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Plumbagin is a flavonoid compound with an anti-inflammatory function, but its mechanism of
action has yet to be explained in detail. The anti-inflammatory effect of Plumbagin may occur
because Plumbagin interferes with signaling pathways in inflammatory pathways such as
cytokines and transcription factors. This study aimed to examine the potential of Plumbagin as
an inhibitor for pro-inflammatory molecules using a molecular docking approach. This study
docked Plumbagin into TNF-a, NF-xf, and IL-17A. The free binding energy between
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17A. These results can be used to conduct further in vitro and in vivo studies.
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Introduction

Inflammation is the body's natural response to tissue

damage. Inflammation is the body's attempt to activate or destroy
invading organisms, remove irritants, and set the stage for tissue
repair.! Herbal plants contain metabolites that can act as an
antiinflammation agent, such as Curcuma longa, which contains
Curcumin, and Plumbago zeylanica L., which contains Plumbagin.?™
Curcumin is known to have anti-inflammatory activity; however, this
compound is difficult to dissolve, resulting in low bioavailability.’
Therefore, this study explored the opportunity of Plumbagin as an
anti-inflammatory ~ agent.  Plumbagin  (5-hydroxy-2-methyl-1,4-
naphthoquinone or 5-hydroxy-2-methylnaphthalene-1,4-dione) is
reportedly abundant in the roots of the Plumbago zeylanica L. plants.>
" Many in vitro and in vivo studies have used extracts from Plumbago
zeylanica L. roots, such as in the rat model of carrageenan-induced
paw edema, a rat model of thermal stimuli, and in vitro study of A549
lung cancer cells.®™® However, few studies have directly used the
active compound Plumbagin. Therefore, this study seeks to conduct in
silico simulations of the target proteins of Plumbagin compounds in
the inflammatory pathway.
Plumbagin is a member of the phenols group. Phenolic compounds
can inhibit the production of pro-inflammatory mediators or their
action, thus resulting in anti-inflammatory properties."**? In the
current study, we considered three key signaling molecules: tumor
necrosis factor-alpha (TNF-q), interleukin-17A (IL-17A), and nuclear
factor kappa beta (NF-xf), which play essential roles in the
inflammation process.

*Corresponding author. E mail: mitayani@um-palembang.ac.id
mitayani.dr@gmail.com
Tel: +62 81320074327

Citation: Purwoko M, Mundijo T, Astri Y, Rohani S, Perkasa DP. In
Silico Study of Plumbagin as Potent Inhibitor of Pro-Inflammatory
Molecules TNF-¢, NF-x3, and IL-17. Trop J Nat Prod Res. 2023;
7(11):5211-5215. http://www.doi.org/10.26538/tjnpr/v7il11.26

Official Journal of Natural Product Research Group, Faculty of Pharmacy,
University of Benin, Benin City, Nigeria

Ligands stimulation will activate the Ixg kinase (IKK) complex in
macrophage cells. Activated IKK will cause phosphorylation of 1xfa,
which triggers the degradation of lxfa. The degradation of lxfa
induces NF-x/ to become active in the cytoplasm, enters the nucleus,
and triggers the induction of pro-inflammatory genes. Classically
activated macrophages (M1) will produce various pro-inflammatory
cytokines, including TNF-a. M1 macrophages also promote the
differentiation of inflammatory T cells, including Thl and Th17. Th17
produces the cytokine IL-17 and mediates the onset of
inflammation.***4

Interleukin 17A has two roles in the body: one side works with other
mediators such as TNF-¢, IL-1, and IL-6 to stimulate the summoning
of neutrophils’ task to destroy pathogens, and the other side also works
with other pro-inflammatory cytokines to provoke an increased
immune response.’® As a cytokine, TNF-« is a significant regulator of
inflammatory responses. It triggers a cascade of activation of various
other inflammatory molecules. TNF-o has two receptors, TNF
receptor-1 and -2.%¢ Physiologically, TNF-« is a molecule that elicits a
normal immune response from the body. Excess, however, it can be
harmful and cause inflammation and diseases such as Psoriasis and
Crohn’s Disease.""

This study aimed to provide information on the potency of Plumbagin
as an inhibitor for TNF-¢, NF-xg, and IL-17A using a molecular
docking approach. Due to the small number of information regarding
the involvement of Plumbagin in inflammatory pathways, it is
necessary to conduct an in silico study utilizing Plumbagin as a
candidate for inflammatory biomarkers inhibitor.

Materials and Methods

Data Retrieval

The Plumbagin’s molecular structure was retrieved from the PubChem
compound database CID 10205 (Figure 1a). Protein Data Bank
(https://www.rcsb.org/) provides the 3-D structures of three chosen
inflammation signaling targets, which are TNF-« (PDB ID: 2AZ5),
human IL-17A (PDB ID: 4HR9), and NF-x (PDB ID: 1SVC).
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Drug likeliness

Analysis of drug-like properties used the SwissADME program by
entering the Simplified Molecular Input Line Entry Specification
(SMILES) of Plumbagin (CC1=CC(=0)C2=C(C1=0)C=CC=C20).
The analysis of drug-like properties yields a score of compound
properties against Lipinski's rule of five, which includes the molecular
weight of the compound <500, log P partition coefficient value <5,
number of hydrogen bond donors <5, and number of hydrogen bond
acceptors <10.%°

Molecular Docking

PyMol version 2.4.0 facilitates the visualization and molecular
docking analysis. AutoDockTools version 1.5.6 simulates the
molecular ligand docking on the receptors’ attachment side. Ligplot+
mediates the simulation process of molecular interaction between
ligand and receptor. This research utilized a CPU equipped with
Intel(R) Core(TM) i3-3110M CPU @ 2.40GHz, 2400 Mhz, 2 Core(s),
4 Logical Processor(s) and GPU NVIDIA GeForce GT 730M.

Results and Discussion

The selection of a compound that will become a human drug candidate
is determined based on many factors. An easier way to assess drug
likeliness is using SwissADME, an online application. Plumbagin
fulfills all those rules (Table 1); hence, it is worthy of being an anti-
inflammatory drug candidate. This result also aligns with a previous
ADMET study, which reported that Plumbagin had good drug
likeliness.”*

Molecular docking is a drug discovery method that uses computer
modeling or simulation based on the structure of the compound under
study. Docking allows the prediction of interactions between ligands
and proteins at the molecular level to guide researchers to conduct
adequate research at low cost.?> The molecular basis for the activity of
most pharmaceutical compounds lies in their binding to a
pharmacological target. Therefore, predicting ligand binding is crucial
to discovering new medicines.?® After docking, the best binding pose
between ligand and protein is selected based on the lowest estimated
free binding energy.* Table 2 shows the binding affinity of Plumbagin
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and each pro-inflammatory molecule, ranging from -6.04 to -3.63
kcal/mol. Plumbagin-1L-17A exhibits the strongest binding affinity of
-6.04 kcal/mol among them.

In addition to the free binding energy value and the inhibition constant
value, consideration of the interaction between the residue, the ligand,
and the hydrogen bonds that occur is important. The 3D complex of
Plumbagin and TNF-« displayed the conformation of its binding
(Figure 1b, 1c, and 1d). Hydrophobic interactions between Plumbagin
and TNF-o appeared at Leul20, Tyrl19, Ser60, and Tyr59, and
hydrogen interactions at the residue of Gly121 and Tyr151 (Figure 2).
The 3D complex of Plumbagin- NF-xA1 displayed the conformation of
its binding (Figure 3). With NF-xf1, hydrophobic interactions were
detected via Lys244(P) and Tyr60(P) and hydrogen interactions via
Phe58(P), GIlu63(P), and Arg57(P) (Figure 4). Previous studies have
examined the interaction between Plumbagin and NF-xf in silico.
However, previous studies used 3GUT ligand for NF-x4, while this
study used 1SVC. Therefore, the interaction residues between
Plumbagin and NF-xin this study differ from previous studies.”
Figure 5 displays the conformation binding of the Plumbagin-IL-17A
3D complex. Plumbagin-IL17A interaction are detected via
hydrophobic bond with residue Thr21(A), Arg20(A), PhellO(A),
Argl11(A), and Leu99(A) and also hydrogen bond with Leul12A and
Val22(A) (Figure 6).

Based on the results in Table 3, the Plumbagin-IL-17A complex
produces five residue interactions and two hydrogen bonds, which
later the number of residue-ligand interactions will describe where the
ligand binds to the protein. The number of hydrogen bonds that occur
determines the ligand-receptor bond's stability because hydrogen
bonds influence the structural stability of a protein.”® Plumbagin-IL-
17A complex produces low free binding energy and Ki values and
produces the highest residue-ligand interactions. Free binding energy
can predict the value of Ki and the number of interactions that occur;
the lower the free binding energy value, the smaller the Ki value, and
the more interactions occur.”

Table 1: Drug likeliness of Plumbagin

Chemical Molecule formula Molecular  weight Log P H-bond H-bond
(1D Pubchem) (g/mol) donor acceptor
Plumbagin C11HgO3
188.18 2.3 1 3
(10205)
Table 2: Docking analysis
Receptors Center of Dimension of Free Binding  Ki (Inhibition Constant)
Grid Box Grid Box Energy
TNF-a dimer-compound x=-19.163 x=40 -5.60 kcal/mol 78.99 uM
y=74.452 y=40 [at temp. = 298.15 K]
7=33.837 z=40
Nf-x1 x=29.025 x=40 -3.63 kcal/mol 2.17mM
y=29.093 y=40 [at temp. = 298.15 K]
7=33.837 z=40
IL-17A Chain A x=30.068 x=40 -6.04 kcal/mol 37.18 uM
y=28.476 y=40 [at temp. = 298.15 K]
7=33.938 z=40

Table 3: Residue-ligand interaction

Protein-Ligand Complex

Total of Hydrophobic interactions

Total of Hydrogen interactions

Plumbagin-TNF-« 4
Plumbagin- NF-«/1 2
Plumbagin-IL-17A 5

2
3
2
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Figure 1: Docking result between Plumbagin and TNF-a. ()
2D structure of Plumbagin. (b) Structure of TNF-« dimer-
compound complex with native ligand. (c) The binding site of
native ligand on the TNF-« dimer-compound complex. (d)
Docking pose of Plumbagin in the binding site of TNF-«
dimer-compound.
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Figure 2: 2D ligand interaction diagram showing the hydrogen
bond network (green dotted lines) and the hydrophobic
interaction (red lines) of Plumbagin with the TNF-« dimer
compound.

Figure 3: Docking result between Plumbagin and NF-xf. (a) Structure of Nf-xf1 with native ligand. (b) The binding site of native
ligand on the NF-x 1. (c) Docking pose of Plumbagin in the binding site of NF-x 1.
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Figure 4: 2D ligand interaction diagram showing Plumbagin’s
hydrogen bond network (green dotted lines) and the
hydrophobic interaction (red lines) with the NF-x1.

Conclusion

The results of the docking analysis showed various residues that act as
the primary medium for inhibiting the inflammatory process by
Plumbagin. In all three molecules targeted for signaling, the Dock
score shows good binding affinity of Plumbagin into pro-inflammatory
molecules. Among them, IL-17A is the most favorable pro-
inflammatory molecule to be targeted by Plumbagin. However, this in
silico study needed further validation using in vitro and in vivo studies
to determine the pathways.
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Figure 5: Docking result between Plumbagin and IL-17A. (a)
3D structure of homodimer interleukin-17A. Chain A is grey,
and chain B is green. (b) The predicted druggable pocket of the
target receptor (IL-17A). The residues are in red. (c) Docking
pose of Plumbagin (blue) in a druggable pocket of IL-17A
(green).
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Figure 6: 2D ligand interaction diagram showing the hydrogen
bond network (green dotted lines) and the hydrophobic
interaction (red lines) of Plumbagin with the IL-17A chain A.
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