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ABSTRACT

Malaria is a life-threatening disease caused by Plasmodium parasites and transmitted by
Anopheles female mosquito. Plasmodium falciparum, one of the most common and deadliest
species, accounting for more than 99% cases of malaria-associated deaths globally. Several
therapy strategies which often involves quinolones and artemisin derivatives have been used.
However, new challenge arises due to the exceptional adaptability of P.falciparum towards
antimalarial drugs that leads to the failure of malaria therapy. This study investigates the
antimalarial potential of Canna indica leaves ethanolic extract against Plasmodium falciparum
using network pharmacology and molecular docking approaches. A total of 57 phytoconstituents
were identified in the ethanolic extract of C. indica and were screened for pharmacokinetic
properties, resulting in 46 eligible compounds for further analysis. Protein-protein interaction
Copyright: © 2025 Mardhiyyah etal. Thisisan open- ~ (PPI) network and pathway analyses identified key targets, including acetylcholinesterase
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permits unrestricted use, distribution, and reproduction  results demonstrated significant binding affinities of C. indica compounds with the target proteins,
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finding suggests that C. indica possesses bioactive compounds that could serve as candidates for
novel antimalarial therapeutics.
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However, new challenge arises due to the swift adaptability of
P.falciparum towards antimalarial drugs that leads to the failure of
malaria therapy. Therefore, novel therapeutic intervention is necessary
to tackle antimalaria drug resistance.> Over the past half-century,

Introduction

Malaria is a life-threatening disease and transmitted by
Anopheles female mosquito.! In 2022, nearly half of the world’s

population is at risk of malaria, including sub-Saharan Africa which
carries a high share of malaria burden globally followed by South-East
Asia, Eastern Mediterranean, Western Pacific, and Americas. A total of
247 million malaria cases were recorded in the World Malaria Report
2022, showing a significant increase compared with 229 million global
cases reported in 2019, with 94% of its cases was recorded in Africa.?®
Approximately 120 Plasmodium species, a single-celled parasite as the
causative agent of malaria, are identified, but only five species may
cause malaria in humans: Plasmodium falciparum, Plasmodium vivax,
Plasmodium ovale, Plasmodium malariae, and Plasmodium knowlesi.
Among other species, P. falciparum is considered as the most common
and deadliest species, accounting for more than 99% cases of malaria-
associated deaths globally.* To overcome this, several therapy strategies
which often involves quinolones and artemisin derivatives have been
used.
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natural products have proven to provide powerful therapeutics against
infectious disease. For example, artemisinin as one of the most effective
treatments against malaria is a natural constituent of Artemisia annua.
In addition, utilizing natural compounds as novel treatment offers
promising benefits including minimal side effects and cost-effective.®
Canna indica of the Cannaceae family is known for its extensive use as
traditional medicine due to the antioxidant, antibacterial, anti-
inflammatory, antimicrobial, immunomodulatory, and analgesic
activities, hence becoming one of the novel candidates for antimalarial
drugs.” However, studies exploring the mechanism of C. indica
especially in molecular level remains under-researched. Therefore, in
silico approach utilizing bioinformatic systems, network pharmacology
and molecular docking, are needed to predict and understand the
biological activities of C. indica.

Network pharmacology is a novel approach in computational biology
studies aiming to reveal biomolecular interactions between bioactives
and its target proteins. Initially utilized in discovering complex
pharmacological  mechanisms  of  multicompound-possessing
Traditional Chinese medicine (TCM), network pharmacology has been
widely utilized in the early stage of drug development.® Previous study
reported the pharmacological mechanisms of Saussurea lappa in
alleviating viral respiratory diseases by inhibiting several key
inflammatory markers, including nuclear factor-kappa B (NF-xB).°
Network pharmacology was also utilized to uncover the mechanism of
bioactives from Chypomandra betacea in treating type 2 diabetes
mellitus through several pathways, including AGE-RAGE signaling
pathway and insulin resistance-related processes.’® In the other hand,
molecular docking is a technique utilized to discover potential drug
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candidate by predicting the binding mechanism, affinity, and
interactions of a ligand to a target receptor of interest.** Molecular
docking method was able to disclose the molecular interaction of
quercetin with 1gE in individuals, as performed in another study.®?
Hence, these methods are suitable to provide analytical results and
insights on the activity of C.indica’s metabolite as a novel antimalarial
agent. To date, no research has been conducted to study the activity of
C. indica as antimalarial agent by combining the application of network
pharmacology and molecular docking. Therefore, the main purpose of
this study is to discover the potential antimalarial activities of several
metabolites identified in C. indica in molecular level and providing
novel nature-based therapeutic options to combat malaria.

Materials and Methods

Materials

Phytoconstituents of the ethanolic extract of Canna indica leaves were
obtained from LC/MS analysis conducted by Nugraha et al.!® This in
silico study was performed using AMD Ryzen 7 processor with 8GB
RAM. Software utilized were including Cytoscape 3.10.0
(manufactured 2023 by the Cytoscape Team), PyMOL 2.5. (released
2021 by the Schrédinger, Inc.), OpenBabel 3.0.1. (released 2019 by the
Open Babel Team), PyRx 0.8 (developed 2010)., and BIOVIA
Discovery Studio v24.1.0.23298 (manufactured 2024 by Dassault
Systeme BIOVIA). Several online websites and databases, namely

PubChem (https://pubchem.ncbi.nlm.nih.gov/), SwissADME
(http://www.swissadme.ch/), Swiss Target Prediction
(http://www.swisstargetprediction.ch/), GeneCards
(https://www.genecards.org/), SRplot
(https://www.bioinformatics.com.cn/login_en), STRING

(https://string-db/org), Metascape (https://metascape.org), RCSB
Protein Data Bank  (https://www.rcsb.org/), MolProbity
(http://molprobity.biochem.duke.edu/), and Zhang Lab’s DockRMSD
(https://zhanggroup.org/DockRMSD/) were also used in this study.

Data collection and pharmacokinetic screening

Simplified Molecular-Input Line-Entry System (SMILES) of each C.
indica  phytoconstituents  were retrieved from  PubChem.
Pharmacokinetic attributes of the compounds, including molecular
weight (MW), hydrogen bond donor (HBD), hydrogen bond acceptor
(HBA), clogP, Topological Polar Surface Area (TPSA), and
bioavailability were obtained by inputting their respective SMILES in
SwissADME. Screening was conducted according to Lipinski’s rule of
five, where compounds with available SMILES, < 1 Lipinski’s rule
violation, < 140A TPSA, and > 10% bioavailability score are
considered eligible for further analysis. 46

Core protein targets retrieval and protein-protein interaction (PPI)
network analysis

Phytoconstituents target prediction was predicted using Swiss Target
Prediction (STP), while GeneCards was used to obtain malaria-related
targets. Common targets of these two domains were intersected using
Venn diagram model constructed through SRplot. The obtained core
targets were constructed as PPI network performed through STRING
and further analyzed using Cytoscape 3.10.0 software. "8

Gene Ontology (GO) & Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis

Further confirmation of the previous findings was conducted using GO-
KEGG enrichment analysis. Core targets obtained were inputted
through Metascape by setting Homo sapiens prior to the analysis.*"1920

Herbs-Compounds-Targets-Pathways-Diseases (H-C-T-P-D) network
analysis

H-C-T-P-D network was constructed to predict the interactions between
C. indica, phytoconstituents, core target proteins, pathways, and
diseases using Cytoscape 3.10.0. Degree analysis was conducted using
the software. Compounds with the highest three degree and targets with
the top six degree were identified for further analysis.*"2
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Structure preparation and geometric validation

Three-dimensional structures of the obtained compounds were retrieved
from PubChem in SDF format, which was converted using OpenBabel
3.0.1. to obtain the PDB format. Furthermore, crystal structures of each
target proteins described in previous research were retrieved from
RCSB Protein Data Bank.*® Proteins were sterilized from its water and
native ligand, and validated geometrically using Ramachandran favored
score calculated in MolProbity, where >90% score is considered ideal
for further assessment.??

Molecular docking and visualization

Molecular docking simulation was performed using PyRx 0.8. Binding
affinity of each ligand-protein interaction was used as a bond stability
indicator. Furthermore, docked native ligand was calculated for its pose
distance using Zhang Lab’s DockRMSD, where root mean square
deviation (RMSD) score < 5A indicate small deviation between the
ligand’s natural pose and binding conformation.”® The obtained
compounds in their respective binding pose were docked to the
macromolecule structure using PyMOL 0.8. Amino acid interactions
obtained were visualized and illustrated using BIOVIA Discovery
Studio v24.1.0.23298. Higher number of matching amino acid
interactions compared to each target and their respective natural ligands
interaction indicate similar molecular interaction was observed.?*

Results and Discussion

57 compounds obtained from LC/MS analysis in a previous study were
screened, resulting in a total of 46 eligible compounds.®® Five
compounds were eliminated due to unaccessible SMILES, while the
remaining six compounds were ineligible due to > 1 violations in
Lipinski’s rule of five or incomplete pharmacokinetic data predicted. A
total of 742 compound-related targets and 887 disease-related targets
were obtained from STP and GeneCards, respectively. Furthermore,
Venn diagram model of compound- and disease-related targets revealed
110 common targets between the two domains (Figure 1). PPI network
illustrating interaction between common targets were constructed using
STRING (Figure 2). Top 20 proteins in the network were identified
using CytoHubba plug-in, where CASP3, TNF, MMP9, ICAM1, TLR4,
VCAM1, IL6, SELE, and PTGS2 possess 19 degrees each (Figure

2(b)).

Compound-related Targets
Figure 1: Venn Diagram of the Common Targets

GO-KEGG enrichment analysis revealed 351 biological processes
(BP), 47 cellular components (CC), and 11 molecular functions (MF)
as shown in Figure 3. Furthermore, 42 related pathways were identified
and 10 pathways with the lowest p-value were illustrated in Figure 4.
Three top results from KEGG analysis were AGE-RAGE, NF-kB, and
IL-17 signaling pathways. Aligned results were reported in previous
research, in which high intake of AGE-rich cooked foods triggers
chronic RAGE activities and maintains long-term inflammation in
several infectious disease including malaria.?® NF-xB signaling
pathway was also reported as a core regulator in immune response
elicited against Plasmodium infection. Recent findings demonstrated
that p65 translocation and IkB degradation in the nucleus of neurons,
leukocytes, and glial cells was significantly elevated in severe and
cerebral P. falciparum malaria patients, suggesting NF-xB role in
regulating inflammatory response during malaria progression.?®
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Figure 3: (a) KEGG; (b) GO Bubble Plot Analysis

IL-17 was also found to surge in acute P. falciparum malaria infection,
IL-17 was suspected to regulate adaptive mechanisms against changing
blood viscosity.?”? Increase in blood viscosity due to decreased
erythrocyte deformability is another clinical manifestation in malaria,
corroborating GO result described in Figure 3b.°

Herbs-compound-target-pathway-disease (H-C-T-P-D) network was
constructed as seen in Figure 5. Green hexagon symbolizes Canna
indica, orange ellipses represent the phytoconstituents, blue circles
represent the core targets, red rectangle symbolizes malaria, while the
green rectangles represent related pathways. Subsequently, targets with
six highest degrees, namely ACHE (26), SHBG (23), PTGS2 (22),
CTSL (19), F10 (19), and BCHE (19), as well as compounds with the
three highest degrees (2-(phenylmethylene)-octanal (25), 3°,8,8’-
trimethoxy-3-piperidyl-2,2’-binaphthalene-1,1°,4,4’-tetrone (23),
nootkaton-11,12-epoxide ~ (22), and  2-(4a,8-Dimethyl-6-0x0-
1,2,3,4,4a,5,6,8a-octahydro-naphthalen-2-yl)-propionaldehyde ~ (22)

possessed significant role in the network and were selected for further
molecular docking analysis.

Molecular docking results are presented in Table 1. Docking grid box
scale was set as described in Table 2, while binding affinity and amino
acid residues are shown in Table 3. Docked bioactives visualization are
illustrated in Figure 6-10. As seen in Table 3, 2-(4a,8-Dimethyl-6-oxo-
1,2,3,4,4a,5,6,8a-octahydro-naphthalen-2-yl)-propionaldehyde
produces the most stable bond against AChE protein, demonstrated by
the lowest binding affinity compared to the other phytoconstituents.
3',8,8'-Trimethoxy-3-piperidyl-2,2'-binaphthalene-1,1',4,4'-tetrone
generated the highest number of matching amino acid interactions with
AChE despite having the highest binding affinity value (Table 4 &
Figure 6).
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Table 1. Protein Identity
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Protein Identity PDB ID Ramachandran DockRMSD
Human acetylcholinesterase (ACHE) 4EYT 97.33% 0.378
Sex Hormone Binding Globulin (SHBG) 1KDM 91.43% 0.448
Prostaglandin Synthase 2 (PTGS2) 5F19 96.89% 0.803
Coagulation Factor X (F10) 5VOF 97.36% 0.547
Butyrylcholinesterase (BCHE) 4BDS 96.15% 4.791
Table 2. Grid Box Scale of Molecular Docking
Target Native Center Grid Box Grid Size
X Y z X Y z
ACHE E20 -14.724 -44.9484 27.3877 17.1220 8.9163 13.4014
SHBG DHT -6.2613 38.9716 31.8363 11.2838 11.0890 8.0178
PTGS2 COH 27.8275 30.2581 63.3145 15.4417 12.2940 13.9652
F10 RIV -4.5402 -20.7495 -4.3482 24.5990 18.7592 10.207
BCHE THA 134.8567 118.4827 40.9791 15.6271 14.5469 12.302
Table 3. Binding Affinity Results
Compound Binding Affinity (kcal/mol)

2-(4a,8-Dimethyl-6-o0x0-1,2,3,4,4a,5,6,8a-octahydro-
naphthalen-2-yl)-propionaldehyde
3',8,8'-Trimethoxy-3-piperidyl-2,2'-binaphthalene-1,1',4,4'-
tetrone

Nootkaton-11,12-epoxide

Octanal, 2-(phenylmethylene)-

Native

ACHE SHBG PTGS2 F10 BCHE
-9.2 -8.6 -6.2 -6.7 -7.8
-6.7 8.7 -7.8 -1.7 -10.6
-8.9 -8.4 -7.3 -6.5 -8.0
-8.1 -71.5 -1.4 -6.6 -6.9
-12.2 -12.2 -125 -9.3 -8.2

To the best of our knowledge, current preclinical and clinical studies
are lacking evidence on the definite role of AChE in malaria
pathophysiology. However, certain study reported that AChE as a novel
target for donepezil-derived insecticide. This study revealed excellent
selectivity of several derivates obtained from donepezil structural
modification in suppressing human and Anopheles AChE, demonstrated
by different residues involved (His447, Trp279, and Trp286 in human
vs Trp245, Gly278, Tyr483 in Anopheles gambiae).®° Similar study also
reported interesting findings, where artemisinin, the first-line
pharmacological management of malaria, demonstrated excellent
inhibitory activity against AChE with an ICso value of 29.34 pg/mL,
indicating its role in limiting several AChE-related neurological
disorders.3* Therefore, these findings may reveal potential AChE
modulation pathway as an antimalarial mechanism of Canna indica
bioactives.

2-(4a,8-Dimethyl-6-o0x0-1,2,3,4,4a,5,6,8a-octahydro-naphthalen-2-yl)-
propionaldehyde was also found to generate the lowest binding affinity
(-8.2 kcal/mol) and five matching residues against SHBG (Figure 7).
Sex hormone-binding globulin (SHBG) activities in malaria were found

to compose the native ligand of TAM receptors and AXL activities. Its
key member, AXL, was discovered to contribute in immunosuppressive
cells differentiation, hemolysis, and hypoxia in malaria cases, therefore
the modulation of SHBG activity may intervene the stability of AXL
and exert antimalarial activity.®> While limited preclinical and clinical
evidence of SHBG as an antimalarial target are present, these findings
may indicate 2-(4a,8-Dimethyl-6-ox0-1,2,3,4,4a,5,6,8a-octahydro-
naphthalen-2-yl)-propionaldehyde ability in modulating SHBG activity
to prevent hemolysis and hypoxia in malarial complications.
3',8,8'-Trimethoxy-3-piperidyl-2,2'-binaphthalene-1,1',4,4'-tetrone was
found to produce the most stable interactions against PTGS2 with -7.8
kcal/mol binding affinity with highest number of matching amino acid
interactions (Table 3 and 4). Prostaglandin Endoperoxidase Synthase 2
(PTGS2) or cyclooxygenase-2 (COX-2) regulates several
inflammation-related domains of malaria pathophysiology and
increases in P. falciparum infection, clinically manifested as monocyte
upregulation, surging IL-10 levels, malarial anemia, and miscarriage in
pregnant malarial patients.®*.
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Figure 5: H-C-T-P-D Network

Previous study reported that artemisinin, first-line antimalarial agent,
produced stable bond with PTGS2 with excellent binding affinity score
(< -8.0 kcal/mol) and displayed interactions in several amino acid
residues, including Tyr348, Val344, Leu534, Phe205, and Tyr385.%
These  findings  indicate  3',8,8'-Trimethoxy-3-piperidyl-2,2'-
binaphthalene-1,1'4,4'-tetrone may pose as a potential PTGS2 and
antiinflammatory agents in treating malaria.
3',8,8'-Trimethoxy-3-piperidyl-2,2'-binaphthalene-1,1',4,4'-tetrone
exhibited the most table interaction (-7.7 kcal/mol) and showed two
matching amino acid interactions towards Coagulation Factor X (F10)
(Table 3 & 4). Coagulation Factor X (F10) is one of the vitamin K-
dependent proteases that holds crucial role in coagulation cascade and
key of thrombin generation. Malaria pathogenesis has been associated
with alterations of blood coagulation that also determines the severity
of malaria. Therefore, 3',8,8'-Trimethoxy-3-piperidyl-2,2'-
binaphthalene-1,1',4,4'-tetrone demonstrated the potential to mitigate
complications and to prevent the progression of malarial disease.%®
Finally,  3',8,8-Trimethoxy-3-piperidyl-2,2'-binaphthalene-1,1',4,4'-
tetrone was also found to have the lowest binding affinity (-10.6
kcal/mol) among other phytoconstituents and had two matching amino
acids with the native ligand, Alall4 and Trp79, against
Butyrylcholinesterase (BuChE) (Table 3 & 4). Butyrylcholinesterase
(BUuChE) is a non-specific cholinesterase mainly synthesized in the liver
and often becomes as a target in malaria disease. Several drugs
including chloroquine, hydroxychloroquine, and primaquine has been
confirmed as antimalarial drugs for the anticholinesterase activity.* In
another study, a first-line antimalarial drug, artemisinin, was found to

2-(4a,8-Dimethyl-6-0x0-1,2,3.4,42.5.6 8a- 3'8.8"-Trimethoxy-3-piperidyl-2,2'-
octahydro-naphthalen-2-yl)- binaphthalene-1.1'4.4*-
propionaldehyde_AChE tetrone_AChE

Nootkaton-11,12-epoxide AChE Octanal, 2-(phenylmethylene)- AChE

E20_AChE

Figure 6: AChE Docking 2D and 3D Visualization

5®
® ) 4
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- " 4 .
2-(4a.8-Dimethyl-6-0xo0-1,2.3,4.4a.5,6,8a- 3'.8.8"-Trimethoxy-3-piperidyl-2,2'-
octahydro-naphthalen-2-yl)- binaphthalene-1,1'4.4'-
propionaldehyde SHBG tetrone SHBG
® P
L]
Nootkaton-11,12-cpoxide_SHBG Octanal, 2-(phenylmethylene)-_SHBG

DHT_SHBG

Figure 7: SHBG Docking 2D and 3D Visualization

perform hydrogen bond interactions with the residues of Gly116 and
Gly117 along with hydrophobic interactions with His438, Tro82, and
Phe329. In addition, artemisinin showcased low binding energy against
the target protein, indicating the stable binding.%” Hence, these findings
reveal the potential of  3',8,8'-Trimethoxy-3-piperidyl-2,2'-
binaphthalene-1,1',4,4'-tetrone as a potent modulator of BUChE and
exhibits antimalarial activity.
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Table 4. Amino Acid Interactions

Target Compound Amino Acid Interactions

ACHE 2-(4a,8-Dimethyl-6-o0x0-1,2,3,4,4a,5,6,8a- Conventional hydrogen bond: Tyr124
octahydro-naphthalen-2-yl)-propionaldehyde Pi-sigma: Tyr337
Pi-alkyl: His447, Trp286, Tyr341, Phe338, Phe297

3',8,8'-Trimethoxy-3-piperidyl-2,2'- Carbon-hydrogen bond: Tyr72, Ser293, Val294, Phe338
binaphthalene-1,1',4,4'-tetrone Pi-pi stacked: Tyr341, Trp286, Arg296

Alkyl: Val294

Pi-alkyl: Tyr341, Trp286, Tyr72, Phe338
Nootkaton-11,12-epoxide Conventional hydrogen bond: Ser203, Gly121

Pi-sigma: Tyr337

Pi-alkyl: Phe338, Tyr341, Tyr337, His447, Trp86
Octanal, 2-(phenylmethylene)- Conventional hydrogen bond: Tyr124

Pi-sigma: Trp86

Pi-pi stacked: Tyr341

Pi-alkyl: Trp86, Tyr337
E20 (native) Conventional hydrogen bond: Phe295

Pi-sigma: Trp286, Phe338, Tyr341

Pi-pi stacked: Trp286, His447, Trp86, Tyr341

Alkyl: Leu289
Pi-alkyl: Tyr72, Trp286, Tyr337, Tyr341
SHBG 2-(4a,8-Dimethyl-6-o0x0-1,2,3,4,4a,5,6,8a- Conventional hydrogen bond: Ser128, Ser42, Lys134
octahydro-naphthalen-2-yl)-propionaldehyde Alkyl: Vall112, Leul71, Met139, lle141, Leu80
Pi-alkyl: Phe67
3',8,8'-Trimethoxy-3-piperidyl-2,2'- Unfavorable bump: Asp65
binaphthalene-1,1',4,4'-tetrone Conventional hydrogen bond: Lys134, Phe67

Pi-sigma: Met139

Pi-sulfur: Met139

Alkyl: lle141, Leul71, Val112, Leu80, Met107, Leul31, Leu34,

Lys134, Met139

Pi-alkyl: Leul71, Phe56, Val105, Val112
Nootkaton-11,12-epoxide Conventional hydrogen bond: Trp66

Pi-sigma: Phe67

Alkyl: Met139, Leul31, Val112, Met107, Val105

Pi-alkyl: Phe67, Phe56

Octanal, 2-(phenylmethylene)- Pi-sigma: Val105
Pi-pi T-shaped: Phe67
Alkyl: Leu80
Pi-alkyl: Phe67
DHT (native) Conventional hydrogen bond: Ser42, Asp65, Lys134

Pi-sigma: Phe67
Alkyl: Leu80, Val105, Val112
Pi-alkyl: Phe67
PTGS2 2-(4a,8-Dimethyl-6-o0x0-1,2,3,4,4a,5,6,8a- Conventional hydrogen bond: Thr206
octahydro-naphthalen-2-yl)-propionaldehyde Pi-sigma: His386
Pi-alkyl: His386, His207, His214
3',8,8'-Trimethoxy-3-piperidyl-2,2'- Pi-sigma: Leu294
binaphthalene-1,1',4,4'-tetrone Pi-pi stacked: His386
Alkyl: Val291, Leu294, Val295
Pi-alkyl: Leu294, Val447, His207, His388, His386
Nootkaton-11,12-epoxide Conventional hydrogen bond: Thr206
Pi-sigma: His388
Alkyl: Leu391, Val295
Pi-alkyl: His388, His207
Octanal, 2-(phenylmethylene)- Conventional hydrogen bond: GIn203
Carbon-hydrogen bond: His207
Pi-pi stacked: His386
Alkyl: Ala202, Leu390
Pi-alkyl: His388, Trp387, Tyr385
COH (native) Conventional hydrogen bond: Thr212, GIn454,
Pi-donor hydrogen bond: GIn203
Pi-sigma: His386
Pi-pi stacked: His386
Pi-pi T-shaped: His207, His388
Alkyl: Val447, Leu294, Val295, 11408, Leu391, Alal99, Ala202,
Pi-alkyl: Val447, Tyr404, Leu391, Phe395, Phe210, His207,
His388, Tyr385, Trp387
F10 2-(4a,8-Dimethyl-6-ox0-1,2,3,4,4a,5,6,8a- Pi-alkyl: His57, Tyr99, Trp215
octahydro-naphthalen-2-yl)-propionaldehyde Pi-sigma: Trp215, Phel74
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3',8,8'-Trimethoxy-3-piperidyl-2,2'- Pi Sulfur: Cys220,
binaphthalene-1,1',4,4'-tetrone Conventional hydrogen bond: Gly219
Alkyl: Alal95

Pi-alkyl: His57, Tyr99, Phel74
Pi-pi stacked: Tyr99, Phel74
Pi-sigma: Trp215

Nootkaton-11,12-epoxide Pi-alkyl: Trp215, Tyr99, Phel74
Octanal, 2-(phenylmethylene)- Pi-alkyl: His57, Tyr99
Alkyl: Alal95

Pi-pi T shaped: Trp215
Pi-pi stacked: Tyr99
Native Carbon hydrogen bond: Lys96, GIn192
Alkyl: Val213, Ala190
Pi-alkyl: Tyr228, Alal90, Trp215, Tyr99, Phel74
Amida Pi-stacked: Cys191, Trp215
Conventional hydrogen bond: Gly216
Unfavorable donor-donor: Gly216
Pi-pi stacked: Trp215
Pi-pi T-shaped: Tyr99, Phel74

BuCHE 2-(4a,8-Dimethyl-6-0x0-1,2,3,4,4a,5,6,8a- Conventional hydrogen bond: Gly5, Tyr18
octahydro-naphthalen-2-yl)-propionaldehyde
3',8,8'-Trimethoxy-3-piperidyl-2,2'- Pi-pi T shaped: Tyr118
binaphthalene-1,1',4,4'-tetrone Alkyl: Alal14, Met33

Pi-alkyl: Trp26, Trp79, Alal
Carbon hydrogen bond: His34

Pi-pi T-shaped: His34, Trp17, Unk8
Pi-cation: His34

Nootkaton-11,12-epoxide Conventional hydrogen bond: Tyr79, Tyr18
Pi-alkyl: Tyr79
Octanal, 2-(phenylmethylene)- Conventional hydrogen bond: Alal

Pi-alkyl: Trp79, His34, Leu72
Pi-sigma: Trp79
Pi-pi T-shaped: Phel15, Trpl7

Native Conventional hydrogen bond: His34
Pi-pi stacked: His34, Trp79
Pi-alkyl: Trp79
Alkyl: Alal14
&
-
A
= 2-(4a,8-Dimcthyl-6-0x0-1,2,3.4,44,5,6,8a- 38,8 Trimcthoxy-3-piperidyl-2.2-
octahydro-naphthalen-2-y1)- binaphthalene-1.1"4 4'-tetrone_I' 10
2-(4a 8-Dimethyl-6-oxo-1,2,3.4.4a,5,6,8a- 3 8.8-Trimethoxy-3-piperidyl-2.2- propionaldehyde_F10
octahydro-naphthalen-2-yl)- binaphthalene-1.1"4.4'-
propionaldehyde PTGS2 tetrone_PTGS2
T e
)
Nootkaton-11,12-epoxide_F10 Octanal, 2-(phenylmethylene)-_TF10
Nootkaton-11,12-¢poxide_PTGS2 Octanal, 2-(phenylmethylene)- PTGS2

RIV_F10
COH_PTGS2

Figure 8: PTGS2 Docking 2D & 3D Visualization Figure 9: F10 Docking 2D & 3D Visualization
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2-(4a,8-Dimethyl-6-oxo-1,2,3.4,4a,5,6,8a-
octahydro-naphthalen-2-y1)-
propionaldehyde_ BChE

Nootkaton-11,12-epoxide_BChE

Trop J Nat Prod Res, February 2025; 9(2): 702 - 710

3',8,8-Trimethoxy-3-piperidyl-2,2"-
binaphthalene-1,1".4.4'-
tetrone_BChE

Octanal, 2-(phenylmethylene)-_BChE

THA_BChE

Figure 10: BChE Docking 2D & 3D Visualization

Conclusion

The findings from this study highlight the promising antimalarial
potential of Canna indica through its active compounds, which
demonstrated significant binding with target proteins relevant to
malaria pathology. This supports the use of C. indica as a natural
therapeutic candidate for malaria, warranting further research into its
mechanisms and efficacy in clinical settings.
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