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Abstract

This study delves into the comprehensive evaluation of phytochemicals extracted from Anvillea radiata, with a focus
on their potential anti-inflammatory applications. High-performance liquid Chromatography analysis reveals the
dominance of catechin in the aqueous extract, alongside other compounds such as syringic acid, 3,4-
dihydroxybenzoic acid, and vanillic acid, as well as quercetin-3-B-D-glucoside and rutin in smaller quantities. An in
vitro anti-inflammatory assay demonstrates the superior effectiveness of A. radiata aqueous extract at lower
concentrations compared to Aspirin, raising possibilities for reduced side effects and enhanced cost-effectiveness.
Drug-likeness predictions emphasize the potential of catechin, syringic acid, and vanillic acid for drug development
due to their molecular characteristics. Toxicity risk assessment indicates that catechin, quercetin-3-p-D-glucoside, and
rutin exhibit low toxicity risks and favorable drug-likeness properties. Molecular docking analysis highlights promising
interactions between the identified compounds and crucial anti-inflammatory (COX-2, MPO, IL1B, IL6, and TNFa.)
target proteins. Notably, catechin demonstrates a strong binding affinity to these proteins. Molecular dynamics
simulations further support catechin's potential, revealing significant deformability in complexes with COX-2 and MPO,
indicating high structural flexibility. The variance map shows higher cumulative variances and the elastic network map
yields satisfactory outcomes, further reinforcing the potential of A. radiata aqueous extract compounds, with catechin
as a standout candidate for anti-inflammatory drug development.
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Introduction

Inflammation is a complex physiological response
that plays a crucial role in the body's defense
mechanism against infection and injury [1]. While
acute inflammation is a natural and essential
process, chronic inflammation can lead to a host
of diseases such as rheumatoid arthritis,

* Corresponding author: F. Boudou, Email:
farouk.boudou@univ-saida.dz
© 2024 F. Boudou et al., published by De Gruyter Open.

This work was licensed under the Creative Commons Attribution-NonCommercial-
NoDerivs 3.0 License

cardiovascular disorders, and inflammatory bowel
disease (IBD) [2]. A select group of proteins
emerges as pivotal conductors, orchestrating the
symphony  of immune responses and
inflammation. Among these key players are COX-
2 (Cyclooxygenase-2), MPO (Myeloperoxidase),
IL-1B (Interleukin-1B), IL-6 (Interleukin-6), and
TNF-a (Tumor Necrosis Factor-alpha), each
holding crucial roles in shaping health and
disease outcomes [3-5]. COX-2, an enzyme
catalyzing the synthesis of proinflammatory
prostaglandins, plays a central part in pain and
inflammation modulation [6]. MPO, a key player in
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innate immunity, exerts its antimicrobial activity
through the generation of reactive oxygen species
[7]. IL-1B8, a potent proinflammatory cytokine,
initiates and amplifies immune responses, albeit
its uncontrolled expression is implicated in
autoimmune disorders [8]. IL-6, a multifunctional
cytokine, influences a wide range of processes
including acute-phase responses and adaptive
immunity regulation [9]. TNF-a, a master regulator
of inflammation, is implicated in various
inflammatory diseases [10], and its targeted
therapy has revolutionized treatment approaches
[11]. However, to mitigate excessive inflammation
and alleviate associated symptoms, anti-
inflammatory drugs, such as nonsteroidal anti-
inflammatory drugs (NSAIDs) and corticosteroids,
have been widely prescribed [12, 13]. However,
the use of synthetic anti-inflammatory drugs is not
without its drawbacks [14]. NSAIDs, in particular,
are known to cause adverse effects like
gastrointestinal bleeding, ulcers, and an increased
risk of cardiovascular events [15, 16]. Long-term
use of corticosteroids can also lead to numerous
side effects, including osteoporosis, weight gain,
and immune system suppression [17]. The
mounting concerns over the safety of conventional
anti-inflammatory medications have led to an
urgent quest for safer and more natural
alternatives [18]. In recent years, there has been a
growing interest in traditional medicine and the
use of natural plant extracts as a source of
potential anti-inflammatory agents [19].
Indigenous medicinal plants have been used for
centuries in various cultures to treat inflammatory
conditions [20]. One region that stands out for its
rich botanical diversity is Algeria, known for its
numerous endemic plant species with unique
therapeutic properties [21]. Among the promising
Algerian endemic plants is Anvillea radiata (Coss
and Dur), commonly known as "Nogd", which has
been traditionally used by the local Berber
population for its medicinal properties [22].
Studies have indicated that A. radiata possesses
potent anti-inflammatory effects due to its rich
phytochemical composition, including flavonoids,
terpenoids, and phenolic compounds [23]. These
natural compounds have demonstrated the ability
to inhibit key pro-inflammatory mediators, such as
cytokines and prostaglandins, thus reducing
inflammation and its associated symptoms [24].
By exploring the potential of Algerian endemic
plants like A. radiata as natural anti-inflammatory
alternatives, we aim to shed light on the
remarkable therapeutic potential that traditional
medicine has to offer. The aim of this study is to
investigate the anti-inflammatory potential of plant
extracts obtained through decoction, identify
natural polyphenols using High-Performance
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Liquid Chromatography (HPLC), and assess their
in vitro anti-inflammatory activity through protein
denaturation assay. Additionally, the study aims to
conduct in silico analysis, including drug-likeness
prediction, molecular docking and molecular
dynamic against five crucial inflammatory
molecular targets, namely COX-2 (PDB ID:
4COX), MPO (PDB ID: 3ZS0), IL13 (PDBID:
1T4Q), IL6 (PDBID: 1P9M), and TNFa (PDBID:
2AZ5).

Materials and methods

Plant Material and Extraction

The aerial part of the native Algerian plant
Anvillea radiate obtained from an herbalist located
in the town of Tamarsset, the southernmost region
of Algeria (latitude: 22.7869, longitude: 5.52722),
was used. The aqueous extract of A. radiate
(AAE) was prepared using the decoction method
described by [25]. The plant material was
thoroughly washed, dried, and powdered. A 10 g
portion of the powder was then boiled in 100 mL
of water at 100°C using a water bath reflux
system for 15 minutes. The mixture was filtered
through Whatman Millipore N°1 filter paper to
remove any solid particles. The filtrate obtained
was combined and centrifuged at 4000 rpm for 20
minutes. The supernatant was then concentrated
to dryness using a rotary evaporator, and the
residue obtained was stored at 4°C until use.
Phytocompounds identification by High-
performance liquid chromatography (HPLC)

To identify the phytochemicals in Anvillea radiata,
the AAE extract was reconstituted, filtered through
a 0.45 mm membrane filter, and analyzed using
an Agilent Series 1100 HPLC Chromatograph
coupled with a multiwavelength detector
(UV/Visible spectrum). The separation process
utiized a Kinetex column (Phenomenex,
Torrance, CA, 100 4.6mml.D. with 2.6 m particle
size). The mobile phase consisted of a 0.1
percent formic acid aqueous solution and
methanol (MeOH). The elution of compounds
occurred over 15 minutes with a linear gradient
from 5% to 95% MeOH. Peaks were monitored at
280 nm. Polyphenolic compounds were identified
based on their retention times and spectral
characteristics compared to standard peaks.
Protein Denaturation Inhibition Assay

The AAE extract's anti-inflammatory activity was
evaluated using the in vitro albumin denaturation
inhibition assay. To assess the ability of the
extracts to inhibit albumin denaturation, following
the modified method of Nagavekar and Singhal,
(2018) [26]. As a reference, Aspirin (acetylsalicylic
acid - ASA), a standard anti-inflammatory drug,
was used. The reaction mixture consisted of 1 mL
of 1% bovine serum albumin (BSA), 1 mL of
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phosphate-buffered saline (PBS, pH 6.8), and 0.2
mL of the standard drug or extract. The control
contained only the solvent in a similar volume.
The mixture was thoroughly mixed and heated at
70 °C for 5 minutes. After cooling, the absorbance
was measured at 660 nm using a UV-VIS
spectrophotometer. The percentage inhibition of
protein denaturation was calculated using the
formula:

| %= (A1-A2/A1) x100
where Al represents the absorbance of the
control, and A2 represents the absorbance of the
test or drug.
Drug-likeness prediction
The drug-likeness properties of the AAE's
identified phytochemicals were investigated using
the SwissADME web database
(http://wvww.swissadme.ch/index.php). The
respective SMILES notations of compounds were
obtained from the PubChem database
(www.pubchem.nchi.nlm.nih.gov), or they were
converted into molecular sketchers based on
ChemAxon's Marvin JS. Subsequently, the
physicochemical and pharmacokinetic properties
were assessed to determine compliance with
Lipinski's Rule of Five [27], and Ghose filter [28].
Lipinski's Rule of Five states that an orally active
drug typically has no more than one violation of
the following criteria: no more than 5 H-bond
donors, 10 H-bond acceptors, a molecular weight
(MW) less than 500, and an octanol-water
partition coefficient (log P) not exceeding 5 (or
MlogP > 4.15). On the other hand, the Ghose
filter, an extension of Lipinski's rule, includes a
Log P partition coefficient ranging from -0.4 to
+5.6, molar refraction between 40 and 130,
molecular weight between 180 and 480, and
several atoms between 20 and 70 (including H-
bond donors and acceptors).
Toxicity risks assessment
The primary focus in searching for lead
compounds in pharmacology is assessing their
potential for toxicity, which can be predicted using
computational methods like the OSIRIS property
exploration tool [29]. This study specifically
examined natural compounds for mutagenic,
tumorigenic, irritant, and reproductive toxicity.
OSIRIS Property Explorer validates chemical
structures and rapidly computes various drug-
related properties. These predictions are recorded
and color-coded, where red signifies high-risk
properties, while green indicates properties
suitable for drug usage [30].
Molecular docking study
For the present study, Autodock, running on
PyRx-Python 0.8 software [31], was used to
perform the calculations. Crystal structures of five
inflammatory molecular targets, namely COX-2
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(PDB ID: 4COX), MPO (PDB ID: 3ZS0), IL1B
(PDB ID: 1T4Q), IL6 (PDB ID: 19PM), and TNFa
(PDB ID: 2AZ5), were extracted from the Protein
Data Bank (PDB) at www.rcsb.org. Enzyme
preparation was performed using Molegro 2.5
software. The 3D structures of the ligands
identified by HPLC in the AAE extract were
retrieved from the PubChem  database
(www.pubchem.ncbi.nlm.nih.gov). To  enable
docking, a grid map representing protein binding
sites was generated using AutoGrid. The CASTp
(Computer Atlas Surface Topology of Protein)
server was utilized to identify and confirm the
active regions of the examined proteins (COX-2,
MPO, IL1B, IL6, and TNFa). This server employs
accurate computer geometry techniques to
assess protein pockets and voids [32]. The
CASTp server employs a default measurement of
1.4 Angstroms, and it only accepts values within
the range of 0.0 to 10.0 Angstroms [33]. Finally,
Receptor-ligand interaction options were applied
in molecular docking studies using BIOVIA
Discovery Studio Visualizer 2021 and LigPlot+
v.2.

Molecular dynamics simulation

To assess the stability and movement of the
protein-ligand complexes, the docking structures
with the lowest docking energy, and the best
pharmacological and toxicological characteristics
were  subjected to  molecular dynamics
simulations. These simulations were carried out
using the iIMODS server, which can be accessed
at http://imods.chaconlab.org [34]. The iIMODS
server plays a crucial role in exploring different
modes of motion and generating potential
transition pathways between structurally similar
proteins. One of the functions of the IMODS
server is to evaluate protein stability, which it
accomplishes by calculating the internal
coordinates of the protein through normal mode
analysis (NMA). The server represents protein
stability using various parameters, including a
main-chain deformability plot, B-factor values,
eigenvalues, covariance matrix, and an elastic
network model.

Results and discussion
HPLC  Identification of
compounds

Table 1 presents the results of the HPLC analysis
of the AAE aqueous extract, giving an overview of
the composition of this extract. Notably, the
predominant compound detected is catechin,
accounting for 4.917% of the extract, followed by
the  presence of syringic acid, 3,4-
dihydroxybenzoic acid, vanillic acid, quercetin-3-3-
D-glucoside, and rutin, albeit in lesser proportions.

phytochemical
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The focus on catechin underlines its role as the
main bioactive constituent of the extract and
indicates the potential importance of this
compound for AAE. These results not only
highlight the need to further explore the potential
health benefits of AAE but also suggest the
existence of potential synergistic effects between
the compounds identified. Catechin is well known
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for its potent antioxidant and anti-inflammatory
properties, making it central to the medicinal value
attributed to many Asteraceae species, including
A. radiata [35]. The diversity of phytochemical
composition revealed by this analysis gives us a
better understanding of the therapeutic potential
of AAE and underlines the interest in exploring its
biological activities.

Tablel. HPLC data for agueous extract of Anvillea radiata

Identified compound

Retention time (min)

Proportion (%)

Catechin 6.653 4,917

Syringic acid 7.347 0.052
3,4-Dihydroxybenzoic acid 8.229 0.565
Vanillic acid 8.525 0.224
Quercetin-3-B-D-glucoside 8.956 0.166
Rutin 9.127 0.071

In vitro anti-inflammatory assay

The data presented in Fig. 1 shows that Aspirin
(ASA) and A. radiata aqueous extract (AAE) have
varying degrees of inhibition on protein
denaturation depending on the concentration.
ASA exhibits higher inhibition at 1 mg/mL and 0.5
mg/mL, while AAE surpasses ASA at lower
concentrations of 0.25 mg/mL, 0.125 mg/mL, and
notably at 0.0313 mg/mL. This suggests that AAE
may be more effective at lower dosages,
potentially leading to reduced side effects and
improved cost-effectiveness. Furthermore, the
natural origin of AAE from A. radiata makes it an
appealing candidate with potentially fewer
adverse effects compared to synthetic drugs like
ASA. However, in silico research is needed to
understand the underlying mechanisms of AAE's
inhibitory action and explore its potential as an
alternative to ASA in protein denaturation
inhibition and biomedical applications. Indeed, the
mechanism by which AAE inhibits protein
denaturation is still poorly understood. However, a

study conducted by Chen et al. (2022) [36]
highlighted the impact of certain phenolic
compounds (tannic acid, epigallocatechin gallate,
quercetin, quercitrin) on casein. These
compounds led to aggregation, increased
emulsifying, and foaming stability, and induced
changes in casein structure.  Molecular
interactions were observed between phenolic
compounds and casein, with their structural
characteristics, including molecular weight,
hydroxyl —group location, acylation, and
glycosylation, playing a central role in influencing
these interactions. In the same order, suggests
that interaction with tannins protects protein
structure from temperature-induced damage. This
protective effect could be due to the establishment
of a chemical bond between the tannin and the
protein that cross-links the molecule to decrease
the entropy of the polypeptide, which could
corroborate the decrease in the rate of
denaturation.
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Figure 1. Percentage of protein denaturation inhibition by A. radiata aqueous extract (AAE) and Aspirin (ASA)
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Drug-likeness prediction

Table 2 provides drug-likeness predictions for the
identified compounds using SwissADME, offering
valuable insights into their molecular properties
and adherence to key drug development rules.
The data reveals that catechin, syringic acid,
vanillic acid, and quercetin-3-B-D-glucoside
largely satisfy Lipinski's rule of five, a standard for
predicting drug-likeness. This indicates that these
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characteristics for potential drug development.
However, quercetin-3-B-D-glucoside and rutin
violate Ghose's filter, suggesting some deviation
from the optimal range of parameters for drug-
likeness, specifically related to lipophilicity and
molecular size. This information suggests that
catechin, syringic acid, and vanillic acid have
better drug-like properties and are more likely to
be considered for further development based on

compounds  possess favorable  molecular their molecular features.
Table 2. Drug-likeness prediction of identified compounds using SwissADME
Ligand Molecular Num. H- Num. Molar MLOGP | WLOGP Lipinski Ghose filter
weight bond H-bond | Refractivity rule
(MW) acceptors | donors (MR)
(g/mol) (Hba) (Hbd)
Catechin_CID_73160 290.27 6 5 74.33 1.22 0.24 Yes; 0 Yes
violation
Syringic acid_CID_10742 198.17 5 2 48.41 0.49 111 Yes; 0 Yes
violation
3,4-Dihydroxybenzoic 154.12 4 3 37.45 0.40 0.80 Yes; 0 No; 3
acid_CID_72 violation violations:
MW<160,
MR<40,
#atoms<20
Vanillic acid_CID_8468 168.15 4 2 41.92 0.74 1.10 Yes; 0 Yes
violation
Quercetin-3-B-D- 464.38 12 8 110.16 -2.59 -0.54 No; 2 No; 1
glucoside_CID_44259136 violations: violation:
NorO>10, WLOGP<-0.4
NHorOH>5
Rutin_CID_5280805 610.52 16 10 141.38 -3.89 -1.69 No; 3 No; 4
violations: violations:
MW>500, MW>480,
NorO>10, WLOGP<-
NHorOH>5 | 0.4, MR>130,
#atoms>70

Toxicity risk assessment

Table 3 evaluates the toxicity risk, drug score, and
drug-likeness of the identified compounds using
OSIRIS  property  explorer.  Among the
compounds, catechin, quercetin-3-B-D-glucoside,
and rutin exhibit favorable drug-likeness,
indicating their potential suitability for drug
development. These compounds have green

indications across various properties, suggesting
a lower risk of harmful effects. Rutin, in particular,
stands out with a high drug score of 3.31,
indicating a promising candidate. On the other
hand, syringic acid and vanillic acid display some
red indications in the mutagenic property,
signaling a moderate risk in this aspect.

Table 3. Toxicity risk, drug score, and drug-likeness of identified compounds predicted by
OSIRIS property explorer

Ligand Mutagenic  Tumorigenic Irritant Reproductive Drug- Drug-
effective likeness score

Catechin_CID_73160 Green Green Green Green 1.92 0.87
Syringic acid_CID_10742 Red Green Green Green 1.99 0.44
3,4-Dihydroxybenzoic acid_CID_72 Red Green Green Green -1.12 0.43
Vanillic acid_CID_8468 Red Green Green Green -1.31 0.35
Quercetin-3-B-D- Green Green Green Green -2.17 0.43
glucoside_CID_44259136
Rutin_CID_5280805 Green Green Green Green 3.31 0.57

The outcomes are presented as a color and value. Red and green colors indicate a property with a high risk
of harmful effects and drug confirmation behavior, respectively.
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Molecular docking analysis

The CASTp server using precise computational
geometry techniques to assess protein pockets
and voids was used to identify and confirm the
active regions of the proteins examined (COX-2,
MPO, IL1B, IL6, and TNFa). The active site
regions of the target proteins are shown in Fig. 2.
The data in Table 4 provides valuable information
about the binding affinity and molecular
interactions of the identified compounds with
target proteins associated with anti-inflammatory
activity. This data suggests potential interactions
of the compounds with COX-2, MPO, IL18, IL6,
and TNFa, implying their involvement in these
pathways and potential therapeutic effects. This
insight further underscores the importance of the
identified compounds in A. radiata as potential
candidates for further research in drug
development and the understanding of their
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mechanisms of action. Among the compounds
studied, only catechin meets the criteria for drug-
likeness and toxicity safety, suggesting it is a
promising candidate for further drug development.
The binding affinity and molecular interaction data
in Table 4 reveal important insights into the
potential mechanisms of action of these
compounds, especially concerning their anti-
inflammatory and antioxidant activities. Catechin
shows a strong binding affinity to multiple target
proteins associated with anti-inflammatory and
antioxidant effects. For example, it exhibits a high
binding affinity to COX-2 (Fig. 3-A), a key enzyme
involved in inflammation, and MPO, an enzyme
implicated in oxidative stress (Fig. 3-B). These
interactions indicate that catechin might have
significant  anti-inflammatory and antioxidant
properties, making it a potentially valuable
compound for drug development in this context.

Figure 2. Confirmation of active pocket sites from CASTp software for the target proteins.
COX-2 (A), MPO (B), IL1B (C), IL6 (D), and TNFa (E).
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Table 4. Binding affinity and molecular interactions of the ligands studied and standard drugs with target
proteins for anti-inflammatory and antioxidant activities

Targets Ligands Binding affinity Hydrogen Hydrophobic
(PDB ID) (PubChem ID) Kcal/mol b(OEd_in)g interactions (chain)
chain
COX-2 (PDB  Catechin_CID_73160 9.3 Cys47(A), Pro154(A), Pro153(A),
ID: 4COX) Ser49(B), Gly135(A), Tyr136(A),
GIn327(B), Met48(A), Cys159(A),
Alal56(A), Cys36(A), Cys159(A),
Asn39(A), Cys37(A), Vall55(A)
GIn461(A)
Syringic acid_CID_10742 -6.2 Arg44(D), Tyr130(D), Pro153(D),
GIn461(D), Leul52(D), Gly45(D),
Asn39(D), Glu465(D)
Arg44(D)
3,4-Dihydroxybenzoic -6.5 Met522(B), Leu352(B),
acid_CID_72 Ser530(B), Phe518(B), Gly526(B),
Tyr385(B) Trp387(B), Leu384(B)
Vanillic acid_CID_8468 -6.5 Trp387(B), Ala202(B), Tyr385(B),
Thr206(B) His207(B), His388(B),

GIn203(B), Leu390(B),
Ala199(B), Leu391(B)

Quercetin-3-B-D- -10.3 GIn461(B), Arg469(B), Lys468(B),
glucoside_CID_44259136 Gly135(B), Cys41(B), Asn39(B),
Cys36(B), Cys47(B), Pro153(B),
Arg44(B), Glu46(B), Tyr130(B),
Alal51(B), Gly45(B), Leul52(B)
Glu465(B)
Rutin_CID_5280805 -11.5 Tyr136(D), Gly324(C), Trp323(C),
Asn34(D), Pro35(D), Ala33(D),
GIn461(D), Asp158(D),
Asn39(D), Glu322(C),
Pro154(D), Cys159(D), Val155(D),
Alal56(D), Cys37(D), Cys36(D),
Ser49(D), Met48(D)
GIn327(C)
MPO (PDB Catechin_CID_73160 -9.2 Tyr296(C), Gly335(C), GIn91(A),
ID: 3ZS0) Met87(A), His95(A), His336(C),
Arg333(C), Arg239(C), Gly90(A),
Thr329(C) Phe332(C), Asp94(A),
Tyr334(C)
Syringic acid_CID_10742 -6.3 / Met87(A), His336(C),

11e339(C), GIn91(A),

Tyr296(C), Asp94(A),
Arg333(C),
Phe332(C),

Tyr334(C), Gly90(A),
Gly335(C)

3,4-Dihydroxybenzoic -7.6 Arg8(A), Gly285(C), Phe512,
acid_CID_72 Lys282(C) Tyr7(A), Tyr7(A),
Arg281(C), Ala286(C)
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Vanillic acid_CID_8468 -6.4 His336(C) Met87(A), GIn91(A),
Gly335(C), Asp94(A),
Tyr334(C), Tyr296(C),
Phe332(C), Gly90(A)
Quercetin-3-p-D- -9.2 Glu102(B), Leud20(D),
glucoside_CID_44259136 Arg424(D), Arg239(D), Arg333(D),
Asp94(B), GIn91(B), His336(D),
Asp98(B), Leu406(D),
Thr100(B), Glu242(D), Leu417(D)
Rutin_CID_5280805 -11.0 Met87(A), Gly335(C), His95(A),
Arg239(C), His336(C),
Glu102(A), Phe407(C),
Arg333(C), Leu417(C),
Asp98(A), Arg424(C), GIn91(A),
Thr329(C), Phe332(C)
Asp94(A),
IL1B Catechin_CID_73160 -6.4 Leu62(A), Gly61(A), Ser5(A),
(PDBID: Serd3(A), Asn7(A), Lys63(A),
1T4Q) Serl53(A), Tyr68(A), Asn66(A)
Glu64(A),
Lys65(A)
Syringic acid_CID_10742 -5.0 Thrl44(A), Aspl42(A), lle143(A),
Gly139(A), Gly140(A), Aspl45(A)
GIn126(A),
GIn14(A),
Serl3(A)
3,4-Dihydroxybenzoic -5.0 Pro87(A), Tyr90(A), Ser43(A),
acid_CID_72 Glu64(A) Lys63(A), Tyr68(A),
Lys65(A), Leu62(A)
Vanillic acid_CID_8468 -5.0 Lys63(A), Leu62(A), Val40(A),
GIn39(A), Met20(A), GIn38(A),
Val41(A)
Quercetin-3-B-D- -7.2 Pro87(A), Val3(A), Pro91(A), Leu6(A),
glucoside_CID_44259136 Asn7(A), Serd3(A), Lys63(A), Asn66(A),
Ser5(A), Leu62(A), Tyr90(A
Glu64(A),
Lys65(A)
Rutin_CID_5280805 -7.2 Lys65(A), Asn66(A), Lys63(A),
Tyr68(A), Arg4(A), Alal(A),
Ser43(A), Asn7(A), Val3(A), Pro2(A),
Serl53(A), Pro91(A)
Ser5(A), Tyr90(A),
Pro87(A)
IL6 (PDBID: Catechin_CID_73160 -7.9 Argl128(A), Pro157(A), Asn135(A),
1P9M) Glu129(A), Arg154(A), Thr134(A),
Phel36(A), Gly127(A)
Alal52(A),
Thr130(A)
Syringic acid_CID_10742 -5.3 / Leu92(B), Pro139(B),

GIu93(B), Thr138(B),
Val96(B), Asn144(B),
Glu9s(B)
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3,4-Dihydroxybenzoic -5.6 Thr125(C), Pro121(C), Val179(C),
acid_CID_72 Glu96(C), Gly180(C), Lys182(C),
Serl77(C) Vall75(C), Ser181(C)
Vanillic acid_CID_8468 -5.4 Arg233(C), Phe279(C), Leu33(B),
Glu278(C), Arg30(B)
Ser229(A),
Asp34(B)
Quercetin-3-B-D- -7.6 Alal52(A), Asnl135(A), Prol57(A),
glucoside_CID_44259136 Phel36(A), Glul29(A), Thr134(A)
Arg154(A),
Arg128(A),
Gly127(A),
Thr130(A)
Rutin_CID_5280805 -8.9 Ser229(A), Leu33(B), Phe279(C),
Ser37(B), Trp249(C), Met250(C),
Thr258(A), Lys228(A), Lys252(C),
Asp34(B) Arg233(C), Arg30(B),
lle232(A)
TNFa Catechin_CID_73160 -8.6 GIn125(D), Phel124(D), Leu93(B),
(PDBID: GIn125(B), Asn92(B),
2AZ5) Arg82(D),Val91(D),
Val91(B), Arg82(B),
Leu93(D), Asn92(D),
Phel24(B)
Syringic acid_CID_10742 -5.8 Ser60(B), Leu57(A), Tyr59(B),
Tyrl51(B), GIn61(B), Tyr119(B),
Tyr119(A), Leul20(A),
Tyr59(A), Gly121(A),
Gly122(A)
3,4-Dihydroxybenzoic -5.6 GIn125(D), Phel124(D),
acid_CID_72 Leu93(B) Phel124(B), Leu93(D),
Val91(D), Val91(B),
Arg82(D)
Vanillic acid_CID_8468 -5.6 Ser60(B), Tyr59(A), Gly121(A),
Tyrl51(B) Leu57(A), Tyr59(B),
Gly122(A), GIn61(B),
Tyr119(B), Leul20(A)
Quercetin-3-B-D- -8.6 GIn125(D), Leul26(D), Asn92(B),
glucoside_CID_44259136 Glul27(D), Phe124(B), Leu93(B),
Tyr87(D), Leu93(D), Thr89(D),
Arg82(D) Val91(D)
Rutin_CID_5280805 -9.0 Tyrl51(A), Tyr119(A), GIn61(A),
Gly121(A), Tyr59(A), Tyr59(B),
Ser60(B), Tyr151(B), Tyr119(B),
Leul20(B), Leu55(D),
Gly121(B),
Ser60(A
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Figure 3. Ligplot+ results for Proteins-ligands complexes. Showing hydrogen bonding with their length (A°), and
hydrophobic interactions between catalytic amino acid residues in the active protein target pocket. COX-
Catechin complex (A). MPO- Catechin complex (B).

Molecular dynamics simulation study

Catechin, identified as the most promising
candidate, underwent molecular dynamics
simulation analysis (Figure 4, 5, and 6). The
simulation considered the complex formed by
catechin with the target proteins COX-2 and MPO.
The study employed normal mode mobility
analysis, which enabled the examination of B-
factors, large-scale mobility, and molecular
stability, utilizing the IMOD server. This server
facilitated the analysis of internal coordinates
based on protein-ligand structural interactions,
encompassing B-factor measurement, structural
deformation, and eigenvalue calculation. Fig. 4-A
and 4-B depict the catechin-bound complexes
with COX-2 and MPO. The arrow indicates the
direction of motion of amino acid residues. Fig. 4-
C and 4-D show the deformability graph for the
ligand with COX-2 and MPO, respectively. Peaks
in this graph highlight protein regions with
deformability. Fig. 4-E and 4-F illustrate the B-
factor graph for the catechin complex with COX-2
and MPO, respectively. Main-chain deformability,
ligand deformability, and ligand deformation were
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derived from eigenvalues. These eigenvalues,
representing rigidity of motion, are proportional to
the energy needed for structural deformation, with
lower values indicating simpler deformation. The
eigenvalues for our docked complex were
6.652117e-06 for COX-2 and 6.114134e-05 for
MPO. Fig. 5-C and 5-D display the variance plot,
showcasing individual variances in red and
cumulative variance in green. Fig. 6-A and 6-B
illustrate the covariance map, indicating motion
correlations between residue pairs in red,
uncorrelated motion in white, and anti-correlated
motion in blue. Fig. 5-C and 5-D depict the elastic
map of our docked complex, with dots
representing springs between atom pairs, colored
based on stiffness (darker grey for stiffer springs,
lighter grey for softer springs). The results from
the molecular dynamics study revealed a
significant degree of deformability in our complex,
accompanied by a moderately low eigenvalue,
indicating ease of deformation. Notably, the
variance map displayed higher cumulative
variances compared to individual variances, and
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the elastic network map yielded satisfactory outcomes.
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Figure 4. Normal mode analysis (NMA) of the catechin complex with targeted COX-2 and MPO
receptors respectively. 3D structure of the interaction (A and B), deformability (C and D), and B factor
(E and F).

Eigenvalue(1)=6.652117¢e-06 Eigenvalue(1)= 6.114134e-05
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Figure 5. Normal mode analysis (NMA) of the catechin complex with targeted COX-2 and MPO
receptors respectively. Eigenvalue (A and B), and variance map (C and D).
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Figure 6. Normal mode analysis (NMA) of the catechin complex with targeted COX-2 and MPO receptors
respectively. Correlation matrix (A and B), elastic network model (C and D).

Conclusions

This multidimensional investigation underscores
the potential of Anvillea radiata-derived
phytochemicals, particularly  catechin, as
promising candidates for the development of
novel therapeutics. The prevalence of catechin as
a major component in the aqueous extract,
coupled with its favorable drug-likeness and low
toxicity risks, positions it as a compelling option
for further exploration. The observed interactions
with crucial target proteins in the molecular
docking analysis emphasize its potential
therapeutic effects, particularly in the domains of
anti-inflammatory. The molecular dynamics
simulations provide further evidence of catechin's

12

suitability for drug development, supported by the
cumulative variance findings and elastic network
map results. Future research, including in silico
studies, holds the key to uncovering the
underlying mechanisms of these interactions and
unlocking the full potential of A. radiata
phytochemicals for novel drug development.
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