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Enantia chlorantha is a preferred medicinal plant among local healthcare providers in Nigeria for the
treatment of malaria. While numerous studies have validated its potency, this updated report
investigates the mechanistic and synergistic phytochemicals of the plant responsible for its antimalarial
properties. The chemical composition of the methanol root bark extract was analyzed using Gas
Chromatography-Mass Spectroscopy (GC-MS). The in silico pharmacological and toxicological
profiles were determined using SwissADME and Protox Il online servers. The simulation modeled the
interaction between phytochemicals and Plasmodium falciparum dihydrofolate reductase-thymidylate
synthase enzymes implicated in the pathogenic process of malaria via molecular docking. Docking was
performed using PyRx-0.8 software coupled with AutoDock Vina. The findings indicate that N-[2-(2-
Hydroxy-1-naphthylmethyleneamino)-4-methoxyphenyl] (-9.4 kcal/mol), squalene (-8.6 kcal/mol),
curlone (-7.7 kcal/mol), tumerone (-7.8 kcal/mol), and ar-tumerone (-7.9 kcal/mol) demonstrated
stronger binding affinities to the target protein compared to standard antimalarial medications such as
artemether (-7.6 kcal/mol) and lumefantrine (-6.6 kcal/mol). These results were further confirmed by
the phytochemicals' binding free energy AG<sub>Bind</sub> (MMGBSA) values: N-[2-(2-Hydroxy-
1-naphthylmethyleneamino)-4-methoxyphenyl] acetamide (-64.14 kcal/mol), squalene (-63.74
kcal/mol), and tumerone (-41.78 kcal/mol), compared to artemether (-23.39 kcal/mol) and lumefantrine
(-43.01 kcal/mol). The toxicological profile suggests that the phytochemicals from E. chlorantha
demonstrated reasonably low toxicity, comparable to standard drugs.
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1. Introduction

Malaria is a significant public health challenge, particularly in
developing nations. The infection is caused by Plasmodium parasites,
transmitted through the bites of infected female Anopheles
mosquitoes. Among the Plasmodium species, P. vivax and P.
falciparum pose the greatest threats, with P. falciparum responsible
for the highest mortality rates. The efficacy of existing antimalarial
drugs is diminishing due to the emergence of drug resistance,
underscoring the urgent need for novel therapeutic agents [1-3].
Medicinal plants have been used for millennia to treat a variety of
illnesses. Many malaria treatments have botanical origins, such as
quinine, derived from Cinchona bark, which was widely used for
decades. Recent research highlights the potential of botanically
derived antimalarial agents [4]. For instance, an investigation into the
therapeutic properties of Prabchompo othaweep identified 13 out of
48 crude extracts as effective against the K1 strain of P. falciparum
[5]. Similarly, the aqueous fruit extract of Terminalia arjuna has
shown antimalarial activity against Plasmodium parasites in both
humans and animals [6].

In recent decades, artemisinin combination therapies (ACTs) have
been pivotal in the treatment of uncomplicated malaria. While
artemisinin derivatives remain highly effective against P. falciparum
in most malaria-endemic regions, resistance to these drugs is
emerging. Notably, artemisinin resistance is often accompanied by
resistance to its partner drugs in ACTSs, though these therapies remain
effective against P. vivax and other malaria species [7-9].

Current priorities in malaria management include ensuring access to
accurate diagnostics, effective treatments, and strategies to combat
the emergence of resistance in P. falciparum. Without significant
interventions, malaria prevalence is projected to remain high in the
coming decades. This highlights the ongoing need for the discovery
and development of new antimalarial agents [10].

Medicinal plants play a crucial role in the management of various
illnesses. Enantia chlorantha, a medicinal plant widely used in
Nigeria, is renowned for its biological and pharmacological
properties, particularly its efficacy in treating uncomplicated malaria.
Previous studies have demonstrated its significant antimalarial
activity through in vitro and in vivo experiments using crude extracts
[11-13]. This study seeks to evaluate the bioactivity of
phytochemicals from the root bark of E. chlorantha for their potential
to inhibit malaria-related proteins. The ultimate goal is to identify
novel candidates for further development as antimalarial drugs.

2. Materials and Methods

2.1 Sample Collection and Preparation

The bark of Enantia chlorantha was collected from the Basin in llorin
South Local Government Area, Kwara State, Nigeria. The plant was
identified and authenticated at the Herbarium of the Department of
Plant Biology, University of llorin, Nigeria. The collected plant

materials were air-dried for two weeks, pulverized using a mortar and
pestle, and stored in cellophane bags in a cool environment until
further use.

2.2 Medicinal Plant Extracts.

The air-dried, crushed bark of E. chlorantha was subjected to cold
methanol extraction for three days. The extract was filtered using
Whatman No. 1 filter paper, and the solvent was evaporated using a
rotary evaporator until a dry residue was obtained. The crude extract
was stored in screw-cap glass vials and kept in a refrigerator at a
temperature below 10 °C for subsequent analysis [15].

2.3 Phytochemical Identification

Preliminary phytochemical screening was performed to identify the
chemical constituents of the bark extract. Established methods were
used to test for alkaloids, tannins, phenols, flavonoids, quinone
derivatives, saponins, cyanogenic compounds, and coumarins [15].
2.4 Gas Chromatography-Mass Spectroscopy Characterization
of extract

The methanol extract of E. chlorantha bark was analyzed using GC-
MS on an Agilent 19091S-433 system. The experimental conditions
followed those previously described by [16].

2.5 Procedure for ADME Evaluation

The SwissADME tool was used to estimate the physicochemical
properties, ADME parameters, and drug-likeness of the
phytochemicals. Properties such as lipophilicity, water solubility,
pharmacokinetics, and drug-like potential were predicted and
compared to Momordicin | [17].
Canonical SMILES formulas for the phytochemicals were generated
using ChemDraw software. These SMILES formulas were input into
SwissADME (http://www.swissadme.ch/index.php) to determine the
ADME properties.

2.6 Prediction of Toxicity using Protox Il In-silico tool

The Toxicities profile was done using the Canonical SMILES
formula via Protox |l database available on this site https://tox-
new.charite.de/protox_Il/index.php?site=compound_input.

2.7 Computational Study

2.7.1 In Silico Molecular Docking

Proteins Retrieval, Prepping, and Active Site Identification
Artemether, an FDA-approved antimalarial drug was searched on
chEMBL at (https://www.ebi.ac.uk/chembl/) to know its mechanism
of action. Artemether, an inhibitor of Plasmodium falciparum
dihydrofolate reductase-thymidylate synthase protein, was adopted
as a standard protocol. The antimalarial properties of the
phytochemical root bark extracts of E. chlorantha, which were
already screened using Lipinski rules for drug development, were
predicted by studying molecular interactions between the compounds
and enzymes relevant to malaria. The protein data bank provided the
crystal structures of the human Plasmodium falciparum dihydrofolate
reductase-thymidylate synthase protein [PDB ID: 7F3Z]. The protein
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structures were generated by removing water molecules and leftover
ligands, except for the most active (control) ligand. The non-standard
naming and connection of protein residues were also eliminated [18,
19].

The proteins were cleaned and chain A was used for molecular
docking respectively. The binding site coordinates for the enzymes
were obtained by determining the binding site attributes of the co-
crystalized inhibitors using Discovery Studio Visualizer 20.0.
Docking was done using AutoDock Vina 1.1.2, and each complex's
best pose was documented [20].

2.7.2 Ligand Procurement

FDA-approved antimalaria drug Artemether and all phytochemical
substances derived from the GC-MS methanolic extract of E.
chlorantha root bark were obtained and stored in SDF format from
the PubChem database (www.pubchem.com).

2.7.3 Docking and Post-Docking Analysis

The docking process was conducted using PyRx-0.8 software in
conjunction  with  AutoDock  Vina.  Phytochemicals in
the 7methanolic fraction of E. chlorantha were subjected to docking
analysis to determine their interaction with the active site of
Plasmodium  falciparum dihydrofolate reductase-thymidylate
synthase proteins. This was achieved by selecting the binding pocket
of the phytoconstituents in a 2D structure of a co-crystallized protein
obtained from the protein data bank. The binding pose with the
greatest binding affinity was stored in the Protein Data Bank (PDB)
format. Subsequently, the ligand-protein interactions were analyzed
in Discovery Studio [21]. The binding free energies of the selected
ligands in complexes Plasmodium falciparum dihydrofolate
reductase-thymidylate synthase proteins were calculated using the
MM-GBSA approach according to the procedure described by [22]

3. Results and Discussion:

The initial phytochemical screening of the methanolic extract of
Enantia chlorantha root bark, as shown in Table 1, reveals the
presence of alkaloids, tannins, terpenoids, saponins, phenolics,
flavonoids, carbohydrates, and steroids. Glycosides, however, were
not detected. These findings align with previous studies suggesting
that the antimalarial properties of E. chlorantha are attributable to its
phytochemical composition [23-25].

Gas Chromatography-Mass Spectroscopy (GC-MS) analysis
identified 47 chemical compounds in the methanolic extract, with key
phytoconstituents including ar-tumerone, tumerone, curlone,
conessine, Z-(13,14-epoxy)tetradec-11-en-1-ol, and lup-20(29)-en-
3-ol (Table 2). Among these, eight phytochemicals with druggable
properties were selected for virtual screening to evaluate their
antimalarial potential against artemether and lumefantrine, two FDA-
approved antimalarial drugs.

Ar-tumerone, one of the druggable phytochemicals in E. chlorantha,
has been reported to inhibit cancer cells in a dose-dependent manner,
with ICso values ranging from 11.0 to 41.81 mg/L. Similarly,
tumerone, another abundant compound in the root bark, has
demonstrated significant antioxidant and anti-inflammatory activities
in previous studies [26, 27]. Curlone, accounting for 9.06% of the
phytochemicals in E. chlorantha, also exhibits notable antioxidant
and anti-inflammatory effects [28, 29]. Furthermore, conessine has
been shown to reduce efflux pump activity in Klebsiella pneumoniae
by a statistically significant margin (p-value < 0.001), indicating the
pharmacological potential of E. chlorantha's phytochemicals.
Medicinal plants have been integral to human history, offering a
reservoir of lead compounds that contribute to the development of
new drugs. These compounds are often highly effective, have fewer
adverse effects, and are cost-efficient [30]. Examining the
pharmacological basis of traditional medicinal plants and identifying
their active phytochemicals is essential for modern drug development
[31, 32].

The Swiss ADME tool facilitates the calculation of physicochemical
descriptors and predicts ADME parameters, pharmacokinetic
properties, drug-likeness, and medicinal chemistry compatibility of
small compounds. This tool is instrumental in modern drug discovery
[33].

Although prior studies have explored the in vivo and in vitro
antimalarial potential of E. chlorantha [23-25], the specific
phytochemicals responsible for these activities remain unclear.

Tables 4 and 5 summarize the physicochemical parameters and
lipophilicity traits of the phytochemicals in E. chlorantha.
Molecular weight is a critical factor in drug development, influencing
processes such as intestinal absorption, blood-brain barrier
penetration, elimination rates, and interactions with molecular targets
[34]. Lipophilicity, often measured through partition coefficients
(logP) or distribution coefficients (logD), is another key parameter in
drug discovery. Higher lipophilicity, indicated by greater logP
values, is associated with improved drug properties and efficacy [35].
Lup-20(29)-en-3-ol has the maximum molecular weight of 426.72
gmol-1, while Prop-2-ynyl has the lowest molecular weight of 39.06
gmol-1. All the compounds satisfied the physicochemical criteria.
The phytochemicals have a number of hydrogen bond donors and
acceptors that lies within the proposed range for both possible new
and commercially available generic pharmaceuticals. The Lipinski,
Gbose, Veber, Egan, and Mueller rule of five is a guideline for
determining oral bioavailability. It states that a chemical should have
a molecular weight below 500 gmol-1, a logP value below 5, and no
more than 5 hydrogen bond donors and 10 hydrogen bond acceptors
[36].

The higher consensus logP (ClogP) is also highly influential in all
disciplines' molecular discovery endeavors (Table 5). Except for
Stearic acid (5.93), Oleic acid (5.65), Lup-20(29)-en-3-ol (7.27),
Clionasterol (7.24), Oleoyl chloride (6.42), and Octadecanal (6.17),
all of the other phytochemicals had a ClogP value in the range of 6.98
-7.24.

A molecule is solubility significantly depends on the choice of
solvent, as well as the ambient temperature and pressure. The
solubility breadth is defined as the saturation concentration, which is
the point at which further addition of solute does not increase its
concentration in the solution [16]. A medicine is classified as very
soluble if the maximum dose strength can dissolve in 250 mL or less
of water-based solution throughout a pH range of 1 to 7.5. Swiss
ADME incorporates two topological methods for predicting water
solubility. The first method involves using the ESOL model, which
categorizes solubility on a logarithmic scale ranging from insoluble
(<-10) to highly soluble (>0). The second method is based on Ali et
al, 2012 work and categorizes solubility on the same logarithmic
scale.

SwissADME utilizes topological and fragmental methods to forecast
solubility (log S), categorizing values of -10 or below as insoluble
and values of -4 or higher as soluble. Table 6 presents the water
solubility properties of the phytochemicals found in E. chlorantha.
The solubility of all phytochemicals suggests their capacity for
bioabsorption, with the exception of Lup-20(29)-en-3-ol (-8.64),
Clionasterol (-7.9), and Oleoyl chloride (-6.5), which exhibit low
solubility.

The utilization of the P-gp substrate allows for the measurement of
active efflux across biological membranes. The protein in question
confers defense to the Central Nervous System (CNS) against
deleterious agents and exhibits significant upregulation in malignant
cells. Approximately 50% to 90% of drugs are metabolized by the
five main isoforms, namely CYP1A2, CYP2C19, CYP2CY9,
CYP2D6, and CYP3A4. The inhibition of these particular types of
enzymes is anticipated to be a prevalent factor in medication
interactions related to the transportation and conversion of medicines
throughout the body. The accumulation of medications or their
byproducts might harm the processes of absorption, distribution,
metabolism, and excretion (ADME) [16]. Except for sitosterol and
stigmasterol, which exhibited low gastrointestinal (GI) absorption,
the pharmacokinetics and drug similarity tests conducted using
SwissADME showed that all other phytochemicals had high levels
of Gl absorption.

The blood-brain barrier (BBB) is a specialized network of blood
vessels that regulates the transit of chemicals between the brain and
blood inside the vascular central nervous system. Its main function is
to prevent the circulation of medicines into the brain. Fourteen (14)
of the enlisted compounds (29.79 %) are not permeable to the BBB
while the remaining thirty-three (33) (70.21 %) are BBB permeant.
Small molecule compounds may be able to cross this barrier provided
their molecular weight is < 400 g/mol and hydrogen bond formation
<8 [37].

The localization of P-gp has a greater effect on restricting the
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absorption of drugs from the bloodstream into the brain and from the
intestinal lumen into epithelial cells, compared to its effect on aiding
the excretion of drugs from hepatocytes and renal tubules into the
adjacent luminal space. Due to its activation of the isoenzymes
CYP2C19 and CYP2D6, there is a potential for aggregation or drug-
drug interactions, resulting in possible toxicity [16]. Fortunately,
most of the compounds are not P-gp substrate activator except N-[2-
(2-Hydroxy-1-naphthylmethyleneamino)-4-methoxyphenyl]
acetamide, Curlone and 10,11-dihydro-10-hydroxy-
2,3dimethoxydibenz(b,f)oxepin.

Having a bioavailability score of 0.85, the drug-likeness parameter is
deemed high as it satisfies the Lipinski, Verber, and Egan rule. The
synthetic accessibility score of SwissADME is derived from the
assumption that the presence of molecular fragments in readily
attainable compounds is correlated with the ease of synthesis. The
contribution of fragments to synthetic Accessibility is often
advantageous for common chemical moieties, but detrimental for
unusual ones.

The drug-likness and bioavailability score as well as medicinal
chemistry properties result for the E. chlorantha compounds are
displayed in Tables 8 and 9 respectively. The results show Ten
compounds namely N-[2-(2-Hydroxy-1-naphthylmethyleneamino)-
4-methoxyphenyl]acetamide, Dodecanoic acid, ar-Tumerone,
Tumerone, Curlone, 4-((1E)-3-Hydroxy-1-propenyl)-2-
methoxyphenol, Z-(13,14-Epoxy)tetradec-11-en-1-0l,10,11-
dihydro-10-hydroxy-2,3dimethoxydibenz(b,f)oxepin, Conessine
and Squalene obeyed the rules with only one violation at most
indicating their greater feasibility as drug candidates. Results from
medicinal chemistry are intended to enhance ongoing efforts in drug
discovery. There is no need for concern regarding their Pan-Assay
Interference Compounds (PAINS), indicating that they are highly
specific compounds.

The progress in computer research has enabled in silico
methodologies to provide substantial advantages for regulatory
demands, risk assessments, and the pharmaceutical business in
evaluating the safety profile of a chemical. ProTox-I1 is a predictive
model that combines molecular similarity, pharmacophores,
fragment propensities, and machine-learning algorithms to forecast
different types of toxicity, including acute toxicity, hepatotoxicity,
cytotoxicity, carcinogenicity, mutagenicity, immunotoxicity, adverse
outcomes pathways (Tox21), and toxicity targets [38].

The in silico toxicological evaluation of E. chlorantha
phytochemicals is shown in Table 10.

The result showed that N-[2-(2-Hydroxy-1-
naphthylmethyleneamino)-4-methoxyphenyl] acetamide with a
lethal dosage of 1000mg/Kg has tendency to induce immunotoxicity
at a prediction probability of 0.90, Carcinogenicity at a prediction
probability of 0.57, and Mutagenicity with a prediction probability of
0.70. Of the ten phytochemicals that obey Lipinski rules of drugs, ar-
Tumerone, Dodecanoic acid, Tumerone, Curlone, Squalene, shows
no tendencies to induce immunotoxicity, carcinogenicity,
mutagenicity or general toxicities. Compounds of E. chlorantha
demonstrated reasonably low toxicity across the end point toxicities
reported. Artemether and Lumefantrine show relatively high
tendency of 0.92 and 0.99 probability of inducing immunotoxicity
(Table 10). Seven of the Phytochemicals that passed the ADMET
test were subjected to molecular docking and MMGBSA binding
energies analysis.

Bond interactions, including electrostatic, hydrogen, and
hydrophobic interactions enhance the binding affinity and biological
activity of complex molecules. These interactions also contribute to
stabilizing targeted drug complexes' biochemical environment.
Additionally, ligand-protein interactions involving a higher number
of hydrogen bonds tend to form stronger complexes with increased
binding affinity [39].

The binding affinities of the Plasmodium falciparum protein with a
particular ligand indicates the ability of the ligands to inhibit the
interaction between the Plasmodium falciparum and dihydrofolate
reductase-thymidylate synthase proteins. Any action that disrupts
their interaction creates an unsustainable environment in which the
Plasmodium falciparum could thrive. Table 11 shows the binding
affinities and MMGBSA binding energies of selected

phytochemicals from Enantia chlorantha, artemether, and
lumefantrine control drugs. The results of the interaction in Figures
1-7. A greater negative number indicates superior binding affinities.
Seven (7) phytochemicals exhibited favorable docking scores
relative to the controls were selected for post-docking MMGBSA
validation following the docking process.

The results indicates that N-[2-(2-Hydroxy-1-
naphthylmethyleneamino)-4-methoxyphenyl]  (-9.4  kcal/mol),
squalene (-8.6 kcal/mol), curlone (-7.7 kcal/mol), tumerone (-7.8
kcal/mol), ar-tumerone (-7.9 kcal/mol) shows the best affinity
towards the protein and established significant interactions more than
approved antimalarial drugs artemether (-7.6) and lumefantrine (-6.6)
(Table 11). The higher docking scores of the selected ligands
compared to standard inhibitors signify enhanced binding affinities
to the protein. The binding free energy values (AGgin, MMGBSA)
of the phytochemicals were confirmed as follows: N-[2-(2-Hydroxy-
1-naphthylmethyleneamino)-4-methoxyphenyl] acetamide (-64.14
kcal/mol), squalene (-63.74 kcal/mol), and tumerone (-41.78
kcal/mol). In contrast, the control drugs exhibited lower binding
energy: artemether (-23.39 kcal/mol) and lumefantrine (-43.01
kcal/mol), the latter showing binding energy comparable to that of
squalene (-63.74 kcal/mol). This suggests enhanced binding affinities
and inhibitory potentials of the chosen phytochemicals, aligning with
docking scores and supporting the traditional use of E. chlorantha in
Nigeria as an effective antidote for malaria infection.

Table 1: Phytochemicals Screening Results of Methanol Extract of

Enantia chlorantha bark extracts

Phytochemicals

Alkaloids +
Saponins +
Flavonoids +
Tannins -
Phenols

Reducing sugar

Glycosides -

Qualitative test

+ Present; - Absent

Table 2: Chemical Composition of Methanolic Fraction of Enantia
chlorantha bark extracts

Peak Retentiontime % Composition

Chemical composition

1 5.53 0.56 2-Cyclopenten-1-one
2,4-Dihydroxy-2,5-dimethyl-
2 620 066 3(2H)-furan-3-one
N-[2-(2-Hydroxy-1-

3 6.74 0.55 naphthylmethyleneamino)-4-
methoxyphenyl] acetamide

4 7.57 0.55 Butanoic acid

5 7.96 1.85 4H-Pyran-4-one

6 8.20 2.23 Benzoic acid

7 8.51 0.67 Catechol

8 8.57 0.87 Dianhydromannitol

9 8.70 0.41 Benzofuran

10 9.76 1.04 2-Methoxy-4-vinylphenol

11 10.44 13 1,2,3-Benzenetriol

12 10.51 0.66 Vanillin

13 11.90 4.1 Benzene

14 12.45 0.68 Cyclohexene

15 12.66 0.53 Dodecanoic acid

16 12.75 1.52 2H-Pyran-2-one

17 12.94 0.91 p-Menthane

18 13.64 0.99 Tricycl0[5.1.0.0(.2,4)].0ctane—5—

carboxylic acid

19 13.86 16.52 Ar-tumerone

20 13.97 7.58 Tumerone

21 14.27 1.39 Benzenebutanal

22 14.33 9.06 Curlone

23 14.40 3.2 Bicyclo[3.1.1]heptan-3-ol
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24 14.45 242 4-((1E)-3-Hydroxy-1- _ en-1-ol
propenyl)-2-methoxyphenol 10,11-Dihydro-10-hydroxy-
25 14.78 0.72 7-Oxabicyclo [4.1.0] heptane 40 21.64 0.49 2,3-dimethoxydiben
26 15.08 0.85 1H-Indene z(b,foxepin
27 15.21 0.88 2(1H)-Naphthalenone 41 22.03 0.54 Oleoyl chloride
28 15.25 0.54 Prop-2-ynyl 12-Methyl-E,E-2,13-
. 42 22.60 1.48 .
29 15.64 1.28 Z,7-8,10-Hexadecadien-1-ol octadecadien-1-ol
30 16.04 0.55 Cyclohexanecarboxylic acid 43 23.16 7.57 Conessine
62-2,5,5,10-Tetramethyl- 44 23.54 0.52 Squalene
31 16.16 0.53 i .
undeca-2,6,9-trien-8-one 45 23.70 1.52 2-Phenylethylamine

32 16.54 4.38 Palmitic acid 46 24.81 0.73 Octadecanal
33 16.92 1.56 3-Decen-5-one . . .
34 1791 269 Linoleic acid The SMILES chemical formulas of the phytochemicals discovered
35 18'18 1'44 Stearic acid in the methanolic fraction of E. Chlorantha are presented in Table 3.

: ' tearic aci The SMILES formula was utilized for the in silico ADME and
36 18.24 51 Oleic Acid Toxicological profile presented in Table 4 to 11. The SMILES
37 18.67 2.22 Lup-20(29)-en-3-ol notations were derived from the chemical structure of each substance.
38 19.76 1.03 gamma.-Sitosterol Chemdraw 12.0 is a software program used for creating chemical
39 20.98 2.98 Z-(13,14-Epoxy) tetradec-11- structures and diagrams.

Table 3: Chemical Composition and SMILES formula of Druggable Compounds from the Methanol Extract of Enantia chlorantha bark
Chemical
composition
N-[2-(2-Hydroxy-1-

naphthylmethyleneamin
0)-4-methoxyphenyl]

SMILES Formular

CC(NC1=CC=C(0C)C=C1/N=C/C2=C3C=CC=CC3=CC=C20)=0

acetamide

ar-Tumerone C/C(C)=C\C(C[C@@H](C1=CC=C(C)C=C1)C)=0

Tumerone C/C(C)=C\C(CC(C1=CC=C(C)CC1)C)=0

Curlone CI/C(C)=C\C(CC(C1C=CC(CC1)=C)C)=0

10,11-dihydro-10-

hydroxy- _ _ o~~~ _

2 3dimethoxydibenz COC1=C(0C)C=C2C(0C3=CC=CC=C3C(0)C2)=C1

(b,f) oxepin

Lup-20(29)-en-3-ol CCl(C)C(O)CC[C@]2(C)[C@@]3(HNCCIC@I4(HDIC@@I5([HDIC@H](C(C)=C)CCIC@@](C)5CCIC@](C)A[C@@](C)3CC[C
@@]12[H]

Conessine Cl[C@@]12[C@@]3([H))CC[C@J45CN(C)[C@@H](C)[C@@]4([H])CC[C@@]5([H)C@]3([H])CC=C1C[C@@H](N(C)C)CC2

Squalene CIC(C)=C\CCIC(C)=C/CCIC(C)=C/CCIC=C(CC/C=C(C)ICCIC=C(C)\C)\C
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Table 4: Physicochemical Properties of the Druggable Phytochemicals in Enantia chlorantha

Phytochemicals MW Heavy atoms  Aromatic heavy atoms  Fraction Csp3 #Rotatable bonds  #H-bond acceptors  #H-bond donors MR TPSA
N-[2-(2-Hydroxy-1-naphthylmethyleneamino)-4-
methoxyphenyl] acetamide 334.37 25 16 0.1 5 4 2 100.47 70.92
ar-Tumerone 216.32 16 6 0.4 4 1 0 69.75 17.07
Tumerone 218.33 16 0 0.53 4 1 0 70.88 17.07
Curlone 218.33 16 0 0.53 4 1 0 70.88 17.07
10,11-dihydro-10-hydroxy-
2,3dimethoxydibenz(b,f)oxepin 272.3 20 12 0.25 2 4 1 74.92 47.92
Lup-20(29)-en-3-ol 426.72 31 0 0.93 1 1 1 135.14 20.23
Conessine 356.59 26 0 0.92 1 2 0 115.63 6.48
Squalene 410.72 30 0 0.6 15 0 0 143.48 0

Table 5: Lipophilicity Characteristics of the Druggable Phytochemicals in Enantia chlorantha

Phytochemicals iLOGP XLOGP3 WLOGP MLOGP Silicos-IT Log P Consensus Log P
N-[2-(2-Hydroxy-1-naphthylmethyleneamino)-4-methoxyphenyl] acetamide 3.08 3.26 4.07 2.43 4.1 3.39
ar-Tumerone 3.12 3.98 4.02 3.68 4.38 3.84
Tumerone 3.19 3.33 421 3.37 4.04 3.63
Curlone 3.14 4.01 4.07 3.37 3.93 37
Lup-20(29)-en-3-ol 472 9.87 8.02 6.92 6.82 7.27
10,11-dihydro-10-hydroxy-2,3dimethoxydibenz(b,f)oxepin 2.83 2.58 2.76 1.87 2.92 2.59
Conessine 4.38 4.85 4.43 4.8 3.34 4.36
Squalene 4.38 4.85 10.6 4.8 3.34 4.36

Table 6: Water Solubility Characteristics of Druggable Phytochemicals in E. chlorantha

ESOL Ali SILICOS-IT
Log S Solubility Class Log S Solubility Class Log S Solubility Class
(ESOL) mg/ml mol/L (Ali) mg/ml mol/L SILICOS-IT mg/ml mol/L
Compounds
N-[2-(2-Hydroxy-1-
naphthylmethyleneamino)-4-
methoxyphenyl] acetamide -4.11 2.59E-02 7.75E-05 MS -4.42 1.26E-02 3.77E-05 MS -6.59 8.52E-05 2.55E-07 PS
ar-Tumerone -3.7 4.30E-02 1.99E-04 S -4.04 1.97E-02 9.13E-05 MS -4.45 7.76E-03 3.59E-05 MS
Tumerone -3.03 2.05E-01 9.38E-04 S -3.37 9.42E-02 4.31E-04 S -3.1 1.75E-01 8.00E-04 S
Curlone -3.46 7.64E-02 3.50E-04 S -4.07 1.85E-02 8.49E-05 MS -2.9 2.77E-01 1.27E-03 S
Lup-20(29)-en-3-ol -8.64 9.83E-07 2.30E-09 PS -10.22 2.58E-08 6.05E-11 | -6.74 7.69E-05 1.80E-07 PS
10,11-dihydro-10-hydroxy-
2,3dimethoxydibenz(b,f)oxepin -3.47 9.32E-02 3.42E-04 S -3.23 1.59E-01 5.82E-04 S -4.66 6.01E-03 2.21E-05 MS
Conessine -5.04 3.25E-03 9.11E-06 MS -4.72 6.79E-03 1.90E-05 MS -4.06 3.13E-02 8.79E-05 MS
Squalene -5.04 3.25E-03 9.11E-06 MS -4.72 6.79E-03 1.90E-05 MS -4.06 3.13E-02 8.79E-05 MS

S — Soluble, MS — Moderately Soluble, VS — Very Soluble, PS — Partially Soluble
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Table 7: Pharmacokinetics Properties of Druggable Phytochemicals in Enantia chlorantha

Phytochemicals Gl absorption BBB permeant PQP substrate  CYP1A2 inhibitor CYP2C19 inhibitor ~CYP2C9 inhibitor CYP2D6 inhibitor CYP3A4 inhibitor log Kp (cm/s)
N-[2-(2-Hydroxy-1-naphthylmethyleneamino)-4-
methoxyphenyl] acetamide High Yes No Yes Yes Yes Yes Yes -6.03
ar-Tumerone High Yes No No No No No No -4.79
Tumerone High Yes No No No Yes No No -5.27
Curlone High Yes No No Yes Yes No No -4.78
Lup-20(29)-en-3-ol Low No No No No No No No -1.9
Conessine High Yes No No No No No No -5.03
10,11-dihydro-10-hydroxy-
2,3dimethoxydibenz(b,f)oxepin High Yes Yes Yes Yes No Yes Yes -6.13
Squalene High Yes No No No No No No -5.03
Table 8: Drug-likeness and Bioavailability Score of Druggable Phytochemicals in E. chlorantha
Lipinski Ghose Veber Egan Muegge Bioavailability
Phytochemicals #violations #violations #violations #violations #violations Score
N-[2-(2-Hydroxy-1-
naphthylmethyleneamino)-4-
methoxyphenyl] acetamide 0 0 0 0 0 0.55
ar-Tumerone 0 0 0 0 1 0.55
Tumerone 0 0 0 0 1 0.55
Curlone 0 0 0 0 1 0.55
Lup-20(29)-en-3-ol 1 3 0 1 2 0.55
10,11-dihydro-10-hydroxy-
2,3dimethoxydibenz(b,f)oxepin 0 0 0 0 0 0.55
Conessine 1 0 0 0 0 0.55
Squalene 1 0 0 0 0 0.55

Table 9: Medicinal Chemistry Properties of Druggable Phytochemicals in Enantia chlorantha

PAINS Brenk Leadlikeness
Phytochemicals #alerts #alerts #violations Synthetic Accessibility
N-[2-(2-Hydroxy-1-naphthylmethyleneamino)-
4-methoxyphenyl] acetamide 0 1 0 297
ar-Tumerone 0 1 2 24
Tumerone 0 1 1 4.3
Curlone 0 1 2 417
Lup-20(29)-en-3-ol 0 1 2 5.49
10,11-dihydro-10-hydroxy-
2,3dimethoxydibenz(b,f)oxepin 0 0 0 3.43
Conessine 0 1 2 5.84
Squalene 0 1 2 5.84
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Table 10: In silico Toxicological Profile of Druggable Phytochemicals in E. chlorantha
Compound Name LDy value and Tox  Prediction Immunotoxicity  Carcinogenicity Mutagenicity Cytotoxicity
Class Accuracy (%)
N-[2-(2-Hydroxy-1- 1000 mg/Kg 67.38 Active (0.90) Active (0.57) Active (0.70) Active (0.73)
naphthylmethyleneamino)-4- 4
methoxyphenyl] acetamide
ar-Tumerone 2000 mg/Kg 68.07 Inactive Inactive Inactive Inactive
4
Tumerone 2500 mg/Kg 68.07 Inactive Inactive Inactive Inactive
3
Curlone 4600 mg/Kg 69.26 Inactive Inactive Inactive Inactive
5
10,11-dihydro-10-hydroxy- 500 mg/Kg 67.38 Active (0.50) Inactive Active (0.59) Inactive
2,3dimethoxydibenz (b,f) 4
oxepin
Conessine 390 mg/Kg 100 Active (0.99) Inactive Inactive Inactive
4
Squalene 5000 mg/Kg 100 Inactive Inactive Inactive Inactive
5
Artemether 567 mg/Kg 100 Active (0.92) Inactive Inactive Inactive
4
Lumefantrine 5000 mg/Kg 67.38 Active (0.99) Inactive Inactive Inactive
3

Table 11: Binding Energies Profile of the Phytochemicals towards Plasmodium falciparum dihydrofolate reductase-thymidylate synthase proteins
MM-GBSA (AGgind)

Phytochemicals in E. chlorantha Binding Energy (Affinity) (kcal/mole)

(kcal/mole)
N-[2-(2-Hydroxy-1-naphthylmethyleneamino)-4-methoxyphenyl] acetamide -9.4 -64.14
Squalene -8.6 -63.74
Ar-tumerone -7.9 -34.73
Tumerone -7.8 -41.78
10,11-Dihydro-10-hydroxy-2,3-dimethoxydibenz(b,f)oxepin -7.8 -32.07
Curlone -1.7 -37.85
Artemeter -7.6 -23.39
Lumefrantine -6.6 -43.01
LEU PRO
Acdb A:113
PHE
TRP '
A48 A
SER
ASP PHE :
Ai5d A:116 haktil ALA
LEU il A6
A48 Ai112 ~ g
ALA A113 0 VAL
A:16 A:4%EU
A —o\ 140
VAL ILE
CYS
Ail _d A195 - A:112 Hf T
WAL
~g~" Ac45
N~ Il
LEU o GLY q TYR
A:40 A:44
A:170
TYR ?/
A:170 ASN MET
A:108 AS5 SER ASN
— A1l GLY A:108
ILE A1
AI165 e A'::?LLES
THR
A107 GLY
A:166
Interactions Interactions
van der Waals Pi-Sulfur wan der Waals Pi-Sigma
Conventional Hydrogen Bond Alleyl Conventional Hydrogen Bond Alkyl
Pi-Donor Hydrogen Bond Pi-Alkyl Carbon Hydrogen Bond Pi-Alkyl

Figure 2: 2D Structure of the P. falciparum dihydrofolate
reductase-thymidylate synthase proteins binding pockets with N-[2-
(2-Hydroxy-1-naphthylmethyleneamino)-4-methoxyphenyl]
acetamide

Figure 1: 2D Interaction of P. falciparum dihydrofolate reductase-
thymidylate synthase proteins binding pockets with 10,11-dihydro-
10-hydroxy-2,3-dimethoxydibenz (b,f) oxepin
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Figure 8: Chemical formula of Five (5) promising Antimalaria compounds from E. chlorantha methanolic extracts

4. Conclusion

The pharmacokinetic and virtual assessments of the phytochemicals
in Enantia chlorantha suggest their potential as inhibitors of
Plasmodium falciparum dihydrofolate reductase-thymidylate
synthase, a key protein in malaria pathogenesis. These findings
highlight the potential value of these phytochemicals in combating
malaria, particularly in tropical regions of Africa.

Further in vivo investigations are recommended to evaluate the
efficacy of individual phytochemicals and their synergistic
antimalarial effects against other species of malaria-causing
parasites. Such studies will provide deeper insights into their
mechanism of action, molecular dynamics, and confirm their
suitability as effective antimalarial agents.
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