 637517
acid 24.886 282.5

6 2la (2)-Decyl icos-9- 0.69 C3oHs50, 7696486
enoate 29.993 450.8 4

7 13b 9,15- 0.27 C19H340, 5362738
Octadecadienoic ~ 23.378 294.5
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acid, methyl ester,

(sz)-

8 17a 9,12- 0.13 CigHxCIO 8674035
Octadecadienoyl ~ 25.152 298.9 3
chloride, (Z, 2)-

9 2a 9,12- 2.21 CisH320
Octadecadienal 10.329 264.4 5283383

10 9c  3-Eicosene, (E)- 0.10 CaoHao

13.367 280.5 5365051

Molecular docking result

Peptic ulcer disease is one of the life-threatening diseases that
affect a large population of the world, over the past two centuries
with high morbidity as well death rate. According to the latest
WHO data published in 2020 Peptic Ulcer Disease Deaths in
Nigeria reached 5,846 or 0.39% of total deaths. Gastric
proton/potassium pump (H+/K+-ATPase) is a phosphoenzyme
resting and concentrated in the parietal cells, is responsible for the
excess secretion of gastric acid into the stomach lumen, leading to
acid-related disorders. Therefore, this enzyme is unique to the
parietal cells, it is considered as a good validated hit for anti-ulcer
agents, because the proton pump inhibitors reduce acid secreted by
the stomach via restraining the function of the enzyme. Molecular
docking studies of 51 compounds identified in the ethanolic extract
of chromolaena odorata were carried out targeting the protein and
the docking scores of the compounds were presented on the Table
2. The result showed that the docking scores fall within the range
of —4.8 to —8.4 kcal/mol. All the Compound were found to strongly
inhibit the H+/K+-ATPase enzyme by totally inundating the
binding site in the target protein. More also Fig. 2, Fig 3, and Fig.
4 depict the visuals of the best low binding energy (high binding
energy values) for the docked ligands. Among the ligands that were
docked with the enzyme (H+/K+-ATPase), ligand 3-(Azepan-1-
yl)-1,2-benzothiazole 1,1-dioxide is the most potent with the
highest docked score followed by 13-methyl-Oxacyclotetradecane-
2,11-dione with docked score of —7.1 kcal/mol. The result of
docking analysis also showed that (3-(Azepan-1-yl)-1,2-
benzothiazole 1,1-dioxide) have lower energy value (high binding
energy value) (-8.4kcal/mol) compared to the standard anti-ulcer
drug (omeprazole) with it binding energy value of —8.0 kcal/mol.
The compound 3-(Azepan-1-yl)-1,2-benzothiazole 1,1-dioxide
display hydrogen interactions with TYR799, and ALA335 and pi-
sigma interactions with ALA335 which it used in stabilizing its
aromatic nucleus, more interactions observed were 4 alkyl
interactions and 7 Van Der Waal's interactions with the active site
amino acid residues, these hydrophobic interactions indicated that
the compound bind deep in the core of active site. Hydrophobic
interactions were observed from the second highest binder, 13-
methyl-Oxacyclotetradecane-2,11-dione. The interactions
observed include pi-alkyl interactions at residues PHE 818, and
ALA 144, Further interactions were van der waal interactions with
7 amino acid residues. The interactions of the control compound
(Omeprazole) was also identified, it interacted using hydrogen
bonding with ASN138, and CYS813, it also had pi Interactions with
ASP132, TYR799, and ALA335, further interactions observed
were 16 van der waal's interactions with residues at the active site.
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This visualized interactions from the compounds gives the reason
for the high binding energies identified in the results.

Table 2: Binding energies of the compounds on the protein target

sin PK# Compounds Pubchem  Binding
id Energy

kcal/mol

Cntr Control (Omeprazole) 4594 -8.0
47 25a  3-(Azepan-1-yl)-1,2- 535203 -8.4

benzothiazole 1,1-
dioxide
23 1la  Oxacyclotetradecane- 543408 -7.1

2,11-dione, -methyl-

Figure 1: Crystal structure of the gastric proton pump. (PDB ID:
TWA7).
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Figure 2: 2d and 3d interaction of the gastric proton pump with the
control Omeprazole.
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Figure 3: 2d and 3d interaction of the gastric proton pump with 3-
(Azepan-1-yl)-1,2-benzothiazole 1,1-dioxide
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Figure 4: 2d and 3d interaction of the gastric proton pump with
Oxacyclotetradecane-2,11-dione, -methyl-

CONCLUSION

The inhibitory actions of the ethanolic extract of Chromolaena
Odorata against gastric proton pump for the treatment of gastric
ulcer indicates that C. odoranta is a very good herbal supplement
for the treatment if gastric ulcer. The GCMS result of the sample’s
ethanolic extract showed presence of fifty-one (51) compounds.
The in-silico molecular docking of the extracts showed that only
the two cyclic compounds in the GC-MS result revealed inhibitory
properties against gastric proton/potassium pump (H+/K+-ATPase)
that is comparable to the commonly used synthetic drug
(omeprazole). The excellent docking score of 3-(Azepan-1-yl)-1,2-
benzothiazole 1,1-dioxide (-8.4 kcal/mol) as compared to
omeprazole (-8.0 kcal/mol) suggest that the plant probably may
exhibit better gastric proton pump inhibitory properties than
omeprazole.
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SUPPLEMENTARY INFORMATION FILE

The Table 1S having the peaks, compounds name, retention
time, percentage composition, molecular weight, molecular
formula, PubChem ID, and their structures have been provided as
the supplementary data file and can be downloaded from article

page.
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