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Abstract. – OBJECTIVE: Staphylococcus 
aureus-induced toxic shock syndrome (TSS) is 
a rare, but potentially fatal disease with limit-
ed treatment options. The emergence of antibi-
otic-resistant strains has led to a pressing need 
for the development of effective therapies. This 
study aimed to identify and optimize potential 
drug candidates against toxic shock syndrome 
by targeting the pathogenic toxin protein using 
chromones as lead compounds.

MATERIALS AND METHODS: In this study, 
20 chromones were screened for their ability to 
bind to the target protein. The top compounds 
were further optimized through the addition of 
cycloheptane and amide groups, and the result-
ing compounds were evaluated for their drug-
like properties using chemical absorption, dis-
tribution, metabolism, excretion, and toxicity 
(ADMET) profiling.

RESULTS: Among the compounds screened, 
7-Glucosyloxy-5-hydroxy-2-[2-(4-hydroxyphe-
nyl) ethyl] chromone exhibited the highest 
binding affinity with a molecular weight of 
341.40 g/mol and a binding energy of -10.0 
kcal/mol. The optimized compound exhibited 
favorable drug-like properties, including high 
water solubility, synthetic accessibility, skin 
permeation, bioavailability, and gastrointesti-
nal absorption.

CONCLUSIONS: This study suggests that 
chromones can be engineered to develop effec-
tive drugs against TSS caused by S. aureus. The 
optimized compound has the potential to be a 
promising therapeutic agent for the treatment of 
TSS, providing new hope for patients suffering 
from this life-threatening disease of toxic shock 
syndrome.

Key Words:
Chromones, Toxic shock syndrome, Drug discov-

ery, Staphylococcus aureus, Antibiotic resistance.

Introduction

In 1978, the earliest description of toxic shock 
syndrome was given, while reports were re-
leased in the 1980s1. TSS incidence in the United 
States is estimated to be between 0.8 and 3.4 
per 100,000 people. Staphylococcal toxic shock 
syndrome (STSS) is a rare side effect of Staph-
ylococcus aureus infection where bacterial tox-
ins TSS toxin-1 (TSST-1) act as superantigens, 
activating enormously high numbers of T cells 
and inducing a severe immune-mediated cyto-
kine eruption that manifests clinically as fever, 
rash, shock, and rapidly progressing multiple 
organ failure, frequently in young, previous-
ly healthy patients. Normal patient symptoms 
include fever, rash, and poisoning, which fre-
quently lead to hypotension2. TSS may affect 
anyone at any age, however, it is most frequently 
seen in young, healthy adults and children3. TSS 
is primarily associated with menstruation, and 
recently, a considerable fraction of individuals 
with chronic rhino sinusitis were shown to carry 
TSST-1-producing S. aureus strains. Children 
are much less likely than adults to die from 
STSS (Streptococcal Toxic Shock Syndrome). 
Tissue necrosis and limb loss are two well-
known side effects of shock and organ failure.
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Chromones belong to a class of organic com-
pounds containing the benzo-γ-pyrone structure 
composed of a pyrone ring fused benzene ring. Due 
to their drug-like qualities, chromones have demon-
strated widespread acceptance4. A vast family of 
chromones with interesting biological properties 
is both biosynthetic and synthetic in origin. Chro-
mones are reported to have a variety of biological 
activities in traditional medicine, including antibac-
terial, anticancer, anti-inflammatory, anti-allergic, 
and anti-inflammatory. Due to their versatility in 
structural design and synthetic viability, chromones 
are a common structure for drug design and discov-
ery in the field of medicinal chemistry5. 

Supportive treatments, specific antibiotic med-
ication, and adjuvant immunomodulatory therapy 
are all used to treat staphylococcal TSS. There are 
also numerous potential treatments under develop-
ment. Based on the available data, early antimicro-
bial regimens should be sufficiently comprehensive 
to address all potential diseases because therapy is 
frequently started before a firm diagnosis of TSS 
has been confirmed. TSS is commonly treated 
with the -lactam drugs flucloxacillin, cloxacillin, 
nafcillin, and clindamycin. Because of its high rates 
of constitutive and inducible resistance, especially 
among methicillin-resistant bacteria, clindamycin is 
not recommended for use as a single therapy6. 

The cost of conducting experiments and cur-
rent ethical guidelines have made studies on 
living things much more difficult2. In this study, 
in silico methods have been successful and have 
grown into powerful tools for the search for 
disease remedies. Since conventional drug dis-
covery is both expensive and time-consuming, 
computer-aided drug design (CADD) methodol-
ogies provide a way to increase drug develop-
ment effectiveness while lowering both time and 
expense. There is a need for innovative tactics 
and ideas to address these urgent issues. Drug 
design for Staphylococcus aureus TSST-1, which 
causes toxic shock syndrome, has been proposed 
using de novo drug design, interaction analysis, 
pre-clinical testing, toxicity analysis, and its vali-
dation studies. The designed chromone would be 
cost-effective and provide a breakthrough step in 
the expansion of the pharmacology field.

Materials and Methods

Retrieval of Toxin Protein
The National Center for Biotechnology Infor-

mation (NCBI, available at: https://www.ncbi.

nlm.nih.gov/) facilitates access to biomedical and 
genomic data, advancing science and health7. The 
sequence of the targeted toxin Staphylococcus 
aureus protein of the toxic shock syndrome was 
accessed from NCBI inscribed in this study with 
accession number OHS90060.1. 

Tertiary Structure of Toxin Protein 
Swiss Model (available at: https://swissmodel.

expasy.org) is used to convert the primary se-
quence obtained from NCBI into the tertiary 
structure. The 3D protein structure was visual-
ized and purified by Discovery Studio Visualiz-
er8. Discovery Studio was used to remove ligands 
and water molecules. The BIOVIA Discovery 
Studio Visualizer (https://discover.3ds.com/dis-
covery-studio-visualizer-download) is a free, fea-
ture-rich molecular modeling tool for viewing, 
sharing, and analyzing data on proteins and small 
molecules.

 
Identifications of Chromones 

20 chromones were selected which exhibit 
wide acceptability due to drug-like properties 
from the literature for screening purposes. From 
PubChem (available at: https://pubchem.ncbi.
nlm.nih.gov), the 2D structures were obtained 
in Safety Data Sheet (SDS) format form and 
then using Discovery Studio saved in Protein 
Data Bank (PDB) format. A free chemistry 
database at the National Institutes of Health is 
called PubChem (NIH), which aids in drug de-
velopment lead identification and optimization, 
compound-target profiling, polypharmacolo-
gy research, and the clarification of unknown 
chemical identities.

Screening of Chromones 
Chromones were screened through multiple 

ligands docking by using PyRx.( https://pyrx.
sourceforge.io/). This is virtual screening soft-
ware for computational drug development and 
discovery that searches libraries of antidotes 
against drug targets. The compound with the 
highest energy was selected for further optimiza-
tion to increase its efficiency.

Functional Group Optimization 
of Chromones

Mcule tool (available at: https://mcule.com/) 
was used for the functional group optimization 
of chromones. Mcule Tool is an online drug 
discovery platform. The functional groups were 
optimized to enhance the effectiveness of the 
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chromones. In the case of chromones, amide 
groups and 2 cycloheptanes were added for prom-
inent efficiency and targeting, and the one with 
the maximum energy was selected for further 
analysis.

Interaction Analysis 
A molecular docking software called Aut-

odock Vina (available at: http://vina.scripps.
edu/) is free and open source9. The docking 
analysis of a best-screened chromone was re-
vealed by Autodock Vina. The most stable 
posture of docking was the root mean square 
interactions (RMSD) values and the lowest 
binding energy of the conformations. After the 
protein and the ligand was prepared, the bind-
ing sites of the protein were adjusted with x, 
y, and z values and centers as active sites, and 
the grid was set. Then Docking was performed 
between the targeted toxin protein and the best-
screened chromone. 

ADMET Analysis 
Pre-clinical drug candidate testing can be done 

online using SwissADME (available at: http://
www.swissadme.ch/). It predicted the key char-
acteristics of the potential medicine, including 
absorption, distribution, metabolism, excretion, 
and toxicity. The input had the Protein Data Bank 
(PDB) structure of the best functional group-op-
timized chromone, and the drug’s attributes for 
drug likeliness were attained. 

MD Simulations
The IMods server enabled simulations of 

molecular dynamics (available at: http://imods.
chaconlab.org/). It provides details regarding the 
verification of the interaction analysis and fore-
casts how the protein will behave while interact-
ing with the molecule, allowing simulation of the 
interaction in the host’s body. The docked com-
plex was used as input for this tool, and the out-
comes from the simulations were investigated10. 

Results

Retrieval of Toxin Protein Structure 
The toxin protein of Staphylococcus aureus 

with the accession number OHS90060.1 was re-
trieved from National Center for Biotechnology 
Information (NCBI) and converted into the 3D 
structure using the Swiss model as shown in 
Figure 1.

Identification of Chromones 
For screening purposes, 20 chromones were 

chosen from the literature based on the inhibi-
tion factor. The 2D structures were downloaded 
from PubChem in SDS format and saved in 
PDB format using Discovery Studio. The 3D 
structures of chromones are depicted in Supple-
mentary Table I.

Screening of Ligands 
To filter out the best candidate, 20 chromones 

were docked against the toxin protein using PyRx. 
Based on their binding affinities with the toxin 
protein, the 20 compounds were examined. En-
ergy levels range from -4.7 to -7.7 Kcal/mol. The 
chromone 7-Glucosyloxy-5-hydroxy-2-[2-(4-hy-
droxyphenyl) ethyl] chromone was elected as 
the best candidate since it had the lowest binding 
affinity with the toxin protein, which was -7.7 
Kcal/mol. The list of binding affinities of chro-
mones with the targeted toxin protein of toxic 
shock syndrome is shown in Table I. The docking 
complex of toxin protein and selected chromone 
is depicted in Figure 2A.

Functional Group Optimization 
of Chromones

Mcule was used to add 2 cycloheptane and 
amide groups to stabilize the structure and 
raise the score and energy of the chosen 7-Glu-
cosyloxy-5-hydroxy-2-[2-(4 hydroxyphenyl) 
ethyl] chromone and the effectiveness of the 
selected chromone was enhanced as shown in 
Figure 2B. 

Figure 1. Toxin Protein of Staphylococcus aureus.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-53.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-53.pdf
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Interaction Analysis 
Based on binding energy, the functional group 

optimized chromone with the lowest binding 
energy was 7-glucosyloxy-5-hydroxy-2-[2-(4-hy-

droxyphenyl) ethyl] chromones was selected. Us-
ing Autodock Vina, docking was done between 
the toxin protein and the functional group-opti-
mized chromone. The chosen docked model had a 
binding energy of -10.0 Kcal/mol which was more 
than the -7.7 Kcal/mol without functional group 
optimization as shown in Figure 3.

A

B

Figure 2. A, Docking complex of toxin protein with 7-Glu-
cosyloxy-5-hydroxy-2- [2-(4 hydroxyphenyl) ethyl] chromone; 
B, 7-Glucosyloxy-5-hydroxy-2- [2-(4 hydroxyphenyl) ethyl] 
chromone with the addition of cycloheptane and amide groups.

Figure 3. The docking complex of toxin protein from 
Staphylococcus aureus with functional group optimized 
7 Glucosyloxy-5-hydroxy-2-[2-(4 hydroxyphenyl) ethyl] 
chromone.

Table I. List of binding affinities of chromones with targeted toxin protein.

			   Binding affinity
	No.	 Chromones 	 (Kcal/mol)

  1	 7-Glucosyloxy-5-hydroxy-2-[2-(4-hydroxyphenyl)ethyl]chromones	 -7.7
  2	 2H,6H-Benzo(1,2-b5,4-b)dipyran-8-carboxylic acid, 3,4-dihydro-2,2,4,10-tetramethyl-6-oxo-	 -7.4
  3	 5,6,7,8-Tetrafluoro-2-(2,3,4,5,6-pentafluorophenyl)chromen-4-one	 -7.1
  4	 Ophiopogonone 	 -6.9
  5	 6-Ethyl-3-(1H-tetrazole-5-yl)chromone	 -6.7
  6	 5,8-Dihydroxy-2-(2-phenyl ethyl)chromone	 -6.6
  7	 5,8-Dihydroxy-2-(2-(4-methoxyphenyl)ethyl)chromone	 -6.5
  8	 5,7-Dihydroxy-2-[2-(4-hydroxyphenyl)ethyl] chromone	 -6.5
  9	 6-Hydroxy-2-[2-(4-methoxyphenyl)ethyl]chromen-4-one	 -6.5
10	 2-Phenethyl-5-hydroxy chromone	 -6.5
11	 6,7-Dimethoxy-2-(2-(4-methoxyphenyl)ethyl)chromone	 -6.2
12	 Chromone-2-carbo hydroxamic acid	 -6.2
13	 Granulosin	 -6
14	 Bucromarone	 -6
15	 6-(2’-Hydroxypropyl)chromone-2-carboxylate	 -6
16	 Bis(acetoxymethyl)cromoglycate	 -5.7
17	 7-Hydroxy-4-oxo-4H-chromen-2-carboxylic acid	 -5.6
18	 Fusarochromanone	 -5.6
19	 Chromocarb	 -5.4
20	 4-chromone	 -4.7
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ADMET Analysis 
SwissADME was used to examine phys-

iochemical parameters, water solubility, gastro-
intestinal (GI) absorption, skin permeability, and 
bioavailability score. The drug-likeness proper-

ties depicted no violations at all as shown in the 
given Table II.

The boiled egg model prophesies a quick, in-
tuitive, simple-to-repeat, remarkably robust way 
to study the entry of tiny compounds into the 
brain and gastrointestinal absorption, which is 
extremely helpful for the creation and administra-
tion of drugs. When a molecule is present in the 
boiled egg model’s yellow area, it is predicted that 
it can cross the blood-brain barrier, but when it is 
present in the white area, it is assumed that the 
molecule will be absorbed through the gastroin-
testinal tract. As shown in Figure 4, the molecule 
is present in a white area which predicts there is 
gastrointestinal absorption.

MD Simulations
IMods modified the structure’s force field con-

cerning various time intervals to be utilized for 
critical analysis of the structure. Less deforma-
tion is visible in the chosen structure at each 
level of residue capacity. The docking complex 
structure’s Eigen value is 1.305321e-04. Better 
interactions between the various residues are 
shown by the heat map’s high co-related regions 
and low RMSD value. Figure 5A shows the given 
protein structure predicted the Mini-Nutritional 
Assessment (MNA) mobility; image B displays 
deformability, indicating little deformations at 

TPSA: Topological Polar Surface Area; ESOL: Water 
Solubility Log S.

Table II. ADME Parameters of pre-clinical testing of func-
tional group optimized 7-Glucosyloxy-5-hydroxy-2-[2-(4  
hydroxyphenyl) ethyl] chromone.

	 ADMET	 Parametric
	 parameters	 values

Formula	 C19H23N3O3
Molecular weight	 341.40 g/mol
Number of heavy atoms	 25
Number of aromatic heavy atoms	 0
Fraction Csp3	 0.58
Num. rotatable bonds	 1
Num. H-bond acceptors	 4
Num. H-bond donors	 2
Molar Refractivity	 104.44
TPSA 	 74.16 Å²
ESOL	 -2.67
GI absorption	 High
Skin Permeation (Log Kp)	 -7.50 cm/s
Bioavailability Score	 0.55
Synthetic Accessibility	 5.14
Drug likeness 	 0 violation of rules 

Figure 4. Boiled egg analysis of 7-Glucosyloxy-5-hydroxy-2-[2-(4-hydroxyphenyl) ethyl] chromone by SwissADME; Drug 
(blue dot), blood-brain barrier (yellow), gastrointestinal area (white).
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the residue level; image C indicates B-factor; 
image D prediction of Eigenvalue as 1.305321e-
04; image E demonstrates the variation, which is 
further elaborated in both green and red; image 
F shows covariance; while image G depicts the 
elastic network, with the stiffer portions indicated 
by darker grey areas.

Discussion

Staphylococcus aureus is the bacteria causing 
toxic shock syndrome which seems to affect 
individuals with older age. The symptoms are 
acute fever, hypotension, rashes, peeling of the 
skin from hands and feet, diarrhea, vomiting, 
sore throat, and water imbalance in the body. 
Over time, crucial conditions lead to kidney fail-
ure, lung swelling respiratory failure along with 
different organ dysfunction2. In 1978 earliest 
discovery of toxic shock syndrome appeared, and 

reports were released in the 1980s. The TSS was 
first reported in seven children in the age group 
ranging from 8-17 years old1. 

Antibiotics and immunoglobins were first 
used to cure TSS. Clindamycin was the first-
line drug used for the cure of TSS, but the death 
rate was still high. In the future, such strategies 
should be adopted which disturb the interaction 
between the bacterial toxins and T cells11. Pen-
icillin or amino penicillin is usually combined 
with Clindamycin to block the 50S sub-unit 
of the bacterial ribosomes and inhibits protein 
synthesis12. 

The antibiotic resistance of Staphylococcus 
aureus made treatment difficult. The -lactam 
drugs flucloxacillin, cloxacillin, nafcillin, and 
clindamycin were commonly used to treat TSS. 
As it had high rates of constitutive and inducible 
resistance, especially among methicillin-resistant 
bacteria, clindamycin is not recommended for 
use as a single therapy6. For the treatment of 

Figure 5. The results of molecular dynamic simulation simulated drug complex (A) Tertiary structure of a protein based on 
MNA mobility (B) Deformability (C) B-factor (D) Eigon values (E) Variance (individual variations are indicated by the purple 
color, and cumulative variances are indicated by the green color), correlated (red) and anti-correlated (blue) motions are shown 
on the covariance map in (F), and (G) elastic network (darker grey region indicated stiffer regions).



Functional group engineered chromones mediated drug discovery to combat TSS

5307

TSS firstly the necrotic activity of cells is ana-
lyzed through biopsy and histopathology. Patients 
with serious conditions are cured when inotropic 
drugs use crystalloids and vasopressors in large 
amounts. Further, this syndrome leads to kidney 
failure which is cured through kidney replace-
ment therapy13. 

Chromones were widely used as a secondary 
metabolite in the cure of a variety of diseases, and 
they are integral structures in medicinal chemis-
try that also acts as a phytonutrient. Chromones 
can act as antiviral, antioxidant, antibacterial, 
anti-inflammatory, and anticancer14-23. Recent 
chromones-based drugs are reported as anti-can-
cerous drugs that have previously been designed 
using several varieties of chromones24-29. The 
chromones family exhibits biological features 
with both synthetic and biosynthetic origins30.

In this study, docking analysis using computa-
tional analysis was used to examine the screen-
ing of chromones that result in potential and at-
tachments to Toxin protein. As chromones have a 
higher potential to make effective drugs against 
diseases. In this case, we have used 7-Gluco-
syloxy-5-hydroxy-2-[2-(4-hydroxyphenyl) ethyl] 
chromone for drug designing purposes against 
toxic shock syndrome. A drug designed for toxic 
shock syndrome cannot bind strongly to the tar-
get while the functional group optimization of 
the chromones screened in this study, 7-Gluco-
syloxy-5-hydroxy-2-[2-(4-hydroxyphenyl) ethyl] 
chromones had proved strong binding energies 
and can lead to the eradication of bacteria caus-
ing toxic shock syndrome.

To overcome multiple organ damage and 
deaths more potent and focused drug has been 
designed and thus proposed in this paper stage. 
Many computer-aided drugs have been synthe-
sized against diseases that have great toxicity and 
high score31-35. Conclusively, the studies that were 
presented in this study contain sufficient compu-
tational information to allow for the propagation 
of a specifically targeted toxic shock syndrome. 
It would be helpful if in vitro research could use 
this drug for an indication of the reliability of the 
proposed drug36.

Conclusions

Staphylococcus aureus causes toxic shock syn-
drome, which seems to affect people world wide-
ly. Fever, hypotension, rashes, peeling skin on the 
hands and feet, diarrhea, vomiting, sore throats, 

and an imbalance in bodily fluids are all signs of 
toxic shock syndrome. Because Staphylococcus 
aureus is resistant to antibiotics, treatment is dif-
ficult. Since constitutive and inducible resistance 
to clindamycin occurs at substantial rates, it is 
not recommended to use it as the sole treatment. 
Because traditional drug discovery is both expen-
sive and time-consuming, this study makes use 
of computer-aided drug design (CADD) method-
ologies to increase drug development efficiency 
while decreasing both time and cost.

To resolve the issue of antibiotic resistance 
and make effective drugs against toxic shock 
syndrome a variety of chromones were used. In 
this study, the best-selected chromones which 
have high binding affinity were selected. The old 
antibiotics treatment for TSS was less effective 
towards toxin protein of Staphylococcus aureus 
and this bacterium also became resistant to clin-
damycin. While optimized 7-Glucosyloxy-5-hy-
droxy-2-[2-(4-hydroxyphenyl) ethyl] chromones 
showed substantial binding energies and had the 
potential to eradicate the bacteria that cause toxic 
shock syndrome. All analyses have shown that a 
chosen, optimized chromone with no violations is 
effective against the TSS toxin protein.
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