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ABSTRACT
The most common underlying cause of acquired cardiovascular 
disease in developed countries is Kawasaki disease (KD), a systemic 
vasculitis. The most serious and common consequence of KD is 
the growth of coronary artery involvement, however therapy with 
intravenous gammaglobulin can minimized this issue. There are 
various limitations of using intravenous gammaglobulin which fur-
ther make researchers to look for alternative medicine. It has been 
found that marine natural products and compounds from natural 
sources are having cardioprotective nature. The present research 
aims at filling the gap with computational analysis to explore the 
target ability y of Xyloketal B on human C-Reactive Protein having 
vital role in Kawasaki disease. It has been found that the marine 
compound has the ability to inhibit CRP with considerable negative 
biding energy of-8.47Kcal/mol. The present stdy may aid research-
ers to explore new invention having the potential for enzymatic 
and chemical modification of the molecule for the management of 
KD. Patients having a history of coronary artery disease, involve-
ment are encouraged to have long-term follow-up. 
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1. INTRODUCTION
According to the National Health and Nutrition 

Examination Survey, the ubiquity of cardiovascular 
disease (CVD), which includes hypertension, and 
heart failure (HF), coronary heart disease (CHD), 
among adults over twenty years of age was 49.2% from 
2015 to 2018, whereas the CVD prevalence without 
hypertension was 9.3%. in 2018 [1], [2]. In an another 
research, it was shown that the prevalence estimates 
for high blood pressure alone, hypertension alone and 
with hypercholesterolemia, or lipitension alone were, 
respectively, 30%, 47%, and 18%. According to World 
Health Organization figures updated in 2019, CVD 
accounts for 17.8 million deaths, or 32% of all deaths 
globally, making it the leading cause of mortality and a 
significant source of disability. High total cholesterol, 
a high body mass index, high systolic blood pressure 
(BP), high fasting plasma glucose, smoking, and inad-
equate exercise may all play a role in a major portion 
of CVD cases [3], [4]. 

Mostly impacting medium-sized arteries, Kawa-
saki disease (KD) is a systemic vasculitis. Fever, con-
junctivitis, skin and mucous membrane irritation, and 
cervical lymphadenopathy are among the main symp-
toms. The origin of the moniker KD may be traced to 
Tomakisu Kawasaki’s 1967 thorough account of fifty 
children who had this particular kind of vasculitis. 
Though coronary arteries are most often impacted, 
inflammatory alterations to arterial vessels may occur 
in various parts of the body [5]. Aneurysms may result 
in serious aftereffects, such as myocardial infarctions, 
when therapy is delayed, a diagnosis is missed, or the 
patient is treatment-resistant. In comparison to other 
regions of the world, central Europe and North Amer-
ica, KD is the most prevalent main childhood vascu-
litis (after Henoch Schoenlein Purpura; HSP). KD is 
now regarded as the most prevalent inherited heart 
disease in children in industrialized nations. 

The majority of KD patients are under 5 years old, 
particularly in Asian nations, although its prevalence 
has grown globally. 69 to 218 instances per 100,000 
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children under the age of five are reported in Japan, 
Korea, and Taiwan, respectively. KD now affects 69 
out of every 100, 000 children in Taiwan who are un-
der the age of five, up from 66 before. 

These are the standard biomarkers that reflect 
inflammatory activity but are not particular to KD. 
Even during acute phase of the disease, there seems 
to be neutrophilic leukocytosis, and the extent of leu-
kocytosis has been linked to myocardial dysfunction. 
Thrombocytosis, which commonly appears after the 
first week of sickness, is a sign of persistent inflamma-
tion. The formation of CAAs has been associated to 
recurrent thrombocytosis, however the relationship is 
dubious. C-reactive protein (CRP) has been linked to 
increased symptom severity as well as the formation of 
CAAs [6]. Procalcitonin levels have been demonstrat-
ed to increase during in the acute phase, and so this 
spike is more noticeable in children having IVIg resis-
tance. PBE and low albumin levels have been linked 
to a higher likelihood of IVIG resistance and cardio-
vascular consequences. Platelet activation as well as 
inflammation have been linked to platelet distribution 
width (PDW), low mean platelet volume (MPV), and 
platelet-derived micro particles (PDMP) in the acute 
phases of KD. Nevertheless, their application as dis-
ease biomarkers necessitates replication of findings 
across several populations. 

Natural materials obtained from the sea are possible 
sources of bioactive chemicals, nutritional supplement, 
and medications to treat inflammation-related chronic 
diseases such as atherosclerosis but also CVD [7], [8]. 
The assessment of the advantages of marine natural 
products throughout all stages of atherosclerosis and 
CVD is critical, beginning with their consequences 
on initial stages of inflammation-related endothelial 
dysfunction; monocytes, recruitment of platelets, and 
other leukocyte subtypes; and the emergence and ad-
vancement of atheromatous, all of the way to the final 
stages of disease, which include plaque rupture, athero-
thrombosis, and significant cardiac events. Xyloketal B 
is a novel substance derived from Xylaria sp. with an 
unusual chemical structure [9], [10]. 

Previous research has revealed that xyloketal B 
protects endotheliocytes from oxidative stress caused 
by oxLDL by decreasing NADPH oxidase-derived 
ROS generation, restoring Bcl-2 expression and pro-
moting NO production [11]. 

According to another study, when ApoE rats were 
fed a high-fat diet, xyloketal B reduced the amount 

of atherosclerotic plaque not only in the aortic sinus 
but across the whole aorta. Decreased NO bioavail-
ability and dysfunctional oxidative endothelial cells 
are additional important factors in the development 
of CAD. According to recent research, xyloketal B is 
helpful in reducing vascular oxidative stress, repairing 
damaged endothelium, and relaxing the vasculature of 
NO-dependent aortas in animals with atherosclerosis. 
Moreover, in cultivated human umbilical vein endo-
thelial cells, xyloketal B markedly boosted eNOS and 
Akt phosphorylation levels without changing overall 
eNOS and Akt expression. 

The present paper aims to design a model for the 
management of Kawasaki disease (KD) by explor-
ing the potential of xyloketal B through the chemical 
modification to increase the effectiveness. 

2. LITERATURE REVIEW
In a study by Zhu et al., the consequences of IVIG 

on peripheral blood leukocyte populations from indi-
viduals with MIS-C and KD were evaluated using mass 
cytometry (CyTOF), flow cytometry, and live-cell im-
aging. Their research revealed that circulating neutro-
phils were a key IL-1 source and were highly activated 
in individuals with KD and MIS-C. Active IL-1+ neu-
trophils in the blood reduced after IVIG treatment. 
However, IVIG was a potent inducer of neutrophil 
cell death in vitro through NADPH oxidase and PI3K, 
even though caspase activity was not implicated. In or-
der to minimize inflammation in both MIS-C and KD, 
IVIG can target active neutrophils that are producing 
IL-1 [12]. 

As evidenced by Magali Noval Rivas and Moshe 
Arditi, the utilization of experimental mouse mod-
els of Kawasaki disease vasculitis had also markedly 
increased our understanding of pathology of the dis-
ease and helped categorise the molecular and cellu-
lar immunologic processes making a contribution to 
cardiovascular complications that has contributed to 
turn inspired the development of novel therapeutic 
approaches. They include a synopsis of the pathogen-
esis of Kawasaki disease, in addition to a review and 
assessment of the developments in research utilising 
experimental animal models and their potential to 
treat human disease [13]. 

TNF blockers, such as infliximab and etanercept, 
were studied by Yama ji et al. to determine their effec-
tiveness and safety in treating Kawasaki illness in chil-
dren. They used 5 trials from 14 publications, totaling 
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494 people, in their investigation. All included studies 
were independent RCTs that assessed the impact of 
TNF‐α blockers for KD. When compared to no ther-
apy or extra treatment with IVIG, the data with the 
highest degree of confidence shows that TNF block-
ers are more effective in reducing treatment resistance 
and the unfavorable “infusion response” after treat-
ment commencement for KD. The body of evidence 
will increase with further studies. The findings should 
be interpreted with care since there were just a few 
low-powered studies that contributed to the analysis. 
Further big high quality studies with timing and kind 
of TNF‐α blockers employed are required to assess the 
effects of TNF‐α blockers for KD [14]. 

3. METHODOLOGY

3.1. Design
A data mining analysis and in-depth assessment of 

the available literature were conducted to discover the 
potential and effective ligand structure to for Kawasa-
ki disease using alternative medicine. To examine the 
targeting potential of certain ligands and target pro-
teins, the current work used a computational strategy 
and docking procedure. An extensive analysis of the 
literature and data mining indicated that Xyloketal B 
is an inhibitor of human CRP, a protein that may be a 
target for heart failure. A different tool called BIOVIA 
Drug Discovery Studio was used to visualise the com-
plex after the protein and molecule were docked using 
Autodock4 after being obtained from their respective 

databases for the investigation. Figure 1 provides the 
flow of carrying out the docking process. 

3.2. Instrumentations
Using the RCSB: PDB and PubChem databas-

es, the structures of the protein and ligand are re-
trieved. The Protein Data Bank is an extended ver-
sion of PDB, while the “Research Collaboratory for 
Structural Bioinformatics” is the expanded form of 
RCSB (http://rcsb. org). It functions as the hub for 
the global PDB repository and makes PDB data free-
ly accessible to all scientists, including those in the 
healthcare profession and even beyond. It acts as a 
database for the three dimensional data of import-
ant biological entities including nucleic acids and 
proteins. Biologists and medics from all around the 
globe give the data, which is often gathered using 
NMR spectroscopy or, increasingly, cryo-electron 
microscopy and X-ray crystallography. 

PubChem is a database of various chemicals and 
related biological test procedures. The “NCBI, ” or 
“National Center for Biotechnology Information, ” 
a section of the National Library of Medicine, that 
is component of the National Institutes of Health in 
the United States, is in charge of managing the system 
(NIH). Through a web browser, PubChem is accessi-
ble without charge. Through FTP, multitudes of chem-
ical components as well as descriptive data are readily 
downloadable. Small compounds with fewer than 100 
atoms & 1, 000 bonds may be found in PubChem along 
with details of many other substances. The PubChem 

Figure 1: Flow diagram of methodology
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database, which is constantly growing, is provided by 
over 80 database suppliers. 

One of the most often mentioned software pro-
grams in the scientific world, Autodock4, was uti-
lized for the molecular docking procedure. The 
software uses a docked log file that is then evaluated 
through the use of a graphical tool called BIOVIA 
drug discovery studio to assess receptor-ligand rela-
tionships and forecast how a substance or a ligand 
would bind to a protein or a receptor in a real bio-
logical system. 

3.3. Sample Collection and Preparation

3.3.1. Ligand
The ligand molecule Xyloketal B is obtained for 

PubChem in Xml file, after which it was transformed 
into. pdb format using a basic, publicly available 
software named open babel GUI. For any further 
processing, the compound was sent to the Autodock 
tool. Following performing the ligand preparations, 
the ligand was therefore stored in the. pdbqt format, 
which is required to complete a subsequent docking 
operation. Figure 2 below provides the ligand struc-
ture. 

Figure 2: Ball and Stick structure of selected Ligand Molecule 
Xyloketal B. 

3.3.2. Protein
After being downloaded in. pdb format from 

RCSB PDB, the structure of the protein human 
CRP with PDB ID: 1B09 was trimmed to remove 
the water molecule as well as the associated ligand 
moiety. The protein molecule was then transferred 
to Autodock for any further preprocessing, includ-
ing the insertion of polar hydrogens to speed up the 
docking process. The protein molecule then was 

stored in. pdbqt form for the further docking. Be-
low, in Figure 3, is a representation of the protein 
3-D structure. 

Figure 3: 3D structure of Human C-reactive protein. 

3.4. Data Collection
There are several confirmations and locations 

where the effective binding of the ligand and proteins 
may be found after “docking” a protein with a specified 
ligand. The auto grid was run using the. gpf file, there-
fore the autodock4 programme was run using the. dpf 
file to finish the docking process. Successful docking 
was made possible by hardening macromolecules or 
proteins and making the ligand flexible. Through us-
ing autodock tool, it was possible to locate the binding 
energies of different docked confirmations in the DLG 
file. The confirmations with the highest negative bind-
ing energy was then used to write a complex. pdbqt 
file, which was then used to carry out the visualisation 
and analysis process. 

3.5. Data Analysis
Using BIOVIA Drug Discovery Studio, the com-

plex that had the lowest binding energy was examined. 
The exact interaction between both the amino acids of 
the protein and the ligand molecule is shown in Fig-
ure 4 below. The two-dimensional structure shown in 
Figure 5 was built to provide a clear understanding of 
the sorts of interactions required in the formation of a 
stable complex. The complex was formed by the ami-
no acids SER120, LYS13, LYS13, VAL153, ILE82 and 
LEU83 with the distance of 2.51609, 4.93458, 3.60134, 
3.94245, 4.21549 and 5.33639 (Å). 
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Figure 4: Docked complex of protein and ligand showing inter-
action of amino acids. 

Figure 5: 2-D structure of receptor-ligand complex. 

Table 1
Enlisting the Distance, Bond Category, and Bond Type of the in-
teractions involved in the formation of protein-ligand complex. 

Protein : 
Ligand

Dis-
tance(Å) 

Bond Category Bond Type

UNL1: SER120 2.51609 Hydrogen Bond Conventional 
Hydrogen Bond

UNL1: LYS13 4.93458 Hydrophobic Alkyl
UNL1 : LYS13 3.60134 Hydrophobic Alkyl
UNL1: VAL153 3.94245 Hydrophobic Alkyl
UNL1: ILE82 4.21549 Hydrophobic Alkyl
UNL1 : LEU83 5.33639 Hydrophobic Alkyl

4. RESULT AND DISCUSSION
The interaction energies for polar, non-polar, and 

non-bonded contacts are added together to determine 
the binding free energy. To calculate binding energy, 
the final total internal energy, total intermolecular 

energy, and torsion-free energy all need to be added 
together. The energy of an unbound system is then re-
duced by this energy. The DLG file format was used 
to get the docking results and a list of the binding en-
ergies. The general rule is that the protein and ligand 
combination is more stable the more negative binding 
energy there is. The calculation of the binding energy 
revealed that the chosen ligand “Xyloketal B” and re-
ceptor/protein “CRP” produced a stable complex with 
a variety of bond topologies. This binding energy of 
the complex was -8.46 kcal/mol as shown in Figure 6.
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Figure 6: A Graphical Representation of Binding energies re-
ceived against ten runs of Autodock4.

5. CONCLUSION
A multisystem disorder with an uncertain cause, 

Kawasaki illness has a distinctive manifestation. The 
practitioner must conduct a thorough investigation 
since the disorder might mirror other systemic diseas-
es with multi-organ involvement. Although the sever-
ity of cardiovascular system leads to death and can se-
verely affect other organs also. Treatments that being 
established are having sever negative consequence due 
to which a hunt for natural compounds has been start-
ed which now heading to marine natural products. 
The present study has revealed the potential of marine 
natural compound Xyloketal B for inhibiting the hu-
man CRP which is one of the important biomarker of 
Kawasaki disease. The present research may leads to 
experimental validation and can provide a platform 
for futuristic drug design. 
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