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Abstract 

Background: Flavanones, a subclass 
of polyphenolic secondary metabolites, 
exhibit significant anti-inflammatory, 
antioxidant, and antiproliferative properties 
relevant to psoriasis therapy. Structure-based 
drug design through molecular docking 
enables prediction of ligand–protein 
interactions by estimating binding affinities 
and characterizing key non-covalent 
interactions, thus facilitating the identification 
of flavanone scaffolds with prospective anti-
psoriatic potential. Method: AutoDock Vina 
was used to dock flavanone ligands against 
psoriasis-related protein targets, predicting 
binding affinities and interaction profiles 
relative to standard inhibitors. In silico 
pharmacokinetic and ADMET properties were 
assessed using pkCSM and SwissADME to 
evaluate drug-likeness and optimize lead 
selection. Results: Narirutin and Hesperidin 
exhibited strong binding affinity towards the 
psoriasis targets, while Hesperidin, 
Neoeriocitrin, Narirutin, Neohesperidin, and 
Poncirin showed Lipinski’s violation and lower 
ADMET profiles. Hierarchical cluster 
dendrogram and similarity network give a 
detailed data set analysis.  Conclusion: High-
throughput screening enables rapid, cost-
effective drug discovery. Flavanones 
demonstrated superior in silico anti-psoriatic 
activity compared to standard drugs, though 
low solubility limits bioavailability. 
Nanoformulations could enhance target-site 
delivery, and further clinical studies are 
needed to develop these plant-derived 
compounds into effective therapeutics. 

Keywords: Molecular docking studies, 
ADMET profiling, Psoriasis, Flavanones, 
Redocking.  
 
Introduction 

Psoriasis is a persistent 
inflammatory skin disease marked by 
abnormal keratinocyte proliferation, resulting 
in erythematous plaques and scaly lesions 
on the epidermis. The condition is primarily 
mediated by proinflammatory cytokines and 
the infiltration of immune cells. The 
underlying cause of the disease is still 
unclear; however, genetic, environmental, 
and lifestyle factors play an important role in 
its initiation. Although psoriasis is not life-
threatening, it is frequently associated with 
comorbidities such as psoriatic arthritis, 
cardiovascular disease, irritable bowel 
syndrome, and other immune-mediated 
inflammatory disorders (1). Epidemiological 
patterns and prevalence rates of psoriasis 
depend on the severity and clinical 
presentation of the disease (2). Topical, 
physical, systemic, and biological treatments 
have shown good effects to improve the 
disease condition, but have not completely 
cured it. Out of the available treatments, 
biologics are the current highly prescribed 
medications with more or less side effects. 
Lifelong medication may affect the socio-
economic and psychological condition of the 
patients (3). 

Several researchers are elucidating 
molecular disease pathways to better 
understand and modify the condition. 
Psoriasis pathogenesis is strongly influenced 
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by the TNF-α/IL-23/IL-17 axis, which induces 
inflammation and stimulates keratinocyte 
hyperproliferation (4). Under normal 
conditions, keratinocytes are produced daily 
to replace dead cells in the skin. In psoriasis, 
however, their hyperproliferation results in 
scaly skin, itching, and occasional bleeding. 
The Psoriasis Area and Severity Index (PASI) 
is a standardized clinical assessment tool 
used to determine the severity of psoriasis by 
evaluating scaling, erythema, and lesion 
thickness. The scoring ranges from 0 to 4, 
where 0 denotes no disease activity and 4 
indicates severe involvement. The treatment 
timeline of psoriasis highlights the 
progressive evolution of therapeutic 
strategies: 1920s (coal tar, salicylic acid), 
1950s (fumaric acid, methotrexate), 1970s 
(cyclosporine, PUVA), 1980s (phototherapy, 
retinoic acid), 2000s (T-cell–targeted 
biologics), and 2010s (novel small-molecule 
inhibitors)(5)(6). 

Flavanones are a subclass of 
flavonoids and represent secondary 
metabolites derived from plants 
(7,8)Flavonoids primarily function in plants to 
enhance immunity, protect against 
environmental stress, and support overall 
growth by facilitating nutrient availability. 
Flavanones, a subclass of flavonoids, are 
mostly present in citrus fruits (family 
Rutaceae) such as lemons, oranges, limes, 
and grapefruits. They are also commonly 
referred to as bioflavonoids or citrus 
polyphenols (9)(10). Flavonoid compounds 
reduce skin inflammation and enhance 
dermal penetration (11). Bioactive 
compounds in the diet can help lower the risk 
of disease, such as flavanones (12).  

Flavanones are a subclass of 
flavonoids characterized by a 15-carbon 
skeleton consisting of two aromatic rings, A 
(Typically hydroxylated at positions 5 and 7) 
and B (Substitutions at C3′, C4′, or C5′ (often 
hydroxyl or methoxy groups) connected by a 
three-carbon heterocyclic C-ring with a 
ketone group at position 4. Unlike flavones, 
flavanones have a saturated C2–C3 bond in 
the heterocyclic ring (13).  

Pharmacokinetics and Absorption of 
Flavanones 

Flavanone absorption plays a key 
role in their pharmacokinetic profile. Mainly, 
passive diffusion governs the absorption 
process due to their relatively low MW, high 
lipophilicity (logP: 2.3–2.7), and weakly acidic 
nature (14),(15). Glycosylation of flavanones 
increases hydrophilicity, thereby reducing 
absorption via passive diffusion (16). 
Flavanones are classified into three 
subcategories based on glucose conjugation: 
aglycones, monoglucosides, and 
diglucosides. Aglycone flavanones can 
conjugate with β-glucuronidase and enter 
paracellular transport through passive 
diffusion. Flavanone-7-O-glucosides are 
converted to aglycones via two pathways: (i) 
hydrolysis by lactase-phlorizin hydrolase 
(LPH) at the intestinal brush border, and (ii) 
transport via glucose transporters, followed 
by hydrolysis with cytosolic β-glucosidase, 
forming flavanone glucuronides or sulfates, 
which then enter paracellular transport via 
multidrug resistance proteins (MDR1–3). The 
free 7-OH group in flavanone aglycones 
enhances binding interactions with human 
serum albumin (HSA). In contrast, flavanones 
with a 7-O-glucose moiety show reduced 
binding due to increased hydrophilicity, which 
limits interaction with the hydrophobic cavity 
of HSA. Flavanones tend to accumulate in the 
liver following absorption (17,18).  

The current study sought to assess 
the anti-psoriatic potential of flavanones by 
computational methods. AutoDock Vina was 
used for molecular docking to investigate the 
affinity of flavanone ligands for target protein 
molecules. Furthermore, the pharmacokinetic 
and toxicity profiles of the drugs were 
evaluated using the pkCSM and SwissADME 
tools. 
 

Materials and Methods 
Database servers, including PubMed, 

PubChem, Protein Data Bank (PDB), Google 
Scholar, and Medline, were utilized to access 
relevant data. PubMed and Google Scholar 
were employed to identify potential literature 
supporting the present work. Chemical 
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structures of the selected compounds in SDF 
format were collected from PubChem for 
molecular docking experiments, while three-
dimensional protein structures were obtained 
from the PDB repository. Molecular docking 
was performed using AutoDock Tools 1.5.7 
for receptor preparation, followed by docking 
with AutoDock Vina (19). Pharmacokinetic 
and toxicity predictions were assessed using 
the pkCSM web server (https://biosig. 
lab.uq.edu.au/pkcsm/) and SwissADME 
(http://www.swissadme.ch/). The docking 
poses and molecular interactions were 
visualized with BIOVIA Discovery Studio 
Visualizer. All computational studies were 
carried out on a 64-bit Windows 11 system 
equipped with 16 GB RAM and a 13th 
Generation Intel® Core i5-1335U (1.30 GHz, 
x64 architecture) (20). 
 

Docking protocol 
Protein preparation 

Psoriasis-associated proteins' crystal 
structures were obtained from the Protein 
Data Bank (PDB). The co-crystallized ligand 
and water molecules were removed to 
prepare the receptor, allowing the 
experimental ligand to be docked into the 
corresponding binding site. The space 
vacated by the native ligand was defined 
using a spherical grid to calculate the docking 
coordinates. These coordinates were then 
employed to dock the experimental ligand into 
the prepared protein structure. Docking 
involved calculating docking scores and 
identifying interactions, such as hydrogen 
bonds and other contacts, between the ligand 
and the protein's amino acid residues. 
 

Ligand preparation 
Ligand structures were extracted from 

the PubChem database in SDF format and 
translated to PDB using OpenBabel. The 
generated PDB files were then converted into 
PDBQT format using AutoDock Tools 1.5.7 to 
prepare for molecular docking investigations 
(Fig. 1 and Table 1) (21). 
 

Docking studies 
Molecular docking is a computer 

technique for predicting the binding affinity 

and orientation of ligands within the active 
site of a target protein. The docking 
simulations in this work were performed using 
AutoDock Vina. The protein structure 
remained rigid, while the ligands were 
considered as flexible, permitting rotation 
around their rotatable bonds (Table 2). The 
binding interactions were assessed based on 
docking scores, which indicate the strength 
and stability of the non-covalent interactions 
between the ligand and the protein (22). 

LigandFit was utilized to connect 
ligands to the target proteins' active regions. 
Protein preparation included removing water 
molecules, constructing a docking grid, and 
removing the co-crystallized ligand. The 
resulting protein structure was saved in the 
PDBQT format. Docking was performed by 
introducing the ligand into the native ligand 
pocket, allowing interactions with the amino 
acid residues present at the binding site with 
structure-based drug design. A two-
dimensional interaction diagram was then 
developed to depict non-covalent bonds, the 
matching amino acid residues, and bond 
lengths (23). 
 
Docking validation 

Molecular docking validation was 
carried out by re-docking the co-crystallized 
ligand in the protein. A small molecule from 
the protein-ligand complex was extracted to 
do the redocking procedure (24,25).  
 
Drug-like properties 

According to Lipinski’s Rule of Five, 
an orally active drug candidate should comply 
with specific physicochemical properties to 
ensure better absorption and bioavailability in 
systemic circulation. (Refer to Table 3) 
Compounds violating more than one of these 
rules are likely to exhibit poor oral absorption 
or permeation (26). 

According to the Veber rule, drug 
molecules should have rotatable bonds <10, 
TPSA is <140 to exhibit the highest oral 
bioavailability (27). Ghose rule predicts the 
drug-like properties based on the following 
conditions: molecular weight (160 to 480 Da), 
partition coefficient ( -0.4 to + 5.6), Molar 
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refractivity (40 to 130), and total number of 
atoms between 20 and 70 (28).  
 
Toxicity studies 

Drug toxicity profiles were assessed 
using pkCSM software to predict 
pharmacokinetic and toxicity features. The 
analysis includes investigations on 
absorption, distribution, metabolism, 
excretion, and toxicity (ADMET) (29).
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Results & Discussion 
Pharmacokinetic and Toxicity 
drug-like properties 

According to the docking protocol, the 
docking studies were carried out and further 
extended to visualize the structural features 
and bonding interactions between the protein 
and amino acid residues. The drug
properties are presented in Table 
the molecular descriptors that indicate the 
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potential for absorption through the oral route 
of administration. 
 
GRID generation 

After visualizing the protein structure 
in Discovery Studio, the binding site was 

identified based on the position of the native 
ligand within the protein. The coordinates and 
binding site attributes of the native ligand 
were recorded, after which the ligand was 
removed to obtain the apo form of the protein. 
The prepared protein was then used for 
molecular docking studies to analyze and 
predict the interactions between the receptor 
and the selected ligands (Table 5). 
 

Molecular docking studies 
The protein molecules acquired from 

Discovery Studio after ligand removal were 
loaded into Autodock Vina for molecular 
docking analysis. Ligand structures were 
created individually and then converted to 
PDBQT format using Open Babel. The 
protein's active site was defined by entering 

Table 1: Flavanones with their PubChem ID 

Ligand PubChem ID 

Bavachinin 10337211 

Butin 92775 

Eriodictyol 440735 

Farrerol 442396 

Hesperidin 10621 

Hesperitin 72281 

Naringenin 439246 

Narirutin 442431 

Neoeriocitrin 114627 

Neohesperidin 442439 

Pinostrobin 73201 

Poncirin 442456 

Sakuranetin 73571 

Table 2: Crystallographic structures of proteins and their specification 

Protein PDB ID Organism Resolution R value 
free 

Method 

IL-23 3QWR Homosepians 3.25 Å 0.264 X-Ray 
Diffraction 

IL-17A 5HI4 Homosepians 1.80 Å 0.224 X-Ray 
Diffraction 

BTK 4OTF Homosepians 1.95 Å 0.203 X-Ray 
Diffraction 

PDE-4 5K1I Homosepians 2.61 Å 0.258 X-Ray 
Diffraction 

TNF-α 2AZ5 Homosepians 2.10 Å 0.278 X-Ray 
Diffraction 

AA2R 2YDO Homosepians 3.00 Å 0.269 X-Ray 
Diffraction 

JAK-3 5TTS Homosepians 2.34 Å 0.263 X-Ray 
Diffraction 

PAD 4X8G Homosepians 3.29 Å 0.230 X-Ray 
Diffraction 

P38MAP kinase 3QUE Homosepians 2.70 Å 0.311 X-Ray 
Diffraction 

Table 3: Rule of five to predict the drug-like 
properties 

Molecular Property Limit Value 

MW < 500 Da 

Lipophilicity  ≤ 5 (typically 3-5) 

HBA ≤ 10 

HBD ≤ 5 
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the required grid box coordinates, and the 
processed protein structure was saved in 
PDBQT format. Before docking, polar 
hydrogens and partial charges were 
introduced into the protein structure. Docking 
simulations were then performed, and the 
binding affinities of the protein–ligand 
complexes were evaluated based on their 
docking scores (Fig. 2). 

Discussion 
Drug-like properties 

Drug-like properties are disclosed, 
including the data relevant to drug absorption 
through the oral route of administration. As per 
the rule of five, molecular descriptors like 
weight, logP, HBA, and HBD should be within 
the range of Lipinski’s rule of five to exhibit the 
desired property (30) Hesperidin, Neoeriocitrin,  

Table 4: Molecular descriptors value of Flavanones 

S. No. Compound HBA HBD Mol. 
Wt 

X logP R.Bon
ds 

TPSA Molar 
Ref. 

No. of 
Atoms 

1 Bavachini
n 

4 1 338.4
03 

4.616 4 147.26
0 

97.74 25 

2 Hesperidi
n 

15 8 610.5
65 

-
1.156

6 

7 244.50
7 

141.4
1 

43 

3 Neoeriocit
rin 

15 9 596.5
38 

-
1.459

6 

6 237.82
2 

136.9
4 

42 

4 Naringeni
n 

5 3 272.2
56 

2.509
9 

1 114.23
5 

71.57 20 

5 Eriodictyol 6 4 288.2
55 

2.215 1 119.02
9 

73.59 21 

6 Farrerol 5 3 300.3
1 

3.126 1 126.96
5 

81.50 22 

7 Narirutin 14 8 580.5
39 

-
1.165

2 

6 233.02
8 

134.9
1 

41 

8 Neohespe
ridin 

15 8 610.5
65 

-
1.156

6 

7 244.50
7 

141.4
1 

43 

9 Poncirin 14 7 594.5
66 

-
0.862

2 

7 239.71
3 

139.3
8 

42 

10 Hesperitin 6 3 302.2
82 

2.518
5 

2 125.71
4 

78.06 22 

11 Pinostrobi
n 

4 1 270.2
84 

3.107
3 

2 116.12
5 

74.02 20 

12 Sakuranet
in 

5 2 286.2
83 

2.812
9 

2 120.92
0 

76.04 21 

13 Butin 5 3 272.2
56 

2.509
9 

1 114.23
5 

71.57 20 
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Table 5: Predicted ADMET values of Flavanone compounds 

Propert
ies 

C’1 C’2 C’3 C’
4 

C’5 C’6 C’7 C’8 C’9 C’1
0 

C’1
1 

C’1
2 

C’1
3 

Solubili
ty 

-
4.9
16 

-
3.0
14 

-2.9 -
3.
22
4 

-
3.2
53 

-
3.3
27 

-
3.0
38 

-
2.8
76 

-
2.9
7 

-
3.0
47 

-
3.4
45 

-
3.1
4 

-
3.4
33 

CaCo2 
Perme
ability 

1.2
53 

0.5
05 

-
0.8
55 

1.
02
9 

-
0.0
94 

1.2
2 

0.5
21 

0.5
7 

0.6
12 

0.2
94 

1.2
96 

1.3
64 

1.1
72 

Intest. 
absorpt
ion  

93.
672 

31.
481 

16.
143 

91
.3
1 

74.
687 

91.
927 

36.
62
5 

20.
652 

30.
305 

70.
277 

93.
762 

92.
601 

93.
171 

Skin 
Perme
ation 

-
2.7
9 

-
2.7
35 

-
2.7
35 

-
2.
74
2 

-
2.7
35 

-
2.7
37 

-
2.7
35 

-
2.7
35 

-
2.7
35 

-
2.7
37 

-
2.7
57 

-
2.7
6 

-
2.7
38 

PgP-
substra
te 

1 1 1 1 1 1 1 1 1 1 0 1 1 

PgP- I 
Inhibito
r 

1 0 0 0 0 0 0 0 1 0 0 0 0 

PgP-II 
Inhibito
r 

0 0 0 0 0 0 0 0 0 0 0 0 0 

VDss  0.3
98 

0.9
96 

0.8
27 

-
0.
01
5 

0.3
77 

0.7
91 

1.2
95 

0.3
48 

-
0.0
58 

0.7
46 

-
0.2
48 

-
0.0
54 

0.5
11 

Unbou
nd 
fraction 

0 0.1
01 

0.1
78 

0.
06
4 

0.1
06 

0.1
06 

0.1
21 

0.1
48 

0.1
46 

0.1
18 

0.0
32 

0.0
34 

0.1
24 

BBB 
Perme
ation 

-
0.3
6 

-
1.7
15 

-
1.8
36 

-
0.
57
8 

-
0.8
27 

-
0.7
77 

-
1.5
94 

-
1.7
2 

-
1.5
84 

-
0.7
19 

0.0
85 

-
0.2
16 

-
0.7
53 

CNS 
Perme
ation 

-
1.8
78 

-
4.8
07 

-
4.9
25 

-
2.
21
5 

-
3.1
42 

-
2.0
36 

-
4.7
08 

-
4.8
72 

-
4.7
32 

-
2.9
76 

-
2.0
72 

-
2.2
51 

-
2.2
51 

CYP2D
6 
substra
te 

0 0 0 0 0 0 0 0 0 0 0 0 0 
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CYP3A
4 
substra
te 

1 0 0 0 0 0 0 0 0 0 1 0 0 

CYP1A
2 
inhibito
r 

1 0 0 1 0 1 0 0 0 0 1 1 1 

CYP2C
19 
inhibito
r 

1 0 0 0 0 1 0 0 0 0 1 1 0 

CYP2C
9 
inhibito
r 

1 0 0  0 1 0 0 0 0 0 0 0 

CYP2D
6 
inhibito
r 

0 0 0 0 0 0 0 0 0 0 0 0 0 

CYP3A
4 
inhibito
r 

1 0 0 0 0 0 0 0 0 0 0 0 0 

Total 
clearan
ce  

0.0
73 

0.2
11 

0.1
25 

0.
06 

-
0.0
13 

0.0
7 

0.3
07 

0.2
22 

0.4
19 

0.0
44 

0.2
36 

0.1
74 

-
0.0
08 

Renal 
OCT2 
substra
te 

0 0 0 0 0 0 0 0 0 0 0 0 0 

AMES 
tox 

0 0 0 0 0 0 0 0 0 0 1 0 0 

Max. 
tolerabl
e dose 

0.0
3 

0.5
25 

0.4
75 

-
0.
17
6 

0.0
14 

-
0.2
07 

0.4
67 

0.3
89 

0.2
59 

0.2
5 

0.2
6 

-
0.0
31 

-
0.1
71 

hERG I 
inhibito
r 

0 0 0 0 0 0 0 0 0 0 0 0 0 

hERG 
II 
inhibito
r 

1 1 1 0 0 0 1 1 1 0 0 0 0 
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Liver 
tox 

0 0 0 0 0 0 0 0 0 0 0 0 0 

SS 0 0 0 0 0 0 0 0 0 0 0 0 0 

LD50 2.2
17 

2.5
06 

2.4
87 

1.
79
1 

2.0
3 

2.3
27 

2.5
19 

2.4
79 

2.5
45 

2.0
42 

2.1
52 

2.1
72 

2.3
3 

LOAEL 1.2
57 

3.1
67 

4.3
85 

1.
94
4 

2.4
75 

1.7
03 

3.2
03 

4.1
49 

4.0
96 

2.6
05 

1.8
93 

2.0
7 

2.0
22 

# C1 to C13 represents the- Bavachinin, Hesperidin, Neoeriocitrin, Naringenin, Eriodictyol, 
Ferrerol, Narirutin, Neohesperidin, Poncirin, Hesperitin, Pinostrobin, Sakuranetin and Butin. * 
Here ‘0‘ indicates “No“ and ‘1‘ indicates “Yes“. SS- Skin sensitization 

 

 
 

Fig. 2: Graphical representation of the molecular docking studies workflow 



Current Trends in Biotechnology and Pharmacy
Vol. 20 (Supplementary Issue 2A), June 
10.5530/ctbp.2026.2s.1 
 

 

(b) Veber rule of drug likeness properties
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Fig. 3: Drug-like properties 
 
Narirutin, Neohesperidin, and Poncirin 
exhibited the highest number of violations 
(three in total). According to Lipinski’s Rule of 
Five, compounds with more than one violation 
are unlikely to be delivered effectively through 
the oral route of administration. As per the 
Ghose and Veber rules, the above
compounds were found to v
established criteria (Fig. 3) (31). 

 
Kinetics and toxicity studies 

Toxicity profiles of the 
are studied to estimate the safety features 
of the drug molecules. Total 
pharmacokinetic and toxicity profiles are 
described in Table 6, colored portions are 
indicated as violations against the regular 
limitations proposed by various studies. 
PSA< 140, logP<5 are the specifications to 
improve the solubility and permeation. 
Compounds C1, C2, C3, C7, C8, and C9 
exhibited PSA values exceeding the 
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(c) Lipinski rule of five 
 

like properties represented in graphical format 

Narirutin, Neohesperidin, and Poncirin 
exhibited the highest number of violations 
(three in total). According to Lipinski’s Rule of 
Five, compounds with more than one violation 

y to be delivered effectively through 
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Ghose and Veber rules, the above-mentioned 
compounds were found to violate the 

 

Toxicity profiles of the flavanones 
are studied to estimate the safety features 
of the drug molecules. Total 
pharmacokinetic and toxicity profiles are 

colored portions are 
indicated as violations against the regular 
limitations proposed by various studies. 

A< 140, logP<5 are the specifications to 
improve the solubility and permeation. 
Compounds C1, C2, C3, C7, C8, and C9 
exhibited PSA values exceeding the 

acceptable limit, indicating poor lipid 
solubility and limited ability to cross the 
plasma membrane via passive diffusion. 
Absorption characteristics such as Papp 
permeability values greater than 0.90 
indicate better permeation, intestinal 
absorption values above 30% suggest good 
absorption, while skin permeability values 
lower than –2.5 are considered to in
low skin permeation. Compounds C3a and 
C8 have the lowest intestinal absorption 
values.  All the molecules have an affinity to 
bind with the Pgp protein. Drug molecules 
with VDss values below –0.15 indicate a 
better volume of distribution. A BBB val
greater than 0.3 suggests that the 
compound can easily cross the blood
barrier, while values below 3 indicate 
efficient penetration into the CNS. The 
studied chemicals had minimal ability to 
penetrate the BBB, with naringenin in 
particular exhibiting little capacity to 
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permeate the CNS. All of the medication 
compounds had low clearance rates from 
the human body, which might be explained 
by their water solubility and molecular 
weight. There was no detectable  
AMES toxicity, indicating that gene mutation 
is unlikely. However, naringin and 
hesperidin molecules were shown to inhibit 
hERG II. Modifying these compounds' 
structural moieties can improve their 
solubility and drug permeability capabilities 
(32). 

The hERG II inhibitory action is 
coupled with cardiotoxicity, which can be 
reduced by structural modifications to the 
compounds. Simultaneous injection of hERG 
channel blockers may also aid in decreasing 
interactions with this channel. The flavanone 
compounds showed no evidence of 
hepatotoxicity or skin sensitivity. 

Redocking 
Redocking was performed with the 

native ligand, and the RMSD values were 
recorded as < 2 with the successful docking 
accuracy when compared with the 
experimental results (33). 

 
Hierarchical Cluster Analysis Using Drug-
Likeness and ADMET Properties 

The selected compounds were 
classified using hierarchical cluster analysis 
(HCA) based on their pharmacokinetic and 
drug-likeness properties. The dendrogram 
Figure 4 shows two significant clusters with 
differing grouping patterns based on 
similarities in ADMET profiling parameters. 

The first cluster (green branch) 
consists of chemicals C3, C8, C7, C2, and C9, 
which have very similar physicochemical and 
pharmacokinetic properties. These compounds 
have good oral bioavailability and balanced 
lipophilicity, indicating good membrane 
permeability and metabolic stability. The 
cluster's modest linkage lengths imply minimal 
diversity in drug-likeness features. 

The second cluster (red branch) 
contains chemicals C4, C6, C1, C11, C12, 
C13, C5, and C10, which exhibit unique 
ADMET behavior from the first group. The 
internal distances within this cluster remain 
low, indicating that these substances are 
highly comparable in terms of solubility, 
clearance rate, and toxicity risk. This cluster 
may comprise drugs with enhanced safety 
profiles and a lower hERG inhibition potential 
(34). 

Overall, the clustering pattern 
distinguishes the drugs based on their ADMET 
and drug-likeness profiles, revealing two 
pharmacokinetically separate groupings. This 
classification helps identify lead compounds 
with high bioavailability, low toxicity, and 
favorable drug-like behavior for further 
optimization in the drug development process. 

 
Flavanone Compounds Represented in 
Network Graphs 

With clusters resulting from 
dendrograms transferred into a circular node 
architecture, the network graph illustrates the 

Table 6: Protein code with GRID coordinates 

Protein GRID 

3QWR 24.346980 -
28.225320 -
51.874320 

5HI4 80.731080 -
43.501432 -
45.735545 

4OTF -38.572442 
27.147767 -
10.124349 

5K1I 12.576071 3.744179 
67.719607 

2AZ5 -19.409600 
74.650750 
33.849550 

2YDO -29.604000 8.482211 
-22.855421 

5TTS -0.164050 16.815400 
-4.872050 

4X8G 27.438969 
44.051375 
26.640750 

3QUE -24.576650 -
12.535900 8.792250 
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linkages and resemblance patterns among 
flavanone chemicals based on hierarchical 
clustering analysis. 

Flavanone compounds (C1
represented by each node, w
based associations deduced from the original 
dendrogram are shown by edges
Regardless of cluster size, the circular 
arrangement guarantees consistent visual 
emphasis on all compounds, making it easier 
to comprehend connectedness. Sim
similarity scores, edge labels indicate how 
near compound pairs are to one another 
based on their hierarchical clustering 
distances. It makes it possible to identify hub 
molecules with numerous connections, 
indicating key functions in the network a
possible prioritization for more 
pharmacological or ADMET research. These 
network-based insights can direct 
optimization tactics, structural analysis, and 
chemical selection. 

 
SAR analysis and molecular docking

Significant discrepancies in binding 
affinities were found when flavonoid molecules 
were molecularly docked to a variety of target 
receptors. This suggests that the receptor 
interactions of flavonoids are influenced by 
small structural differences (Fig. 6)

Fig. 4: Hierarchical clustering of flavanones based on drug
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linkages and resemblance patterns among 
flavanone chemicals based on hierarchical 

Flavanone compounds (C1–C13) are 
represented by each node, while cluster-
based associations deduced from the original 
dendrogram are shown by edges (Fig. 5). 
Regardless of cluster size, the circular 
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similarity scores, edge labels indicate how 
near compound pairs are to one another 
based on their hierarchical clustering 
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possible prioritization for more 
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optimization tactics, structural analysis, and 

SAR analysis and molecular docking 
Significant discrepancies in binding 

affinities were found when flavonoid molecules 
were molecularly docked to a variety of target 
receptors. This suggests that the receptor 
interactions of flavonoids are influenced by 

). 

The drugs that showed the strongest 
docking affinity for the PDE-4 receptor among 
the tested were narirutin (-11.0 kcal/mol) and 
hesperidin (-11.2 kcal/mol), indicating strong 
inhibitory potential. The compounds' dual 
target potential was demonstrated by
significant interactions with the BTK receptor 
(-10.3 kcal/mol). These compounds' high 
binding affinity may be attributed to the 
presence of many hydroxyl and glycosidic 
moieties, which seem to improve hydrogen 
bonding and electrostatic interactions
the receptor binding pocket. 

However, out of all the ligands, IL
had the lowest docking scores, indicating little 
interaction and a poor preference for these 
flavonoid scaffolds for binding. The 
importance of the sugar-replaced flavanone 
backbone in stabilizing receptor binding is 
further supported by compounds like 
Neohesperidin, Neoeriocitrin, and Poncirin, 
which likewise showed good docking scores 
(about -9.8 to -10.1 kcal/mol) with PDE
BTK. Simple flavonoids, such as Butin, 
Sakuranetin, and Pinostrobin, on the other 
hand, showed comparatively weaker 
interactions across targets. This is probably 
because they lack glycosidic substitutions, 
which restrict the ability to form hydrogen 
bonds. From a structure-activity standpoint, 
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the findings indicate that enhanced 
hydroxylation and glycosylation improve 
binding affinity, particularly toward PDE-4 and 
BTK receptors, which are important mediators 
in inflammatory signalling pathways. These 
findings highlight the pharmacophoric 
importance of polar substituents in enhancing 
molecular interactions and target specificity. 
Overall, Hesperidin and Narirutin emerge as 
leading flavanone candidates with broad-
spectrum receptor affinity, showing their 
potential as anti-inflammatory medicines via 
multi-target regulation. 

Natural flavanone chemicals, such as 
naringenin, hesperidin, and narirutin, have 
been shown to bind significantly to protein 
targets relevant to psoriasis, such as IL-17A, 
IL-23, TNF-α, and kinases. Docking scores 
vary from -7.0 to -11.2 kcal/mol, showing 

significant binding affinity and competitive 
suppression of inflammatory pathways. 
Notably, when flavonoids are coupled with 
biologic medicines, synergistic effects have 
been seen, which increase cytokine 
suppression while also enhancing overall 
treatment outcomes. Natural substances, 
particularly flavanones found in foods or 
herbal supplements, present a viable 
alternative for psoriasis treatment. 
Flavanones and their analogs, notably 
naringenin and hesperetin, have anti-
inflammatory and antioxidant activities, 
targeting important signaling pathways such 
as STAT3, JAK, and TNF-α. They help limit 
keratinocyte proliferation and cytokine 
overproduction, resulting in symptomatic 
alleviation, fewer problems, and better skin 
barrier healing.  

 
 

Fig. 5: ADMET similarity network for the C1 to C13 compounds data set 
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Conclusion 
Overall, natural flavanones are 

emerging as effective and safe psoriasis 
treatments. Flavanone-based therapies have 
the potential to change psoriasis 
management by combining encouraging 
docking results, outstanding safety profiles 
from ADMET studies, and reduced side 
effects—either as adjuncts or standalone 
therapy for patients seeking a 
well-tolerated strategy. 
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